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ware 
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This invention relates to hot cathodes for gas 
eous discharge devices. 
The object is to provide a sturdy cathode struc 

ture with ample space for ionization near trie 
emissive surface and requiring a minimum of 
heating power and time required to heat the cair 
Ode to emissivity. 

in the normal hot cathode disci arge die WiiCS, 
ionization conditions make a large unostruct3. 
space near the cathode desirable. 
requirement the use of externally heated cata 
Odes would be desirable for most uses of the sizes 
in use today. Heretofore, however, externaily 
heated cathodes have been avoided because of 
construction dificulties and also kecause the re 
quired heating time inas been too long to be prag 
tical. We overcome these difficulties gy the 
structure shown in the accompanying drawing i. 
Whic: 

Fig. 1 shows a cross section of 8 indirectly 
heated cathode structure complete with heat 
shields. 

Fig. 2 shows, partly in cross Section, 8, complete 
tube having a direct ineated cathode. 

Fig. 3 is a view of the developed surface of the 
heating element, and Fig. 4 shows a modified fo3. 
thereof. 
The invention will be described with refere: ce 

to Fig. in which are shown three of the usia: 
heat insulating cans , 2, and 3 nested Within each 
other and Surrounding the cathode. These should 
be constructed of a radiant heat reflecting SU 
stance such as polished metal and should ge 
spaced out of contact with each other as Knuch as 
is practicable, only touching at necessary Support 
points in order to limit loss of heat from tie 
cathode by conduction. Two heat insulati{g 
covers 4 and 5 are provided. These heat, shields 
are usually fabricated from sheet nickel Sgot 
welded together, Welded to the inside cover is 
the cathode surface 6 having a botton plate i. 
This may be of any suitable metal deiteitized 
by the chemical requirements of the emissive na 
terial used, pure nickel being satisfactory fo 2, 
great many cases. The coating is painited OA” 
sprayed on the inside Surface of this cathole. 
The coating may be of any suitable composition, 
such as alkaline earth oxides, amphioteric coas 
pounds mentioned in Patents 1,817,636, 925,703, 
or the cathode metai may be combined with emis 
SiWe SU1bStances. 
ically in the drawing by the layer 8 although it 
need not actually be a coating but may be inco2'- 
porated in the metal body. 
The heater 9 is Welded at its top end to the 

cover 5, at its bottom end to the plate to. Inas 
much as the heater must operate at a higher ten 
perature than the cathode it is usually core 
structed of a more refractory metal such as tung 
Sten, molybdenum, tantalum. Or a suitable alloy. 

To meet this 

This is represented schena 

(C. 25-2.5) 
The jead-in wires - - , connected in paralle 

and insulated from the can by sleeves 3-3, of 
(quartz, is Va, porcelain or similar material, con 
rect the bottom end of the heater to one Side of 
the power Supply which is shown schematically 
a; 8. The sleeves S-3 are held in place by 
SC; Weds oil he wires as shown at 3-ft. The 
(52.eir side of the power supply returns through 
leads 8-65, cans and 2, and cover plate 5 to 
öne üop end of the heater. 

Tiae retUrra Írom the enode circuit is also con 
nected through leads 5-5, cans and 2, and 
cover plate 5 to the emissive cathode surface 3. 

Tiae irost rigid heater structure vould be Cºle 
na Viding , Solid sheet rolled into a cylindiricai 
Silape. However, such a material with high 
€0.g. Specific Zesistance and neiting point to 
buiid ºle heater i ºnis shape and stiili have a, 
OFaCölca, Voltage drog is xhoi generally available. 
A? s 320? desirake to go nich belovy 2.5 volts for 
ie ae8ier POVer SuPPy because of the cumIer 

SOK 23e in Sating Cirrenö End also because of the 
cificulties of designing a winding on the same 
Sai Sicizer as the piate winding, which Wii 
Thaintain the cathode heating voltage reasonably 
2,263 Sately. It is, therefore, necessairy to ind 
Soziae aethod oš raising the resistance of the 
heate Titihout seriously sacrificing rigidity. 
We accomplish this by cutting slits in the see, 

in the sanner shown in Fig. 3 which represerts 
9, deWeiOper of the SUr?ace of the heater. The 
sheet of Kinetial from which the heater is to be 
COISürLCited is slik as ShoW. The ends are ?ine. 
?beni. Li an di Welded togetheir so that the poin?, ?, 
i8 Weläe O , Ü, üo ö, ei.C. forming a. cylindrics 
Siface early as strong as the solid sheet. Tie 
Current. iiovy through the heater must then follow 
the dotted path, c, the length of which is ob 
Wio'Sly Very Rinuch greater than it would be af 
the sheet were not sliti. In addition, the width of 
the Cus''en;-carrying section has been reduce to 
E, value Seal to tie distance, di, times the nu?taber 
of patias in parallel. . In this example eight gains 
are shot 7. W 

Ey this Rethod it is possible to construct, a 
heate to Suit any reasorabie voltage without se 
riously affecting the Eigidity of the structure. The 
3rigidity can be increased by making the sits finer, 
Shortes, and rore numerous without affecting the 
Voltage rating, although We have found that this 
is not necessary on tubes of sizes customary today 
since the heater shown has more than sufficient 
rigidity, 
To keep the heating time as short as possible 

the Weight of material used should be the mini 
inuin consistent with sturdy design. It is there 
fore best to use sheet metal as thin as is practical 
for the heater 9 and also for the heat shield cans, 
particularly the inner ones 2 and 3, as their tem 
perature rise is greatest. 

s 

R 

30 

35 

5 



10 

5 

30 

45 

55 

65 

75 

The thickness of the cathode is determined by 
current-carrying capacity, chemical requirements 
and rigidity. It is, of course, made as thin as is practical. 
By this structure we are able to eliminate all 

insulation material between the heater and cath 
ode. This is an advantage because insulation has 
a high heat capacity and in addition interferes 
with the rate of transference of heat from heater 
to cathode; also because expansion problems pro 
hibit keeping the heater, insulation, and cathode 
in actual contact in all but very small cathodes. 

In Fig. 2 is shown a complete tube having an 
anode 7, and which may or may not have a con 
trol grid 18, the connections of which are brought 
out at 9 and 20 respectively. The cathode 
shown here is the direct heated type with con 
nections brought out at 2 and 22. It is the same 
as shown in Fig. 1 with the exception that the 
unipotential cathode surface 6 of Fig. 1 with its 
bottom 7 has been omitted and the coating 6 of 
Fig.2 has been applied directly to the inside sur 
face of the heater 8 and its bottom . In this 
case, the heater must be made of a suitable ma 
terial to receive the coating; for instance, nickel, 
or an alloy thereof. In Fig. 2 only two heat 
shielding cans are shown. Due to the lessened 
heat capacity, this structure is quicker heating. 
The emissive surface is used nearly as effectively 
as in the indirectly heated structure and far more 
effectively than the usual direct heated flament 
type. Which structure to use depends on the 
importance of heating time for the particular ap 
plication involved. Where the direct heated 
structure is used we prefer to so proportion the 
slits that the sheath around the emissive surface 
overlaps and prevents any ions formed from fall 
ing through the slits and reaching the heat shield 
surface. 
In some cases it is more convenient to con 

struct the heater or cathode surface by using wire 
gauze so arranged that individual wires pass 
down the cylindrical surface in a diagonal man 
ner, as shown in Fig. 4. The length of the heat 
ing current path can be increased and the cross 
section decreased to give a practical flament volt 
age and still maintain a filament of great rigidity. 
The individual wires of the gauze do not have to 
be woven perpendicular to each other. For 
higher heating voltages, it is preferable to weave 
them so that the wires make an oblique angle 
with each other. In this way the length of cur 
rent path is increased. 
The temperature drop between heater and 

cathode decreases with increasing ratio of heater 
radiating surface to cathode receiving surface. 
Our structure is particularly well adapted to 
maintain this ratio high. As a result we are 
enabled to use less refractory metal for the heater 
than is customary with a consequent saving in 
cost of material and greater ease of manufacture. 
In addition, we are able to operate the heater at 
such a low temperature that the life of the heater 
will be greater than the greatest possible tube 
llife. 
We claim: 
1. A gaseous vacuum tube device having an 

anode, a cathode element comprising an emissive 
surface and an external cylindrical heater element 
therefor of thin metal cut with staggered open 
ings forming a multiplicity of lengthened cur 
rent paths, said openings being arranged in 
number and relative spacing so as to preserve 
substantial rigidity in said heater element, and a 
thin metal plate forming the bottom of said 
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heater element, the said current paths being se 
cured thereto, said heater element being sup 
ported solely at One end thereof and at the cen 
tral portion of said plate. 

2. A gaseous vacuum tube device having a cup 
shaped cathode and an interior emissive surface, 
a heater element surrounding said surface and 
consisting of thin metal cut with staggered open 
ings forming several lengthened current pathas 
arranged so as to preserve the stiffness of said 
heater element, a thin metal plate connected 
to said current paths and forming the botton of 
said heater element thereby making the heater 
also cup-shaped, a conductive support common 
to said cathode and heater at the upper end 
thereof and a conductive support for the heater 
secured to the central portion of its bottom plate, 
said supports constituting the sole support and 
electrical connections for said heater and cath 
Ode. 

3. A gaseous vacuum tube device having a cup 
shaped cathode with an interior emissive surface 
and an external heater element therefor consist 
ing of several current conducting paths electrical 
ly in parallel and having intermediate points of : 
equipotential interconnected for mechanical sup 
port, and a thin metal plate forming the botton 
of said heater element, the said current paths 
being secured thereto, said heater element being 
supported solely at one end thereof and at the 
central portion of said plate. 

4. A gaseous tube device having a cathode of 
cylindrical form and an interior emissive surface 
and a heater element surrounding said surface 
and consisting of a multiplicity of current con 
ducting paths electrically in parallel and having 
numerous points of equipotential interconnected 
for mechanical rigidity, a cup-shaped heat re 
flecting shield surrounding said heater and cath 
Ode surface, said heater element having projec 
tions Spaced around its top edge and rigidly se 
cured thereby to said shield, and a metal plate 
forming the bottom of said heater element se 
cured to the lower end of said paths and sup 
ported near its center in spaced relation to said 
shield. 

5. A gaseous tube device comprising a hollow 
cathode having an interior emissive surface and 
Several conducting paths for heater current elec 
trically in parallel and interconnected for 
mechanical support at intermediate points of 
equipotential, conductive means secured to the 
lower end of said current paths and extending 
across the lower end of the Cathode, and a con 
ductive support secured to said conductive means 
approximately at the center thereof, said cathode 
being supported solely at its upper end and by 
said central lower support. 

6. A gaseous tube device comprising a hollow 
cathode having an interior emissive surface and 
a multiplicity of current conducting paths elec 
trically in parallel and having numerous points 
of equipotential interconnected for mechanical 
rigidity, a cup-shaped heat reflecting shield sur 
rounding said cathode and spaced therefron, said 
cathode having projections spaced around its top 
edge and rigidly secured thereby to said shield, 
a support centrally disposed relative to the lower 
end of the cathode, and conductive means secured 
to the lower end of said current paths and ex 
tending to said central support, said conductive 
means being held by said support in spaced in 
sulated relation to the botton of said shield. 

DONALD W. EDWARDS. 
EARL 3, SMITH. 
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