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s Electrons, Incorpora,ted Newark, N J., a cor- .
: ..poration of Delaware

Applicatmn October 19, 1949 Serial No. 122, 209

e 10 Claims.
T 1 . :

This invention. relates -to :indirectly heated
- cathode structures for electron -discharge tubes,
- and more particularly to cathode structures of
the indirectly heated oxide coated type for gas
tubes of the higher continuous current ratings.

~In -eertain types of electron -discharge tubes,
such as gas tubesicapable of conducting amperes
of current, ia ‘relatively large emissive cathode
. surface is required; and such cathode is conven-

iently -and: ordinarilydirectly’ heated by com-

paratively largé ‘currents-at a low heaterivolt-
age, in the order:of three volts; In certain ap-
plications  and “uses-of such tubes, however, as
for example‘on airplanes, the power supply facili-
' ties available'make it desirable to employ a higher
voltage for heating the cathodes of the tubes,
such ‘as -for -example 14 volts.  “The use of such

~a heater voltage: ca,lls for 1nd1rect heating of .

the cathode.: ¢~~~

It is ‘desirable that the emissive surface of
the cathode. for -a. gas tube should be heated
evenly -and- uniformly, otherwise ithere may be
localized overheating :and hot spots which ad-
versely- -affect - the .useful - life -of the - cathode.
When = relatively.:large -cathode emissive sur-
face is to be-indirectly. heated; it is desirable to
provide a heating- element in such form as to
radiate heat fo.a.large proportion of the total
cathode surface, .so as.to obtain the desired uni-

form. heating. -Also, the larger. the ratio of the.
surface of the heating element;to the surface of

the cathode .to..be heated, the lower the tem-
. perature of the heating element has to be to ob-
tain ‘the .desired cathode temperature; and it is
desirable for.long llfe of -the heating elements
.. and its 1nsu1at10n to keep its operating tempera-
ture as low -as possible.. Under such: conditions,
it is advantageous to employ a heating element
Jin the form-of a dlstributed winding- with many
closely:. spaced turns -or loops,: so as to provide
the. desired: uniform: ‘heating by . a-heating ele-
ment;- operating ‘at.a relatively low temperature.
The various turns or loops of such;a winding for
a heating element. should be held  in. position

against movement. or dlsplacement by jar or vi-:

bration, - otherwise  the - desired - space. relation~-
ship for uniform heating is disturbed, and also
the heat resistant insulation on.the heater wire
is likely to be damaged by a. rubbing contact re-

sulting from such motmn under the influence of -

vibration. . -

Further, it is des1rab1e that the heating ele-
ment should be closely spaced to the cathode,
but . not. have direct contact: with it. Among

other thmgs, the heating . element-.for these *
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tubes in many apphca.tlons a.nd uses is not elec-
trically isolated from the cathode, and any de-
terioration or break-down of insulation where
the heating element is in direct contact with
the cathode may permit a voltage to be applied
across a portion of the heatmg element sufficient
to burn it out. Also, my experience indicates
that, when the heater element touches the outer
surface of a thin walled hollow cathode with
oxide emissive coating on its interior, there is
a tendency for the insulation of the heater to
deteriorate, apparently due to some reaction be-
tween this, 1nsu1at1ng material and an element
of the 0x1de coating, presumably ba,rlum, with
which the thm core metal of the ca,thode is im-~
pregnated. .

With these ‘and other considerations in mlnd
the primary obJect of this invention is to pro-
vide a simple structure for 1nd1rect1y heatmg 8
hollow cathode having an extensive emissive
surface in such a way as to satisfy these req-
uisites for a dependable and satisfactory life

of the cathode and its heating élement. A fur-

ther obJect of the invention is to devise ‘an in-
directly heated cathode structure which is sim-
ple in de81gn and may be’ easﬂy and economwally

" produced.

Generally speaking, and w1thout at’semptmg
to defirie the nature and scope of the invention,
it is proposed to obtain the desired indirect heat-
ing of a heat shielded oxide coated hollow cath-
ode by providing as a heating element a. pre-
formed flat winding of: closely ‘spaced loops or
turns of tungsten wire or the like, coated with
aluminum oxide -or ‘equivalent heat :insulating

. material, which is‘interposed between the cath-

ode and its heat shield in such a way as'to have
all of its parts maintained by frictional engage-
ment with the wall of the heat shield in a posi-
tion close to but out of direct contact with the
cathode.

Various- other charactenstm features and at-
tributes of the cathode structure of this inven-
tion will be in part apparent, and in part pointed
out as the description progresses. .

Although the cathode structure of this 1nven-
tion .may take. various forms and be employed
for various types of :tubes, it is convenient in
discussing the nature of the invention to refer
to a typical tube including one specific embodi-
ment of the cathode structure of this invention,
as illustrated in - the -accompanying drawings.
In these drawings, Fig. 1 is an elevation of the
tube, partly in section; Figs. 2, 3 and 4 are trans-
verse sections through the tube on the lines 2—2,
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3—3 and 4—4 respectively in Fig. 1; Fig. 5 is a
view of the heater winding prior to its assembly
in the tube; Fig. 6 is an enlarged transverse sec-
tion through the heat shielded cathode struc-
ture, taken on the line 6—6 in Fig. 7; and Fig. 7
is an enlarged view of the upper and lower parts
of the heat shieided cathode.. " & .-

The typical tube structure zllustrated mclud-

ing one specific form of an indirectly heated
cathode embodying this invention, comprises in -

general an anode A, a control glement or .grid: -
G, and a heat shielded indirectly heated cathode;

structure, all included in. a glass envelope E.

The grid G, cathode K and 1ts heat. shield HS

and heating element HE are supported on a eir-
cular stem mount S wheih has its periphery

fused to the envelope E, a$§.indicated at 5,.after-

these tube-elements have been mounted and.are
to be assembled inside the envelope. This stem
mount S is provided with a suitable exhaust tub-
ulation 1nd1cated at’ nd the ﬁmshed tube is
provided with the usual pin ase B cemented to
.the envelope: E, all in® accordance w1th conven-
tional tube. des1gn L

In the particular. tube 111ustrated the anode A
comprises a.circular metal sheet preferably tan-
talum, which. has an upturned peripheral flange
7, and is. prov1ded W1th rad1al corrugatmns or

20

25

1ibs. 8. (see. Fig. 2), so that the. relatively. thin -

tantalu.m sheet is not. unduly warped or distorted
when heated.. "This. anode A is supported by a rod
10, sealed in the upper end.of the envelope E in
the usual manner. and prov1ded ‘with: a_terminal
_cap.C,of well known constructlon The lower énd
of this anode supporting rod 10 is welded to.the
‘center of the cruciform member- (1, wh1ch ‘has its
.arms-- bent down and termmatmg in: flanges
welded. to the anode

The- gnd G:in-the typlcal tube structure shown' :

is in the form of an inverted cup of sheet nlckel
having a central d1scharge opening surrounded
by & circular ra1sed rib- 12 to which the ends of

the grid bars:{3:are welded the vertical wall of:
the cup: forming a skirt 44 for the grid to enclose ™

and shield:the;region: between. the heat shielded
cathode and the discharge opening covered by
the grid bars:i:The grid bars 43 are preferably of
tungsten formed. with a.coating: to -inhibit elec~

tron emission’in thé:manner disclosed:in the prior.

patent:. to D V Edwards No. 2,012, 339 August
27,1935 000 ¢

© In.the partlcular structure 1llustrated the grid
G is supported by three rods 16 each bent in-the
form of a ha1rp1n which-have their upper sepa-
rated: ends welded to the 1ns1de of the skirt 14 of
the gr1d G, as'best shown' m Fig.'1. The lower
~ bent ends of these hampln ‘shaped rods 16 are
welded to three gr1d supportlng posts (see Fig. 4),

which dre anchored in the cireular stem mount S,
one of these posts IT extending through a seal in
this stem mount to the outs1de of the envelope
to constltute a lead-m ‘connection for the grid G.

The conhection between each of the hairpin

shaped rods 16-and- its correspondmg supportmg
post 17 is remforced by a-curved brace 18 welded
near its middle to the post 1T and at its ends to
the #od i§; a5 best shown in Fig. 4.

~The cathode structure which represents the
subJect ma*ter of- tlns invention, comprises in
’general ‘a hollow thin wall cylmdrlcal cathode K
havmg an oxide coatmg on its inner surface, a
heatmg element HE sround the outside of this

cathode ‘and multlple wall .cylindrical heat shield

HS surrounding and ‘enclosing the heating ele-
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. end of the cathode cylmder 20°is

4
ment and cathode, except for a discharge open-
ing opposite the grid G.

In the particular structure illustrated, the
cathode K is formed of a cylinder 20 of nickel
to which is welded near its lower edge the periph-
eral flange of a bottom piece 22 “The upper
riially closed
by a flanged t6p' member-24 -welded thereto and
having the usual circular discharge opening 2§

“therein. To this top member 24 is welded an
-additional or secondary fop member 26 provided
,w1th 4 similar discharge opening, but of larger
.outside diameter and having a peripheral flange

for attachment to the inner can of the heat shield
HS. . The 1n de surface of the cathode cylinder
79 and thé hottom piece 22 of the hollow cathode

- thus formed are-coated with an emmisive coating,

preferably of the barium nickelate type pre-
pared in accordance with the prior patent to D. V.
Edwards et al., No. 2, 081,864, May 25, 1937.

.The héat. shleld HS:comprises inner and olter

'rylmdrrcal cans:28.and 29.of ‘thin:nickel which

surround .the catliode K,  éxcept for a discharge
opening, and. which provide a heat shielded -en-
closed space around:thie cathodé for the heating

- element HE.:In the particular constriction of the

heat shield.HS shown, the outer heat shield ean

' 29 comprises:a.cylinder ‘to . which is ‘welded the

peripheral:flange. of.a bottom 30 having two dia-
metrically opposité openings forireceiving insula-
tor-bushings. 81 of Steatite or:like heat resistant
insulating: material: <In .oirder. to. reduce .heat
radiation: from the bottom piece:22 of the céathode

- through. the bottom:of. the.heat shielding: strue-
“ture, a multiple: wall -bottom for the héat shiéld

HS..is preferably -used..’ In: the. arrangemeint
shown, a'plurality of thin nickel sheets 32a, two
as shown, which are preferably pimpled or ridged
to maintain g separation between their: surfaces,
are spot welded together at a few pomts ‘and to
the” bottom: -39 “of the ou;ter Héat - shaeld can
25,7said sheets 32¢ bemg cut away to ﬁt around
the: msulator bushmgs 3. :

The inner heat shield i can 28 comprlses a ¢yl-
inder wh1ch is attached ‘&t its lowet end by small
brackets ‘32-t0 the bottom 30 -of the outer heat
shleld can 29. Three ‘Such brackets 32 are shown
in F1g 7, but other ‘brackets rot shown are vsed

'to attach the lower edge of the inner ‘heat sh1eld

can 29 to the bottom 30 at 4 suficiént number of
pomts around its perlphery to- prevent collapse
or distortion of its relatrvely thin cylmdncal wall,
which acts as presently described to hold the
heater’ element in the ‘désired ‘position. If de-
sired, the d1mens1ons of the’ 1nsulator bushings
31 may be chosen so that they will engage the
inner héat shield can 28; and in that case the
brackets 22 shown at such points may he omitted.

The upper edge of the" inner heat shield can
28 is welded to the ﬂange of the: secondary top
member 26 of the cathode K. -Four pent brackets
34, also welded to the flanige of the secondary top
member 26 of the cathode, have their upper ends,
together w1th the peripheral ﬂange of the heat
shield cover 35, welded to the upper, end’ of the
outer heat shield can, said heat sh1e1d cover 35
having ‘g dlscharge opening indicated at 36 of a
size comparable with the dlscharge opening 25 for
the ‘cathode. Four bent strips 38, constituting
supporting feet for the cathode, are welded to the
inside of the flange of the bottom plece 22 and
have flanges at their lower ends Welded to the
bottom 30 of the heat sh1e1d HS. A wrapping of
two or more thlcknesses of a sheet of ‘pimpled or
ribbed hickel is interposed between the inner and




outer heat shield cans, as indicated at 39, to in~
crease the heat shielding. The brackets 34 and
strips 38 are preferably made of & width and
thickness to keep down conduction of heat from
the cathode to the outer heat shield.can 29, while
affording the desired rigidity to the assembly

The heating element HE of this invention com-
prises essentially a flat band or ribbon type wind-
ing 40 of closely spaced loops or turns of wire
coated with a heat resistant insulating material.
The preferred structure consists of tungsten wire
bent in a zig-zag fashion as shown in Fig. 5.
After the wire has been shaped, it is heated in
a hydrogen atmosphere to cause the wire to as-
sume a substantially permanent set. This pre-
formed winding is then dipped or sprayed with
aluminum oxide in a suitable binder for the de-
sired thickness of insulation, and is baked to form

_a coating or covering for the tungsten wire which
has the desired heat resistant and electrical in-
sulating qualities.

In accordance with this 1nvent1on, this pre-
formed heater winding 40 is made slightly longer,
in the order of 10 to 15 per cent, than the inner
circumference of the inner heat shield can 28;
and when this winding is positioned inside this
heat shield can, the inherent resiliency of this
winding causes it to expand rather tightly against
the inner surface of the heat shield can, thereby
providing a frictional engagement with its inner
wall sufficient to hold all of the parts of the wind-
ing in the proper space relation against move-
ment under the influence of jar and vibration to
which the tube may be subjected. This construc-
tion permits the loops or bends of the heater wind-
ing 40 to be spaced as closely as needed for the
desired uniform heating of the cathode, without
involving complex or expensive mechanical means
for maintaining the individual loops in place.
Tt will be evident that the frictional engagement
characteristic of this invention enables any ap-
propriate gimension and space relationship of the
heater winding to be employed, and still have all
of the parts of the winding maintained in posi-
tion after assembly. Further, the heater winding
49 when in position may be closely spaced to the
eylindrical wall of the cathode, but without direct
contact with it. This heater winding 40 is prefer-
ably somewhat wider than the depth of the cath-
ode K, so that the ends of the loops of this heater
winding extend below the bottom piece .22 of the
cathode, as shown in Fig. 1, thereby enabling the
heater winding 40 to radiate heat to this boftom
piece 22 of the cathode and heat it to a temper-
ature comparable with the side walls of the cath-
ode.

For the particular tube 111ustrated which is
designed for operation of the heating element with
fourteen volts, it is expedient to use a size and
length of wire for the heater winding such that
the heater voltage is applied to halves of the
heater winding in multiple. In other words, the
two ends of the pre~formed heater winding 48 are
connected together for one terminal of the heat-
ing circuit, and a tap is providéd at a midpoint
of the winding for the other terminal of the heat~
ing circuit, as indicated by dotted lines in Fig. 5.
The bared ends of the heater winding are welded
to a short connector 42 (see Figs. 6 and 7); and
this connector 42 and the bared mid-tap of the
heater winding 40 are welded to angular lugs 43,
‘as best shown in Fig. 7; and ‘thése lugs 43 are
welded to the upper ends of rods 43 extending
through the insulator bushings 31. These rods 44
extend through seals in thé stem mount S'to the

2,605,432
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exterior of the envelope, as shown in Fig. 1 for
one of these rods 50 as to constitute lead-in con~
nect1ons for the external heating circuit. "It will
be noted thatthe insulator bushmgs 3l are formed
with & shoulder to limit their dowhward move-
ment, and have their upward movement 11m1ted by
the lugs 43 on the rods 4.

The heat shield HS; to which the cathode K is
attached as above descrlbed is supported in the
ehvelope by three rods 45 which have their upper
bent ends welded to the bottom 30 of the outer

. heat shield can 29, and which have their lower
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ends anchored to the stem mount S. One of these
rods 45 ‘extends through a seal to the outside of
the envelope to constitute the cathode connection.
* The seal or anchorage in the stem mount S
for the rods 44 supplying heating current to the
heater element HE are preferably in the form
of an enlarged bead, as best shown in Fig. 1;
and a shielding. sleeve or tube 48 fits over this
bead at its lower end, and fits at its upper end
over the assomated insulator bushing 31, with
3 flange welded to the bottom 30 of the heat
shield HS. This sleeve 48, which may be made
of a suitable metal, such as nickel, or an appro-
priate insulating material, such as glass or
steatite, shields the rods 44 connected to the
heater element HE throughout their length below
the heat shield HS from the gas filling in the
envelope for reasons.presently explained.

In an indirectly heated cathode for gas tubes,
where the heéater voltage is higher than the
ionizing voltage for the gas filling at its operating
pressure over a moderate mean. free path dis-
tance, it is desirable that all parts of the heating
circuit inside the tube.envelope should be iso-
lated from ionization of the.gas filling. Even
though such portions of the heating circuit may
not . assume temperatures high enough for pri-
mary electron emission sufficient to initiate cum-
ulative ionization and an arc -dicharge, if these
parts are exposed to the gas filling in its ionized
condition otherwise initiated, the difference in
potential between such parts may be sufficient
t0 maintain a discharge, with the .electrons pro-
duced by ionic bombardment. Such arc dis-
charge between parts of the heater circuit, even
though it. may be extinguished when: the alter-
nating voltage -commonly: used for the heating
circuit goes through zero, has the general effect
of a low resistance short circuit; and if this arc
discharge does not overheat and burn out the ex-
posed parts, it tends to interfere with the proper
operation of the. heater element, and overloads
the heating transformer.

For these reasons it is de51rab1e to avoid an
arc discharge between exposed parts of the heat-
ing circuit within the tube envelope; and since it
is ‘difficult, if not impracticable, to provide ade-
quate insulation for the electrical connections
to the heater windings, including the bared parts
of the heater winding 40 attached to the lugs
43, and the ends of the rods 44 above the insu-
lator bushings 31, all of these exposed portions
of the heater element and its-cireuit connections
are enclosed in a space isolated from the ionized
gas filling. It will be noted that the upper end
of the space around the cathode K above the

‘heater element HE is closed by the secondary

top 26 of the cathode, and the region below the

'cathode is enclosed by the bottom 30 of the outer

heat shield ‘can 29, together with the insulator

“bushings 31 and the inner heat shield can 28.

Similarly, for the same reason, the portions of
the rods 44 included in the heatmg circuit and
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extendmg between msulator bushlnge 3l and the‘
stem mount S are shielded by the tubes 48 from
the 1omzed gas filling. In this connection, it
should be understood- that the desired isolation
does not require gast1ght .connections. . It is
sufficient if the gap or space opening to the gas
- filling -is sufficiently narrow and. deep relative
to the mean free path of the gas ﬁlling that
a sufficient number of gas-iors may not move
through this opening without being deionized by
surface recombination into a region around ex-
posed electrical connections of the Heater ele-
ment: and cause an arc dlscharge under the
influerice of the potentials involved and the effect
of positive space charge. Generally speaking,
ordinary spot welding between the metal sur-
faces, such. as the flange of the secondary top
member - 26 and the inner -héat shield can 28,
will afford the desired. isolation effect, provided
of course these surfaces are welded together ab
intervals close enaugh'.to- avoid wide gaps by
distortion of the relatively thin metal. . I short,
the desired isolation of the heater element and
its eircuit connections from.the ionized gas fill-
ing of the tube may be abtained by providing
close surface separations. that may be readily
attained by ordinary fabrication and assembly
procedures, without attémpting to make g gas
tight joint.

In mounting. and assembhng the heat shielded
cathode structure above described, so as to get
the heater winding 40 in position and properly
electrically connected within the enclosed space
between the cathode and heat shield without
damaging the insulation on the heater winding,
it is. convenient to assemble the bottom 30 of the
heat shield HS, together with the shleidmg tubes
48 welded thereto, on the rods 44 of the stem
mount S, s11pp1ng' the lower ends of these tubes
48 over the enlarged beads on the stem mount
around the rods 44, and welding this bottom 30
to its supporting rods 45. The lugs 43 for the
electrical connection to the heater winding 40
may - then- he welded to the rods 44 with the
insulator bushings 21 in place The cathode,
coated and fully assembled except for the sec-
-ondary top member 26, may then be attached
in position on the bottom 30 of the heat shield
by welding the flariged ends of its supporting
strips 88 to said bottom 30. The pre-formed
heater winding 40 of Fig. 5, with its ends and
midtap connection bared of insulation, is bent
into & circle to. slip over the cathode. After
placing the heater winding. 40 :in this shape
around the cathode and welding. the électrical
connections hetween the heater winding and the
lugs 43, the inner heat- shield ean 28 is slid into
place around the heater winding, which may then
expand by its inherent resiliency into firm-con-
tact and frictional engagement with the .inner
wall of this heat shield can 28. The secondary
top member 26 may then be welded to the top
member 24 of the cathode, and the flange of this
secondary.top member 26, together with the ends

of the brackets 34, are welded to the upper end -

of the inner heat shield can 28, whereupon the
heat insulating sheet 39, the outer heat shield
can 29, and the heat. shield. cover.: 35 may be
applied to complete, the assembly. The signifi~
cant part of this procedure for mounting and
assemhling the cathode structure has to do with
electrically connecting and. positioning the heater
winding .40 inside the.inner heat.shield can 28
in . frictional engagement with- its inside wall
and out of contact: Wlth the- cathode

From the forégoing it can be seen that the in-
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directly heated cathode strieture. of thls inven-
tion satisfies the various requisites described for
obtaining uniform and consistent heating of rel-
atively large emissive surfaces at a relatively low
heater operating temperature, in a simple and
effective manner, and in a way to give dependable
performance and acceptable life for the heater
element, largely free from deterioration of insu-
lation, burn outs, and the like.

It should be understood that the specific 1nd1-
rectly heated cathode structure illustrated and
described, and in particular the particular. type
of tube including such cathode siructure, merely
represents a typical embodiment of the invention;
and various modifications, adaptations and addi-
tions may be made in the arrangement and con-
struction of the parts shown and described w1th-
out departing from the invention.

What I ¢laim is: ] .

1. An indirectly heated cathode structure for
electron discharge tubes comprising, a hollow
oxide coated cathode of cylindrical form, a. heat
shield around said cathode closely spaced there-
to, and a heating element in. the space between
said cathode and heat shield, .said heating ele-
ment comprising closely spaced turns of heat re-
sistant insulated wire preformed into g winding
of some resiliency, said heating element when in
place tending to expand against the inner wall of
said heat shield, whereby the turhs of said heat-
ing element are individually maintained agsinst
movement under jar and vibration largely out of
contact with said cathode, by frictional engage-
ment with said heat shield.

2. An indirectly heated cathode structure ac-
cording to claim 1 in which the heating elemeint
comprises & band winding of zig-zag turhs ap-
proximately ten per cent longer than the circum-
ference of the inner wall of the heat shield.

3. An indirectly heated cathode structure ac-
cording to claim 2, in which the turns of the band
winding extend trahsversely thereof and provide
substantial resiliency lengthwise of the band.

4, An indirectly heated cathode structure for
electron discharge tubes comprising, g hollow cy-
lindrical cathode of thin core metal having an
oxide coating on its interior surface, a multiple
wall heat shield having an inner cylindrical wall
closely spaced to said cathode, and a heating ele-
ment in the space between said heat shield and
cathode consisting of a wire of a high melting
temperature preformed into a band of closely
spaced zig-zag turns and coated with a heat re-
sistant insulating material, said heating element
being of a width comparable with the length of
said cathode and of a length slightly longer than
the circumference of the inner wall of said heat
shield, said heating element being  contracted
when assembled inside said heat shield and ex-
panding into intimate frictional engagement with
its inner wall to maintain the wire turns indi-
vidually in position against jar and vibration.

5. An indirectly heated cathode structure com-
prising, a hollow ¢ylindrical cathode of thin nickel
coated on its interior with barium nickelate, a
multiple wall heat shield surrounding said- cath-
ode except for a discharge opening and haying an
inner cylindrical wall closely spaced to the side
wall of said cathode, and a heating element of
closely spaced zig-zag turns of - tungsten. wire
coated with aluminum oxide, said heating element
extending around the side wall of said cathode
with its turns lengthwise of the cathode and tend-
inig to expand against the innér wall of said heat
shield, whereby said heatmg element has its turns
individually maintairied in pos1t10n close to but
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out of contact with the surface of said cathode
by frictional engagement with said inner wall of
the heat shield.

6. An indirectly heated cathode structure for
gas tubes comprising, a hollow cylindrical cath-
ode of thin core metal having an oxide coating
on its inner side wall and bottom, a multiple
wall heat shield inclosing said cathode and
having an inner cylindrical wall closely spaced
to the side wall of said cathode, a heater winding
inside said heat shield in the space between its
inner wall and said cathode, said heater winding
having its individual turns held in- position by
frictional engagement with the inner wall of said
heat shield, and a top member having a discharge
opening therein and attached to the open end of
said cathode and to said heat shield with closely
spaced surfaces, whereby the space for said heat-
ing winding adjacent the open end of the cath-
ode is isolated from ionization of the gas filling
of the tube.

7. An electron discharge tube comprising a gas

filled -envelope, an indirectly heated cathode

structure enclosed in said envelope, said cathode
structure comprising a hollow cathode, a heat
shield wholly enclosing said cathode except for
a discharge opening, said heat shield including
an inner wall closely spaced to the side wall of
said cathode, a heater winding of insulated wire
around said cathode in the space between it and
the inner wall of said heat shield, leads of sub-
stantial rigidity for supplying heating current
to said heater winding extending through and
insulated from said heat shield and through
seals in said tube envelope, said heater winding
having bared portion welded. to said leads in-
side said heat shield, said heater winding being
maintained in position against movement by jar
or vibration largely by frictional engagement
with the inner wall of said heat shield and inde-
pendently of the electrical connections to said
leads, and shielding means around said leads
throughout their lengths between the heat shield
and the seals in the envelope for isolating these
portions of said leads from ionization of the gas
filling.

8. An electron discharge tube comprising a gas
filled envelope, an indirectly heated cathode
structure enclosed in said envelope, said cath-
ode structure comprising a hollow cylindrical

cathode, a heat shield surrounding said cathode’
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except for a discharge opening and forming a

narrow enclosed space around the side wall of
said cathode, a heater winding in said enclosed
space maintained in position close to but out of
contact with the side wall of said cathode large-
ly by frictional engagement with said heating
shield, leads for supplying heating current to
said heater winding extending through openings
in said heat shield and through seals in said en-
velope, electrical connections between said heater
winding and said leads inside said heat shield,
bushings of heat resistant insulating material
around said leads and filling the openings in
said heat shield, and a shielding sleeve around
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each lead throughout its length between said .

heat shield and the tube envelope for isolating
these portions of said leads from ionization of
the gas filling.

9. An indirectly heated cathode structure for
gas tubes comprising, a cylindrical hollow cath~
ode, a multiple wall heat shield surrounding said
cathode except for a/ discharge opening and
having an inner wall closely spaced to the side
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wall of said cathode, a preformed heater winding
of closely spaced turns of insulated wire approxi-
mately one-tenth longer than the circumiference
of said inner wall of the heat shield, said heater
winding being contracted when assembled in the
space between said inner wall of the heat shield
and the cathode and expanding into frictional
engagement with said inner wall in a position
close to but largely out of contact with the side
wall of the cathode, a gas filled envelope en-
closing said heat shield and cathode and heater
winding, heating circuit connections including
rods extending through and insulated from said
heat shield and also extending through seals in
said envelope, said heater winding having bared
portions electrically connected with said rods,
the parts of the heating circuit connections in-
side said heat shield being isolated from ioniza-
tion of the gas filling by the closely spaced sur-
faces of the parts of the heat shield assembly,
and shielding means around all of the heating
circuit connections outside of the heat shield
having close surface contact with said heat shield
and the tube envelope for isolating these parts
of the heating circuit connections from ioniza-
tion of the gas filling.

10. A gas tube having a hot cathode indirectly
heated by a heating element operating at a volt-
age higher than the ionizing voltage for the gas
filling of the tube and comprising, a cylindrical
cathode oxide coated on its inner surface, a heat
shield formed of a plurality of spaced sheet metal
walls and surrounding said cathode exeept for a
discharge opening, a heater winding in the space
between said cathode and the inner wall of said
heat shield, a pair of tubular insulators extend-
ing through holes in the bottom of said heat
shield, a pair of leads connected to the terminals
of the heater winding inside the heat shield and
extending through said tubular insulators and
seals in the tube envelope, each of said seals for
said leads including an inwardly projecting boss,
and a pair of shielding sleeves one around each

" lead extending from the heat shield to the sur-

face of the tube envelope for-isolating said leads
from ionization of the gas filling, each shielding
sleeve comprising a tube of thin metal having
one end attached to the bottom of the heat
shield around the associated insulator and the
other end fitting around the boss of the seal for
the associated lead, said metal shielding sleeves

permitting movement of the heat shield relative

to the tube envelope under changes in tempera-
ture without damage to the sleeves or the seals
for said leads.

EARLE K. SMITH.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
1,895,361 Zecheretal. ——______ Jan. 24, 1933
1,925,701 Meyer et al. . Sept. 5, 1933
2,065,997 Edwards et al. . ———__ Dec. 29, 1936
2,097,297 Meier o Oct. 26, 1937
2,112,718 SOMErS o Mar. 29, 1938
2,246,176 Hull . June 17, 1941
2,297,721 Smith = Oct. 6, 1942
2,307,979 Wisk e Jan. 12, 1943
2,459,997 Edwards et al. - Jan. 25, 1949
2,497,911 Reilly et al. oo Feb. 21, 1950




