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3 
Another object is to provide an improved elec 

tron colector. Other objects and advantages Will become ap 
parent from the Specification, taken in connec 
tion with the accompanying drawings, Wherein 
the invention is embodied in concrete form. 

Fig. 1 is a longitudinal view, mainly in cross 
section, of an electron discharge device accord 
ing to the present invention. 

Fig. 2 is a fragmentary cross-sectional view of 
an alternate embodiment of an electron colector, 
Which may be employed With the electron dis 
charge device of Fig. 1. 

Fig. 3 is a View, mainly in cross section, taken 
along lines 3-3 of Fig. 2. 

Fig. 4 is a view showing, among other things, 
a grid structure taken along lines 4-4 of Fig. 1. 

Fig. 5 is a view showing, among other things, 
a grid structure taken a long lines 5-5 of Fig. 1. 

Fig. 6 is an enlarged view, mainly in cross sec 
tion, showing the structure of the cathode of 
Fig. 1. Fig. 7 is a circuit diagran showing part of the 
external circuit elements for electrical energiza 
tion of the electron discharge device of Fig. 1. 

Fig. 8 is an enlarged Cross-Sectional view of one 
of the coaxial line terminal posts of Fig. 1. 

Similar characters of reference are used in 
all of the above figuresto indicate corresponding 
parts. Referring to Fig. 1 aligned a long the longitu 
dinal axis of an electron discharge device is 
an electron beam producing means, Which in 
cludes a means for Supplying electrons, Such as 
cathode button or electron emitter 2, the upper 
Surface of Which is Suitably oxide coated and Sub 
stantially spherically concave in cross section 
about the longitudinal axis l. The edge of the 
aperture of the apertured cup 3, Which is sup 
ported by Sleeve 4, provides a first line conduc 
tor or edge 6 positioned outWardly of and aiong 
the longitudinal axis in a direction a Way fron 
the cathode button 12. Accordingly, it Will be 
noted that the diameter of the aperture of Cup 
3 is larger than the diameter of the cathode 
button 2. The end of the Sleeve 4 in a direction toward 
the main body of the electron discharge device 
provides a second line conductor or edge l7, With 
the second edge 7 being located outWardly of 
the cathode button 2 to a greater extent than 
the first edge 6. The Second edge is, in addi 
tion, disposed along the longitudinal axis in 
a direction away from the cathode button 2 to 
a greater extent than the first edge 6. The first 
and second line conductors or edges l6, 7 con 
stitute an electrostatic field forming means or 
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focusing electrode 18, which is designed accord 
ing to the principles disclosed in Copending ap 
plication Serial No. 81,480 entitled High Fre 
quency Apparatus in the name of Chao Wang, 
filed March 15, 1949, now Patent 2,564,743. 

For accelerating and directing electrons 
emanatting from the cathode button 2 toWard 
the main body of the electron discharge device, 
an accelerating electrodie or anode 9 is provided, 
Which anode 9 is suitably energized by an ex 
ternal potential Source, as discussed herein 
bellow. Under the influence of the focusing elec 
trode 8 and the anode 9, a high density elec 
tron beam is formed, in Which the individual 
electrons thereof traverse substantially rectilin 
ear trajectories and travel toward a point. 
Three separate and distinct electromagnetic 

field defining means are positioned to receive or 
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2,680.209 4 
to be traversed by this high density beam suc 
cessively in energy - exchanging relation. The 
electromagnetic field defining means may include 
cavity resonators 2, 22 and 23, each being pro 
vided With an electron-permeable region or gap. 
24, 26 and 27, respectively, through Which the 
high density beam passes. The Wall of resonator 
2í which faces the cathode button 2 provides 
the previousiy identified accelerating electrode 
or anode 9. 

Between the first two resonators 2, 22 there 
is provided a means defining a dirift Space, Such 
as drift tube 28. Similarly, between the Second 
and third resonators 22, 23, there is provided a 
means defining a further drift Space, Such as 
drift tube 29. It Will be noted that the end 
ones of the resonators 2, 23 are provided With 
singly-reentrant configurations. 
The Walls of the drift tubes 28, 29 are tapered 

invardly toward the gap 26 of the intermediate 
resonator 22, So that the drift tubes 28, 29 have 
a minimum cross-sectional area in the vicinity 
of the gap 26. It Will be noted that the Walls 
of the drift tubes 28, 29 are provided With an 
appreciable thickness, Which permits heat de 
veloped internally of the electron discharge de 
vice to be more readilly conducted to the exterior 
thereof. To the Same end, the Walls of the drift 
tubes 28, 29 are preferably formed of a material 
having a relatively high thermal conductivity, 
Such as copper. The configuration of the in 
ternal Walls of the dirift tubes 28, 29 is Such as 
to substantially follow, while being somewhat 
spaced from, the envelope of the electron bean 
passing therethrough. The internal Walls of the 
resonators 2-23 are preferably constituted of 
highly conductive material to achieve eficient 
electrical Operation. This may be accomplished 
by forming these parts 2-23 of Copper, silver, 
of a material plated With Such metallic Sub 
Stances. In view of the fact that resonator 2 is efec 
tive for impressing velocity variations upon the 
electron beam traversing the gap 24 thereof, this 
resonator 2 may more generally be termed a 
first means for velocity modulating the electron. 
bean. To Suitably excite reSonator 2, Which 
resonator 2 may also be termed an input or 
buncher resonator 2 l, a means for coupling elec 
tromagnetic energy thereto, Such as an input co 
axial transmission line terminal post 3, is pro 
vided. The intermediate resonator 22 is efec 
tive for further impressing velocity variations 
upon the electron beam traversing its gap 26 
and hence may more generally be termed a sec 
ond means for velocity modulating the beam. 
It Will be noted that no provision is made for 
coupling electromagnetic energy to or exciting 
the intermediate resonator 22, the necessary 
excitation being provided by the electron beam 
traversing the gap 26 thereof. 

Resonator 23 is efective for extracting elec 
tromagnetic energy from the electron bean 
traversing its gap 27 and, consequently, maymore 
generally be termed a means for extracting elec 
tromagnetic energy. At times Such a resonator 
23 is referred to as an output or catcher resona 
tor 23. To deliver electromagnetic energy from 
the output resonator 23 to a load (not shown) a 
means for coupling electromagnetic energy, Such 
as output coaxial line terminal post 32, is pro 
vided. In order to provide for the adjustment of the 
resonant frequency or turning of the resonators 
2-23, they are formed With flexible diaphragms 
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the output coaxial transmission line terminal 
post 32. After passing the gap 27 the Spent electrons are 
colected on the conical surface 42 of the metallic 
block 4. With such cascade bunching, it Will be noted 
that the first two resonators 2, 22 are both 
efective for providing velocity modulation of the 
electron beam. The intermediate resonator 22 is 
excited into oscillation Solely through the inter 
action of the electron beam thereWith, With no 
electromagnetic energy being introduced therein 
from an external source. Resonators 2, 22 may 
be said to operate as a voltage amplifier and 
resonators 22, 23 may be said to operate as a 
power amplifier. 

In the case of three resonator klystrons oper 
ated as an oscilator-buffer tube a Small drift 
Space between the second and third resonators is 
employed to prevent overbunching, ina Smuch as 
the electrons are satisfactorily buinched at the 
second gap of an oscillator and additional bunch 
ing is undesirable. In the case of a three reso 
nator tube, such as the electron discharge device 
of Fig. 1, additional bunching is desirable to 
achieve suitable amplification, thereby permit 
ting the operation of the device With a relatively 
Small magnitude of drive power. The bunching 
at the gap 26 will not be complete, but the addi 
tional buinching occurring in the drift tube 29 
Will result in optimum bunching at the gap 27 
of the Output resonator 23. In the event that 
maximum gain is desired, the axial lengths of 
the drift tubes 28, 29 are made substantially 
equal. 
With Such casca de bunching it is preferable 

that the intermediate resonator 22 be provided 
With a relatively large magnitude of Shunt re 
sistance. Under such circunstances the re 
Sultant Small current variation in the electron 
beam during its interaction With resonator 22 
Will be efective for developing a relatively large 
radio frequency voltage across the gap 26. 
Where itis possible to develop a suficiently large 
magnitude of voltage across the gap 26 of the 
intermediate resonator 22 by means of a rela 
tively law current variation in the electron beam, 
a corresponding relatively low magnitude or drive 
voltage is required. 

In order to achieve substantial bandwidth, 
which is an important consideration in the pro 
-duction of Steep-sided or Steep-edged pulses, it 
has been found advisable to design the inter 
mediate resonator 22 with a relatively low Q, 
Which maybe definedas follows: 

(1) 

Where Rish is the shunt resistance, cois the angu 
lar operating frequency, Lis the inductance and 
C is the capacitance. It is the Q of the inter 
mediate resonator 22 Which is important for de 
termining the Overal Q of the electron discharge 
device. It is apparent that the Q of the inter 
mediate resonator should have a relatively Smail 
magnitude in view of the following relationship: 

-1 BY=ó 
where BW is the bandwidth, and fis the Operat 
ing frequency. 
From Equation 2 it is apparent that the band 

width may be increased for a given operating 
frequency by employing a smalier magnitude of 

(2) 

ó 

10 

20 

30 

40 

50 

60 

65 

70 

8 
Q. From a consideration of Equation 1 it ap 
pears that the Q maybe reduced by employing a 
smaller magnitude of capacitance. To this end, 
the diameter of the gap 26 of the intermediate 
resonator 22 is made Smaller than the diameter 
of the gaps 24, 27 of resonators 2, 23, respec 
tively. Stated Somewhat diferently, the di 
ameter of the gaps 24, 27 of the end ones of the 
resonators 2, 23 is larger than the diameter of 
the gap 26 of the intermediate resonator 22. By 
reducing the Q of a resonator, such as inter 
mediate resonator 22, it is apparent from a con 
sideration of Equation 1 that the shunt re 
sistance Will correspondingly be reduced in view 
of the fact that these quantities aire directly pro 
portional. 
As pointed out previously, in order to achieve 

the efective casca de bunching it is advisable 
that the intermediate resonator 22 be provided 
With a relatively large magnitude of shunt re 
sistance. However, it has been found possible to 
reduce the magnitude of the capacitance of the 
intermediate resonator 22 and at the Same time 
obtain a suficiently high magnitude of Shunt. 
resistance for this resonator 22 to obtain efi 
cient casca de bun ching. In addition, the elec 
tron discharge device is provided With an appre 
ciable bandwidth, Which permits the generation 
of Steep-sided radio frequency pulses. Such 
pulses owing to the high density of the electron 
beam have a considerable magnitude of power. 
The shunt resistance of a resonator, such as 

intermediate resonator 22, is constituted of transit 
time electron loading, slow secondary electron 
loading and radio frequency circuit losses. With 
regard to transit time electron loading, electrons 
require a finite time to traverse a resonator gap, 
Such as gap 26 and, consequently, load the res 
onator 22. It is possible to reduce transit time 
electron loading by decreasing the gap transit 
angle. 
With regard to slow secondary electron load 

ing, primary electrons impinging upon the grid 
structures, Such as grids 63, 64, cause the emis 
sion of secondary electrons. With the emission 
of such secondary electrons having substantially 
Zero velocity, there is present in the radio fre 
quency field of the resonator gap, such as gap 
26, spurious or secondary electrons during sev 
eral cycles of the radio frequency energy. Such 
spurious electrons leave the gap 26 in random 
phase, thereby extracting energy from the elec 
tromagnetic field. Such loading is proportional 
to the current intercepted at the resonator grids, 
Such as grids 63, 64, and to the secondary emis 
sion coeficient of the grid material. This load 
ing is also inversely proportional to the square 
of the gap transit angle for the beam electrons. 
Accordingly, it appears that by increasing the 
gap transit angle, secondary electron loading may 
be reduced. 
With regard to the radio frequency circuit losses 

of the resonator 22, such losses are inversely pro 
portional to the spacing of the gap 26, while the 
coeficient of coupling between the radiofrequency 
field at the gap 26 and the electron beam pass 
ing therethrough decreases as the gap spacing is 
increased. Consequently, in order to provide a 
suitable resonator, Such as resonator 22, it is 
essential to select its dimensions in view of all 
of the foregoing considerations. 

While, generally Speaking, al of the resonators 
2-23 are tuned to the same resonant frequency, 
it is possible to increase the power output of 
the electron discharge device by detuning the 
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secondor intermediate resonator 22 slightly to 
the high frequency side of the resonant fre 
quency of the input and output resonators 2, 
23 and by increasing at the Same time the mag 
nitude of the drive power Supplied to the input 
resonator 2 through its associated terminal post 3. 
In the, absence of Such detuningan improve 

ment in the electron buinching phenomenon re 
Sults Owing to the fact that at the gap 27 of 
the Output resonator 23 the electrons are more 
highly groupedor, stated diferently, fewer elec 
trons are present intermediate the bunches. 
However, under Such circunstances the radio 
frequency field developed in the intermediate 
resonator 22 maybe said to lag by 90° an elec 
tron Which is at the center of a bUnch. Such 
an electron which has traversed the gap 24 at 
a time When the radio frequency field in the 
input resonator 2 Was gero and increasing may 
be subjected to more efective further velocity 
modulation by traversing the gap 26 of the inter 
mediate resonator 22 at a time When the radio 
frequency field in the intermediate resonator 22 
similarly is zero and increasing. Such a condi 
tion may obtain when the intermediate resonator 
22 is tuned to the high-frequency side of res 
onance, With the result that there is a higher 
component of radiofrequency current in the elec 
tron beam. By detuning the Second resonator 
22 an improvement in the phase relationship 
of the radio frequency voltages developed across 
the gap 27 of the output resonator 23 results. 
In thismanner the most efective casca de bunch 
ing occurs With maximum power developed in the output resonator 23. 
ln order to achieve an output power in excess 

of that Which Would occur, for instance, by use 
of casca de bunching, the electron discharge de 
vice of Fig. 1 is made to cooperate with and 
"maintain a high density electron beam having a 
substantially apically conjugate conoidal con 
figuration. While the electron beam might be 
described as having a hyperboloid configuration, 
it is deemed advisable to avoid the somewhat 
rigorous mathematical connotation that might 
attach to the latter term. To achieve eficient 
operation With suchan electron beam shape, the 
Walls of the drift tubes 28, 29 are formed to 
convergetoward the second velocity modulation 
means or intermediate resonator 22. In this 
manner, the Walls of the drift tubes 28,29, while 
being spaced from, follow the envelope of the 
electron beam. Thus, the drift tubes 28,29 which 
couple the resonators 2, 22 and resonators 22, º 23, respectively, are provided with oppositely ta. pered configurations. 
By virtue of the high density electron beam 

of the aforementioned conoidal shape, a large magnitude of output power is developed in the 
catcher resonator 23 with an electron discharge 
structure Which is axially or longitudinally com 
pact. In addition, there is no necessity for the 
provision of any external magnetic energizing Structure. 
density beam prior to its action with the gap 24 
of the input resonator 2, electrostatic field 
forning means, such as focusing electrode 8, 
aire provided. To maintain the electron beam 
throughout its transit of the modulation system, 
inclulding resonators 2-23, means are provided 
formaintaining the electron beam in a substan 
tially apically conjugate conoidal configuration, 
Which last-named meansmay include the previ 
ously-discussed Spaced charge focusing means. 

En order to form a suitable high º 
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10 
Where itis advisable to discuss jointly the action 
of the focusing electrode 8 and the Spacecharge 
focusing means, Which may include, for instance, 
the converging configuration of the drift tubes 
28, 23, it is convenient to regard the focusing 
electrode 8 as being efective for forming a high 
density electron beam and the Space charge 
focusing means as being efective for maintain 
ing the electron beam in a Substantially conoidal configuration. 

It is frequently convenient to Speak of the size 
of the electron-permeable regions or apertures 
24, 33 and 2 of the resonators 2-23, respec 
tively. 8uch apertures 24, 26 and 27 extend lon 
gitudinally through the resonators 2-23 along 
the longitudinal axis of the device of Fig. 1. 
It Will be noted that the size of Such apertures 
24, 26 and 2 may be defined in terms of the 
cross-Segtional area of their Sections taken at 
right angles to the longitudinal axis l. With a 
circular aperture 24, 26 and 2 as shown (Fig. 1) 
the dimensions thereof may be defined in termS 
of the diameters. 
By reason of the structural arrangement of 

5 the gaps 24, 26 and 27, the magnitude of the ca 
pacitance of the intermediate resonator 22 is less 
than the magnitudes of the capacitances of the 
end Ones of the resonators 2, 23. 
While the focusing electrode 8, Which is sim 

ilar to that disclosed in the aforementioned 
application Serial No. 81,480, is particularly suit 
able for forming a high density electron bean 
and cooperating With the remainder of the struc 
ture of the de Vice Of Fig. 1, it Wilbe underStood 

5 that other electron beam forming arrangements 
might be employed. For instance, if desired, a 
focusing electrode constituted of a Surface of 
complex configuration, and Suitable for provid 
inga, Zero voltage gradient perpendicular to the 
edge of the electron bean might be employed. 
While the electron discharge device of Fig. 1 

has been shown as constituted substantially of 
a figure-of-revolution about the longitudinal 
3xis , , it Wilbe underStood that a device could 
be formed "With a longitudinal axis extending 
paralle to the axis and positioned exterior 
of the Cross-Sectional "structure of Fig. 1. More 
over, the longitudinal cross-sectional view of Fig. 
1 might be regarded Substantially as a figure-of 
translation, in Which case an elongated Strip 
type cathode could be employed together With 
a focusing electrode, such as described in the 
aforementioned application Serial No. 81,480. 

Referring to Figs. 2 and 3, tan alternate em 
bodiment for the electronº colecting means, in 
Cluding the block 4, of the device of Fig. 1 is 
shown. A metallic member or block 58 is pro 
vided With means, including the end portion 59 
of the block 58, for colecting electrons of an 
electron beam having a substantially apically 
conjugate conoidal configuration. More specifi 
cally, the end portion 59 of the block 58, Which 
portion 59 faces the cathode button 2, is pro 
Vided With a toothed configuration in Cross Sec 
tion. Each tooth member 60, With the excep 
tion of the central One, is formed With a right 
triangular Shape, Such that the leg closest to 
the longitudinal axis extends: paralelºthereto. 
The arrangement of the portion.59 is particu 

lary Suitable for colecting spent electrons of a 
beam of the aforementioned conoidal, configura 
tion Without permitting spurious electrons, such 
as those arising from secondary emission, from 
traversing the gap 27 of the-output resonator 23. 
Such spurious electrons Will act to impair the 
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operating characteristics of the electron dis 
charge device. Referring to Fig. 4, an enlarged cross-sectional 
view of exit grid 62 of the input resonator 2 is 
shown. Grid 62 is formed with a plurality of 
V-Shaped members or Vanes 68 and a plurality 
of J-shaped members or vanes 59, with each of 
the V-shaped members 68 substantially sur 
rounding a J-shaped member 69. A J-Shaped 
member 69 is additionally positioned between the 
V-Shaped members 68. 

Both the V-Shaped members 68 and the J 
Shaped members 69 are preferably formed of a 
ribbon-type material to provide a vane-type 
Structure With the wider dimension extending 
paralel to the longitudinal axis lí. In addi 
tion, the V-shaped members 68 are preferably 
formed of a metallic ribbon which is thinner 
than the ribbon employed for the J-Shaped 
members 69 So that fever electrons are inter 
cepted thereby. . 
At the Same time it is advisable to provide a 

more rigid type construction for these members 
68 in View of the fact that they extend for a 
greater distance than the J-Shaped members 69. 
This is accomplished by the V-Shaped construc 
tion in that the two leg portions of the members 
68 are continuous in the region of the center of 
the grid 62. In connection with the J-Shaped 
members 69, it has been found preferable to em 
ploy the J-Shaped configuration as contrasted, 
for instance, With a V-Shaped configuration SO 
that a minimum electron beam interception area 
is presented to the electron beam. This is par 
ticularly important in view of the fact that the 
electrons in the Outer region of the grid 62 are 
traveling in paths which are less paralel with 
respect to the longitudinal axis than electrons 
in the central region of the grid 62. Conse 
quently, Such outer region electrons would be 
presented With a larger intercepting area in the 
event that a grid element, Such as members 69, 
Was formed With a V-Shaped configuration. 

Dimensions for the members 68, 69 may be as 
follows: member 68, 69 may be formed of ribbons 
having thicknesses of 0.003 and 0.005 inch, re 
spectively, While both members 68, 69 may be 
formed of ribbons having widths of .062 inch. 
Such dimensions, it Will be understood, are 
merely ilustrative and are not to be construed in 
a limiting sense. 
The entrance grids 6, 66 of resonators 2, 23, 

respectively, may have the Same construction as 
grid 62 of resonator 2. The exit grid 67 of the 
catcher resonator 23 may be formed with the 
same general configuration as that of grid 62, 
but it Will be noted that grid 67 is of larger 
diameter. Referring to Fig. 5, an enlarged view of the 
exit grid 64 of resonator 22 is shown. Grid 64 is 
constituted of a plurality of J-shaped members 
or Vanes l. The J-Shaped construction for the 
members 7 provides a minimum of electron 
beam intercepting area in the central region of 
the grid 64. The entrance grid 63 of the inter 
mediate resonator 22 is similarly formed. 

Referring to Fig. 6, an enlarged view of the 
cathode structure of the electron discharge de 
vice of Fig. 1 is shown. For the thermal ener 
gization of the electron emitter 2, there is posi 
tioned therebeneath a heater 72, which may pref 
erably be formed of tungsten Wire. Electrica! 
energy maybe coupled to the heater 2 by means 
of input leads 73, 74, Which galvanically contact 
the ends of the heater 72 through leads 6, 7, 
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12 
which may be formed preferably of molybdenum. 
The upper portions 78, 79 of the input leads 73, 
74, respectively, may be formed preferably of 
copper while the lower portions 8, 82, respec 
tively, may be constituted preferably of nickel. 
While for purposes of electrical conduction, 

copper is a particularly suitable material, it is 
also an excelent thermal conductor. Accord 
ingly, to prevent the excessive dissipation of heat 
endwise of the electron discharge device, it has 
been found preferable to employ a less highly 
thermal conducting material for the lower por 
tions 8,82 of the input leads 73, 74, respectively. 
It Will be understood that the input leads 73, 74 
may be formed of a single material, such as cop 
per, nickel orother suitable electrically conduct 
ing material. In order to direct toward the cathode button 
2 and prevent the escape in the direction of the 
input leads 73, 74, the heat developed by the 
heater 72, heat shields 83 are positioned there 
beneath and supported by a heat Shield support 
ingrod 84, which in turn is rigidly secured to the 
platform 86. The upper portions 8, 9 of the 
input leads 73, 74, respectively, are also posi 
tioned and Supported by the platform 86, With 
an insulative member 25 together With its asso 
ciated clamp 30 interposed between upper por 
tion 79 of the input lead 74 and the platform 86. 
The cathode button 2 is Supported by the plat 
form 86 by means of a cylindrically-shaped cath 
ode supporting member 87, which is provided 
With a flange portion 88. Screws 89 positioned in 
suitably cooperating apertures in the platform 86 
and the flange portion 88 are efective for accom 
plishing the desired result. The upper end of the 
cathode supporting member 87 is rigidly Secured 
to the lower surface of the cathode button 2, as 
by Welding. 

Additional heat shields 91, 92, positioned Sub 
stantially coaxially with respect to the longi 
tudinal axis , are Spaced from one another and 
sleeve 4 and, in addition, supported by struts 
93, 94. Sleeve 4 is fastened to an apertured disc 96 
by means of Screws 97. A tube 98 is provided 
With a Shoulder 99 to suitably position and Sup 
port insulating member 0, Which in turn serves 
to position and additionally Support the input 
leads 73, 74. Plate 49 is connected to the end 
plate 02 by means of sleeves 03, 04, which 
sleeves 03, 04 are interconnected by a tubularly 
Shaped insulating member 06. In view of the 
fact that the parts 49, 102-04 and 06 define a 
portion of the Vacuum envelope of the electron 
discharge device, the interconnections thereof are 
formed in a vacuum tightmanner. 
The tube 98 is also Supported by end plate 02. 

Sections of the lower portions 8, 82 of the input 
leads 73, 74 are surrounded by tubular members 
07, 08 which are interconnected by means of 
vitreous insulating members 09, in a vacuum 
tight mainner. Rings are provided at the 
lower end of the tubular portions l'08. The con 
nections between the end plate 02, the tubular 
members 97, the insulating members 09, the 
tubular members 08, rings and the respec 
tive input leads 73, 74, similarly provide vacuum 
tight joints. The operation of the device of Fig. 
6 Will be discussed hereinbellow in connection with 
the operation of the circuit of Fig. 7. 

Referring to Fig. 7, there is shown the cathode 
button 2" and the heater 72' in Schematic form, 
with these parts joined together electrically as 
shown in Fig. 6 where the cathode button 2 is 
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connected tothe-input lead.732through the"cath 
ode supporting member. 87, and the platform 86. 
A filament transformerº 2 is arranged with.its 
primary Winding 3 and secondary: Winding 4 
interconnected by means oflead: 16, With.a: con- ó 
denser 7 disposed across the secondary Winde 
ing 4. In the primary: Winding: 13 of the filar 
ment transformer 12there is arranged!a pulsing 
transformer 8 by means of Which electricalime 
pulses emanating from a pulse generatori9 may lo 
be impressed upon the cathode button: 12, 2. 
To, couple electrical or heater power to the filas 
ment transformerº 2; an additional transformer 
21 is provided with an indicating meter 22; ex 
tending between the secondary Winding of the 15 
further transformerº 2" and a point maintained 
at.ground potential. A bypassing: condenser" 23 
isshunted across the indicating meterº 22. 
During operation, theelectrical energy, for Sup 

plying the heater 72 m y be continuously de- 20 
liveredithereto through the transformers: 2 and 
2. Suitable pulses may be impressed: upon.the 
cathode 2 by means of the pulse generator, 19 
and the pulsing transformer 18. In view of 
the fact that the main body of the device, in- 25 
cluding the resonators 2-23, and, more partic 
ularly, the anode or accelerating electrode. 9.-aire 
preferably maintained at ground potential, the 
potential of the cathodes 2, 12” is-reducediduring 
such times as-an energy interchange between an 30 
electron" beam and the resonators 2-23 is de 
sired. Thus, pulses- are-introduced by means of 
pulse generator i9 having a repetition rate and 
pulse length depending upon the º type of ultra 
high frequency output pulses; whichitis desired 35 
to obtain from the output coaxial line terminal postº 32. 
To complete the electrical circuit of the elec 

tron discharge device, a leadº 5 extends from 
the mainbody of the device (Fig. 1), asº for in- º 
stance the tubular member 5, to aº point of 
ground potential thereby maintaining the-en 
velope of the device-'at groundº potential. In' ad 
dition, leadº 29 (Fig. 1). interconnects the elecº. 
tron colector, including metallic block 4, with 45 
the main body of the device of Fig. 1. It Will 
be noted that there is-no provision for the in 
ternal connection of these parts. 
Owing to the construction of the cathoder as 

sembly (Fig. 6), it: ispossible to apply apotential 50 
to the focusing electrode 8; Which is diferent 
from that applied to the cathode button 2, 12”. 
A suitable"focusing electrode potential maybe-ap 
plied to the endºplate: 32 Suchanarrangement 
is useful for exploring the operating character- 55 
istics Of the, device of Fig. 1. In View of the fáct 
that itis possible to operate-the-focusing. elec 
trode: 2 at the same potentialas the cathode 
button. 2, the insulating member 105, the.in 
clamp 30, the platform 86, screws 89. and the 
cathode supporting member 8 maybe eliminated. 
Undersuch circumstances thecathode button. 2 maybe supported by members extending between 
its periphery and the lower surface of the aper- º 
tured cup. 3. In addition, the heat shields 83 
may be supported by members securing, such 
shields-83 to the additionalheat shield 9. 

It is possible to construct.the discharge device 
of Fig. 1 in such a manner as to eliminate the 70 
necessity for an externallead, such as lead 20, 
interconnecting the tubular: member 5 and the 
sieeve:54. Undersuchi-circunstances the:vitreous 
tubular member 57 may be dispensed with, With 
members suchas sleeves 54, 56 being integral. As r 
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arranged (Fig. 1). the magnitude of the current. 
of the spentelectron beam, whichis, colected by 
the metallic block. 4, maybe conveniently, meas ured. 
Referring to Fig. 8, an enlarged view of the co 

axial transmission line, terminal post. 3,. 32 is 
shown. These posts 31, 32 are formed with a 
hollow”rodº 24 preferably mades of an electrical 
ly conductive material, whichº mayº efectº.a: suitº 
ablevacuum-tightglassºiseal, suchas Kovar. Exe 
tending between the rod 24 and a fianged tube 
26 is a vitreous member 27, with the flanged 

portion 28 of theºtube 26 connected to the tube 
29. A coupling loop 3 is secured, as by-solder 

ing orº brazing, to the ends of the rod, 24 and 
the tube 29. Surrounding the tube 29 isla 
sleeve-32. The interconnections of the rod (24, 
vitreous member 27, flanged tube 126, tube 129, 
and Sleeve 32 are efected in a vacuum-tight 
manner to insure the preservation of the in 
ternal vacuum of the electron discharge device. 
Tó the Same end, sleeve 32 isº connected to the 
sidewalls of the resonators 2, 23°inº a vacuum tight manner. 
A tubularmemberº 33 is secured to theºtube 

29 and in turn servesto support and position 
the stepped-diameter member 34 as Wellas the 
conductive member 36.through the action of the 
insulative" support. 37, with screw 38 being ef. 
fective for joining membersº 34, 36: An addiº. 
tional tubular member 39is rigidly secured to 
the tubular member 33. . 
Typical operating, conditions for the electron 

discharge device of Fig. 1 at a frequency of 1200 
megacycles perº second and with a beam ac 
celerating voltage applied between the cathode 
button 2 and the anode 9 include the follow 
ing: an output power of 10 kilowatts with a duty 
cycle of .01 and a pulse length of 2.5 micro 
seconds. For such operation a drive power of 
40. Watts anda beam current of 4.3 amperesis 
employed... It will.ibe understood that suchi-op 
erating conditions are to be construedas ilus 
trative.andinot in a limitingsense. -1 
While the device of Fig.1is particularly useful 

forthe.generation of high power pulses.with suitº 
ably. steep-edged configurations, itis also possi. 
bleto.utilize the device-for the generation oficon tinuous Waves. 
It is apparent that. many changes. could be 

made insthe construction of the device of Fig. 
1: and thatmany apparently Widely diferent-en 
bodiments of this invention could be made with 
out. departing from the scope thereof. For in 
stance, asdiscussedhereinabove, the electron col 
lector of Fig. 2 might be employed in the-de 
vice of Fig. 1, the cathode; assembly might be 
modified, and the: device: operatedt either; as a sulative member 25 together with its associated 60 pulses orcontinuous wave: generator. According 
ly;itis intendedithatallimatter containedin the 
above" description orº shownin. the: accompanye 
ing: drawings: shall be interpreted. as ilustrative 
andºnotºin' a limitingsense: 
What is-Clainedºis: 
1. High frequency apparatus comprising first, 

second and third cavity"resonators, each ofºsaid 
resonators havingan electron-permeable gap, a 
firstdrift tube positioned intermediate said first 
and secondresonators, anda second drift tube 
positioned intermediate said second and third 
resonators, the inner Walls of said drift tubes being taperedandº convergingtoward the gap of salidºsecond'resonator. 

2. The high frequency apparatus as defined in 
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claim 1 Wherein the lengths of Said first and sec 
ond drift tubes are substantially equal. 

3. The high frequency apparatus as defined in 
claim i Wherein the distance between the mid 
point of the electron-permeable gap of said first 
cavity resonator and the midipoint of the elec 
tron-permeable gap of Said Second cavity resona 
tor is substantially equal to the diistance between 
the midipoint of the electron-permeable gap of 
said second cavity resonator and the midipoint of 
the electron-permeable gap of Said third resona 
tor. 4. The high frequency apparatus as defined in 
claim 1 Wherein the cross-sectional area, of the 
electron-permeable gap of said Second cavity res 
onator is less than the cross-Sectional area of the 
electron-permeable gaps of said first and third 
cavity resonators. 5. An electron discharge device comprising 
means for producing an electron beam, first, sec 
ond and third cavity resonators, each of said 
resonators having an electron-permeable gap, 
said gaps being aligned a long an axis and posi 
tioned for receiving and passing Said electron 
beam in succession, the distance between the elec 
tron-permeable gap of Said first resonator and 
the electron-permeable gap of said secondresona.- 
tor being substantially equal to the distance be 
tween the electron-permeable gap of said second 
resonator and the electron-permeable gap of Said 
third resonator, the Cross-Sectional area at right 
angles With respect to Said axis of Said gap of 
Said Second resonator being Smaller than the 
cross-sectional area at right angles With respect 
to said axis of said gaps of said first and third 
resonators. 6. An electron discharge device comprising 
three cavity resonators, each of said resonators 
having an electron-permeable gap, said gaps being 
substantially aligned a long an axis, means in 
cluiding a cathode located along said axis for pro 
ducing and projecting an electron beam along 
said axis successivelythrough Said gapsin energy 
exchanging relation with said resonators, said 
electron beam having a diminished cross-sec- ; tional area Within said electron-permeable gap 
of the intermediate one of said resonators and 
having a larger cross-sectional area Within the 
electron-permeable gaps of the end ones of said 
resonators, each of said gaps of the end ones of 
said resonators having a larger cross-sectional 
area at right angles relative to said axis than that 
of said gap of the intermediate one of said 
resonators. 7. High frequency apparatus comprising means : 
for producing an electron beam, a first cavity 
resonator, a first drift tube, a second cavity res 
onator, a second drift tube, and a third cavity 
resonator, all of Said foregoing elements being 
aligned along an axis and located in axial con 
secution, all of said resonators being provided 
With substantially circular apertures for receiving 
and passing said electron beam, the diameter of 
said aperture of said second resonator being 
smaller than the diameters of said apertures of 
said first and third resonators, the Walls of Said 
drift tubes being tapered in the direction of said 
aperture of said second resonator, whereby a 
space charge focused electron beam is formed 
having a substantially apically conjugate conoidal 
configuration. 

8. The invention set forth in claim 7, further 
including a colector electrode in the path of 
said beam beyond said third cavity resonator, said 
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electrode including a surface facing Said resona 
tor and provided With a plurality of Substantially 
concentric and approximately co-planar grooves, 
Said grooves having in cross section a Substan 
tially right triangular shape, With the hypotenuse 
diverging Outward from the central axis of the 
structure in the direction of said beam. 

9. In an ultra high frequency velocity modu 
lation device, an electron Source, electrostatic 
field forming means for initially converging the 
electrons emanatting from Said Source to form a 
high density beam, the cross-sectional area of 
Said high density beam of electrons converging 
to a minimum value at a predetermined point 
a long the path of said beam and diverging be 
yond Said predetermined point, and three cavity 
resonators having electron-permeable portions 
aligned a long the path of Said beam to be Suc 
cessively traversed by Said high density beam, the 
electron-permeable portion of the intermediate 
One of Said resonators being situated a long the 
path of said beam at Said predetermined point 
and being of Smaller Cross-Sectional area than the 
electron-permeable portions of the others of said 
resonators. 10. An electron discharge de Vice comprising 
cathode means for producing an electron Stream 
directed a long an axis; and first, Second, and 
third resonators located Successively along Said 
axis and each having an electron-permeable por 
tion aligned With Said cathode along Said axis; 
saad cathode means including a focusing elec 
tro de extending toward Said resonators com 
prising means for causing the electrons of the 
electron Stream to converge to a minimum cross 
sectional area within the electron-permeable por 
tion of Said Secondresonator, Said electron Stream 
diverging along said axis beyond the electron 
permeable portion of said Second resonator. 

11. The apparatus of claim 10, Wherein the 
cross-sectional area of the electron-permeable 
portion of Said Second resonator at right angles 
With respect to Said axis is Smaller than the 
cross-Sectional areas of the electron-permeable 
portions of Said first and third resonators. 

12. The apparatus of claim 11 further includ 
ing a first drift tube located intermediate Said 
first and Second resonators, and a Second drift 
tube located intermediate Said Secondi and third 
resonators, said drift tubes being tapered and 
converging toward said second resonator. 
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