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The present invention relates in general to high fre 
quency tube apparatus and more particularly to improved 
1light weight microwave tube apparatus providing i11 
creased power output and stability in adverse environ 
ments of shock and vibration. These improved tubes are 
found to be especially useful as moderate to high power 
traveling wave tube microwave ampli?ers or oscillators 
in airborne systems. 

Heretofore, moderate power traveling wave tubes have 
been made for airborne service. However these prior 
tubes have been plagued with several problems. One 
problem is that the elongated tube envelope, to be re 
placeable in service must readily slide within an elongated 
beam focus solenoid. The hollow core of the solenoid 
was spaced from the tube body to facilitate insertion of 
the tube and to provide space for input and output R.F. 
leads. Because of this spacing, conduction cooling from 
the metallic tube envelope to the solenoid was greatly 
impaired causing the tube to operate at higher tempera 
tures and reduced power levels as compared to those 
attainable if conduction cooling could be had from the 
tube envelope to the beam focus solenoid structure. 
A second problem encountered in the prior tubes was 

encountered due to the fact that the helical slow wave 
structure was glazed to a plurality of longitudinally 
directed sapphire support rods over substantially the 
entire length ‘of the helix. These glazed joints, where 
the helix made contact with the support rods, absorbs 
RF. energy from the R.F. wave on the helix and as a 
consequence, produced heating of the glaze which in turn 
caused more absorption of RP. energy and heating. As 
a result such slow wave structures had an upper power 
limit of approximately 400 watts C.W. with about 25% 
of the RF. power going for heating of the helix and 
glaze. 
A third problem encountered with a helical slow wave 

circuit being glazed over its entire length to the support 
rods carried within a metallic envelope is that unequal 
thermal expansion of the tube envelope and helix pro 
duced fractures of the lead in and out connectors at the 
input and output terminals of the tube. Assuming a 
20 inch length slow wave circuit, during tube processing 
at 600° C. the metallic envelope, usually stainless steel, 
expands 1%; inch more than the helix, but during tube use 
at 500 watts C.W. the helix runs at 1500° C. and the 
envelope much cooler causing the helix to expand about 
1/8 of an inch more than the envelope. This quarter 
inch expansion differential over-stresses the input connec 
tors producing failure thereof in use. 
A fourth problem has been in obtaining e?icient liquid 

cooling of tube structures using a light weight relatively 
low pressure supply of liquid coolant. The coolant 
channels around ‘the collector are typically of uniform 
cross sectional area producing uniform cooling effect but 
heating of the collector by beam interception is not 
uniform thereby producing uneconomical use of the 
available coolant pressure. In addition the solenoid is 
typically cooled by coolant channels'series connected 
with the collector channels and, because of the large 
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differential in thermal expansion between the solenoid 
and collector in use, the channeling is often fractured 
‘rendering the tube inoperative. 

In the present invention a novel tube construction is 
provided which obviates the aforementioned problems. 
Conduction cooling of the tube body is obtained by pack 
ing an ensemble of metallic particles or spheres between 
the core of the beam focus solenoid and the tube envelope. 
The packed spheres provide a high thermal conductance 
path to the solenoid while rigidly supporting the tube 
body. The helix is severed and glazed to the sapphire 
support rods substantially only at the central ends of the 
helices while the support rods are tacked to the envelope 
at the outermost ends of the severed helices to prevent 
distortions of the helix due to differential expansion be 
tween the helix assembly and the tube envelope. This 
helix support technique avoids fracture of the input and 
output connectors while permitting higher power levels 
on the helix by eliminating glaze at the high power end 
of the helix. The tube solenoid and collector are supplied 
with liquid coolant ?ow channeled around the solenoid 
and collector structure. The coolant channel is reduced 
in cross sectional area ‘around the mid-section or hottest 
portion of the collector to speed up the velocity of coolant 
flow in this region to obtain increased localized cooling. 
The collector and solenoid coolant channels are 
series connected via the intermediary of a bellows 
section of channel to permit large differentials in ex 
pansion of the solenoid and collector structures in use 
without producing leaks in the system of coolant channels. 

It is therefore a principal object of this invention to 
provide a novel microwave tube apparatus having in 
creased power output and stability in adverse environ 
ment of shock and vibration. 
One feature of the invention is to provide a unique 

means for supporting slow wave circuits such as, for 
example, a helix circuit employed in a traveling wave 
tube. 
Another feature of the present invention is the provi 

sion of unique, light weight, easily assembled and dis 
assembled cooling apparatus for transferring heat from 
the main body of a high frequency electron discharge 
device to the surrounding beam focusing apparatus. 
Another feature of the present invention is the pro 

vision of liquid cooling means for cooling the main body 
and collector portion and the focusing means of a high 
frequency electron discharge device, such as for example, 
a traveling wave tube, wherein cooling liquid is trans 
ferred :between the main body and the collector portion 
through a ?exible conduit which permits differential 
thermal expansion between the main body portion of the 
tube and the collector portion over wide variations in 
environmental temperatures and operating temperatures 
without cracking and consequent leakage occurring in the 
liquid cooling system. 
Another feature of the present invention is the provi 

sion of a collector cooling arrangement utilizing low 
velocity, low pressure sections, which limit the ?uid 
pressure drop across the tube to a predetermined mini 
mum level while simultaneously employing a high 
velocity, high pressure intermediate ?uid cooling section 
between the low pressure sections. 

These and other features and advantages of the present 
invention will be more apparent after a perusal of the 
following speci?cation taken in conjunction with the ac 
companying drawings, wherein 
FIG. 1 is a fragmentary longitudinal cross-sectional 

view of a traveling wave tube incorporating the novel 
features of the present invention, 
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FIG. 2 is an enlarged view of the novel slow wave 
supporting structure of the present invention taken at 
llines 2—2 in FIG. 1, 
FIG. 3 is a transverse cross sectional view taken along 

lines 3-3 of FIG. 2 and showing the novel slow wave 
supporting structure and, 
FIG. 4 is a fragmentary enlarged sectional view of 

the portion of FIG. 1 delineated by lines 4—4 and show 
ing the pellet-like spherical-shaped balls forming a 
unique, easily assembled and disassembled heat transfer 
means of the present invention. 

Referring now to the drawings, the traveling wave tube 
includes a helix slow wave structure 8 comprising a pair 
of severed sections 9, 10 coaxi-ally disposed within a hol 
low metallic cylindrical main body shell or barrel 11 pref 
erably of stainless steel and forming a central portion of 
the tube’s vacuum envelope. Each of said several helix 
sections is supported by means of three equilaterally dis 
posed longitudinally directed dielectric supporting rods 
12 preferably of sapphire abutting the interior wall of 
the cylindrical barrel 11. 
A conventional electron gun structure 13 for genera 

tion of a preferably hollow cylindrical electron beam is 
disposed at one end of the slow wave structure. A beam 
collector 14 preferably of copper is disposed at the other 
end of the slow wave structure. A pinched-off exhaust 
tubulation seal 15 terminates the collector. 
A cylindrical anode member 16 is secured to one end 

of the sleeve 11 and surrounds and supports the gun 
structure 13. Filament leads 17, 18 extend through the 
vacuum sealed base portion of the gun structure and 
are embedded within end sealing and insulating mass 19 
preferably of silicone rubber. A stepped annular mem 
ber 20 preferably of copper is secured as by brazing to 
the collector end of main body barrel 11 and to the col 
lector 14 at enlarged collector portion 21 to thereby com 
plete a vacuum tight envelope. R.F. leads 22, 23 extend 
from the gun and collector end portions, respectively, of 
the slow wave structure 8 and form the entrance and 
exit means for the RF. energy which propagates along 
the slow wave structure and interacts with the electron 
beam. The leads 22 and 23 are preferably coaxial con 
ductors and terminate at the collector end of the tube. 

Annular ?ange portion 24 on stepped annular mem 
ber 20 serves as a sealing and mounting ?ange for main 
taining the traveling wave tube within a solenoidal mag 
netic focusing means 25. A stepped annular mounting 
ring 26 is secured to ?ange 24 at an inner portion there 
of as by bolts 24' and secured as by means of bolts 26’ 
or the like to solenoidal pole piece 27 at an outer portion 
thereof. A suitable organic sealing material such as 
RTV-60 may be coated on the engaging surfaces 28, 29 
to prevent hazardous fumes, such as jet vapor fumes for 
example, from entering the annular space 30 between 
main body sleeve 11 and the cylindrical shell 31 forming 
the interior surface of focusing solenoid 25. Such seal 
ing is necessary to eliminate any possibility of an ex 
plosion occurring due to the abovementioned fumes com 
ing in contact with hot spots on the tube shell. 

Surrounding the solenoid 25 is a cylindrical exterior 
tube 32 of cold rolled steel or the like which is attached 
as by brazing to pole pieces 27, 33. Sleeve 32 is spaced 
from the exterior surface of solenoid 25 to leave an an 
nular space 34 therebetween. An end plate 35 is bolted 
or otherwise secured to the gun end of the tube. 
A collector cooling assembly 36 comprising an internal 

annular core member 37, preferably of copper, is brazed 
or the like to the exterior of the collector. Mounted on 
core member 37 are front and rear cooler end plates 38, 
39, respectively, and exterior annular shell 40 which, to 
gether with the enclosed cooling ?ns, forms a composite 
liqgiid cooler assembly for the collector portion of the 
tu e. 

A liquid coupling assembly 41 forms a passage for 
transferring liquid between the annular space 34 sur 
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4 
rounding the solenoid and the collector cooler assembly 
36. The coupling assembly comprises two centrally bored 
cylindrical shaped pressure ?anges 42, 43 preferably of 
stainless steel interconnected by means of a ?exible bel 
lows portion 44 of monel or the like. End coupler sec 
tions 45, 46 serve to couple cooling fluid to the annular 
space 34 and the collector cooler assembly through ports 
47, 48. Fluid coupling ports 49, 50 serve as ‘exit and 
entrance ports, respectively, for the tube package. 
Two types of cooling ?ns are located within collector 

cooler ‘assembly 36. The two end sections of the cooler 
assembly have a plurality of annular coolings ?ns 51 
brazed to the core 37. Fins 51 form a low velocity, 
low pressure cooling section. A high velocity, high pres 
sure cooling section comprising ?ns 52 is positioned be 
tween the two end sections. Fins 51 are annular rings 
of copper or the like having their peripheral edges spaced 
from the shell 40 preferably 1A of the radial ‘distance be 
tween shell 40 and core 37. This space allows the cool 
ing liquid in the end sections to ?ow simultaneously be 
tween the ?ns forming each of the end sections as shown 
by the arrows denoting ?uid transfer in the system. 

Pins 52 are interdigitally arranged so as to pass the 
cooling ?uid along a meander path between adjacent ?ns 
as denoted by the arrows. Fins 52 which are asym 
metrical with respect to core 37 alternately seal either the 
upper or lower half of the cooling space between core 37 
and shell 40 and approximately % of the respective other 
half of the cooling space. Since the coOling ?uid in the 
intermediate section is limited to a constricted passage 
between adjacent ?ns 52, the ?uid pressure and velocity 
in this section will be proportionately increased by ap 
proximately a multiple equal to the number of ?uid pas 
sages in the end section fed by port 43. 

In operation, suitable ?uid pumping apparatus is in 
terconnected between ports 49 and 50 and serves to pump 
a cooling ?uid such as oil from port 50 through annular 
space 34 to port 47, through coupler assembly 41 to port 
48 and thence successively unidirectionally through the 
relatively low pressure drop end section 71, of the cooler 
assembly; oppositely directed through adjacent ?ns in the 
high pressure drop intermediate section 72 and unidirec 
tionally through the relatively low pressure drop end sec 
tion 73 and out through port 49 to the pumping apparatus. 
The above collector cooling system permits limiting 

the overall tube package pressure drop to a predeter 
mined minimum level while simultaneously utilizing an 
intermediate high pressure drop, high velocity section 
which is far more ef?cient in the rate of heat transfer 
from the ?ns surfaces to the ?uid because of the higher 
?uid velocity than the low pressure end sections. This 
permits a considerable reduction in the number of ?ns 
required for a given rate of cooling and thus a consider 
able saving in overall length. 
A major advantage in limiting the overall pressure drop 

between ports 49, :50, or the tube package, is that a con 
siderable saving in weight is achieved since the smaller 
the ?ow rate and total pressure drop across the tub pack 
age, the smaller the size of the pumping apparatus. This, 
of course, is advantageous in any airborne system. The 
differential pressures across the tube package permit moni 
toring of the ?uid pressure by any well known technique 
and thus can provide a continuous indication of ?uid ?ow. 
It is to be noted that the major portion of the collector 
cooling system could be designed as a high pressure, high 
velocity section and that the ?rst ‘and third cooling sec 
tions, 71, 73 would therefore be designed as high pressure 
sections. This, of course, would compromise weight for 
the pumping apparatus but would reduce collector length. 
The ?exible bellows coupler 44 allows operation of the 

tube package under both extreme and normal environ 
mental temperature and pressure conditions without 
cracking or leakage occurring in the cooling system be 
cause of differential thermal expansion between the focus— 
ing section and the collector and collector cooling sections. 
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advantageously be utilized to support a single slow wave 
circuit such as a helix employed in a backward wave oscil 
lator. In this case the glaze would be applied at the col 
lector end and the RF. section and securing tabs at the 
gun end or R.F. output end where developed backward 
wave power is at a maximum. It is also to be noted that 
the cooling techniques employed herein may equally ad 
vantageously be employed in other electron discharge de 
vices besides the traveling wave type. 

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 frequency electron discharge device com 

prising, 
(a) electron gun means for generating and directing an 

electron beam along a predetermined path, within 
said device, 

(b) collector means for collecting said electron beam 
disposed at the end of said predetermined path, 

(c) ?rst and second spaced~apart slow wave circuits 
positioned in axial alignment along said 'path be 
tween the gun and collector, 

(d) a ?rst plurality of elongated dielectric rods posi 
tioned around and extending along said ?rst slow 
wave circuit for supporting said ?rst circuit in the 
device, and 

(e) a second plurality of elongated dielectric rods posi 
tioned around and extending along said second slow 
wave circuit for supporting said second circuit in the 
‘device, 

(f) said ?rst slow wave circuit ?xedly attached to said 
?rst plurality of elongated dielectric rods only at 
one end portion of said ?rst slow wave circuit and, 

(g) said second slow wave circuit ?xedly attached to 
said second plurality of elongated dielectric rods only 
at one end portion of said second slow wave circuit, 
the other ends of said slow wave circuits being free 
to move relative to the associated support rods, 

(h) said ?rst slow wave circuit being a helix which is 
glazed to said ‘plurality of support rods only at the 
end portions of said ?rst helix furthest removed from 
said electron gun means, 

(i) said second slow wave circuit being a helix which 
is glazed to said plurality of support rods only at the 
end portions of said second helix furthest removed 
from said collector means, 

(j) a main body shell surrounding said ?rst and said 
second helices and said ?rst and said second plurality 
of elongated dielectric rods, said main body shell 
forming a portion of a vacuum tight enclosure about 
said ?rst and said second helix circuits and said ?rst 
and said second plurality of elongated dielectric rods, 

(k) magnetic beam focusing means surrounding said 
main body shell and spaced therefrom along the 
length of said shell, and 

(l) a plurality of minute, generally spherical shaped 
heat conductive members disposed between said main 
body shell and said focusing means. 

2. The device as de?ned in claim 1 and further com 
prising, 

(a) ?rst cooling assembly means positioned around 
said focusing means, 

(b) second cooling assembly means positioned around 
said collector means, and 

(c) ?uid coupling means interconnecting said ?rst cool~ 
ing assembly means and said second cooling assem 
bly means, said ?uid coupling means having a por 
tion thereof made of flexible material whereby dif 
ferential expansion of said ?rst cooling assembly 
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8 
means relative to said second cooling assembly means 
will be taken up by said ?exible material. 

3. The device as de?ned in claim 2 wherein said sec~ 
0nd cooling assembly means comprises, 

(a) a ?rst cooling section, 
(b) an intermediate cooling section coupled to said 

?rst cooling section, and 
(c) a third cooling section coupled to said intermediate 

cooling section and wherein said ?rst, intermediate 
and third cooling sections are adapted and arranged 
such that for a continuous ?uid ?ow between said 
?rst, intermediate and third cooling sections, ?uid 
velocity and ?uid pressure drop in said intermediate 
section is greater than in said ?rst cooling section and 
said third cooling section. 

4. An electron discharge device comprising, 
(a) an electron gun assembly, a collector assembly, 
(b) and a main body shell disposed between and con 

nected to said electron gun assembly and said collec 
tor assembly to form a vacuum envelope, 

(c) focusing means surrounding said main body shell 
and spaced therefrom, 

(d) and a plurality of separate minute heat conductive 
particles disposed in the space between said main 
body shell and said focusing means, said plurality of 
separate particles forming a non-integral heat con 
ductive separable mass for facilitating heat ?ow be 
tween said main body shell and said focusing means. 

5. An electron discharge device comprising, 
(a) an electron gun assembly, a collector assembly, 
(b) and a main body shell disposed between and con 
nected to said electron gun assembly and said collec 
tor assembly to form a vacuum envelope, 

(c) focusing means surrounding said main body shell 
and spaced therefrom, 

(d) and a plurality of separate minute heat conductive 
particles disposed in the space between said main 
body shell and said focusing means, 

(e) ?rst ?uid cooling means surrounding said focusing 
means, 

(f) second ?uid cooling means surrounding said collec 
tor means, 

(g) and ?exible ?uid coupler means interconnecting 
said ?rst and said second ?uid cooling means. 

6. The device as de?ned in claim 5 wherein said sec 
ond cooling means comprises: 

(a) a ?rst cooling section 
(b) a second cooling section operatively connected to 

said ?rst cooling section, and wherein said ?rst and 
second cooling sections are adapted and arranged 
such that a continuous ?uid ?ow through said sec 
tions will ?ow at a greater velocity and undergo a 
greater pressure drop in the second cooling section 
than in the ?rst cooling section. 

7. The device as de?ned in claim 5 wherein said second 
?uid cooling means comprises, 

(a) a ?rst cooling section 
(b) an intermediate cooling section operatively con~ 
nected to said ?rst cooling section 

(c) a third cooling section operatively connected to 
said intermediate cooling section, and wherein said 
?rst, intermediate and third cooling sections are 
adapted and arranged such that a continuous ?uid 
?ow through said sections will ?ow at a greater ve— 
:locity and undergo a greater pressure drop in the 
intermediate cooling section than in the ?rst and 
third cooling sections. 

8. A high frequency electron discharge device compris 
mg, 

(a) an electron gun and a collector member positioned 
at opposite ends of a predetermined path for de?n 
ing a path of ?ow for an electron beam, 

(b) a collector cooler assembly mounted on said collec 
tor member comprising 

(1) a ?rst cooling section, 
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For example, tube starting conditions may be as low as 
50° C. below zero. Upon commencing tube operation at 
such ‘a temperature the solenoid section will expand far 
less than the collector and tube main body portions thus 
causing differential expansion between the sections which 
is taken up by the bellows section. 

In order to transfer heat as rapidly as possible from the 
main body of the tube to minimize R.F. degradation, a 
unique heat transfer technique is employed in the present 
invention wherein a plurality of relatively minute pellets or 
spherical shaped balls 53 are disposed between the main 
body and the interior surface of the focusing means as 
shown in FIGS. 1 and 4. A fairly small space of perhaps 
15/100 of an inch will normally exist between the interior 
of the focusing means and the exterior of the main body 
due to the necessity of providing clearance for the enlarged 
collector end portion 20 of the tube, the RJF. conductors 
22 and the like. Furthermore, since the mechanical and 
magnetic axis of the focusing means are seldom if ever 
coincident, a clearance space such as 30 is desired for pur 
poses of adjustment whereby the electron beam axis can 
be aligned with the magnetic axis of the focusing means 
in order to obtain uniform focusing of the beam. This 
clearance space 30 is, if simply air, undesirable since it 
impedes rapid and e?icient heat transfer away from the 
tube main body as mentioned previously. A molten ?ll 
material could be poured in this space but is extremely 
di?i-cult to handle and presents a myriad of other prob 
lems. For example, it prevents ease of disassembly of 
the tube from the focusing section for repair purposes 
not to mention the problems involved with selecting a 
metal ?ll which has good heat transfer characteristics 
coupled with a very low melting point that is additionally 
capable of being handled in an air atmosphere without 
danger to personnel and equipment and the tube itself. 
The utilization of minute pellets or spherical shaped balls, 
either hollow or solid, preferably of the order of 3AM of 
an inch in diameter and of such materials as aluminum or 
copper has provided an excellent solution to the above 
problems. 
The tube is simply inserted within the focusing means, 

secured by means of ?ange 26 and inverted. The pellets 
can then be poured in from the gun end and by slightly 
shaking the tube package or by means of tamping, the 
balls are ?rmly packed between the focusing structure and 
main body. After packing, the end sealant 19 may be 
applied. The balls provide excellent heat transfer char 
acteristics, low thermal resistance, in addition to being 
very light in weight even if solid and obviously much 
lighter if hollow. Furthermore, assembly and disassem 
bly problems are greatly simpli?ed and the overall tube 
package is greatly ri-gidi?ed and capable of withstanding 
severe vibration without damage to the tube as previously 
pointed out. 
’ It is to be understood that the silicone rubber mass 
19 such as RTV-60 or the like could be eliminated and 
RTV-60 or the like positioned between the solenoid and 
end cap mating surfaces in order to obtain a gas tight 
seal. A non-tacky, removable insulating material could 
advantageously replace the silicone rubber mass 19 there 
by facilitating ?eld replacement of the tube. 
As mentioned previously, adequate supporting tech 

niques for slow wave structures such as the helix and 
helix derived circuits are constantly being sought. Prior 
art techniques are generally found Wanting at higher 
powers of operation, as for example, in the vicinity of 400 
'watts developed power for a helix structure when coupling 
of R.F. energy to the glaze employed to secure the helix 
to support rods is of such magnitude as to cause vaporiza 
tion and destruction of glazed joints along the helix and 
especially at the RP. output end. In addition, power is 
lost through coupling along the entire extent of the helix 
to the glazed joints which may not cause vaporization at 
the selected power level of operation but ‘which is never 
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theless wasted and, since it increases as a direct function 
of the power level, it is extremely undesirable. 

Further problems are encountered in differential ex 
pansion problems between the helix and support rods and 
the tube body or shell which, as pointed out previously, 
result in cracking and breaking of the R.F. leads to the 
helix. The present invention solves these problems by 
utilizing severed support rods 12 and a severed helix 9, 10 
and by employing glaze 12’ only at the central end portion 
of the helix sections and allowing frictional contact over 
the remainder of the helix between the helix and support 
rods. This minimizes R.F. losses coupling to the glaze 
and further permits differential thermal expansion between 
the tube main body and the helix and support rods with 
out crackage of the R.F. leads and without deformation 
of the helix and consequent change of the pitch between 
turns which would result in a change in tube operating 
characteristics. 

Cylindrical R.F. matching sections 54 of stainless steel 
or the like having a plurality of spaced slots 55 partially 
extending along the length thereof are secured in the op 
posite ends of the barrel 11. An additional slot 56 ex 
tending along the entire length of the R.F. section 54 is 
also provided to accommodate the R.F. leads 57, 58 ex 
tending from the helix. Tabs 60, 61, preferably of tanta 
lum, are spotwelded or otherwise suitably secured to the 
main body sleeve 11 and the R.F. matching sections 54 
as shown to securely ?x the location of the support rods, 
helix and R.F. matching sections within the tube main 
body 11. Each support rod is provided with a reduced 
portion 62 at the ends thereof. The helix sections are 
glazed to the inner ends of the support rods 12 and U 
shaped tabs 64 of tantalum or the like ?xedly placed with 
in the reduced portions 62 of rods 12 and the assembled 
sections then positioned within the R.F. matching sections 
54. The outer ends of the support rods are slid into the 
R.F. matching sections until they abut against the back 
walls 63 of the slots 55 and then the U-shaped tabs 64 
are ‘bent into contact with and spot welded to the inner 
surface of R.F. matching section 54. 
The resulting supporting structure allows differential 

thermal expansion between the tube main body and the 
helix assembly without any distortion of thte helix since 
the clearance space 66 between the rods allows expansion 
of contraction of the helix and rods relative to the tube 
main body 11 while simultaneously maintaining a ?xed 
relation therebetween at the R.F. input and output cou 
pling joints. An absence of glaze at the output R.F. 
coupler section eleminates R.F. degradiation due to cou 
pling of the R.F. to the glaze at this point of highest 
power development on the slow wave structure. 

Since the operation of severed helix type traveling wave 
tubes is generally so well known in the art, the theory of 
operation of the wave tube shown in the drawings and 
described above will not be repeated here. A typical helix 
traveling wave tube employing the supporting and cooling 
techniques of the present invention developed approxi 
mately 500 watts power output in the L-band range with 
an average gain of around 30 db without vaporization or 
melting of the glazed joints or cracking of the R.F. leads 
to the helix. 
A ?ow rate of 1.5 gal/min. of oil ?uid was handled by 

the cooling system on an exemplary tube employing the 
cooling techniques of the present invention and dissipated 
over 1300 watts out of approximately 1800 watts input 
power to the tube showing the adequacy of the cooling 
system. The above developed power and flow rates are 
given by way of example and are not to be construed as 
limiting parameters. 

It is to be understood that the number and positioning 
of the supporting rods and the type of slow wave structure 
supported thereby may be varied without leaving the scope 
of the invention as well as the particular material, shape 
and size of the balls or pellets. It is likewise to be under 
stood that the slow wave circuit supporting technique can 



3,274,429 
9 

(2) an intermediate cooling section operatively 
connected to said ?rst cooling section, and 

(3) a third cooling section operatively connected 
to said intermediate cooling section, and where 
in said ?rst, intermediate and third cooling sec 
tions are adapted and arranged such that a con 
tinuous ?uid flow through said sections will ?ow 
at a greater velocity and undergo a greater pres 
sure drop in the intermediate cooling section 
than in the ?rst and third cooling sections, said 
?rst cooling section comprising a plurality of 
spaced cooling ?ns adapted and arranged such 
that ?uid flow between adjacent ?ns is unidirec 
tional, said intermediate cooling section com~ 
prising a plurality of spaced cooling ?ns adapted 
and arranged such that ?uid ?ow between said 
?ns is oppositely directed between adjacent ?ns, 
and said third cooling section comprising a plu 
rality of spaced cooling ?ns adapted and ar 
ranged such that ?uid flow between adjacent ?ns 
is unidirectional. 

9. A high frequency electron discharge assembly com 
prising, 

(a) a high frequency tube having an electron gun, tube 
main body shell and collector operatively connected 
to each other, 

(b) focusing means surrounding said high frequency 
tube, said focusing means being adapted and ar 
ranged relative to said tube such that a clearance 
space occurs between the external surface of said 
tube and the internal surface of said focusing means, 
and 

(c) a plurality of separate, minute, thermally conduc 
tive cooling members disposed within said clearance 
space and packed therein such that a low thermal 
resistive path occurs between said tube and said 
focusing means, said plurality of separate cooling 
members forming a non-integral heat conductive 
separable mass for facilitating heat ?ow between said 
main body shell and said focusing means. 

10. A high frequency electron discharge assembly com 
prising, 

(a) a high frequency tube having an electron gun, tube 
main body shell and collector operatively connected 
to each other, 

(b) focusing means surrounding said high frequency 
tube, said focusing means being adapted and ar 
ranged relative to said tube such that a clearance 
space occurs between the external surface of said 
tube and the internal surface of said focusing means, 
and 

(c) a plurality of separate, minute, thermally conduc 
tive cooling members disposed within said clearance 
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space and packed therein such that a low thermal 
resistive path occurs between said tube and said 
focusing means, said minute thermally conductive 
cooling members being solid, generally spherical 
shaped metallic balls. 

11. A high frequency electron discharge assembly com 
prising, 

(a) a high frequency tube having an electron gun, tube 
main body shell and collector operatively connected 
to‘ each other, 

(b) focusing means surrounding said high frequency 
tube, said focusing means being adapted and arranged 
relative to said tube such that a clearance space oc 
curs between the external surface of said tube and 
the internal surface of said focusing means, and 

(c) a plurality of separate, minute, thermally conduc 
tive cooling members disposed within said clearance 
space and packed therein such that a low thermal re~ 
sistive path occurs between said tube and said focus 
ing means, said minute thermally conductive cooling 
members being hollow, generally spherical shaped 
metallic balls. 

12. An electron discharge device comprising 
(a) a tube having an electron beam forming and col 

lecting means and an RF. interaction circuit there 
in, 

(b) and thermally conducting means surrounding said 
tube comprising a plurality of minute, thermally con 
ductive members packed around said tube, said plu 
rality of minute, thermally conductive members 
forming a non-integral heat conductive separable 
mass for facilitating heat ?ow between said tube and 
any surrounding structure. 

13. An electron discharge device comprising, 
(a) a tube having an electron beam forming and col 

lecting7 means and an RF. interaction circuit therein, 
(b) and thermally conducting means surrounding said 
tube comprising a plurality of minute, thermally 
conductive members packed around said tube, said 
minute, thermally conductive ‘members being gen 
erally spherical shaped and having diameters approxi 
mating 3/100 of an inch. 
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