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1 -

The present invention relates to eléctrical dis-

charge apparatus in general and more particular-
1y to high power vacutm tubés of the water cooled
type :
It is an object of the present invention to pro-
vide an improved high power vacuum tube bujlt
and assembled it such fashion that it can be
taken apart ahd repaired in the field without
the aid of factory tools and facilities.

Another object of thlS invention is to provide
the high power vacuum tube of improved con-
struction giving a high degree of accessibility of
the operative elements and improved ‘electrical
characteristics. -

Stilt another object of this ‘invention is to pro-
vide a’ high power-vacuum tubeé of the water-
cooled ‘type with ‘characteristies which lend its
application as a high power, high voltage regu-
lator tube of theldsser type. !

* Another object of this irivention is to provide a
high power vacuum tube of 1mproved cathode
construction.

:Still another object of this: mventmn is to:pro-
vide a high power vactium tube of. Improved grid
electrode construction.

Other and further objects of this 1nvent10n w111
be‘ apparent to those skilled in the art to which
it relates from the following specification, claims
angd drawings.

In the drawings, bneﬂy, Pigure 1is.a longitudi-
nal sectional view of one embodiment of the high
power -vacuum tube of this invention;

-Fig. 2 is-an end view of the high power vacuum
tube looking at the tube from the anode end;

Pig..3 is.anend view of the high power vacuum
tube looking at the tube from -the cathode termi-
nalend;

Fig..4 is & secmonal v1ew taken along the line
4—4 of Fig. 1;

Fig. 5 is a séctional v1ew taken along the line
55 0f Fig. 1;

‘Pig. 615 a, sectlonal view taken along the. line
6—=6 of F1g 1; ‘

Fig. Tis'a sectwnal vzew taken along the 11ne
1—Tof Fig.1;

" PFig. 8'is & sectlona.l v1ew taken along the hne
8—8 of Fig. 1;-and .

" Fig, 9is a’ sectmnal v1ew toaken along the line
99 of Fig. 1.

Referring to the drawmgs in detall réference
numeral 10 desighafes a brass jacket of tubular
cross section concentnc with and displaced. from
the high power vacuum tube anode 11 so ds fo
provide a water’ Jacket -space 12 therebetween,
this jacket being ¢onnected to the water matii-
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folds 13 and (4 which are connected to the water
cireulating plumbing, not shown, assoclated with
the threaded pipe 15 and the flanged pipe 18.
One end of the ariode i1 is hard-soldered to the
outer periphery of the annulus {71, this annulus
having ‘a large-size ‘aperture substantially in the
cénter thereof which is hard-soldered to the
evacuation manifold 18. This evacuation manj-
fold I8 is hard-soldered to & rihg ‘19, the outer
periphery of which slidably engages a soft rubber
gasket 20 clamped between the rings 21 and 22
by nut ‘and Bolt elements 23, the ring 21 being
soft-soldered to the end of the brass jacket 10
to define together with the ring 19, one end of
the water manifold 14, the gasket 20 functxomng
to form ‘a water-tight seal between the rlngs l9
and 21.

The water jacket 3 cast of brass or similar
material, is hard-soldered to the tubular casing
10 and is provided with flanges 24 and 25, the
flanige 24 functionitig as a support for the high
power vicuum tube and the flange 25 function-
ifig to engage the peripheral portions of the 'an-
nulus 28 and béing held in close engagement
therewith by means of the bolts 21, a gasket 28
of 'soft rubber being disposed in- water-sealing
rélation between the members 25 and 26.- One
end of the anode 11 is seated in an annular groove
in the lower face of the annulus 26 and is hard-
soldered thereto. Threaded into the aperture of
the annulus 26 is an electrostatic tubular metal
$hield 29 extending well into the porcelain tubular
insulator 30, the ends of which are flared out-
wardly gradually. Each end of the porcelain
tubular insulator 30 is adapted to be engaged by
annular members 31 and 32. The annular mem-
ber 31 is made up of a split ring 3lae and annulus
31b, the annulus 3{b being provided with an in<
wardly exténding flange 3{c for seating in a
corresponding groove formed in the split ring #lea,
the purpose of this construction being to permit
the split ring 34a to be expanded and slipped over
the end of the insulator 30 and thereafter to be
fitted into-the annulus 31b, the annulus3ib hav-
ing an aperture hig enough to clear the end of
the insulator 30. . Likewise the annular member
32 is formed of a split ring 32a¢ and an annulus
32b having an inwardly extending flange 32¢
for the same purpose. One end of the insulator
30 is held in sealed.relationship with respect to
the ‘annulus 26 by means of suitable gaskets 33
compressed therebetween by the clamping action
of the annular member 31 gitached fo the annulus
26 by the 'bolts 34. Likewise the other end of the
insulator 30 is sealed to the copper top plate 36 by
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means of gaskets 37 compressed therebetween by
the annular member 32 fastened to the end plate
36 by bolts 35. The plate 36 is therefore in-
sulated from the annular member 26 and the
anode ! 1 by the porcelain insulator 30.

The stainless steel tubular grid support 38
is attached to the ring member 39 which is at-
tached to the end plate 36 by machine screws
40. The other end of this grid support tube
is attached to the steel grid frame 41 which
supports the molybdenum grid shield 42 and the
molybdenum grid rods 43, of which there are
nine. One end of each of the grid rods 43 is
positioned in appropriate apertures formed in
the grid support 41 so as to leave surfaces of
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as shown in Fig. 5, spaced 120° apart around the
periphery thereof. Projections 59 are held in
engagement with the filament strips 55 by means
of the machine screws 57 which are threaded
into the aforesaid projections. In Fig. 5 one
of these filament plates 58 is illustrated; in Fig.
6 two of these plates are illustrated; and in Fig.
7 all three of the filament plates are shown dis-
posed with respect to each other in such rela-
tion that the projections 59 thereof form angles
of approximately 40°, the purpose of this angu-

* .lar displacement being to provide clearance be-

the grid rods between these apertures exposed:

to the gripping action of the steel tightening

band 44 which is placed in position in a groove"
formed therefor in the grid support 41, after the’
grid rods 43 are inserted into the apertures pro- 2

vided therefor. The other ends of the grid rods
43 are inserted into suitable apertures formed
in the tongues 45 of the grid rod spacer 45 and
both these tongues 45 and the end portions of
the grid rods 43 are deformed so that pin-receiv-
ing spaces are provided therebetween into which
the short tapered pins 47 are fitted for the pur-
pose of locking the grid rods 43 and the tongues
45 together in assembled relation. Around the
grid rods 43 is wound the spiral grid 48 con-
sisting of a plurality of spaced turns of molyb-
denum wire of 0.02 inch diameter, these turns
being held in proper spaced relation by spacing
wires 49 consisting of turns of molybdenum wire
of 0.01 inch diameter spiraled around each of
the grid rods 43 so as to bind the grid wire 48
in place on these grid rods.

The cathode of this high power vacuum tube
consists of a plurality of electron emitting wire-
like elements 50 disposed in spaced relation sub-
stantially in a circle inside of the grid electrode
structure as shown in Fig. 8. Tie wires 51 of
substantially triangular configuration, formed
of molybdenum wire of 0.01 inch diameter, are
employed to tie the cathode wires into three
groups at intermediate portions thereof. These
tie wires 51 are spaced from each other longi-
tudinally of the cathode wires by a distance
of approximately 1 inch, so that for cathode
wires of approximately 9 inches in length these
tie wires are positioned approximately 3%, inches
from the ends of the cathode wires, which ends
are anchored in tongues 52 of the plate-like
member 53 which is positioned well inside of
the grid rod spacer 46, as shown in Fig. 8. The
tongues 52 are deformed as are also the ends
of the cathode wires 58 so that pin receiving
apertures are formed therebetween for the ta-
pered pins 54 which hold the tongues 52 and
the cathode wires 50 in assembled relation. The
member 83 is also of electrically conducting ma-
terial, being formed specifically of molybdenum.
The other ends of the cathode wires 50 are an-
chored in filament strips 55 which are also de-
formed together with these ends of the cathode
wires 50 to provide pin receiving apertures for
receiving the tapered pins 58 which hold -the
cathode wires and the strips 55 in assembled
relation.. It will be observed that certain of the
molybdenum filament strips 55 are of gifferent
lengths from the others so that these strips may
be fastened by machine screws 51 to different
ones of the copper filament contact plates 58.
Three of these filament contact plates are Ppro-
vided and each plate has three projections 59,
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tween the filament strips 55, to hold the cathode
wires 50 in parallel spaced relation and to pro-
vide connection between the cathode rods 50
and a source of polyphase current supply. As
was pointed out previously, the cathode rods 58
are connected into three groups by the tie wires
51 so that every third one of the cathode wires
50 is in the same group, as shown in Pig. 8,
and all of the cathode rods 58 of the same group
are connected to the same one of the cathode
plates 58 as is apparent from Figs. 5, 6 and 7.
Accordingly, these copper plates 58 function to

5 tie the cathode wires 58 together  into groups

at the power feeding ends of the cathode wires.
The plates 58 are insulated from each other by
insulation bushings 60 of Lavite disposed there-
between and supported in suitable apertures
thereof. The Lavite insulation spacers 60 are
machined and fitted to the apertures formed in
the plates 58 so as to form a well-fitting uni-=
tary structure, ‘
Three-phase power is fed to the cathode struc-
ture through tubular members 61 and bushar
connector 70 clamped thereto.  These tubular
conductors 6{ are hard-soldered to selected ones
of the copper cathode plates 58 so that one of
these tubular conductors.6{ is hard-soldered to
each of the plates 58 as shown in Figs. 5, 6 and
7, but is insulated from the others of said cop-
per plates 58 by the Lavite bushings 60. Thus
the plates 58 are connected. to different phases
of the three-phase power supply through the
tubular conductors 61, all of which also .func-
tion as a well braced support for the entire
cathode structure. Auxiliary tubular members
62 are provided in each of the tubular conduc-
tors 61 for the purpose of feeding cooling wa-
ter into the cathode ends of the tubular con-
ductors 61 and it will be observed that the aux-
iliary tubular members 62 are of somewhat
smaller cross section than are the tubular con-
ductors 61 so as to provide clearance between
the outside diameter of the auxiliary tubular
members 62 and the inside diameter of the tu-
bular conductors 6/. The cathode ends of the
tubular conductors 61 are sealed by small plugs
63 of copper hard-soldered into the ends of the
tubular conductors 61. Furthermore, a molyb-
denum contact shield 64 is attached to the in-
ner surface of the innermost copper plate 58.
The tubular conductors §l are supported in
spaced relation in apertures of the insulator 65
by means of the stainless steel sleéves 66 which
are soft-soldered thereto. The porcelain in-
sulator 65 is soft-soldered in vaccum-tight rela-
tion to the end plate 36. Caps 67 threaded to
the end of the tubular conductors 61 and sealed
thereto by red lead water-tight joints are pro-
vided with tubular connections 68 and 69 for
feeding cooling water into the auxiliary tube 62
and removing it from the clearance space. he-
tween the tube 6! and the tube 62. .
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In operationt, the high power vacuum tube of
this invention is supported veitically so that the
éathiode power eonriections 10 aie uppermost and
the vacuum pump connection is at the bottom
of the tube. For this puipose the flanige 24 is
provided and this Range is adapted-to engage a
§titable support, ot shewn. Ceonnections to:the
‘ariede of this high power vacuurmi tube may be
made to the fange 24 and inasmuchi as the ariode
of this vacuum tube is adapted to be energized
at voltages of thie order of 20,000 volts it is ob-
vious ‘that the anode of this tube must be in-
sulated fiom ground uhiless the positive termiinal
‘of thé high voltage power supply isalso grounded.
In eases where the positive terminal of the power
-Supply is grounded, then ‘of course the cathode
‘power supply must be insulated from. ground.

Connections to the gfid of this high power
Vacuum tube sre fnade to the plate 86 and for
‘this ‘purpose such connections ‘may heé anchored
at any one.of the bolts 35. This plate 3§ is
‘cofihected to the grid through the grid support
38 and is’insulated from the anode by the in-
sulator 30 and from the cathode by the insulator
65. :

Coolig medium is fed to the anode. Jjacket
through the pipe 5 and removed through the
pipe 16 and in cases where the tube is to be
employed with the anode insulated from:ground,

suitable lengths of porcelain tubing miust be in- 3

serted into the plumbing of the eooling medium
to provide a sufficient length of water column
between the high . voltage anode wand the
grounded water supply.

While there has been set forth in ‘the fore-
-going specification and drawing a prefefred em-
bodiment of this invehtion, it is-not desired to
Jifnit this invention to the exact details desciibed
and illustrated except in so far ‘a8 'those details
hay be ‘defined in the ‘claims.

‘What is ‘claimed is:

1, A high power ‘fluid=cooled ~ vatiilin ‘tube
comprising ‘a tubular anode, a ‘pair of ring-
shaped ‘plate mermbers attached ‘oneé to-each end
‘of “said tubular anode, “a substanually tubular
‘member surrounding said ‘tubllar anode ‘and
slightly displaced therefrom, said tubular ‘mem-
ber havihg means for sealing %he ‘ends thereof
to said rlng—shaped members to form-a-water-
Hight ‘jacket dround said tubular ‘anode, plumb-
ing -connections prov1ded to said ‘water-tight
jgeket for circulating ‘cooling medium through
‘said. Jacket around ‘said anode, a°grid electrode
“positioned inside ‘of “said anode “and ‘coaxially
disposed with respect to said anode, said ‘grid
electrode comprising ‘a wire spiral supported
‘upon-a plurality of parallel spaced rod-like mem-
:bers, o ‘thetallic spacer member for-engaging one
‘setof ends of said rod-~like members, a perforated
annular ‘member for receiving ‘the ‘other-‘set -of
‘ends of said rod= like ‘menbers in ‘the ‘perfora-
‘tions ‘thereof, ‘a. Thetallic sleeve ‘attached to ‘said
'»annular ‘meémber, ‘a ‘Hollow ‘electrical insulator
"sealed ‘to “the uppermost "of ‘said rlng-shaped
‘Fembers and surroundiiig ‘said metalhc ‘sleeve,
a metallic end plate attached to the ‘other "end
“of ‘said hollow insulator and to the other ‘end
iof “said ‘metallic sleeve, ‘a ‘plurality of tubular
“fiid:cooled conductors ‘insulation ‘means for
siipporting gaid hollow fluid-cooled condictors in
‘gaid ‘end plate ‘and ‘inside of said ‘metallic sleeve,
-a -cathode -agsembly ‘including ‘a ‘plurality of
‘Fods posmoned Iongitudihally of 'said ‘grid -elec-
frode, -and -meains for ‘connecting ‘said ‘gathode
‘gEsembly ‘to-said fluid-cooled conductors’ whereby
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6
sald eathode is suspended in position by said
fluid ‘cooléd conductors.

-2. ‘A high power fluid-cooled vacuum tube com-
prising 4 tubular anode, a watertight jacket
around said tubular anode, plumbing connec-
tions provided to said water-tight jacket for cir-
culating cooling -medium through said jacket
atound said anode, a grid electrode positioned in-
side of said anode and coaxially disposed with re-
speet to'said arode, said grid electrode comprising
a plurality of parallel spaced rod-like members,
a ‘wirve ‘spiral about said plurality of members,
and a-wire wound about each of said members
engaging said wire-spiral and securing it in posi-
tion about said members, a metallic spacer mem-
per for engaging one set of €nds of rod-like mem-
bers, a perforated annular member for receiv-
ing the other set of ends of said rod-like mem-
bers in the perforations thereof, a metallic sleeve
attached to said annular member, a hollow elec-
trical ‘insulator sealed to said tubular -anode
and surrounding said metallic sleeve, a metallic

‘end plate attached to the other end of said hol-

low insulator and to the other end of said
metallic sleeve, a plurality of tubular fluid-cooled

‘conductors, insulation means for supporting-said
Thollow fluid-cooled conductors in' said end plate

and inside of said metallic sleeve, and a-cathode
structure suspended from said. fluid cooled ‘con-
ductors and positioned longitudinally of and in-

‘terior t6 said grid electrode.

3. A high power fluid-cooled vacuum {ube-com-
prising ‘a tubular gnode, a pair -of ring-shaped
plate members attached one-to each end of said
tubular anode, a substantially ‘tubular member
strrounding said tubular anode ‘and slightly dis-
placed therefrom, said tubular member having
meains for sealing the ends thereof to said ring-
shaped 'members to form -a water-tight jacket
around said tubular anode, plumbing connections
provided to said water-tight jacket -for circulat-
ing cooling medium through said jacket -around
said  anode, a grid electrode positioned inside

-of said ‘anode and coaxially disposed with re-
“spect to said anode, said grid electrode compris-

ing g -‘wire spiral supported upon a plurality of
parallel spaced rod-like -members; a ‘metallic
spacer member for ‘engaging one set of ends of
rod-like members, a perforated annular member

‘for receiving the other set of ends of said rod-

like thembers in the perforations thereof, a hol-
low electrical insulator sealed to one of said ring-
shaped plate members, a metallic end ‘plate at-
tached to the other end ‘of said hollow insulator
for supporting said grid electrode, a plurality of
tubular fluid-cooled conductors, insulation means
for supporting said hollow fluid-cooled conduc-
tors in said end plate ‘and inside of said hollow
insulator, a plurality of cathode rods positioned
longitudinally of said grid electrode, and means
for conmecting said plurality of ‘cathode rodsto

-said fluid-cooled conductors.

4. A high power fluid-cooled vacuum tube com-
‘Pprising 'a tubular anode, a pair of ring-shaped

plate members attached one to each:end of said

‘tubular ‘_anode, a8’ substantially tubular member
surrounding said tubular anode and slightly dis-
placed therefrom, :said tubular member having

‘means for sealing the ends thereof to said ring-

shaped members to form a water-tight jacket
arouhd said tubular:anode, plumbing connections
provided to said water-tight jacket for circulat-

‘ing cooling medium ‘through said jackét.around
'said ‘anode, ‘a grid electrode positioned inside of

gdid ‘anode and .coaxially disposed with respect
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to said anode, said grid electrode comprising a
plurality of parallel spaced rod-like members, a
wire spiral about said plurality of members, and
a wire wound about each of said members in
fixed relation thereto and engaging said wire
spiral whereby said spiral is secured about said
members, a perforated gnunular member for re-
ceiving one set of ends of said rod-like mem-
bers in the perforations thereof, a metallic sleeve
attached to said annular member, a hollow elec-
trical insulator sealed to the uppermost of said
ring-shaped member and surrounding said me-
tallic sleeve, a metallic end plate attached to the
other end of said hollow insulatcr and to the
other end of said metallic sleeve, a plurality of
tubular fluid-cooled conductors, insulation means
for supporting said tubular fluid-cooled conduc-
tors in said end plate and inside of said metallic
sleeve, a cathode structure including a plurality
of parallel rods positioned longitudinally of and
internal to said grid electrode, and means for
connecting said cathode structure to said fluid-
cooled conduectors, whereby said cathode struc-
ture is supported in spaced relation with said grid
electrode.

5. A high power fluid-cooled vacuum tube com-
prising a tubular anode, a pair of ring-shaped
plate members attached one to each end of said
tubular ancde, a substantially tubular member
surrounding said tubular anode and slightly dis-
placed therefrom, said tubular member having
means for sealing the ends thereof to said ring-
shaped members to form a water-tight jacket
around said tubular anode, plumbing connections
provided to said water-tight jacket for circulat-
ing cooling medium through said jacket around
said anode, a grid electrode positioned inside of
said anode and coaxially disposed with respect
to said anode, said grid electrode comprising g
wire spiral supported upon a plurality of parallel
spaced rod-like members, a substantially circular
metallic spacer member having tongues around
the periphery thereof with a pair of aligned aper-
tures in each tongue for engaging the ends of
said rod-like members, and tapered pins engag-
ing said rods and tongues for securing said rods
to said tongues, a perforated annular member for
receiving the other set of ends of said rod-like
members in the perforations thereof, a metallic
sleeve attached to said annular member, a hol-
low electrical insulator sealed to one of said ring-
.shaped plate members and surrounding said me-
tallic sleeve, a metallic end plate attached to
the other end of said hollow insulator and to the
other end of said metallic sleeve, a plurality of
tubular fluid-cooled conductors, insulation means
for supporting said hollow fluid-cooled conduc-
tors in said end plate and inside of said metallic
sleeve, a plurality of cathode rods positioned lon-
gitudinally of said grid electrode, and means for
connecting said plurality of cathode rods to said
fluid-cooled conductors, whereby said cathode is
suspended by said conductor.
© 6. A high power vacuum tube as defined in
claim 2 further characterized by said cathode
structure comprising three substantially circular
metallic plates, each of said plates having three
peripheral projections thereon spaced approxi-
mately equally about the periphery thereof, said
plates each having a pair of substantially equal-
sized holes cut therethrough and a third smaller
hole, insulation spacing means positioned in said
substantially equal-sized holes, said insulation
‘spacing means having flanges thereon for spacing
said metallic plates, three tubular fluid-cooled
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electrical conductors, different ones of said tubu-
lar conductors being attached to different ones
of said metallic plates in said smaller apertures,
said insulation spacing means having apertures
corresponding to said smaller apertures for re-
ceiving selected ones of said tubular conductors,
strip-like members attached to said projections,
and electron emissive filament members adapted
to be heated to electron emission temperature at-
tached to said strip-like members.

7. Grid electrode structure for a high power
vacuum tube comprising a plurality of substan-
tially parallel rod-like members, each of said rod-
like members having a kink formed therein ir one
end thereof, said rod-like members being disposed
in parallel spaced relation about a circle, a cup-
like member having apertures formed in surfaces
thereof for receiving the kinked portions at one
of the ends of said rod-like members, a plurality
of tapered pins, said tapered pins being adapted
to engage the kinked portions of said rod-like
members and surfaces of said cup-like member to
retain said rod-like members and said cup-like
member in assembled relation, an apertured an-
nular member having a groove formed around the
outside thereof, said groove exposing intermedi-
ate portions of the apertures of said apertured
annular member and said apertures being of a
size adapted to receive the other ends of said rod-
like members, and a binding member adapted to
be positioned in said groove to engage surfaces of
said rod-like members and binding said rod-like
members against surfaces of said apertures.

8. Grid electrode structure for a high power
vacuum tube comprising a plurality of substan-
tially parallel rod-like members, each of said rod-
like members having a kink formed in one of the
ends thereof, said rod-like members being dis-
posed in parallel spaced relation about a circle, a
cup-like member having apertures formed in sur-
faces thereof for receiving the kinked portions of
said rod-like members, and a plurality of tapered
pins, said tapered pins being adapted to engage
the kinked portions of said rod-like members and
surfaces of said cup-like member to retain said
rod-like members and said cup-like member in
assembled relation.

9. A high power fluid-cooled vacuum tube com-~
prising a tubular anode, a grid electrode and a
cathode, an annular member attached to one
end of said tubular anode, a metallic sleeve having
one end attached to one end of said grid elec-
trode, a disc-like plate attached to the other end
of said metallic sleeve, a hollow electrical insu-
lator for spacing said annular member from said
disc-like plate, said hollow electrical insulator
having flared ends, clamping means for engaging
and clamping the flared ends of said insulator to
said annular member and to said disc-like plate,
said disc-like plate having a substantially cen-
trally disposed hole formed therein, an insulator
positioned in said hole, and a plurality of tubular
conductors connected to said cathode and passing
through said last-mentioned insulator, in fixed
relation thereto, whereby said cathode is sus-
pended within said grid electrode. ) )

10. In a high power fluid-cooled vacuum tube,
a cathode, a grid electrode and an anode, means
for insulating said cathode, said grid electrode
and said anode from each other, tubular means
connected to said cathode for feeding current
thereto, means for sealing the ends of said tubu-
lar means connected to said cathode in fluid-tight
relation, auxiliary tubular means positioned in-
side of said tubular conductors for feeding cooling
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medium into said tubular conductors adjacent to
said cathode, said tubular conductors and said
auxiliary tubular members having spaces there-
between for passing the aforesaid cooling me-
dium, electrical connectors engaging said tubular

Tt

conductors in clamping relation, and plumbing

connections fitted to said tubular conductors and
said auxiliary tubular members for feeding the
aforesaid cooling medium therethrough.

11. In a high power fluid-cooled vacuum tube,
a cathode, a grid electrode and an anode, means
for insulating said cathode, said grid electrode
and said anode from each other, a water jacket
around said anode, plumbing connections for
connecting a supply of cooling medium to said
water jacket, tubular means for feeding current
to said cathode, means for sealing the ends of
said tubular means connected to said cathode in
fluid-tight relation, auxiliary tubular means posi-
tioned inside of said tubular conductors for feed-
ing cooling medium into said tubular conductors
adjacent to said cathode, said tubular conductors
and said auxiliary tubular members having spaces
therebetween for passing the aforesaid cooling
medium, electrical connectors engaging said tu-
bular conductors in clamping relation, and ad-
ditional plumbing connections fitted to said tu-
bular conductors and said auxiliary tubular mem-
bers for feeding the aforesaid cooling medium
therethrough.

12. A high power fluid-cooled vacuum - tube
comprising a tubular anode, a grid electrode and
a cathode, an annular member attached to one
end of said tubular anode, a metallic sleeve hav-
ing an end attached to one end of said grid elec-
trode, a disc-like plate attached to the other end
of said metallic sleeve, a hollow electrical insu-
lator surrounding at least a part of said metallic
sleeve for spacing said annular member and said
disc-like plate, said hollow electrical insulator
having flared ends, clamping means for engaging

and clamping the flared ends of said insulator to.
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said annular member and to said disc-like plate,
said disc-like plate having a substantially cen-
trally disposed hole formed therein, an insulator
positioned in said hole, a plurality of tubular con-
ductors connected to said cathode and to said
last-mentioned insulator, and passing through
said last-mentioned insulator, and said metallic
sleeve, whereby said cathode is suspended within
said grid electrode.

13. A high power fluid-cooled vacuum tube
comprising a tubular anode, a grid electrode, a
cathode, an annular member attached to one end
of said fubular anode, a metallic sleeve having
one end attached to one end of said grid electrode,
a disc-like plate attached to the other end of said
metallic sleeve, a hollow electrical insulator for
spacing said annular member from said disc-like
plate, said -hollow - electrical insulator having
flared ends, clamping means for engaging said
insulator and clamping the flared ends thereof to
said annular member and to said disc-like plate,
an insulator positioned in a hole in said disc-like

- plate and conductors passing through said last

insulator for feeding current to said cathode.
STEPHEN M. DUKE.
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