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1. 

3,054,925 HIGH PoWER KLYSiréSTUBE APPARATUS 
Richard L. Waiter, Palo Alto, and Walter E. Nelson, San 
Jose, Calif, assignors to Variam Associates, Palo Alto, 
Calif., a corporation of California 

Filed Jan. 15, 1959, Ser. No. 787,082 
25 (Claims. (Cl. 315-5.48) 

This invention relates in general to tube apparatus and 
in particular to novel electron tube apparatus of the type 
employing cavity resonators, such as high power klystron 
tubes useful, for example, as power amplifiers in trans 
mitter Systems and as power sources for linear accel 
eratorS. 

In Such applications it is often necessary to produce 
pulses of high frequency electromagnetic energy in the 
range of about 1700 to 5000 megacycles with a peak 
power of at least 2 to 5 megawatts. Further it is desir 
able that such a pulsed amplifier klystron produce an 
output which is high in average power, that is, power aver 
aged over both the pulse and between-pulse portions of 
the operating cycle, thus permitting pulses of longer dura 
tion for a given peak power and pulse repetition rate. 

Heretofore no tube has been available capable of satis 
factory operation consistent with the above power re 
quirements. For example, attempts to increase the aver 
age power output of prior art tubes beyond a few kilo 
watts have resulted in such failures as the cracking of the 
output waveguide window due to overheating and the 
meiting of the output cavity tuning diaphragm due to 
high cavity circulating currents. 

Accordingly, it is the object of this invention to provide 
a novel, high eficiency, high gain klystron tube appara 
tus capable of reliable operation over a wide band of 
frequencies at both high peak power and high average 
power output levels. 
One feature of the present invention is the provision 

of a novel cooling system enabling long, reliable tube 
operation at high power levels by providing efficient trans 
fer of excessive heat generated in certain tube components. 
A second feature of the present invention is the provi 

sion of a novel collector cooling channel structure, the 
heat transfer characteristics of which are effectively 
matched to the power density distribution of incident 
electrons over the electron beam collecting surface there 
by permitting efficient beam energy cooling at a minimum 
of fluid pressure. 
A third feature of the present invention is the provi 

sion of a novel resonant cavity and flexible tuning dia 
phragm structure enabling efficient removal of heat due 
to high power cavity circulating currents and permitting 
diaphragm movement with a minimum of mechanical 
StreSS. 
A fourth feature of the present invention is the pro 

vision of a novel alignment joint structure which permits 
precise electron gun to anode alignment thus minimizing 
beam power losses. 
A fifth feature of the present invention is the provision 

of a novel corona shield structure for facilitating the mak 
ing and protection of high voltage metal-to-insulator seals. 
A sixth feature of the present invention is the provision 

of a novel tuning diaphragm for greatly increasing the 
available tuning range of an inductive type tuner. 

These and other features and advantages of the present 
invention will become apparent upon a perusal of the fol 
lowing specification taken in connection with the accom 
panying drawings wherein the same numerals are used in 
the various figures to designate the same or analogous 
elements and wherein, 

FIG. 1 is a plan view showing the general construction 
of a novel high power klystron tube in accordance with 
the present invention with the protective cover removed, 
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FIG. 2 is an enlarged cross-sectional view of a portion 

of the structure of FIG. 1 taken along line 2-2, 
FIG. 2a is a modification of the structure shown in 

FIG. 2 embodying the novel corona shield and electron 
gun alignment structures of the present invention, 

FIG. 3 is an enlarged cross-sectional view of a portion. 
of the structure of FIG. 1 taken along line 3-3, a portion 
of which is broken away and rotated 90° to show the 
collector cooling fluid distribution structure, 

FIG. 4 is a fragmentary view taken along line 4-4 of 
FiG. 3 showing the output drift tube cooling channel, 

F.G. 5 is a cross-sectional view of a portion of the 
structure of FIG. 3 taken along line S-5 showing the 
fluid distributor for the collector cooling channel structure, 

F.G. 6 is a view taken along line 6-6 of FIG. 3 show 
ing the output cavity structure of the present invention, 

FIG. 7 is a view taken along line 7-7 of FIG. 2 
showing the anode cooling structure, 

FIG. 8 is a right end view, partially broken away, of 
the tube structure shown in FIG. 1, 

FIG. 9 is a schematic diagram of the cooling fluid 
flow circuits of the present invention, 

FIG. 10a is a cross-sectional view of a known type of 
inductive cavity tuner, 

FIG. 10b is a cross-sectional view of an inductive 
cavity tuner in accordance with the present invention, 

FIG. 10c is a modification of the tuner shown in FIG. 
10b, and 
F.G. 11 is a plot of the tuning curves for the tuners 

of FGS. 10d and 10b. 
Referring now to the drawings, a segmented tubular 

cathode assembly 12 provides a beam of electrons which 
are projected longitudinally within the tube apparatus. 
The cathode assembly i2 includes a metallic cathode 
socket 3 which is adapted for take-apart connection to 
anode adapter 14 at joint 15. Integrally attached (as by 
brazing) to the cathode socket is one arm 16 of a T-shaped 
cross-section corona shield termination 7 as of, for ex 
ample, Kovar. An insulating cylinder 18 as of, for ex 
ample, ceramic is vacuum sealed to corona shield termi 
nation i7 at leg 19 thereof. Leg 19 and arm 21 each 
terminate in a rounded corona scroll, thus protecting 
the vacuum seal by eliminating high voltage gradients and 
electron bombardment punctures thereat. The other end 
of the cylinder 8 is vacuum sealed at 22 to a conducting 
seal ring 23. This vacuum seal may also be protected by 
a corona second shield, such as 171 in FIG. 2a, but satis 
factory results are obtained by using a single corona 
shield as shown in FIG. 2. Ring 23, in turn, is vacuum 
sealed at 24 to the housing 25 of electron gun sub 
assembly 26, longitudinally aligning the electron gun with 
respect to anode 27 and drift tubes 28, 29, 31, 32 and 33. 

Transversely secured to ring 23 is an annular cathode 
flange 34 serving to strengthen the fragile cathode enve 
lope and providing bumper protection for insulator 18. 
Extending from flange 34 is a tubular cathode socket 
35 adapted to receive a high negative beam pulsing volt 
age (anode 27 being preferably at ground potential) ap 
plied via flange 34 and ring 23 to the electron gun housing 
25 and via lead 36 to one side of heater filament 37. 

Extending rearward of electron gun housing 25 are a 
heater voltage insulating member 38, a metallic cup 
39 and a heater socket 41, heater socket 41 being adapted 
to receive a heater voltage applied via lead 42 to the 
other end of filament heater 37. Heated by filament 37 
is a concave focusing cathode emitter button 43. Sup 
ported adjacent electron emitter 43 are an electron fo 
cusing ring 44 and a double partition heat shield 45 for 
increasing the thermal efficiency of the cathode. 
Spaced along the electron beam path are a plurality 

of cavity resonators 46, 47, 48 and 49, each of which 
is centrally apertured to form an interaction gap between 
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adjacent drift tube segments 28, 29, 31, 32 and 33. In 
put resonator 46 and buncher cavities 47 and 48 are 
preferably of rectangular box-type configuration whereas 
output cavity 49 is preferably cylindrical. Details of 
the construction of the cavity resonators will be described 
Subsequently. 

Electromagnetic energy, which it is desired to amplify, 
is fed to the input cavity 46 by means of a vacuum 
sealed coaxial connector 51 and coupler loop 52. Con 
nector 5i, in turn, is adapted for external connection 
through a coaxial line (not shown) and an externally 
mounted panel jack 54 (FIG. 8). 
The electron beam passes from output cavity 49 

through output drift tube segment 33 and terminates in 
the electron collecting structure 55, the details of which 
will be described subsequently. 
The output energy is propagated from output cavity 

49 through iris 55 and transition member 57 along a 
Waveguide 58 which is provided with an impedance 
matching baffle 59 and a plurality of stainless steel stiffen 
ing members 61 which guard against wave guide buckling 
due to pressure differentials experienced upon exhaustion 
of the tube. The output energy passes from waveguide 
Section 58 to a circular window waveguide structure 62 
having midway therein a gas-tight wave permeable win 
dow 63 as of, for example, aluminum oxide which is 
Sealed in a vacuum tight manner to a thin metallic ring 
64 as of, for example, copper thus allowing for the 
thermal expansion and contraction of window 63 and 
ring é64 without breaking the seal between these mem 
bers. In order to provide transmission over a wide band 
of frequencies, it is found preferable to make the circu 
lar Waveguide window structure electrically in the order 
of one-half wavelength at the center frequency of the pass 
band. The Window structure 62 is terminated by a flange 
65 adapted to accommodate an external waveguide into 
which energy is coupled through an iris 66. 

Proper alignment and rigidity of the apparatus under 
adverse shock, vibration and temperature conditions are 
maintained by hollow stiffener tubes 67 and 68, stiffener 
rods 69 and stiffener plates 7 thereby reducing the micro 
phonic tendency of the tube and enhancing the electrical 
stability under high ambient temperatures. 
The stiffener rods and tubes terminate in magnetic pole 

pieces 72 and 73 which are adapted to accommodate an 
external magnet structure (not shown) in which the tube 
is mounted. The external magnet provides a flux path 
bounded by pole pieces 72 and 73 giving rise to a mag 
netic field for focusing the electron beam as it passes 
from the cathode through the various cavities and drift 
tubes to the collector. This section of the tube is pref 
erably enclosed by a protective cover 74 as of, for ex 
ample, aluminum. Pole pieces 72 and 73 are con 
structed of a material of high magnetic permeability such 
as, for example, iron. On the other hand, in the area 
between the pole pieces the magnetic field should not be 
perturbed, and thus, where possible, parts should be 
made of materials possessing no magnetism. For ex 
ample, the stiffener rods 69, tubes 67, 68 and plates 72. 
could be constructed of a non-magnetic variety of stain 
less steel. 
A plurality of tuner shaft couplers 8 are mounted 

on pole piece 73 to permit tuning of the cavity resona 
tors from a remote station, safe from the hazards of 
X-radiation. As best seen in FIGURE 3, the rotation 
of each coupler shaft 82 is transformed via a helical gear 
assembly 83 and tuner shaft coupler 34 into rotation 
of a tuner shaft 85. As shown in FIGURE 6, each tuner 
shaft 85 terminates in a worm gear 86 at one of the 
cavity tuner assemblies. The rotation of warm gear 86 
is transformed, via ring gear 87 and tuner cap 38 cap 
tured for translation therethrough, into the tuning mo 
tion of a tuning piston 89 and a tuning diaphragm, such 
as 91, attached thereto as at tuner plug 92. Abellows 93 
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4 
is sealed to piston 89 and cavity cover 95 in order to 
maintain the vacuum provided by exhausting the tube 
through exhaust pipe 96 and sealing the end thereof at 
pinch-off point 97. 

Fluid cooling of the tube is provided through fluid 
fittings 263 and 102 which lead, respectively, to inlet 
manifold 33 and outlet manifold 104 mounted on Op 
posite sides of the electron collector 55 as shown in FIG 
URE 8. With the aid of fluid flow circuit diagram of 
FIGURE 9, it is seen that the fluid flowing between the 
inlet and outlet manifolds divides into three parallel flow 
paths. One of these paths circulates through window 
cooling channel 105 via conduits 66 and 107 separated 
by baffle 83 (FIG. 8). The second of these parallel 
flow paths circulates cooling fluid through the electron 
collecting structure 55 via manifold adaptors 09 and 
ii. The third parallel flow path circulates to the re 
mainder of the tube components via conduits E2 and 
Si3 and hollow stiffeiner tubes 67 and 68. The fluid flow 
ing from inlet manifold 33 via conduit 152 passes in 
series through output drift tube cooling channel 4 and 
conduit 33 into inlet tube 67 and then divides into five 
parallel branches flowing back through the outlet tube 
63 and conduit 53 into outlet manifold 04. The first 
parallel branch flows through output diaphragm chan 
nel fi6 via conduits 117 and 8. The second parallel 
branch flows through drift tube cooling channel 49 via 
conduits 121 and 22. The third parallel branch flows 
through drift tube cooling channel 23 via conduits 124 
and 25. The fourth parallel branch flows through drift 
tube cooling channel 426 via conduits 27 and 28. And 
the fifth parallel branch flows through anode cooling 
channel 29 via conduits 3A and 32. 
The details of the collector cooling channel are shown 

in FIGURES3 and 5. Fluid flows in from inlet manifold 
183 through manifold adapter 569 and is forced by fluid 
deflector 33 through a curved opening 134 in fluid dis 
tributor 35 and along baffle 136. The fluid then re 
verses direction and flows adjacent electron collecting 
surface 137 through cylindrical cooling channel i38, heli 
cal cooling channel 39, a second cylindrical cooling 
channel 41 and a conical cooling channel 142. The 
fluid is then forced by the cylindrical interior of deflector 
E33 through a slot 43 therein and thence into outlet 
manifold 04 via manifold adapter 111. 

In veiw of the relatively large amount of energy dissi 
pated in the electron collector, it is found desirable to 
use a helical cooling channel such as 39 since this struc 
ture passes the fluid at a high velocity and provides good 
heat transfer contact with the metallic electron collecting 
Surface 137. However, such a cooling channel has the 
disadvantage of presenting a high impedance to the flow 
of fluid therethrough and thus requires a large amount of 
pressure to obtain the desired rate of flow. In accord 
ance with the present invention, it is sought to lessen the 
required pressure by combining the helical cooling chan 
nel with other cooling channel configurations presenting 
less fluid impedance. This is accomplished by providing 
a helical structure adjacent only that portion of the elec 
tron collecting surface at which the power density dis 
tribution of incident electrons is at a maximum and in 
using cooling channel structures of other configurations 
presenting less fluid flow impedance but having inferior 
heat transfer characteristics adjacent those portions of 
the electron collecting surface where the incident electron 
power distribution is accordingly less. Thus pressure is 
conserved when the electron cooling channel structure, 
taken as a whole, is effectively matched to the power 
density distribution of electrons over the entire electron 
collecting surface. 
A region of maximum electron power density can be 

conveniently determined by considering the ideal case of 
a uniform parallel electron beam entering a field free 
collector space. It can be shown that the spread of such 
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a beam under space charge forces results in electrons fol 
lowing paths described by the equation: 

where 

R=r/r(r=radius of electron paths which entered at 
radius ro), 

Z=17411/2/V3/4 
20 

z=axial distance from source 
I=current inside radius ro, and 
V-beam voltage 
From this equation a curve representing the envelope of 
electron paths, known as a universal beam spread curve, 
can be determined. The intersection of this universal 
beam spread curve with the electron collecting surface 
thus determines a region of maximum power density dis 
tribution. As is seen in FIGURE 3, the electron energy 
dissipation outside the above defined region is effectively 
matched by a first cylindrical channel 138, a second cylin 
drical channel 141 of diminishing thickness, and a conical 
cooling channel 142. It has been determined that the 
best heat transfer match in channel 142 is obtained when 
the apex of the truncated conical surface 151 (extended) 
of fluid distributor 135 is rearward of the apex of the coni 
cal end portion 152 of the electron collecting surface 37 
and when the first named apex is slightly less in angular 
measure than the second named apex. 
The collector of the present invention is not limited to 

electron tubes, but may be used in any application re 
quiring the interception of a high energy beam of charged 
particles, including, for example, positive ions. 

Referring to FIGURE 9 the above obtained advantage 
of low optimum pressure drop across the collector cooling 
channel is preserved by placing that channel in fluid flow 
parallel with the other cooling channels. The fluid flow 
impedances of the remaining cooling circuits can then be 
designed for operation at this optimum pressure and yet 
provide a sufficient rate of fluid flow for the cooling re 
quirements of the remaining tube components. It is to 
be further noted that all of the cooling fluid circulating 
to components forward of output drift tube 33 circulates 
through drift tube cooling channel 114, since the cooling 
requirements of this component are more severe. 

Referring now to the output cavity structure 49 as best 
shown in FIGURES3 and 6, a cylindrical cavity wall 153 
as of, for example, copper is enclosed by a flange 154 and 
a tuning diaphragm 91 of a thin, flexible material such as 
copper-plated stainless steel. Diaphragm 91 is adapted 
for back and forth translation by heat conducting attach 
ment (as by brazing) to tuner plug 92 of a good heat 
conducting material, such as copper, said tuner plug, in 
turn, being cooled by fluid circulation through channel 
116 formed in the partitioned interior of piston 89. The 
bendable portion 155 of the output diaphragm is like 
wise secured in good heat conducting relation to cavity 
wall 153. In order to relieve excessive circumferential 
stresses in the bending portion 155, a plurality of generally 
radial slots 56 are cut through the diaphragm (the dia 
phragm having been rotated 90 in the drawing for the 
sake of clarity). These slots are also substantially parallel 
to the direction of current flow necessary to support the 
cavity resonant mode so as not to interfere therewith. It 
is thus seen that excessive heat due to high circulating 
currents in the diaphragm are rapidly conducted away 
by good thermal connection of the tuning diaphragm to 
heat conducting members 92 and 153 thus allowing high 
power operation of the tube without the danger of melt 
ing the thin diaphragm 91. In addition to relieving 
stresses, slots 156 permit the exhaustion of the space be 
tween cavity cover 95 and diaphragm 91 thus preventing 
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6 
air pockets and resulting pressure differentials from acting 
on the thin diaphragm Surface. 

Referring to FIGURE 10a there is shown a known type 
of inductive tuner for a cavity resonator. A thin tuning 
diaphragm comprising a translation surface 161 and a 
bending surface 162 is secured to the cavity wall 163 at 
a position exterior of translation surface ió1 when piston 
89 is in a fully withdrawn position. As the piston is 
moved inward, the resonant frequency of the cavity res 
onator defined by the cavity wall and drift tube interac 
tion gap therewithin, under typical operating conditions, 
changes in accordance with tuning curve a in FIGURE 11. 
It is to be noted that this tuner in effect changes at point x 
from inductive tuning to capacitance tuning. This is 
apparently due to the fact that as the translation Surface 
562 approaches the vicinity of the drift tube interaction 
gap the capacitance of the cavity starts increasing faster 
than the inductance of the cavity is decreasing. This 
capacitance turn around severely limits the effective tuning 
range since further inward movement of the tuning piston 
beyond point x will not further increase the resonant frequency. 
By reversing the convolutions of the doubly-flexed bend 

ing surface 162 and securing the ends thereof interior of 
the translation surface 161, as shown in FIGURE 10b 
and in accordance with the preferred embodiment of the 
present invention (see cavity 46 in FIGURE 2), it is 
possible to eliminate the above-mentioned capacitive turn 
around and also to increase the tuning rate (megacycles/ 
inch) due to the larger volume displacement in the re 
gion of high intensity magnetic fields. As is seen by in 
spection of tuning curve b in FIGURE 11, the tuner of 
the present invention, under typical operating conditions, 
enables an increase of greater than 50% in tuning range. 
Thus, the tube of the present invention has a heretofore 
unobtainable flexibility of operation over a wide range 
of frequencies. 
As a further illustration of the advantages of the novel 

tuner of the present invention, it is often desirable to 
amplify over a broad band of frequencies without any 
mechanical adjustment of the tuner mechanism. This 
may be done by stagger-tuning; that is, by tuning each 
of the cavity resonators to a different frequency, said 
frequencies being distributed over a band which is at least 
partially coextensive with the desired pass band without 
the inflexible requirement of permanent differences in 
dimensions from cavity to cavity. 
The modification of the tuner of the present invention 

shown in FIGURE 10c, incorporating longerbending con 
volutions, operates under less severe bending stresses, thus 
assuring longer life although at somewhat of a decrease 
in effective tuning range. 
A modification of the cathode assembly structure of 

FIGURE 2, shown in FIGURE 2a, permits extremely 
precise alignment of the electron gun emitting surface 43 
with respect to the anode 27 and drift tubes 28, 29, 31, 
32 and 33 thus minimizing beam power losses due to 
interception of the electron beam. In accordance with 
this feature of the invention, the cathode housing is first 
assembled in the following manner. The cylindrical anode 
adapter 14 is fixedly secured to pole piece 72 as by braz 
ing; cathode socket 3 with corona shield 17 integrally 
secured thereto is temporarily sealed to adapter 14 at 
take-apart joint 15; insulator 18 is vacuum sealed as by 
brazing to the leg 19 of corona shield 17; and finally a 
second T-shaped corona shield 171 (FIGURE 2a) is like 
wise vacuum sealed to insulator 18 at leg 72 thereof. 
The electron gun. Subassembly 26 having a flexible U 

shaped member 73 as of, for example, nickel secured to 
housing 25 thereof as by brazing is then inserted into the 
cathode housing and is temporarily secured at a desired 
distance from anode 27 and in proper alignment there 
With using, for example, an aligning mandrel (not shown) 
inserted into anode 27. The desired transverse alignment 
is then secured by abutting the transversely extending 
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surfaces of corona shield 17 and a transition piece 74 
and sealing the transverse translation joint 75 thus 
formed by a heliarc weld at the extremity thereof. It is 
to be noted that the position of the members of joint 
175 compensates for transverse misalignment in the elec 
tron gun subassembly between the temporarily aligned 
emitting surface 43 and the permanent supporting area at 
the attachment of flexible member 573. Next the flexible 
member 173 is slightly bent (if necessary) to abut the 
longitudinally extending surface of transition piece 74 
thus compensating for axial misalignments in the electroia 
gun subassembly. The longitudinal translation joint 576 
thus formed is then sealed at the extremity thereof by a 
heliarc weld to maintain the desired longitudinal spacing 
of electron gun 26 from anode 27. The cathode housing, 
with the electron gun subassembly fixedly secured therein, 
is now withdrawn by breaking the temporary seal at joint 
15 thus allowing removal of the temporary aligning 
structure. The cathode assembly is then resealed at joint 
15 and a vacuum seal is made by a heliarc Weld at the 
extremity of joint 77 defined by a pair of longitudinally 
abutting rings secured to the opposite members of joint 
5. This vacuum seal is protected by a heavy bumper 
guard flange 78. The use of the aforementioned heliarc 
welds facilitates the removal and replacement of the elec 
tron gun; it is only necessary to file down the extreme 
ends of joints 77, 575, and E75 a short distance to remove 
the weld and replacement is made by re-welding at the 
new extremities of the joints. Replacement of window 
structure 62 is likewise facilitated by a heliarc weld at the 
extremity of joint 279 (FIGURE 3). 

In operation, the electron gun 25 is sequentially ener 
gized, as desired, to provide a puised beam of electrons. 
As the beam passes through cavity 46, it is velocity modu 
lated therein by the electromagnetic energy input 52. The 
velocity modulation of the beam is then transformed into 
current density modulation in the drift tube spaces be-, 
tween the input cavity 46 and the first buncher cavity 47. 
Buncher resonators 47 and 48 further velocity modulate 
the beam to produce greater current density modulation 
of the beam at the output cavity 49 inducing therein 
greatly amplified electromagnetic energy. Finally, the 
electromagnetic energy output is propagated from output 
cavity 49 through Window 62 to an external load. 

Since many changes could be made in the above con 
struction and many apparently widely different embodi 
ments of this invention could be made without departing 
from the scope thereof, it is intended that all matter con 
tained in the above description or shown in the accom 
panying drawings shall be interpreted as illustrative and 
not in a limiting sense. 
What is claimed is: 
1. A high power klystron tube apparatus including: an 

electron gun for producing a beam of electrons; a perme 
able anode adapted to accelerate said beam along a de 
sired axis; a plurality of tunable cavity resonators spaced 
along said axis and adapted for electromagnetic inter 
action with said beam, all but the last of said cavity res 
onators being closed by a flexible tuning diaphragm hav 
ing a translation surface portion and a bending surface 
portion, said bending surface being secured to the walls 
of said cavity resonator inwardly of said translation sur 
face; a plurality of drift tubes adjoining adjacent cavity 
resonators and providing an electromagnetic interaction 
gap therein, the last of said cavity resonators having a 
slotted tuning diaphragm in good heat conduction rela 
tion with the wall of said last cavity resonator; an out 
put drift tube leading from the interaction gap in said 
last cavity to an electron collecting surface; a vacuum 
window structure for transmitting electromagnetic energy 
externally from said last cavity; cooling fluid means for 
circulating fluid adjacent said electron collecting surface 
in accordance with the power density distribution of elec 
trons incident thereon and for circulating fluid adja 
cent said vacuum window structure, said output drift tube, 

0 

15 

20 

25 

30 

40 

45 

55 

60 

65 

70 

75 

8 
said slotted tuning diaphragm, said drift tubes and said 
anode in accordance with the excess heat produced in 
these tube components under high power operation; a 
housing structure surrounding said electron gun; means 
for aligning said electron gun with respect to said anode 
and Said desired axis comprising transition means sup 
porting Said gun within said housing, a transverse transla 
tion joint coupling said transition means to said housing 
and a longitudinal translation and angular rotation joint 
coupling Said transition means to said electron gun; an in 
Sulating member separating two sections of said housing 
between which a high acceleration voltage is applied, at 
least one of said housing sections terminating in a corona 
shield Surface; and a vacuum seal between said corona 
shield Surface and said insulating member. 

. In a high power klystron tube apparatus the com 
bination comprising: a permeable anode member adapted 
to accelerate a beam of electrons therethrough; an anode 
cooling channel adjacent the permeable portion of said 
anode; a plurality of spaced cavity resonators in the path 
of said electron beam and adapted for electromagnetic in 
teraction with said beam; a plurality of drift tubes spaced 
along said beam path between said cavity resonators; a 
drift tube cooling channel adjacent each of said drift 
tubes; an output cavity resonator including a flexible tun 
ing diaphragm; and output diaphragm cooling channel 
adjacent said flexible tuning diaphragm; an output drift 
tube along said electron path rearward of said output 
cavity resonator; an output drift tube cooling channel ad 
jacent said output drift tube; an electron collector inter 
cepting said electron beam and extending rearward of said 
output drift tube; a collector cooling channel adjacent 
the electron interception surface of said electron collector; 
an output window structure adapted to transmit electro 
magnetic energy from said output cavity resonator; a 
window cooling channel adjacent said output window 
structure; and means for circulating a cooling fluid to all 
of said cooling channels and removing excess heat gen 
erated in adjacent tube components thereby enabling long 
periods of tube operation at high power levels. 

3. The combination according to claim 2 including a 
single inlet fluid fitting and a single outlet fluid fitting, 
means for distributing fluid into at least three parallel flow 
circuits between said inlet and outlet fittings, the first of 
said parallel circuits providing circulation to said window 
cooling channel, the second of said parallel circuits pro 
viding circulation to said collector cooling channel, the 
third of said parallel circuits providing circulation to said 
output drift tube cooling channel, to said output di 
aphragm cooling channel, to said drift tube cooling chan 
nels and to said anode cooling channel. 

4. The combination according to claim 3 wherein said 
third fluid circuit includes two series flow circuit portions, 
the first of said portions providing circulation to said out 
put drift tube cooling channel and the second of said 
portions providing parallel circulation to each of said 
output diaphragm, drift tube and anode cooling channels. 

5. In a high power klystron tube apparatus the com 
bination comprising: an electron collector; an output 
window structure; a body portion comprising an anode, 
a plurality of tunable cavity resonators and a plurality of 
drift tubes; window cooling means for circulating cooling 
fluid adjacent said window structure; collector cooling 
means for circulating cooling fluid adjacent said electron 
collector; body cooling means for circulating cooling fluid 
adjacent said body portion; and means for dividing a 
supply of cooling fluid between said cooling means in ac 
cordance with the heat generated in the tube components 
during high power operation. 

6. The combination according to claim 5 wherein said 
collector cooling means is characterized by an optimum 
operating pressure and the fluid impedances of said 
window and body cooling means enable operation at 
said optimum pressure. 

7. A collector for dissipating the energy of a high veloc 

t 
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ity beam of charged particles comprising: a cylindrical 
collecting surface concentric about the axis defined by said 
beam of charged particles, said collecting surface being 
terminated by a concentric conical end portion; and a 
cooling channel structure concentric with said collector, 
said cooling channel structure defining four series fluid 
flow zones spaced in the direction of said beam, said 
zones assuming the shape of a first cylinder, helix, second 
cylinder and cone, respectively, in the direction of said 
beam, said helical zone being limited to a region of maxi 
mum heat dissipation whereby the heat transfer character 
istics of the cooling channel over said collecting surface 
are effectively matched to the power density of charged 
particles incident on said surface. 

8. A collector according to claim 7 wherein said region. 
of maximum heat dissipation is defined by the intersection 
with said collecting surface of the universal beam spread 
curve associated with said beam. 
9. A collector according to claim 8 wherein said conical 

zone is bounded on the inside by said conical end portion 
and on the outside by a concentric truncated conical Sur 
face, the plane of truncation being forward of the apex of 
said end portion and the apex of said conical Zone being 
rearward of said end portion apex, the angular measure 
of said zone apex being less than the angular measure of 
said end portion apex. 

10. A collector for dissipating the energy of a high 
velocity beam of charged particles comprising: a collecting 
surface surrounding the axis of an incident beam of 
charged particles; and a cooling channel structure ad 
jacent said collecting surface, said cooling channel struc 
ture being divided into a plurality of Zones, one of said 
zones being adapted for helical flow of cooling fluid 
adjacent a limited section of said collecting surface char 
acterized by maximum beam interception, thereby per 
mitting efficient heat transfer with a minimum of total 
pressure drop across said collector. 

11. A collector for dissipating the energy of a high 
velocity beam of charged particles comprising: a collect 
ing surface surrounding the axis of an incident beam of 
charged particles; and a cooling channel structure adjacent 
said collecting surface, said cooling channel structure 
being divided into a plurality of zones, the heat transfer 
characteristics of said zones being effectively matched 
to the power density distribution of charged particles in 
cident on said collecting surface. 

12. In an electron tube apparatus the combination Com 
prising: an electron gun providing a beam of electrons; 
a permeable anode spaced from said electron gun and 
adapted to accelerate said beam of electrons therethrough 
in a given direction; a housing member surrounding said 
electron gun; a longitudinally extending flexible U-shaped 
member fixedly secured to said electron gun; a transition 
member one end of which extends in a transverse di 
rection and the other end of which extends in a longi 
tudinal direction; and a flange member fixedly Secured 
to said housing and extending in a transverse direction, 
the transverse end of said transition member abutting 
said transversely extending body flange whereby the por 
tion of said electron gun facing said anode may be trans 
versely aligned with respect to said anode and said given 
direction, the longitudinal end of said transition member 
abutting said longitudinally extending flexible member 
whereby said electron gun may be longitudinally posi 
tioned at a desired distance from said anode and whereby 
said flexible member may be slightly rotated to maintain 
the portion of said electron gun facing said anode in 
proper longitudinal alignment. 

13. In a high voltage electron tube apparatus the 
combination comprising: a metal vacuum housing; and 
an insulating member separating two sections of Said 
housing between which there is applied a high voltage, 
at least one of said housing sections terminating in an 
integral corona shield member having a T-shaped cross 
section (taken longitudinally along said housing), one 
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10 
arm of said T being integrally aligned with said one 
section of housing, the other arm and the leg of said T 
each terminating in a corona scroll, said insulating mem 
ber being vacuum sealed to the leg of said T-shaped 
housing termination whereby said corona scrolls are posi 
tioned to prevent high voltage gradients and electron 
bombardment at said vacuum seal. 

14. A combination according to claim 13 wherein both 
of said housing sections terminate in a T-shaped cross 
section, said insulating member being vacuum sealed to 
the leg of each of said T-shaped terminations and wherein 
the body-aligned arm of one of said T-shaped termina 
tions further terminates in a transversely extending flange, 
said flange providing a reference surface for transversely 
aligning an electron gun within said housing. 

15. A combination according to claim 14 further in 
cluding a transition member having a longitudinally ex 
tending end and a transversely extending end, the trans 
versely extending end of said transition member abutting 
said transversely extending flange and providing a trans 
verse translation joint thereat, the longitudinally extend 
ing end of said transition member abutting a longitudi 
nally extending flexible U-shaped member fixedly secured 
to said electron gun and providing a longitudinal transla 
tion and angular rotation joint thereat whereby said 
electron gun may be precisely aligned within said hous 
ing by fixedly securing said joints. 

16. In a klystron tube apparatus the combination com 
prising: a cavity resonator; a drift tube structure adapted 
to pass a beam of electrons through said cavity resonator 
to enable electromagnetic interaction therewith; a flex 
ible tuning diaphragm forming an end wall of said cavity 
resonator; driving means adapted to translate the end 
surface of said diaphragm; and a bendable portion of 
said diaphragm extending interior of said cavity resonator 
from said end portion, said bendable portion being fixedly 
secured to the side wall of said cavity at a position in 
terior thereof and making contact with said wall only at 
said position. 

17. The combination according to claim 16 wherein 
said cavity resonator is of the box-type and wherein the 
bendable portion of said diaphragm is fixedly secured to 
on pair of opposite side walls in said box and is adapted 
to slightly clear the other pair of opposite side walls in 
said box. 

18. The combination according to claim 17 wherein 
said drift tube structure passes through said one pair 
of opposite side walls and forms an electromagnetic in 
teraction gap therebetween. 

19. An inductively tunable cavity resonator compris 
ing: a cavity wall structure; and a flexible diaphragm 
having a translation surface and a bending surface, the 
translation surface of said diaphragm being adapted for 
back and forth movement in a direction extending 
through said cavity and the bending surface of said dia 
phragm extending interior of said cavity and being fixedly 
secured to said cavity wall structure at a position in 
terior of said translation surface when in a fully re 
tracted position, said bending surface making contact 
with said cavity wall structure only at said position of 
securing. 

20. In a broadband klystron tube apparatus the com 
bination comprising: a plurality of tunable cavity reso 
nators adapted for electromagnetic interaction with a 
beam of electrons passable therethrough, each of Said 
cavity resonators comprising a cavity wall structure of 
uniform size, said wall structure being enclosed by a 
flexible tuning diaphragm having a translation surface 
and a bending surface and said bending surface being 
secured to said wall structure at a position inward of 
said translation surface and making contact with said 
wall structure only at said position thereby permitting 
said cavity resonators to be stagger-tuned over a wide 
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21. In a high power klystron tube, the combination 
comprising: an electron collector; an output window 
structure; a body portion having as components thereof, 
an anode, a plurality of cavity resonators, and a plu 
rality of drift tubes interconnecting said cavity resonators 
and said electron collector; body cooling means for cir 
culating cooling fluid adjacent a plurality of said body 
components, said means including at least two parallel 
flow portions; and collector cooling means for circulating 
cooling fluid adjacent said electron collector in fluid flow 
parallel with said body cooling means. 

22. The combination of claim 21 further including 
means for circulating cooling fluid adjacent said window 
structure in fluid flow parallel with said collector cool 
ing means and said body cooling means. 

23. The combination of claim 22 wherein said body 
cooling means includes two series flow portions, the 
first of said portions providing circulation to the drift 
tube interconnecting said electron collector, and the sec 
ond of Said portions providing parallel flow circulation 
to the other drift tubes and to said anode. 

24. In a high power klystron tube apparatus, the com 
bination comprising: a cylindrical cavity resonator adapt 
ed for high power electromagnetic interaction with an 
electron beam passable through the cylindrical surface of 
said cavity; a thin flexible tuning diaphragm in solid 
thermal contact with the entire circular periphery of said 
cylindrical cavity resonator and having a plurality of 
radial slots therethrough for relieving bending stresses 
upon movement thereof and eliminating pressure differ 
entials on opposing surfaces thereof, said slots being 
limited to diametrically opposed diaphragm portions and 
running substantially parallel to that direction of current 
flow necessary to support the resonant mode of said 
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cavity resonator; a solid metallic plug member rearward 
of said flexible diaphragm in good heat conducting rela 
tion therewith; a tuning piston in solid thermal contact 
with said plug member for moving said diaphragm to 
thereby inductively tune the resonant frequency of said 
cavity resonator; a vacuum-sealing bellows secured be 
tween said tuning piston and said cavity resonator; and 
a cooling channel structure for circulating cooling fluid 
within said tuning piston. 

25. The combination according to claim 16 wherein 
said bendable portion is doubly-flexed. 
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