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5 Claims,

My invention relates to electrical discharge
tubes having an electron-emitting cathode placed
between a control electrode and a fluid-cooled
anode, and more particularly to discharge tubes

-7 8 of this kind adapted to handle large amounts

of power for use, for example, in transmission
stations for radio telegraphy or telephony.

Among the objects of my invention are: To pro-
vide an electrical discharge device capable of high
power output; to provide a device which has a

-cathode interpesed between the control electrode

and a fluid-cooled anode; to provide a thermionic
tube having a fluid-cooled anode positioned on its
central axis; to provide a fluid-cooled anode
sealed through an envelope, which will not crack
the seal during operation; and to provide a high
frequency oscillator and amplifier in which the
cathode acts as a grounded shield between anode
and control electrode.

Other objects of my invention will be apparent
or will be specifically pointed out in the descrip-
tion forming a part of this specification, but I do
not limit myself to the embodiment of my inven-
tion herein described, as various forms may be
adopted within the scope of the claims.

Referring to the drawings:

Figure 1 is a sectional view of a tube embodying
my invention, the plane of projection being indi-
cated by the line 1--1 of Figure 2.

3 Figure 2 is a transverse sectional view of the
tube, the plane of section being indicated by the
line 2—2 of Figure 1.

In general terms my invention comprises a ther-
mionic tube having an envelope in which is sealed

35 4 fluid-cooled anode. This anode is supported

by one end of the envelope, and is mounted co-

axially with the envelope of the device. A control
electrode substantially cylindrical in shape and
positioned within the envelope, concentrically sur-
rounds the central anode. An electron-emitting
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cathode is interposed between the anode and con- .

trol electrode.

A specific embodiment of my invention is shown

in the drawings. Mounted coaxially with a suit-
able envelope 1 is a cylindrical, tubular anode 2,
joined to the envelope by 2 seal 4. The envelope
may be of quartz, boro-silicate glass or other re-
fractory material, and the metal-to-glass seal
through the envelope is made by any of the usual
methods. The metal employed for the anode
should be of a material readily sealed into the
envelope, tungsten, for example, being satisfactory
when the boro-silicate glasses are used.

The anode 2, usually circular in section, is as-
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sembled so that two concentric channels are
formed therein. An inner channel 5 and an outer
channel 6 are separated by the insertion of an in-
let tube 7, which extends almost to the inner end
of the anode and is welded to the anode at the °
point of insertion. Shortly after the inlet tube
passes the region of the seal, it is expanded fo
form an inlet shoulder 9, and is left with an open
end 10 to allow contained fluid to pass-freely into
the outer channel 6. 10

The main body of the anode has an anode shoul-
der 11 which increases the diameter of the anode,
and provides ample fluid space in the outer chan-
nel. In order to firmly support the inlet tube,
a partition 12 extends from the base of the anode
shoulder 11 to the bend of the inlet shoulder 9.

Holes 14 are provided in partition 12 to permit
circulation through the anode. An exhaust port
15 is formed on the exterior end of the anode and
is threaded to permit easy attachment to a drain,
or a return pipe to a circulating supply. Like-
wise inlet port 16 on the exterior end of the in-
let tube 7 is provided with threads to facilitate
coupling to the circulating fluid system.

While the drawings show the inlet tube enter-
ing the anode at right angles, other ways of
porting the anode will be apparent to those skilled
in the art.

After the anode has been sealed in place, elec-
trode arms 17, of the same material as the enve-
lope, are fused to the side walls of the envelope.
These arms have electrode supports 19 mounted
in their distal ends, and held in place by the sup-~
port seal 20. The electrode arms are in pairs,
and the combination of three of such pairs form
the supporting structure of the complete control
electrode. Yoke 21, spanning and connecting each
pair of supports is screwed to the supports and
is permanently joined and fixed in place by the
small lock nuts 22. Holes 23 are provided in
each end of the yoke whereby the individual con-
trol segment 24 may be attached by means of
pins 25.

Each of these angular segments is made from.
imperforate sheet metal, preferably tantalum, and
extends the full length of the anode, stiffened at
the outer edges by flanges 26. To further pro-
vide against buckling, reinforcing ribs 27 are
applied to the major plane surface. Each seg-
ment may be assembled from two sections with
center flanges 28 gripped by the yoke 21, or the
entire segment may be formed from a single sheet
with a fold for the center flange 28 where the
yoke is applied. The pins 25 pass through the
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yoke and the center flange and tie the conftrol
segment to the support structure.

A single control segment is supported in the
same manner by each of the three pairs of elec-
trode arms, and the control segments are assem-
bied concentrically arocund the anode to form the
complete polygonal control electrode.

It is desirable to space the conftrol segments
slightly apart inside the envelops; so:that vari-
ous unitary or partial use may be niade of the

segments in exterior circuits, thus allowing,.r,hev.‘, -

tube to be used in a number of different ways.

be polygonal in shape to cooperate with the planar

control surfaces, or that-the control segments

may be circular in shape, without departing from
the spirit of my invention. '
For protection, and for-electrical:contaet pur-
poses, each arm is equipped with a.connection.
cap 29. The electrode supports are soldered or

~-otherwise fastened to.the cap by weld 30 and.the

-caps are maintained in-place by cement 31.
Interposed between the anode and the-control~

- electrodes is a cathode, in this instance composed-.-.

of a plurality of V-shaped filaments.32..: These.

{filaments are preferably of refractory -material -

capable of emitting copious quantities of elec-
trons when heated, such as tungsten. The end.

.. of -the envelope: opposite the insertion of the
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anode is used to support the filaments, and a-
stepped reentrant stem. 34 is fused to the enve-
lope. at- 35.
.This stem is provided with a central circular--
~seal 36 around the cathode lead 37. . A metal stem
-sleeve. 39 is.fused or otherwise fastened around:
-stem 34 and connected to the cathodelead by link
:35. - Filament supports 40. radiate - from this stem
sleeve and one arm of the filament-Vv is welded -
. thereto.
40

The other arm is welded to a concentric
metal skirt. sleeve 41 which is-fastened to a skirt
42 extended. from the reentrant stem 34.
The:apices of the filaments -are resiliently sup-.
ported- by: filament springs 44 fused at .insertion
45 into an envelops ring. 46 which surrounds the

.anode. seal. . The. insertion of. these springs fol-

+-lows a method well known in the.incandescent

~.Jamp industry.

The V-shaped filaments are adjusted to a-posi-
tion that is preferably closer to. the control elec-

-trode than to the anode.and the proper. tension is
..placed .on-the filament by.adjustment of the fila-.

. ment springs. .

55
- seal 50.

-The skirt sleeve 41 is flexibly connected. to

.cathode lead 47 by the extensible link 49. .. This:.

lead is brought through the envelope by a lead:

T It ‘will be seen that all of the filament-V's are:

. in parallel connection, and in tubes of high power
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“the cathode leads are made large in diameter to

prevent temperature rises cracking the lead seals.
In operation, the cathodes are heated and the
tube connected in a suitable ‘circuit, and fluid,

~preferably water; on account of its cheapness and
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availability, is circulated through the anode as in-
dicated by the arrows. - By spacing the inlet tube

away from the anode wall in the neighborhood of:-
the seal, cold water from the main supply -does
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not come in contact with the seal. This greatly
reduces strain at the seal and promotes long oper-
ating life, i
‘While the amplification constant of the tube is
relatively low, due to the position of the control
electrode, the internal resistance is also low due
to the unobstructed electron path, and large
amounts of power are efficiently handled. At high

frequencies, used as an oscillator orsamplifier, the

filamentary cathode acts as a grounded screen or
shield between anode and control electrode, and

-“high conversion efficiencies are obtained. The

It will also be obvious that:the.anode 2:may i operating:characteristics are comparable to those

of the standard grid type tube having a shield
between grid-and plate, known in the art as a
screen..grid ‘tube,-without the complexities in-
volved in such multi-element structure.

T Tubeés:handling ‘5 kilowatts of power are small
in.size.-and economical to operate, especially when
employing the higher frequencies.

L claim:

. 1.. An-electrical discharge device-having.an-en-
velope, acentrai fluid-cooled.-anode mounted: co-
axially with:said envelope, a plurality of -electri-

ically :separated .sections of a control electrode

polygonally arranged -arcund said -anode,.and-an

electron-emitting cathode interposed between said

sections of a.control electrode and said anode.
2..An:electrical discharge tube having-an.en-

velope, a:hollow anode sealed through one.-end of’
:said. envelope, concentric channels -formed . in-
~-tegrally -with said anode within said.anode for

directing the.flow of a circulated fluid, a plurality
of planar.control electrodes polygonally arranged

around said anode, and a plurality of filamentary
-conductors..capable: of - emitting electrons when

heated. interposed . between. said anode -and. said
control- electrodes.
3. An electrical discharge device, an-envelope,

a-stem fused to one end of said envelope, a central’

fluid-cooled anode sealed through- said stem -and
mounted coaxially with said envelope, a stepped

~reentrant. stem in the.opposite end. of .said. en-

velope, a. cathode cireumjacent.said-anode sup-

ported at:its lower end by said reentrant stem:and

a plurality of planar.contrel electrodes arranged

-around said anode, each of said control electrodes
:being supported within the envelope-by-the. side

walls thereof.

4.. An electrical discharge device having. an en-*

velope, -a..central fluid-cooled anode mounted. co-
axially with said envelope, a plurality of _separate

-contrel- electrode sections. arranged- around: said
-anocde, each of said-sections being separately. sup-
-ported within the envelope by the side.walls there-!:9:
.of; and an electron-emitting cathode interposed

between each of said sections and said.anode.
.- B.-An electrical discharge device.having.an en-
velope, a .centrai fluid-cooled.anode mounted co-

axially with said envelope, a plurality of separatd:

control electrode sections .arranged around said

"anode,” said sections being spaced apart and

adapted to be separately connected to an ex-
ternal electrical circuit, and an electron-emitting

‘cathode interposed between each of said sections’ %+
-and-said anode.

‘PHILIP F. SCOFIELD.

10

20

25

30

35

40

:60



