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UNITED STATES PATENT OFFICE 
2,663,824 

WAPOR-ELECTRIC DEVICE 
John L. Boyer and August P. Colaiaco, Pittsburgh, 

Pa., assignors to Westinghouse Electric Cor 
poration, East Pittsburgh, Pa., a corporation 
of Pennsylvania, 

Application February 15, 1950, Serial No. 144,354 
(CI, 315-06) 103 Claims. 

Oui invention relates to vapor-electric devices 
or tubes, and particularly to low-arc-drop hot 
cathode arc-discharge devices using a vaporiz 
able: disaharge-netal selected from the group 
Consisting of potassium, rubidium and cesiurn. 
These three metals form a more or less distinc 
tive class by themselves, which may be described 
as the alkali metals having four, five and six 
shells in the atomic structure, or the stable alkali 
metals having more than three shells. The en 
tire group of alikali metals consists of six ele 
ments, of which the first two and the last are 
readily distinguishable from the other three, 
with which our invention is particularly Con 
Cerned. 
The two lightest alkali metals, lithium (i) 

and sodium (Ia) are separated, in Some periodic 
tables, from the heavier light metals of the 
alkali-metal group (IA), as being distinctive be 
cause of their electron-grouping. The physical 
and chemical characteristics of these two lightest 
alkali-metals are also distinctively different from 
the group comprising potassium, rubidium and 
cesium. Sodium has a minimum breakdown 
voltage which comes at too low a pressure-dis 
tance product, pd for our purposes, as Will be 
understood from explanations given later on; 
and it is also too active, chemically. Lithium 
has a vapor-pressure which is much too low for 
our purposes, as this low vapor-pressure requires 
too high a temperature to obtain a practically 
usable vapor-pressure which is high enough to 
give a sufficiently high current-density to be 
practical for our purposes. 
The sixth or heaviest alkali metal, No. 87 in : 

the periodic table, was formerly called Virginium, 
but has now been proved to be an element which 
is called francium (Fa), an unstable atomic-pile 
product which is very radio-active, and which 
has an extremely short half-life of only a few 
minutes, so that it is unsuitable for our pur 
poses. 

It is an object of our invention to produce, for 
the first time, a commercially practicable algali 
metal power-type rectifier, by which we mean a 
rectifier capable of handling currents of the Or 
der of 100 amperes or more (although it may be 
applicable also to tubes of lower current-rat 
ings), and delivering such currents to direct-cur 
rent lines having voltages ranging from 100 volts 
to 1000 voltS, Or in Ore. 
One of the first requisites of a commercial 

power-type rectifier is that it shall have a rea 
sonably long life, of which 2000 hours would be 
the absolute minimum which could be consid 
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ered commercially, and something like 10,000 to 
20,000 hours is more often the minimum life re 
quired in commercial applications, while a life 
of more than 5 years is much to be preferred. 

Heretofore, the primary life-limiting factor 
has been the seal, no commercially practicable 
seal having been known, which would last for 
anything approaching 2000 hours in the vapor. 
of potassium, rubidium or cesium at the neces 
sary operating-temperature of the seal. The 
seal-temperature is necessarily higher than the 
liquid temperature of the condensed metal in the 
tube, in order to prevent the condensation of the 
discharge-vapor across the seal, thus short-cir 
cuiting the insulator of the seal. 
A second requirement of a commercially usable 

power-type alkali-metal rectifier is that it shall 
combine a high current-density per unit of vol 
ume of the space occupied by the cathode, with 
a high breakdown-voltage, or the ability to with 
stand a reasonably large back-voltage during the 
non-conducting periods of the rectifier. 

In producing the first power-type alkali-metal 
rectifier which is really acceptable for ordinary 
commercial use, we have availed ourselves of 
many different design-features, which are com 
bined together, in cooperation with each other, 
so as to produce our general objectives. Some of 
these design-features have been known in other 
arts, or in other devices, not in a commercially 
practicable power-type alkali-metal rectifier, 
while other design-features which we use are of 
our own devising. - 
Thus, it has long been known that the alkali 

metals have phenomenally low ionization poten 
tials, of the order of 4 or 5 volts, which would 
cause an arc-discharge device to have a much 
higher efficiency than a normal rectifier-tube 
using mercury-vapor, for example, in which the 
ionization potential is of the order of 10.4 volts. 
The broad principle of a cesium or other 

alkali-metal arc-discharge device, having a hot 
cathode of a metal having a work function 
higher than the ionization potential of the alkali 
metal, has long been known, as described in a 
paper by Irving Langmuir and K. H. Kingdom in 
roceedings of the Royal Society, Series A, vol. 

une i07, 1925, beginning on page 61, and as also 
described in a book by L. R. Koller, on Physics 
of Electron Tubes, 2d ed., 1937, pages 18-21 and 
53-64. The theory is that when the alkali-metal 
atons which comprise the vapor come into con 
tact with the heated high-work-function cath 
ode-metal, the latter readily withdraws an elec 



2,668,824 
3 

tron from the alkali-metal atom, because of the 
high Work function of the cathode-metal. This 
process leaves a probably monatonic layer of 
positively charged alkali-metal atoms on the 
Cathode. This positively charged monatomic 
layer is very close to the Surface of the cathode 
Inetal, and its electroStatic field assists very ima 
terially in allowing the thermally excited elec 
trons to escape from the heated cathode-metal, 
thus producing thermionic emitter of electrons, 
and thus a high-efficiency cathode. 
The ionization potential of a single gaseous 

atom or molecule is the voltage-drop through 
which an electron must be freely accelerated to 
acquire enough energy to be able to ionize the 
atom or molecule on collison, by removal of one 
df its electrons. 
The Work function of a metal is the minimum 

elergy Which must be in parted to an electron 
inside of the metal, so that the electron can es 
Cape or be emitted from the surface of the metal 
at absolute Zero temperature. 
The General Electric Company, in its United 

States patent to Hull, No. 2,489,891, granted No 
vember 29, 1949, showed an arc-discharge diode 
using a nickel cathode, With an arc-carrying wa 
por of Cesium or rubidium, Without many of our 
refinements, and using an insulator-to-metal Seal 
in which the insulator Was a ceramic, preferably 
One of the alumina ceramics or one of the mag 
nesium-silicate ceramics, preferably joined to 
the metal by an allegedly new bonding material, 
referred to only as "a manganese-molybdenun 
method,' said to be described in an inaccessible 
patent-application. This patent condemned pre 
Viously known Seals as being unsuitable for 
Cesium-arc rectifiers, in the following language: 

"In prior art devices employing cesium, com 
mercial life has not been obtained because of 
the very active nature of cesium and the distin 
tegrating effect it has on insulators, such as 
glasses ordinarily used in tube construction.' 
The Gustin patent, 1,576,436, granted March 

9, 1926, shows a glass-to-metal Seal in Which a 
leading-in wire is provided with a thin coating 
of chromium, which is preferably deposited by 
electrolysis, although the patentee states that the 
coating could be deposited by other methods such 
as sherardizing or calorizing. The patentee states 
that the chromium “readily Wets with glass,' al 
though he does not describe the oxidation of the 
chromium surface, before bonding it to glass, 
other than in a reference to an oxidizing fiane for 
fusing the glass. The patentee says nothing 
about diffusing the chormium into the base-metal 
of the wire, or otherwise securing a firm bond 
between the two metals; and he says nothing 
about use with a device containing an alkali 
metal. 
The use of one of our preferred protective seal 

metals, zirconium, has been known before, in 
various other seals, different from our Seals, and 
not in the presence of an alkali-metal vapor. 
Thus, F. S. McCullough, in his United States 
Patent 1,615,023, granted January 18, 1927, men 
tioned a paste of Zirconium oxide as a ceramic 
material for covering the joint between a metal 
and a porcelain to bond the two together; while 
the General Electric Company, in its British 
Patent 498,102, accepted January 3, 1939, men 
tioned a thick coating of Zirconia, which WaS 
placed around only a portion of a lead-in Wire 
Within a pinched-glass seal, the zirconia being 
for heat-insulating purposes and being described 
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part of the Wire was left uncovered, to make a 
good seal. 
The Torrisi Patent 1,368,584, granted Febru 

airy 15, 1921, shows an audion having a reincy 
able heater inside of a cylindrical cathode of Sur 
face-oxidized platinum-coated nickel, which is 
closed at one end and open to the air at the 
other end, no alkali-metal vapor being used. 

it is perhaps a first object of our invention, 
therefore, to discover and provide a Seal which 
will have a length of life which will be at all ac 
ceptable in a commercial power-type rectifiei" 
using a vapor of potassium, rubidium or cesiuin. 
We prefer to use an insulator-to-metal Seal. ii. 
Which the metal is either a solid honogenous, 
metal, or coated with a properly adherent coat 
ing of a protective metal, the surface-metal hav 
ing a lightly oxidized surface, and being selected 
from the group consisting of berylliuna, zirconium 
and titanium, and probably also chronium, or 
other protective metal having a sufficiently high 
melting point to enable the formation of the seal 
by fusion, and having an oxidized surface which 
has a Sufficiently high negative free-energy, as 
compared to the negative free-energy of the 
Oxide of the vaporizable alkali metal, to resist 
reduction by Said vaporizable metal during a 
Work-life of considerably over 2000 Working 
hours at the operating-temperature of the seal. 
We prefer to use an ordinary glass-to-netal seal, 
thus protected; but our protective means are also 
applicable to ceramic-to-metal seals. Some of 
Our protected Seals give promise of an extremely 
long life, or a practically unlimited life. 

It is a further object of our invention to use 
an emissivity-increasing expedient which has 
been found useful in connection with some other 
coated thermionic emitters, namely the use of 
an adsorbed Surface-layer of oxygen, which is 
formed between the base-metal (by which we 
mean the Surface-metal) of the cathode and the 
Supposedly monatomic ionized layer of the alkali 
Yletal Which is being used. We have found that 
this expedient very greatly increases the electron 
emission, thus producing a higher current-density 
at a given voltage-drop, or a lower arc-voltage 
for a predetermined current-density of the eleg 
tron-emission. We believe that this expedient 
should be used with at least some, and probably 
all, of the high-work function cathode-netals 
Which we prefer, as will be subsequently further 
described. 
As most commercial applications of rectifiers 

for electric power-circuits require Some sort of 
grid-control, it is an important object of our in 
Vention to provide a grid-controlled hot-cathode 
Vapor-electric arc-discharge device using a dis 
charge-metal Selected from the group consisting 
of potassium, rubidium and cesium. The spac 
ings between the various electrodes should pref 
erably be small, in order to keep down the value 
of the arc-drop as much as possible, and keep the 
breakdown potential high. The grid is thus close 
to the heated Cathode, which operates at an elec 
tron-emitting temperature, and the grid is also 
heated by the play of the arc which passes 
through and around it. The grid thus necessarily 
Operates at a fairly high temperature, and it 
therefore involves a considerable problem to pre 
Went the grid from emitting electrons, at its op 
erating-temperature, in sufficient numbers to 
itself become a cathode, thus causing a backfire 
Or failure of the tube. 

It is therefore an object of our invention to 
provide several grid-improving means, which 
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may be used either separately or all together, for 
reducing the electron-emissivity of the neces 
sarily hot-operating grid. For one thing, in 
order to reduce the emissivity of the grid, it 
should be chosen just the opposite from the 
choice of the base-metal of the cathode, namely 
So that the Surface-metal of the grid is a metal 
which has a work-function which is lower than 
the ionization potential of the varporizable dis 
charge-metal which is being used. In this Way, 
we prevent the grid from attracting, to its Sul'- 
face, a monatomic adhering layer of charged 
vaporizable-metal particles. Another expedient 
is to reduce the operating-temperature of the 
grid, so as to thereby reduce its efficiency of emis 
sion. The operating-temperature of the grid can 
be appreciably reduced by two practical means, 
namely the interposition of perforated heat 
shields between the hot cathode and the grid, and 
the use of a special construction of both the grid 
and (if used) the heat-shields, by having a rela 
tively poor heat-absorbent surface on the side 
toward the cathode, which is heated, and a rela 
tively good heat-radiating surface on the side 
toward the anode, which is cooled. 

Further objects of our invention relate to the 
provision of various constructional and opera 
tive details, which may be used either singly or 
in combination with other features of our inven 
tion, to provide, or contribute to, a commercially 
acceptable vapor-electric device of much higher 
efficiency, Smaller size and weight for a given 
rating, much easier cooling, and other advan 
tages which will be pointed out hereinafter. 
With the foregoing and other objects in view, 

our invention consists in the structures, assen 
blies, combinations, Systems, parts, and methods 
of design and operation, hereinafter described 
and claimed, and illustrated in the accompanying 
drawing, wherein: 

Figure is a Somewhat diagrammatic Sectional 
elevation of a three-phase assembly of vapor 
electric devices embodying our invention; 

Fig. 2 is a sectional elevation of a particular 
element, or single-phase electronic tube embody 
ing our invention, showing the same as a triode 
or grid-controlled tube; 

Fig. 3 is a similar view of a modification show 
ing a simplified discharge-device in the form of 
a diode; 

Fig. 4 is a detail section showing our improved 
glass-metal Seal; 

Figs. 5 and 6 are sectional elevations, and Fig. 
7 is an elevation, with parts broken away, show 
ing various methods of constructing a high-effi 
ciency cathode; and 

Figs. 8, 9 and 10 are detail Sectional views 
showing alternative structures for minimizing 
atmospheric leakage through the cathode-struc 
ture. 

In the illustrated form of embodiment of our 
invention, as diagrammatically indicated in Fig. 
1, three of our vapor-electric devices or tubes 
are interposed between a direct-current power 
circuit or load-device 2-- and 2-, and a three 
phase input-circuit, 3, through a power-trans 
former 4 which is shown as having a delta 
connected primary winding 5 and a zigzag-con 
nected secondary winding 6. The star point of 
the zigzag secondary winding S constitutes the 
negative output terminal 2-, while the three 
phase-terminals of the zigzag-connected Second 
ary winding 6 are connected to the respective 
anode-terminals of the three tubes . The 
cathode-terminals T' of the three tubes are 
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all connected to the positive output-terminal 
2--. In Fig. i. the tubes are represented, sche 
matically, as diodes, because the external grid 
circuits may be conventional, and form no essen 
tial part of our present invention in some of its 
broadest aspects. However, we wish it to be 
understood that, in most actual commercial forms 
of embodiment of our invention, the tubes will 
be triodes, having one or more grids or discharge 
controlling means such as magnetic or electro 
static control-means. 
The three rectifier-tubes it are shown in Fig. 

1 as being mounted or enclosed within a heat-in 
Sulating cabinet f8, which is provided with a 
blower 9 for circulating a cooling fluid, pref 
erably air, over the outsides, particularly the 
anodes 29, of the tubes. 

Before discussing the various materials and 
other special features of our invention, we will 
first describe the bare structure of one of the 
preferred forms of embodiment of our rectifier 
tube , as shown in Fig. 2, from which it can be 
Seen that the outer tank or container of our tube 
Consists essentially of the anode 20. This anode 
20 is in the form of a cylindrical anode-member 
2?, which is closed at its bottom end 22, and 
Open at its top 23. The rectifier-tube f is pro 
vide with a smaller-diameter cylindrical cathode 
member 24, which is closed at its bottom end 25, 
and Open at its top 26. The closed bottom 25 of 
the cathode is spaced slightly above the closed 
bottom 22 of the anode. The cylindrical cath 
ode-member 24 is considerably taller, or longer 
axially, than the cylindrical anode-member 24, 
So that a portion of the cylindrical cathode 
member 24 extends up beyond the open top 23 
of the cylindrical anode-member 2. 

It is necessary, in any practical size of com 
mercial arc-discharge rectifier-device of the hot 
Cathode type to which our present invention re 
lates, to use some sort of finned construction for 
the cathode, so that the cathode will have a much 
larger electron-emitting surface-area than could 
be provided by any single cylinder or any single 
flat piece of metal. This finned construction is 
necessary in order that the cathode may emit 
enough electrons to carry a practically usable 
power-current of hundreds of amperes, which is 
often, but not necessarily, at least a hundred am 
peres, within a volume which is small enough to 
make a practically usuable device. We therefore 
provide fins 30 on the lower part of the cylindri 
cal Cathode-member 24, that is, on the cathode 
proper, or the part which lies inside of the cylin 
drical anode-member 2. 

Preferably, as shown in Fig. 2, and more in 
detail in Fig. 5, the fins 30 consist of a large num 
ber of Spaced discs or washers of thin metal, 
which are pressed onto the bottom end of the 
cylindrical cathode-member 24, or otherwise 
suitably secured thereto. We have found that 
fins 30 which encircle the cylindrical cathode 
member 24 can be much more securely fastened 
to the outer Surface of said cylindrical cathode 
member 24 than axially extending fins, for ex 
ample, which are apt to fall off, particularly if 
the cathode-member is made of a metal with 
Which it is difficult to make firm joints. 
An essential part of any tube embodying our 

invention is a Suitable form of insulator-to-metal 
Seal, which is used to provide an enclosure-means 
which joins the open-ended tops of the cylindri 
cal anode-member 2 and the cylindrical cath 
Ode-member 24. In the illustrated form of em 
bodiment of our invention, as shown in Fig. 2, 
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the insulator part of our seal is shown in the form 
of a glass tube 33 which surrounds the upstand 
ing part of the cylindrical cathode-member 24, in 
spaced relation thereto. In the more generic 
aspects of our invention, however, we wish it to 
be understood that the glass tube 33 could be any 
other insulator, such as a ceramic tube, Which 
might also be used in making a successful insul 
lator-to-metal Seal. 
The top and bottom ends of the glass tube 33 

are sealed to thin metal seal-forming tubes 3 
and 35 respectively. In a known form of Seal, for 
example, the glass tube 33 may be made of a boro 
silicate glass, and the top and bottom Seal-form 
ing metal tubes 34 and 35 may be made of a con 
position or alloy which fairly closely matches the 
thermal coefficient of expansion of the glass, a. 
successful and well-known metal of this nature 
being a composition of nickel, cobalt and iron. 
The botton seal-forming metal tube 35 is her 

metically joined to the top of the cylindrical 
anode-member 23, as by means of an annular 
metal header 36. The top seal-forming metal 
tube 35 is hermetically joined to the bottom of a 
cylindrical metal housing 37, as by means of an 
other metal header 38. The top of the metai 
housing 37 is hermetically joined to the outer Sur 
face of the upstanding cylindrical cathode-nen 
ber 24, somewhere near the top thereof, as by 
means of another metal header 39. 
The cylindrical metal housing 3 is used as an 

expedient for providing a space within which can 
be mounted one or more grid-Supporting insu 
lators 4, and a grid-terminal conductor or lead 
A2. The grid-terminal conductor A2 is brought 
outside of the electronic device or tube by means 
of a suitable insulator-to-metal Seal, which is 
illustrated as comprising a small glass tube A3 
and top and bottom seal-forming metal tubes or 
caps A4 and 35, this grid-terminal Seal being 
preferably similar to the larger seal 33, 36, 35. 
The grid-supporting insulator or insulators if 

are each encircled by a metal band 46 which pro 
vides a bracket for supporting the top end of a 
cylindrical grid-supporting metal tube 37, which 
extends down between the upstanding cylindri 
cal cathode-member 24 and the glass tube 33 of 
the nain seal, in spaced relation to each. The 
bottom end of the cylindrical grid-Supporting 
metal tube 3 carries an annular bracket 28, from 
the periphery of which is suspended a perforated 
cylindrical metal grid 50, which may be provided 
with a perforated bottom end-member 3 of the 
same material as the grid 50. The grid 5S is dis 
posed between the finned cathode 24-3) and the 
anode 2. 

Interposed between the periphery of the cath 
ode-fins 3 and the cylindrical grid 5 is a per 
forated metallic heat-shield 52 which is shown as 
being supported, from its top, by means of a 
fianged disc 53 which is carried by the cylindrical 
cathode-member 24. The heat-shield 52 is also 
shown as being provided with a perforated bot 
ton member 54, which is interposed between the 
bottom fin or plate 55 of the cathode-Structure 
and the bottom end-member 5 of the grid. 
While We have shown only one heat-shield 52-54, 
it is to be understood, of course, that two or more 
of such shields could be used, preferably in Spaced 
relation. It will be noted that the heat-shield 52 
is in relatively poor heat-transfer relation to the 
cathode-structure, being secured thereto, at only 
one spot, by means of the flanged disc 53, so that 
any thermally conducted heat, which passes from 
the cylindrical cathode tube 24 through the 
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3. 
flanged disc 53 to the top of the cylindrical heat 
shield 52, and then on down into the heat-shield, 
will have a long way to go in Order to inpart the 
heat of the cathode to the Shield in this manner. 
Sometimes, another heat-shield inay be pro 

vided for the main Seal 33-35. As ShoWin in Fig. 
2, such a heat-shield is shown in the form of an 
imperforate metal tube ES which extends up to 
the level of the glass tube 33, iiiustrated as being 
disposed between the cathode-tube 23 and the 
grid-Supporting tube fi, in Spaced relation to 
each. The bottom end of this imperforate tubu 
lar shield 53 is supported in a relatively poor 
heat-transfer relation. With respect to the cath 
ode-tube 24, as by means of a flange 5' which 
makes contact with the top end of the cylindrical 
perforated heat-shield 52 between the cathode 
and the grid. 

It will be noted that the complete enclosure 
for our electronic device or irectifier-tube con 
prises the closed-bottom tubular cathode-negn 
ber 24, the header 39, the cylindrical netal hous 
ing 37, the header 33, the main Seal 36-33-35, 
the header 36, and the closed-bottorn cylindrica 
anode-member 23. The closed-botton cylindri 
cal cathode-member 24 thus constitutes a reen 
trant portion, Sticking way down into the en 
closed Space of our electronic device or tube, so 
that the Outer peripheral Surface of this cylindri 
cal cathode-member 24 is inside of the tube, while 
the inner surface or bore of this cylindrical 
cathode-member 26 is outside of the tube, being 
open to the Surrounding atmosphere at the open 
top end of the said cylindrical cathode-member 
2.É. 
The enclosed space within our rectifier-tube 

may be evacuated by any convenient means. As 
ShOWn in Fig. 2, the upper header 39, which joins 
the cylindrical metal housing 3 to the outside 
Wall of the cylindrical cathode-nenber 25, is 
provided With a pumping-connection 58, which 
is engaged by a tubing 59 through which the 
interior Space Within our rectifier-tube may be 
evacuated, after which the evacuating tubing 59 
may be Sealed Off, as indicated at 6. 

Before Our evacuated electronic device or recti 
fier-tube is finally Sealed off at , a Snail quan 
tity of One of our preferred aikali metals is in. 
Serted into our tube, with the usual proper pre 
cautions which are necessary in handling the 
alkali metals. As stated before, our preferred 
alkali metal is selected from the group consisting 
of potaSSium, rubidium and cesium. In the actual 
Working of the tube, this metal is partly in the 
vapor or gaseous phase, and partly in the liguid 
phase, So that the vapor-pressure of the metal 
is determined by the temperature of the liquid 
portion of the metal. The vaporized portion of 
the metal serves the double function of carrying 
the arc-discharge within the tube, and also pro 
viding an adsorbed ionized coating or layer on 
the cathode, for greatly increasing the electron 
emissivity or current-carrying ability of the 
Cathode, as will be subsequently described. 
This vaporizable discharge-carrying alkali 

metal, when it is condensed to liquid form, inay 
cling, in Small globules, to any portion of the 
inner Surface of the anode-member 28, without 
requiring any particular place for it to go. In 
Some instances, however, we may equip the anode 
structure 20 with a perforated false bottom 6 
to provide a Space 62 thereunder, wherein one 
Ormore globules of the alkali-metal may accumu 
late, as indicated at 63. 
A heating-means is provided, for predeter 
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minedly heating the cathode-tube 24, and par 
ticularly the lower end of this tube, which is 
provided with the fins 30, and which constitutes 
the effective or active part of the cathode. To 
this end, we insert, down into the open top end 
of the tubular cathode-member 24, a resistance 
type cathode-heater 65, which is preferably car 
ried by a top fange 66 which is removably con 
nectable to the open top of the tubular cathode 
member 24, by means of a ring or flange 67 which 
is carried by said top end. The top flange S6 of 
the cathode-heater 65 thus constitutes an end 
closure for the open end of the cylindrical cath 
Ode-member 24. 
In some cases, as for example when the cylin 

drical cathode-member 24 is made of a thin tube 
of nickel, this cylindrical cathode-member 24 
may not be absolutely gas-tight, but may permit 
a Small quantity of oxygen and hydrogen to 
slowly permeate, in a matter of months or years, 
through the walls of the cathode-tube, from the 
air into the interior of our electronic arc-dis 
charge device or tube. This leakage is apparently 
not an actual physical diffusion, but more a 
chemical diffusion or permeation. Any oxygen 2 
or hydrogen which thus enters the arc-discharge 
tube through the walls of the cylindrical cathode 
member 24 will instantly be absorbed by the 
alkali metal within the tube, which will unite 
therewith to form a chemical combination, but 
this combined alkali metal no longer functions 
as the vaporizable discharge-metal within the 
tube, So that it is desirable to limit the quantity 
Of OXygen and hydrogen which thus enters the 
arc-discharge device or tube, through the Walls 
of the cylindrical cathode-member 24. 
In cases such as have just been described, we 

prefer to provide Some means for preventing or 
limiting the leakage of oxygen or other atmos 
pheric constituents into the enclosed or evacu 
ated space within our tube. This may the most 
Simply be done, as shown in Fig. 2, by making 
the removable end-closure 66, at the top end of 
the cylindrical cathode-member 24, approxi 
mately gas-tight, as by means of gaskets 68 which 
are disposed between the two flanges 66 and 67, 
and which may be drawn down tight by means 
of Suitable bolts 69. With such a construction, 
any oxygen (for example) which leaks through 
the walls of the cylindrical cathode-member 24, 
into the enclosed space of our tube, simply robs or 
impoverishes the Oxygen-content of the enclosed 
heater-Space inside of the cylindrical cathode 
member 24, using up the oxygen therein, which 
is not replaced, in any Substantial volume, be 
cause of the approximately gas-tight gaskets 68, 
So that the slow. Seepage of oxygen into the evacu 
ated Space within our arc-discharge tube is 
limited to the Small amount of oxygen which 
was originally contained within the hollow cylin 
drical cathode-member 24, and this small amount 
of Oxygen will usually be found to be quite toler 
able by our arc-discharge device. 
Our cathode-heater 65 is preferably mounted 

at the lower end of a downwardly extending cylin 
drical insulator, which is supported by a long 
bolt or rod T2, depending from the top flange 
or closure-member 66. We also prefer to provide 
a Second resistance-type heater 73, On this same 
cylindrical insulator if, disposed above the 
cathode-heater 65, at a level suitable for heating 
the main seal-34-33-35 and all of the upper 
portions of the evacuated tube, including the 
grid-supporting insulators 4- and the grid-leak 
insulator 43, SO as to prevent alkali-metal con 
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10 
densation thereon, during the operation of our 
device, such condensation being prevented by 
maintaining the insulator-Surfaces at a higher 
temperature than the temperature of the liquid 
portion of the alkali metal. Such condensation 
is to be avoided, in order to avoid the short 
circuiting of the insulators by a deposited film 
of condensed metal. 

Preferably, the cathode-heater 65 and the seal 
heater 13 are separate from each other, and 
separately controllable, as by having separate 
leads 76 and 77, respectively, which may be 
brought out, through the top-closure 66, through 
suitable seals or insulators 78 which may be of 
ordinary design, as they are not subjected to 
any alkali-metal vapor. 

In the foregoing description of the structure 
which has been chosen for illustration in Fig. 2, 
We have undertaken to give merely a picture of 
the physical formation of the structure, without 
much indication of the necessary fine points of 
our design, Some or all of which are necessary to 
the Successful production of an alkali-metal rec 
tifier. We will now undertake to describe our in 
vention from the standpoint of the points which 
must be observed, in order to attain the fullest 
measure of success. 
The physical characteristics of our three pre 

ferred vaporizable discharge-carrying alkali-met 
als are given in Table 1 as follows: 
Table 1.-Characteristics of our discharge-metals 

Ioniza- Work Melting Boiling a 
Atomic o tion function, qib Metal number Pgp, Pgp, potential, electro 

Wolts volts 

Potassium- K 19 62.3 760 4.32 1.762.25 
Rubidium. R 37 38.5 700 4.16 1.8-2.19 
Cesium---- Cs 55 .26 670 1,80-1.96 3.88 

It is important that proper knowledge and care 
Should be applied to the choice of the active sur 
face-metals of the cylindrical cathode-tube 24, 
and particularly the cathode-fins 30 and 55. Per 
haps not so vitally important, but very often nec 
essary nevertheless, is the proper knowledge and 
care which must be applied to the choice of the 
Surface-metal of the perforated cylindrical grid 
50 and its perforated bottom end-member 5, if 
used, these grid-members 50 and 51 being the 
hottest portions, and the active portions, of the 
grid-structure. - - - - 

As to the active or electron-emitting surface 
metal of the cathode, it is necessary that this 
metal shall be capable of ionizing atoms of the 
vaporized alkali-metal which come into contact 
therewith, so that such ionized atoms will adhere, 
by intermolecular electrostatic attraction, to the 
active surface of the cathode. As has already 
been indicated, we believe that this requirement 
necessitates the choice of a cathode surface-met 
all which has a work function which is higher 
than the ionization potential of the alkali metal 
which is being used. We are certain that such 
an adsorbed surface-layer of ionized alkali-metal 
atoms greatly increases the electron-emissivity of 
the cathode, and greatly reduces the energy, and 
hence the temperature, which is necessary to lib 
erate the emitted electrons from the cathode 
metal or from the adsorbed ionized monatomic layer of the alkali metal. 
We are not sure whether, or to what extent, the 

electron-emission is dependent upon the magni 
tude of the difference between the work function 
of the Cathode-metal and the work function or 
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the ionization potential of the discharge-metal or 
alkali metal. Although there is a theory, which 
is commended by a considerable weight of plaus 
ibility, that a maximum, or fairly large, difference 
between the work function of the cathode-metal 
and the ionization potential of the discharge 
metal is desirable, there is also much to com 
mend the viewpoint that a lower work function 
of the cathode-metal is desirable, with the result 
ingly lower difference between the work func 
tion of the Cathode-metal and the ionization po 
tential of the discharge-metal. There is some 
reason for us to believe that the efficiency of the 
electron-emission may be improved by making 
the difference between the work functions of the 
cathode-metal and the alkali metal as Small as 
possible, which is another way of saying, by 
choosing a conveniently acceptable or a Conven 
iently workable cathode-metal having the lowest 
possible work function which is still higher than 
the ionization potential of the alkali metal which 
is being used. Whether this difference between 
the work functions is significant or not, we be 
lieve that it is still desirable to choose an other 
wise-acceptable cathode-metal having the lowest 
possible work function which will still be higher 
than the ionization potential of the alkali metal, 
because the voltage-difference which is necessary 
to draw electrons out of an emitter is dependent 
upon the work function of the emitter. 

In considering very small fractional voltage 
differences between the Supposed Work function 
of the Cathode-metal and the ionization potential 
of the chosen alkali metal, it may be desirable to 
avoid relying upon a very extremely small frac 
tional voltage-difference between these two quan 
tities. In the first place, the work functions of 
metals are not known within too great a degree 
of accuracy. To a smaller extent, this may be 
true also of the ionization potential of gases. The 
emission of electrons from an emitter is appar 
ently affected by the past treatment of the emit 
ter, and by sometimes very Small traces of other 
Substances, so that it is extremely difficult to ob 
tain very precisely accurate repetitions of ex 
perimental data, with regard to Work functions, 
and we are also not sure that the apparent work 
function of our cathode-metal will not change 
with age. With these precautions against re 
liance upon two minute fractional voltage-differ 
ences between the Work function of the Cathode 
metal and the ionization potential of the chosen 
alkali metal, we believe that it will be advanta 
geous if, from among those metals which are 
available and otherwise suitable for a cathode, a 
Suitable cathode electron-emitting surface-metal 
can be found, or is chosen, having a work func 
tion which is between zero and 0.6 electron-volt 
higher than the ionization potential of the chosen 
alkali metal, considering the values of work func 
tion and ionization potential to the nearest tenth 
of an electron-volt. 
The emission-efficiency of the cathode will also 

be affected by the thermionic-eihission constant 
A of the cathode-metal. Most of the pure metals, 
for which this constant has been measured, ap 
pear to have a value in the neighborhood of 80 
for this constant, but there are a few erritter 
metals for which tests have been made, indicat 
ing a Wide departure of the thermionic-emission 
constant from the value of 60. In allinost all of 
such cases, other tests have indicated values in 
disagreement with these unusual values of the 
thermionic-emission constant, so that a Suspicioin 
is raised as to the purity of the metal or the 
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rigidity of the control of the test-conditions, in 
many cases. The thermionic-emission Constant 
A appears in the formula for the current-density 
I of thermionic emission, in araperes per Square 
centimeter, as follows: 

I-AT2e-b/T (1) 

which usually approximates 
I-AT2e-ed/ict 

AT2e 11,608 b/T (2) 
Where 
T=the absolute temperature in degrees Kelvin, 
e=the electron-charge in coulombs=1.602X 109. 
qb=the work function in electron-VoltS. 
k=the Boltzmann constant in joules/ 
=1.380x10-23. 
Insofar as the values of the thernionic-emis 

sion constant A. are determinable, therefore, this 
constant might be used in aiding in the Selection 
of a cathode-metal which will give eficient elec 
tron-emission. We believe, however, that Such 
values of the thermionic-emission constant A 
should be used with caution, and not aS neceS 
sarily or irrevocably indicating that any particu 
lar cathode-metal, apparently having a high Con 
stant, A in the pure state, would be better than 
another metal, having a lower apparent value of 
this constant. 

Equation 2 also indicates the advantage of a 
metal having a low work function p, in choosing 
the metal for the electron-emitting Surface of the 
cathode, because the value of the coefficient 
e -11.608/T is larger, at any given absolute tem 
perature it, the smaller the value of the Work 
function p. 
We have also found much more copious elec 

tron-emission, and also an upward-pushing of 
both the vapor-pressure and the cathode-ten 
perature at which the maximum electron-emis 
sion is obtained, by using a cathode having an 
adsorbed, supposedly monatomic, Surface-layer 
of oxygen, which is interposed, probably, between 
the cathode-netal and the ionized layer of alkali 
metal atoms. The oxygen atons are not neces 
sarily in chemical combination with either the 
cathode-metal or the oxide retal of the ionized 
layer, although We are not Sure on this point; 
and we do not know for sure whether the Oxygen 
is in chemical union. With either the base-metal 
or the superposed layer, or in chemical union to 
some extent with both metals, or whether it 
makes any difference which metal, if any, is in 
chemical union. With the oxygen which is adsorbed 
on the surface of the cathode. 
We do know that, in SOile instances at least, 

it is extremely desirable to have such oxygen 
present, and that this effect cain be obtained 
either by a preliminary treatment of the cathode 
So that its surface is lightly oxidized, or by in 
troducing very small amount of free OXygen in 
the tube, which seems to find its way to the 
boundary-layer between the cathode-metal and 
the adsorbed alkali-metal layer. 
There is a certain amount of OXygen always 

available in alkali-vapor tubes, however, because 
the surfaces of the insulators contain either 
Oxides or silicates or both, and this available oxy 
gen is slowly adsorbed by the oxygen-hungry 
alkali metal over an extended period of time. 
The oxide of the alkali metal, thus formed, or 
some of it, seems to eventually find its way to 
the adsorbed surface-layer on the cathode, So 
that, even if the oxygen-layer were not initially 
present on the surface of the cathode, we believe 

Kelvin. 
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that such a layer would eventually be formed, if 
the tube has a long enough life to last that long. 
We prefer to make sure of the formation of this 
oxygen-layer in the first place, thus avoiding a 
Subsequent change in the characteristics of the 
tube because of a subsequent formation of Such 
an OXygen-layer. 
In addition to all such properties and Specula 

tions bearing upon the emission-efficiency of the 
cathode-metal, the metal must also obviously 
have a sufficiently high melting point to Safely 
Withstand the operating-temperature of the 
cathode, without too much mechanical Weaken 
ing; and the cathode-metal must also have a 
sufficiently low vapor-pressure, at the operating 
temperature of the cathode. When the vapor 
pressure of the cathode-metal is too high, at the 
operating-temperature of the Cathode, an exceS 
sive quantity of the vapor of the cathode-iiietal 
permeates all over the Space within the tube, and 
condenses more or less all over the inside Sur 
face of the tube, resulting eventually in the build 
ing up of a conducting film which short-circuits 
the necessary insulator or insulators which con 
stitute parts of the enclosure-walls of the tube, 
and also resulting in Some deposits of Cathode 
metal on the anode, on the grid, and on the heat 
Shield. 
Where a good long tube-life is desired, with 

a good factor of safety, we believe that the cath 
ode-metal should not have a vapor-preSSule 
higher than 1 C-3 microns of mercury at the oper 
atting-temperature of the cathode. Expressed a 
little differently, we believe that the vapor-pres 
sure of the cathode-metal should be less than 
10-2 microns of mercury at a temperature of 
1000° C. These expressions are not exactly (OIA 
sistent with each other, and perhaps it is wise, 
from the standpoint of making an extremely Safe 
design, to keep well away from both pressure 
limits, whicheyer way these limits are expressed. 
When it connes to a choice of the grid-metal, or 

the metal which constitutes the Surface of the 
grid, the electron-emissivity considerations, which 
control the choice of the metal, are just the Oppo 
site of those which have been outlined for the 
case of the cathode-metal. In the case of the 
grid, any considerable electron-emission is apt 
to cause a failure of the tube, by reason of back 
firing, and hence it is desirable to choose a grid 
having a poor emission-efficiency; and to this 
end it is important to choose a grid-metal which 
will not attract or form an adhering layer of 
ionized alkali-metal atoms, particularly if the 
grid-temperature is unusually high. In other 
Words, it is frequently quite important to choose, 
for the grid, a metal having a Work function 
which is lower than the ionization potential of 
the alkali metal which is being used. As the grid 
necessarily operates at a fairly high temperature, 
it is also desirable that the work function of the 
grid-metal shall not be any lower than it needs 
to be, in order to safely avoid the formation of 
an ionized alkali-metal surface-layer thereon, be 
cause a low work function means more electron 
emission. 

In respect to the necessity for a high melting 
point, reasonable metal-strength at elevated tem 
perature, and reasonably low vapor-pressure at 
elevated temperature, the same considerations 
prevail, in the case of the grid, as in the case 
of the cathode. 

In Table 2, we show the work functions, so 
far as they are known or reported, of the more 
important high-melting-point metals, using the 

5 

0 

5 

20 

30 

35 

4. 
most recent and authoritative values, tabulated 
from many different sources, as given in a paper 
by Herbert B. Michaelson, entitled “Work func 
tions of the elements,' published in Journal of 
Applied Physics, volume 21, June 1950, pages 
536-540. Like Michaelson, we use average values 
of the Work function. When several reports give 
different values. Except in the case of copper, 
all of these metals have a melting point higher 
than 1100° C. We have not listed the rare earth 
metals because of their cost and their general 
unavailability. 
Table 2-Work functions of high-melting-point 

metals 

f Work 
unction -- Metal qb, elec- Remarks 

tron volts 

Platinuin ----- Pt 5.29 
Rhenium----- Re 5. 
Nickel.------- Ni 4.84 
Paladium Pd 4.82 
Rhodium----- Rh 4.65 
ridium------- Ir 4.57 
OSmium------ Os 4.55 
Ruthenium. Ru 4.52 
Chromiurna-- Cr 4.51 High vapor-pressure. 
Tungsten.----- W 4.50 
Copper------- Cu 4.47 High vapor-pressure and low 

melting point. 
Iron---------- Fe 4.36 
Molybdenun Mo 4.27 
Cobalt.------- CO 4.18 
Tantaluni---- Ta 4. 12 
Vanadium---- W. 4. 11 
Titanium----. Ti 4.09 TiO2 has a large free-energys --193 

at 800° C. 
Columbium. Cb 3.99 
Manganese---- Min 3.95 High vapor-pressure. 
Zirconium--- Zr 3.84 ZrO has a large free-energy = -235 

- - at 300°C. 
Hafnium----- Ef 3.53 
Thorium----- Th 3.41. 
Berylliuri----. Be 3.37 BeO has a large free-energys 
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-332,5 at 300° C. 

Chromium, manganese and copper have been 
included in Table 2, even though they have too 
high a vapor-pressure for safe or satisfactory 
operation at a temperature of the order of 1000 
C., and copper also has too low a melting-point 
for Such operation, but if the maximum operat 
ing-temperature were considerably below 1000 C., 
say between 500° C. and 800° C., it may be that 
all three of these metals would be satisfactory, 
So far as either their vapor-pressure of their 
melting-point would be concerned. 
The metals which are listed in Table 2 are all 

available, either in sheet (bulk) form, or as a 
surface-coating which could be applied, in one 
mannei or another, to a leSS expensive or other 
Wise more desirable base-metal, as is known in 
the metallurgical arts. There are certain precau 
tions, of course, which must be observed in the 
handling of some of these metals. For example, 
beryllium is poisonous under some conditions but, 
not so much. So that it could not be successfully 
plated on a base-metal under satisfactory com 
mercial factory-conditions; OSmium forms a tet 
roxide which boils at 100° C. and is very poison 
ous; titanium burns in nitrogen at 800° C.; pal 
ladium is a particularly powerful gas-occluding 
agent, having particular affinity for hydrogen; 
and both osmium and palladium, in common with 
other members of the platinum family, are power 
ful catalysts, particularly in the finely divided 
state. 
Some of the metals which are included in Table 

2 are scarcely obtainable in a very pure form, 
certain groups of metals being commonly mixed 
together, with such similar chemical properties 
as to almost defy their separation. In practically 
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every case, it may be assumed that the listed 
metals may be used either in their reasonably 
pure form, as commercially available, or alloyed 
With other metals or With nonmetals. 
In using Table 2 as an aid in the selection of 

either a suitable cathode-metal or a suitable grid 
metal, reference should be made to Table 1, in 
which it is shown that the ionization potential of 
potassium is apparently 4.32 volts, while the ion 
ization potentials of rubidium and cesium are 
apparently 4.16 and 3.88 volts, respectively. 
Among the metals listed in Table 2, chronium 

has too high a vapor pressure for the most Sat 
isfactory operation at a temperature approaching 
anywhere near 1000° C., in any tube which is ex 
pected to have a reasonably acceptable length of 
life, according to commercial standards for 
power-tubes. As the work functions of the met 
als listed in Fig. 2 become more accurately avail 
able, they should be included in their proper 
place in Table 2, arranged in the order of de 
scending values of the work functions. 

If potassium is used as the vaporizable dis 
charge-metal, the electron-emitting surface of 
the cathode should be of a high-melting-point 
metal, selected from Table 2, having a Work 
function higher than 4.32 electron-volts. These 
metals consist of iron, tungsten, ruthenium, OS 
mium, iridium, rhodium, palladium, nickel, 
rhenium and platinum, and if the selection is lim 
ited to cathode-metals having a work function 
not more than about 0.6 volt higher than the 
potassium ionization potential of 4.32 woits, then 
the list of usable cathode-metals is limited to 
iron, tungsten, ruthenium, osmium, iridium, 
rhodium, palladium and nickel, and probably 
also including a borderline-list including rhenium 
and platinum. We believe that iron is a partic 
ularly desirable metal which has much to com 
mend it as a cathode-material. 

If rubidium is chosen as the discharge-metal, 
it is desirable to limit the choice of preferred 
cathode-metals to those high-melting-point met 
als, in Table 2, having a work function between 
the rubidium ionization potential of 4.16 volts and 
something like 4.76 volts. These metals prob 
ably include cobalt, molybdenum, iron, tungstein, 
ruthenium, osmium, iridium and rhodium, and 
probably also a borderline-list including palladi 
um and nickel. Iron may prove, in the long run, 
to be one of the best cathode-metals to use in 
a rubidium-vapor rectifier. 

If cesium is chosen as the discharge-metal, it 
is desirable to limit the choice of preferred Cath 
ode-metals to those high-melting-point, low 
vapor pressure metals, in Table 2, having a work 
function between the cesium ionization potential 
of 3.88 volts and something like 4.48 volts. This 
list apparently includes columbium, titanium, 
wanadium, tantalum, cobalt, molybdenunn and 
iron, and probably also tungsten, ruthenium and 
osmium. In the case of rectifiers using cesium 
for the vaporizable material, it may be quite de 
sirable to use iron for the cathode-metal. 

In the case of the Surface-metal of the active 
portion of the grid (which is also the hottest 
portion), it is desirable to choose one of the 
high-melting-point, low-vapor-pressure metals, 
from Table 2, having a work function lower than 
the ionization potential of the chosen alkali met 
al, so as to avoid an adhering ionized Surface 
coating, thus reducing electron-emission. Thus, 
for a potassium-vapor tube, a preferred grid 
metal is either molybdenum, Cobalt, tantalum, 
vanadium, titanium, columbium, zirconium, haf 
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6 
nium, thorium, and beryllium. For a rubidium 
vapor tube, the list of preferred grid-metals 
probably starts with tantalum. Manganese is a 
rather doubtfully desirable grid-metal, because 
of its rather high vapor-pressure, whether potas 
Sium or rubidium is used as the discharge-metal. 
In a cesium-vapor tube, the list of preferred 
grid-metals starts with zirconium, which, be 
cause of its relatively low cost (as compared to 
hafnium, thorium and beryllium), its non-tox 
icity (as contrasted with beryllium), and its high 
melting point, is a pre-eminently desirable grid 
Surface material for cesium tubes. Some of the 
metals in Table 2, such as thorium and possibly 
Others, may have to be rejected as being possibly 
undesirable grid-metals because of their high 
electron-emissivity when activated by a Surface 
layer of Oxygen, although this point has not been 
proved, in any of Our tubes. 
In SOrne instances, the heat-shield 52, or Such 

portions thereof as are out of the arc-path within 
the tube (as for instance the upstanding heat 
shield 56 for the Seal), should be inade of a low 
Work-function metal for the same reason as the 
grid, namely to reduce the danger of enough elec 
tron-emission to produce a Cathode-spot. 
When our rectifier-tube is operating, the Cath 

ode is maintained, by suitable energization or 
control of the cathode-heater 65, at a suitable 
electron-einitting temperature for the highest ob 
tainable efficiency or copiousness of electron 
emission. This will give the highest current for 
any given arc-drop, or the lowest arc-drop for 
any specified current. As the cathode-tempera 
ture is increased more and more, the election 
eiaissivity or current-Strength at first increases, 
and then finally begins to decrease, after reach 
ing a maximum point, the decrease presumably 
corresponding to conditions under which the ad 
hering Surface-film or films on the cathode are 
beginning to boil off or to be driven off by the 
thermal agitation of the molecules. 
When an intermediate adhering Surface-layer 

of oxygei) is not used on the cathode-imetal, this 
temperature of maxinuin emissivity usually oc 
curs at a temperature which is lower than the 
cathode-metal will Stand. The cathode-tempera 
ture of naxinuin emission is different for differ 
ent cathode-nietals, and it is also especially dif 
ferent for the different alkalii metals, depending 
upon whether potassium, rubidium or cesium is 
Selected as the alkali metal to be used. 

flowever, when an intermediate absorbed sur 
face-layer of oxygen is used on the cathode, it will 
generally be found that the electron-emissivity 
increases up to the highest temperature at which 
it is Safe to Operate the cathode, this temperature 
being limited only by the vapor-pressure of the 
Cathode-netal. in such cases, we believe that the 
cathode-temperature Should be at least 800° C. 
In other cases, it is possible that cathode working 
temperatures of 700° C. or more may be used, but 
We Would still prefer to choose a cathode-metal 
having a Satisfactorily low vapor-pressure at 
800° C., or whatever higher temperature is used 
for the cathode, 

If the cathode is operated at too high a tem 
perature, its vapor-pressure will increase to the 
point at Which it gives off enough vapor of the 
Cathode-imetal to eventually foul up the other 
Surfaces of the tube, where no cathode-metal is 
wanted, thus limiting the useful life of the tube. 
Whatever cathode-metal vapor is produced will 
condense. Somewhere else on the tube, on the in 
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sulators, on the grid, and on the surface of the 
anode, etc. Deposits of the cathode-metal are 
particularly objectionable on the insulators, 
where such deposits will short-circuit the issui 
lators; and perhaps also on the grid, where any 
Such deposits, because of the necessarily high op 
erating-temperature of the grid, nay cause cath 
ode-Spots and coinsequent back-filiig. The finaxi 
mum allowable operating-temperature of the 
cathode must be inited, therefore, with a reason 
able factor of safety, so that the useful life of 
the tube will not be linited by this accumulation 
of deposits resulting from the condensatiorn of 
the vapor of the cathode-metal. This permissible 
cathode-temperature will be dependent upon the 
vapor-pressure characteristics of the cathode 
metai. 
When nickei is used as the cathode-imaterial, 

for example, the limiting safe cathode-tempera 
ture, from the standpoint of vapor-pressure of 
the nickel, will be about 850° C. This is some 300 
less than the temperature at which the vapor 
pressure of the cathode-metal (nickel) would be 
as much as 1.92 microns. On a similar basis, it is 
expectable that a reasonably long life, with a sat 
isfactory margin of safety, so far as the vapor 
pressure Cf the cathode-netal is concerned, Would 
be obtained with a tube in which the electron 
emitting surface of the cathode is platinum at 
about 300° C., or palladium at about 850° C., or 
iron at about 800° C., or osmium at about 1800° C., 
or rhodium at nearly 1400 C., or tungsten at p0S 
sibly over 2200° C., or molybdenurn at about 1600 
C., or cobalt at about 950° C., or zirconium at up 
wards of 120° C., or tantalium at possibly 2100° C., 
or columbium at nearly 1900° C. These estimated 
temperature-figures, on the basis of cathode 
netal vaporization, are subject to verification as 
a result of longife-tests. 
These are the probable limiting cathode-tem 

peratures so far as the vaporization of the Cath 
ode-metal is concerned. It is probable that the 
highest cathode-temperatures which have been 
mentioned would not be attainable because it 
would be found that the cathode-emissivity would 
reach its peak, and then start falling off, because 
of loss of its surface-film, long before the highest 
of these suggested cathode-terinperatures Would 
be reached: in other words, it is probable that 
the permissible cathode-temperature of the low 
vapor-pressure cathodes would be limited by the 
emissivity-curve, rather than by the vapor-pres 
sure of the cathode-metal. 
The vapor-pressure of the alkali metal is de 

pendent upon which of the three preferred alkali 
metals is chosen, and it is also dependent upon 
the temperature at which the anode 2 is held. 
The electron-emission of the cathode is more 
copious, the higher the anode-temperature, her 
cause the higher alkali-metal vapor-pleSSull'es 
which correspond to the higher anode-tempera 
tures result in a larger number of alkali-metal 
atoms being present per cubic centineter of the 
space within the tube, thus making more alkali 
metal atons available for attachment to the Sul'- 
face of the cathode, and for ionization. However, 
as the vapor-pressure of the alkali-netal goes up 
(with increasing anode-temperatures), tha break 
down voltage of the alkali-rinetal WapCi goes down, 
in a curve which finally becoines fairly flat. Most 
commercial rectifier-tubes are operated reason 
ably close to the breakdown limit of the vapor, 
with a reasonable factor of Safety included. El 
other words, the breakdown voltage of the vapol' 
should be substantially more than 2.5 times the 
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voltage of the direct-current circuit 2-, 1.2-, 
to Which the rectifier is connected. 
The breakdown voltage of the vapor within a 

tube is a function of the vapor-pressure p, multi 
plied by the distance, d. across which the break 
down voltage is being measured. In the case of 
a grid-controlled tube, as shown in Fig. 2, this 
distanced would be the distance between the grid 
5 and the anode 2. If this distance is made as 
Small as it is practicable to make it, all things 
being considered (so as to reduce the total are 
drop within the tube), a distance of the Order of 
centimeter, in a large tube, or possibly one-half of 
a centimeter in a Small commercial power-tube, 
night be expectable. It is this product pd which 
controls the breakdown voltage, and hence limits 
the permissible direct-current voltage of the tube. 
For a 600-volt rectifier, the anode-temperature 

range which would give a breakdown voltage of 
somewhat more than 1500 volts, for Satisfactory 
operation, would be about as follows, according 
to the alkali-metal which is chosen for the vapor. 
izable discharge-metal: 

0 C. 
Cesium ------------------------------ 150-190 
Rubidium --------------------------- 210-240 
Potassium ----------------------- ea - - 310-340 

For a 300-volt rectifier, the following anode 
temperature ranges could be used: 

C. 
Cesium ------------------------------ 190-220 
Rubidium --------------------------- 230-260 
Potassium --------------------------- 320-350 

Forrectifiers designed to be operated on direct 
current load-circuits of higher or lower voltages, 
corresponding changes would be made in the per 
missible (and hence desirable) anode-tempera 
tures. 
From the standpoint of the breakdown curve, 

as a function of pressure-distance pd, without 
considering anything else, some tests indicate 
that rubidium is slightly better, and other tests 
indicate that it is slightly worse, than cesium, at 
direct-current voltages of 1:00 to 600 volts, but 
not nearly as good as potassium at either voltage, 
However, the total arc-drop of the tube is pro 
portional to the ionization potentials of the sev 
eral vaporizable metals, which are listed in Table 
1. For a pairly large commercial power-tube, 
with a grid in it, the total arc-drop will ordi 
narily be something like 150 per cent of the ion 
ization potential of the vaporizable metal, or 
Something like 5.8 volts for cesium, 6.2 volts for 
rubidium and 6.5 volts for potassium, or per 
haps a little higher arc-drop than these voltages 
just Stated. In a tube operating at 300 direct 
current voltS or more, these differences in the 
arc-drops for the different vaporizable metals 
of our invention are perhaps not so important, 
but in 100-volt rectifier, these differences in the 
arc-voltage correspond practically to differences 
in the efficiency, so that they are much more im portant. 
The choice of the vaporizable alkali metal, 

whether it is to be potassium, rubidium or cesium, 
thus depends largely upon the operating-voltage 
and the importance which is to be given to the 
efficiency, as well as the size of rectifier which 
Will be required for obtaining any given current 
carrying capacity. In all respects except the 
arc-drop, and hence the efficiency, and possibly 
also excepting the current-carrying ability, po 
tassium seems to be the best of the three com 
parable alkali-metals, but our experience with 
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these tubes is not sufficient, at present, to en 
able us to give a final answer, which is free of 
all guess-work based upon deductions from Our 
tests thus far. 

All of the alkali metals, including the three 
of our choice, are very active chemically, and 
have an especially high affinity for oxygen, SO 
that they attack most oxides and other oxygen 
containing compounds such as Silicates. The 
alkali-metals thus attack most glasses and most 
ceramics, but when the available insulating ma 
terials (glasses and ceramics) are properly 
chosen, the rate at which they are attacked is 
So slow, and the penetration of the attack is SO 
small, that such attacks by the alkali metals 
which we use do not seriously limit the life of 
our tube, particularly when a proper choice is 
made, using alkali-resistant glazes and ceramics 
or ceramic coatings. For example, various So 
dium-resistant glazes are known, which are used 
to coat the inside glass Surfaces of Sodium-vapor 
lamps. . 
The principal place where the affinity of alkali 

imeals for oxygen is strongly felt, in the design 
of a long-life alkali-vapor tube, is in the insula 
tor-to-metal Seal. In most Such cases, particul 
larly in glass seals, there must be an approximate 
matching of the thernal expansion rates of the 
metal and the insulator or glass, and also the 
surface of the metal must be lightly oxidized, so 
that it can be wetted by the oxides or the sili 
cates of the glass or ceramic binder which makes 
a Sealing joint between the metal and the insula 
tor. The strong afinity of the alkali metals for 
Oxygen causes the Vapor of these metals to attack 
the metallic oxides or the oxide-containing fluxes 
at these joints, unless very special attention is 
paid to the design of such joints, with a view to 
alkali-vapor operation at a long life, much longer 
than is commonly regarded as being an accept 
able life in a sodium-vapor lamp. 
We have Solved this alkali-resistant seal-prob 

lem by using a seal-metal having a vapor-resist 
ant Surface which is lightly coated with an oxide 
of the Surface-metal, said metal being so chosen 
that its oxide has a sufficiently high negative 
free-energy, as compared to the negative free 
energy of the oxide of the vaporizable alkali 
metal, that is, potassium, rubidium or cesium, 
as the case may be, to resist reduction by said 
vaporizable metal during a reasonably long work 
ing life. AS previously indicated, such a working 
life, in any commercially acceptable power-type 
rectifier for competition with other known or 
available forms of power-type rectifiers, must at 
the very least be 2,000 to 20,000 hours, and it 
should preferably be very much longer than this, 
preferably more than five years, for the working 
life Of the tube. 
The thermodynamics of reactions at non 

standard temperatures, that is, reactions at tem 
peratures other than 25 C., are perhaps not set 
tled beyond dispute as to theory, and the theory 
is Subject to equations involving a knowledge of 
the so-called free-energy of the substances at the 
temperature at which the reaction is to be tested, 
that is, at the temperature at which it is desired 
to determine whether the available oxygen of an 
Oxide Will attach itself to one metal or the other. 
There is a paucity of data regarding the free 
energies of most metal oxides, particularly at 
non-Standard temperatures. 
With Such data (probably not perfectly re 

liable) as is available, and limiting our study 
to Suitable Sealing-metals which, in the metal 
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lic state, have a melting point of Say 950° C. or 
higher, there seem to be only four metals which 
are useful as the Surface-metals of Seals for re 
Sisting the attack of the vapors of potaSSiun, 
rubidium or cesium at a reasonable Seal-operat 
ing temperature of Say 300 C., for example. 
These four metals, listed in the Order of the ap 
parent ability of their oxides to resist reduction 
in the presence of these alkali-metal vapors, 
Starting With the metal Whose oxide apparently 
has the highest resistance against potassiun, 
rubidium and cesium, are beryllium, Zirconium, 
titanium and chromium. 
Of these four protective Sealing-metals, chro 

mium seems to be pretty close to a borderline 
imetal, Whose oxide may not be quite able to for 
ever resist reduction by the vapor of any one of 
the three chosen alkali-metals, potassium, ru 
bidium and Cesium; but the deleterious reaction, 
if any, which exists in the case of chromium, is 
So slow that a Seal having a chromiun-surfaced 
Sealing-metal has a life at least of the order of 
2,000 to 20,000 hours in the presence of such 
vapors at the operating temperature of the seal. 
We believe that the other sealing-metals which 
We have mentioned have much longer lives, the 
exact actual lives of which have not yet been as 
certained. Judging from the data, which we 
have, We believe that neither potassium, rubid 
ium nor Cesium vapor Will ever reduce or other 
Wise attack the oxides of either beryllium, zir 
conium Or titanium, and we believe that a 
chromium-plated Seal, properly prepared, Will 
Stand up with an extremely long life, or even 
for ever, in potassium vapor, which may be less 
active, in this respect, than either cesium or 
rubidium. 
The high negative free-energies of the oxides 

of zirconium, beryllium and tianium have been 
indicated in Table 2, in order to call attention 
to a possible difference in their electron-emis 
Sion performance, as cathode-metals or grid 
metals, in respect to adhering monatomic sur 
face-films of oxygen and the alkali metal which 
is being used in the tube. We are not prepared 
to state conclusively what this difference in emis 
Sivity-performance is, or whether there is any 
difference, either for the better or for the worse, 
but theory indicates that there may be some dif 
ference, by reason of the apparent inability of 
either potassium, rubidium or cesium to reduce 
the oxides of zirconium, beryllium or titanium, 
as has just been mentioned in our discussion of 
the Seal-metals. 

In the preceding discussions, we have had a 
great deal to Say about the surface-metals of 
the Cathode, the grid, and the seals. We have 
used this Sort of expression because, so far as 
electron-emissivity is concerned, and so far as 
chemical reactions with the alkali metal are con 
cerned, it is only the surface-metal which is 
significant, so long as it is intact. Underneath 
the Surface-layer, the cathode, the grid, or the 
Seal-metal could be anything, so far as the oper 
ation or the life of the tube is concerned, assum 
ing, of course, that there is a suitable bond be 
tween the Surface-layer and the underlying por 
tion of the member, and that the underlying por 
tion has the requisite strength. In some cases, 
the chosen metal will be used as a solid piece, or 
in sheet-form, whereas, in other cases, the chosen 
metal Will be used as a surface-coating, properly 
prepared on an underlying metal having a lower 
cost, or having better characteristics which are 
useful in other respects, such as mechanical 
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strength at the operating temperature, impervi 
ousness to gaseous diffusion, a better coefficient 
of thermal expansion, etc. 
When metal coatings are used, the best knoWn 

metallurgical arts and practices should be ob 
served, so as to obtain a good coverage of the 
underlying metal and a good bond With respect 
to said underlying metal. For instance, when 
chromium is electroplated on an alloy of iron, 
nickel and cobalt, for one of the glass Seals 
34-33-35 or 44-43-45, the usual precautions 
should be taken in the way of first thoroughly 
cleaning and polishing the surface of the alloy, 
thus removing all oxides or inpurities therefron, 
then electroplating With chromiurn, and then 
adopting the perhaps unusual procedure of heat 
ing the plated member in a non-oxidizing atmos 
phere such as dry hydrogen for a half hour or 
more at a Suitable temperature Such as 1000 C. 
or 1200° C., for the purpose of diffusing the coat 
ing-metal into the underlying metal, So as to 
prevent the Scaling off of the coating, after which 
the coated member is heated in an oxidizing at 
InoSphere, Such as wet hydrogen, for another half 
hour or longer, at a Suitable high temperature 
which may be of the order of 1100 C. We be 
lieve that this combination of dry-hydrogen and 
Wet-hydrogen treatment is new, 
As pointed out in the Gustin patent, such a 

chromium plating on the Sealing metal does not 
need to be thick enough to have any material 
effect upon the over-all coefficient of thermal 
eXpansion of the metal. Gustin, however, was 
not concerned with the problem of alkali-metal 
reactions, or with the problem of the diffusion 
of the chronium plating into the underlying 
metal in order to make a firm bond Which Will 
resist pealing. 
We have found that a chromium-plating thick 

heSS of the order of A to 1 mill is desirable. : 
therwise Stated, the thickness of the chro 

nium plating on the inside, or vapor-exposed 
side, of the Sealing metal should preferably be 
of the order of 420 of the total thickness of the 
Sealing metal. 
When the surface of the chromium plating is 

lightly oxidized, it forms a thin coating of chromic 
Oxide, Cr2O3, which is readily wetted by glass. 
It is best to first glaze this chronic-oxide surface 
With thin layer of a bonding-glass, before under 
taking to unite the same, by heat and pressure, 
With the glass part, 33 or 43, of the seal. 

Beryllium is best deposited as a surface-coat 
ing on an underlying metal by vaporizing the 
beryllium and letting the vapor condense on the 
underlying metal in a vacuum. Beryllium can 
also be coated on the underlying metal by elec 
trolytic deposition from a fused salt bath, such 
as a bath containing one part of sodium chlo 
ride, one part of sodium fluoride, and two parts of 
beryllium fluoride at about 750° C.25° C. The 
beryllium coating, after being deposited, is then 
first diffused into the underlying metal, and 
finally lightly Surface-oxidized, by the combi 
nation of a hot dry-hydrogen treatment, followed 
by a hot wet-hydrogen treatment, as has been de 
Scribed for the case of chromium. 
Zirconium is best deposited as a surface-coat 

ing on an underlying metal by condensation in 
a vacuum. The zirconium layer should be dif 
fused into the underlying metal, as in the case of 
chromium or beryllium, but it is unnecessary to 
use the peroxidization step, as the oxidation which 
is inherent in the glass-sealing process is quite 
Sufficient for providing enough zirconium oxide 
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for bonding with the glass. Zirconium can also 
be used in sheet form, without having to coat it 
on an underlying metal, as it has a coefficient of 
thermal expansion which is readily matchable 
With available glasses, so that it can be used, in 
the Solid form, as distinguished from the plated 
form, as the metallic part of a glass-to-metal 
Seal. 
The foregoing discussions of various metal 

coating processes, and the use of Solid or un 
coated metals whenever their cost Or their phys 
ical properties will permit, are intended to be 
suggestive, and not as an exhaustive treatment 
of the metallurgical art of metal-coating. It will 
be readily understood, by those skilled in the met 
allurgical arts, that there are also other metal 
coating processes which are available. 
A peculiarity of the operation of hot-cathode 

arc-discharge devices, using the vapor of potaS 
siun, rubidium or cesium, with a cathode-metal 
having a higher work-function than the ioniza 
tion potential of the vapor, is that the arc-drop is 
dependent upon the amount of current which is 
carried by the tube. Speaking now of that por 
tion of the arc-drop which is close to the cathode 
(or the arc-drop of a tube having no heat-shield 
and no grid, with the closest possible spacing be 
tween the anode and the cathode), this arc-drop 
is less than 1 Yolt for low currents, and it in 
creases nearly linearly to a voltage which is about 
equal to the ionization potential of the vapor, 
for high currentS. Any increase in the cur 
rent beyond this point, causes the arc-drop to in 
crease quite fast, thus imposing a practical upper 
limit which establishes the practical current-rat 
ing of the tube. The Over-all arc-drop, in a grid 
controlled tube having a heat-shield and a grid, 
will run usually at least 50 per cent higher than 
the figures which have just been given for the 
cathode end of the arc-drop. 
The current-rating of the tube is also increased 

as the anode-temperature is increased, but the 
back-voltage that the tube can withstand de 
creases with increasing anode-temperatures, and 
that is why the anode-temperature which is 
chosen as the operating-temperature is always 
the highest temperature which will enable the 
tube to safely withstand the back-voltage which 
is impreSSed thereon during the non-conduct 
ing periods. 
There is also a certain automatic current-lim 

iting action, within the tube, which limits the 
ability of the tube to carry excessive overcurrents 
for any material length of time. The passage of 
an excessive current quickly heats the cathode 
to abnormally high temperatures, and a point is 
usually Soon reached at which the cathode-emis 
Sivity is greatly reduced by the boiling off or loss 
of the monatomic ionized alkali-metal layer. 
The use of fins, such as 30, on the cathode, is 

quite advantageous, not only in producing a cath 
ode which has a large area for electron-ormission, 
Without requiring an inordinately large tube, but 
also in providing a cathode which has a relatively 
Small effective heat-radiating area, in propor 
tion to its electron-emitting area, thus reduc 
ing the amount of energy which needs to be put 
into the cathode-heater 65. 
The amount of heat-input into the cathode can 

also be minimized, by designing the internal, or 
electron-emitting, surfaces of the finned cathode 
So as to have highly polished surfaces, thus re 
ducing the heat-emissivity of these surfaces. In 
other words, the cathode has a relatively poor 
heat-radiating or heat-transfer surface on the 
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side toward the grid and the anode. On the con 
trary, the outer surface of the cathode, that is, 
the Surface which is exposed to the Outside at 
mosphere, which, in Our illustrated device, is the 
inside surface or bore of the cathode-tube 24, 
should advantageously be roughened, so that it 
acts as a relatively good heat-absorbing Surface 
for absorbing the heat of the cathode-heater 65. 

For similar reasons, it is desirable that atten 
tion should be paid to the heat-transfer qualities 
of the respective surfaces of the grid 50, and also 
the heat-shield 52, particularly where the heat 
shield is in poor conductive heat-transfer relation 
to the cathode. The Surfaces of these elements, 
on the side toward the heated cathode, should be 
highly polished, so as to reduce their heat-absorb 
ent ability to a minimum, while the surfaces on 
the Side toward the cooled anode should be roughir 
ened, So as to be relatively good heat-radiating 
surfaces. This reduces the temperatures at which 
the grid operates, which is extremely advanta 
geous in reducing the electron-emissivity of the 
grid, thus reducing the danger of backfiring. This 
cooling of the grid can be still further improved 
by multiplying the number of heat-shields which 
are interposed between said grid and the cathode. 
If the grid is adequately heat-shielded, or other 
Wise used so as not to run too hot, it inay be suc 
cessfully made with a metal-Surface having a 
Work function higher than the ionization poten 
tial of the discharge-metal. 
When a grid is used in the tube, the inner Sur 
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face of the anode 8 should best be made with a 
roughened surface, in order to present a good 
heat-transfer surface toward the grid, so as the 
more effectively to cool the grid. When a grid 
is not used, the inner surface of the anode should 
preferably be poished, in order to reduce its cool 
ing effect on the hot cathode, thus reducing the 
amount Of heating-energy which must be put into 
the Cathode-heater in order to maintain the cath 
ode at the desired Operating-temperature. 

Since the anode operates at a relatively cool 
temperature, difficulties are not commonly en 
countered with respect to any material amount of 
election-enaissivity (which would produce a dan 
ger of backfiring), or with respect to low melting 
points of any metals which would commonly be 
considered for the tube-construction. We ordi 
Inarily uSe an anode 2 which is made of steel 
Or stainless steel. 

It is a characteristic of our alkali-metal tube, 
that the working-temperature of the anode, while 
considerably lower than the working-temperature 
of the cathode, is nevertheless Several hundred 
degrees above room-temperatures, thus being 
higher than the outer-surface operating-temper 
atures of other types of commercial power-recti 
fier tubes, Such as mercury-vapor rectifiers orig 
nitrons. The fact that our anode runs at a tem 
perature which is considerably higher than room 
tenperature is one of the sometimes important 
advantages of our device, in that it makes it pos 
Sible to use air-cooling, as has been illustrated 
in Fig. 1 as distinguished from other rectifier 
Systerns which have required liquid-cooling. Air 
Cooling is particularly important on vehicles or 
in other places where space and weight are at a 
premium. 
An advantage of our preferred structural as 

Seinbly, as Shown in Fig. 2, is that the grid-as 
Senly is mounted as a unit on the cathode 
Structure, before the latter is inserted into the 
anode-assembly or Outer housing of the tube. 

All of the insulators, such as 33 and 53, which 
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are a part of the enclosure or housing of the tube, 
and which are thus exposed to the alkali-metal 
Vapor within the tube, should be held to a ten 
perature of 250° C. or higher. In fact, whatever 
Inay be the operatiing-temperature of the anode 
of any particular tube, these insulators should be 
kept at a temperature which is safely higher than 
the anode-temperature, so as to avoid the possi 
bility of the alkali-metal vapor condensing and 
depositing on the inner surfaces of the insulators. 
In the preferred cathode-construction, as 

shown inore particularly in Sig. 5, the Cathode 
tube 24 has appied thereto a plurality of spaced 
apart Washers or fins 3 of the same cathode 
metal. The bore 8 of these fins 3 is initially 
slightly Smaller than the outer diameter of the 
central tubular cathode-meiaber 2é, and the fins 
30 are assembled with a press fit. If a non-elas 
tic metal, Such as nickel, is used for the cathode, 
it is sometimes found that these fins 38 have a, 
tendency to be, or to become, loose on the cath 
ode-tube 24. We have found, in such a case, that 
the fins may be firmly anchored in place by a 
coating of a relatively thin, yet sufficiently thick, 
layer of the same cathode-metal (such as nickel, 
for example), so that the cathode-fins 33 are 
rigidly held in place on the cathode-tube 25. 
Instead of using a relatively thin washer-like 

material, it is possible to use fins 8 composed of 
mesh-material, as shown in Fig. 6. In other 
Words, a wire screen, or a plurality of wire Screens, 
in the form of washers, may be substituted for the 
solid fins 3 of Fig. 5. 
As another alternative, shown in Fig. 7, the 

Cathode-tube 24 can be made of a substantial 
thickness, and its peripheral surface inay be 
formed or turned, as by means of a cutting tool 
(not shown), to provide ridges or fins 82 which 
are integral with the cathode-tube 24 itself. 

In addition to providing the main seal 35-33 
35 With a heater 73, and internally shielding the 
lower portion of this seal from the cathode-tem 
perature by means of the imperforate upstand 
ing heat-shield 56, shown in Fig. 2, we preferably 
externally protect the seal by means of an ex 
ternal thermal shield or heat-insulator 33 which 
is disposed around the sealing Structure 33, out 
side of the tube, as shown in Fig. 2, so that the 
external ventilating gas, which is used to cool 
the tube, as shown in Fig. 1, will have Only a 
Small cooling-effect upon the seal 36-33-35. 

Instead of using an external heat-insulator 23 
for the shield, as shown in Fig. 2, it Inay be de 
sirable, in certain circumstances, to use an air 
baffle 85, as shown in Fig. 1, to deflect, the air or 
other cooling fluid away from the insulator 33, 
So that there will be little radiation or conduc 
tion of heat from the seal, thus periaitting the 
Seal to be more easily maintained at a te: Opera 
ture above the condensation-ten ture of the 
Vapor in the device. A similar treatment; inay 
be applied, if necessary, to the girid-einina 
Seal 6-43-45. 
The Cathode-heater 65 is the nost Willieaoie 

Or short-lived portion of the device, and that is 
the reason why we have mounted this heater on 
a renovable closure or cap 63, so that the heater 
is Substantially independent of the structure Of 
the arc-discharge device, and hence can he re 
placed from time to time, thus Substantially ex 
tending the useful life of our device. 
In those cases in which it is SieceSSay or de 

sirable to prevent the access of atioSpheric 
gases to the outside-exposed wall (inner gore) 
of the cathode-tube 24, as when this cathode-tube 
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is made of nickel and is operated at a tempera 
ture in excess of 600° C. or 700° C., the gas-tight 
gaskets 8 may be used, as shown in Fig. 2, S0 as 
either to prevent entrance of the atmosphere, or 
to retain a reduced-pressure gas-filling in the 
hollow tubular cathode-body 24. This reduced 
pressure may be readily accomplished by ener 
gizing the heaters 65 and/or 73, to expand the 
gases Within the cathode heater-chamber, after 
which the gaskets 68 are pulled down tight to 
prevent any further ingress of atmospheric gases; 
or the space may be substantially evacuated. 
In the preferred embodiment of our heaters 

65 and 73 as shown in Fig. 2, the seal-heater T3 
and the Cathode-heater 65 have a common junc 
tion 86 to the cap 66, and the heater-terminals 
77 and 76 are brought out in gas-tight relation 
through normal glass-metal seals T8. 

In some cases, as shown in Fig. 8, it may not 
be necessary to provide completely vacuum-tight 
Seals 8 for the heater-leads, and an Only ap 
proximately gas-tight insulating packing 87 may 
be substituted. 
A further method of eliminating the gases in 

the heater-chambel within the tubular Cathode 
portion 24 is disclosed in Fig. 9, where a needle 
valve 88 is applied to the heater-chamber, so that 
the gaskets 68 may be pulled down tight before 
energizing the heater-elements 65 or 73, and 
then, after the heater has been energized, and 
has expelled a large portion of the atmosphere 
within the heater-chamber, the valve 88 may be 
glosed to maintain a low pressure. 
Of course, in either of these cases, the atmos 

pheric gases contained in the chamber will dif 
fuse into the alkali-vapor device, if the cathode 
metal is at all permeable at its operating-tein 
perature, but these infiltrating gases are in such 
Sinall quantities that many years would pass be 
fore Sufficient atmospheric gases would enter to 
CauSe any appreciable detrimental effect in the 
tube. To completely eliminate the detrimental 
effects of the permeation of the atmospheric 
gases, the heater-chamber may be filled with a 
gas, preferably a gas having a high thermal con 
ductivity, such as nitrogen, argon, krypton, neon 
or helium, which will not permeate through the 
Offending cathode-metal, such as nickel. 

In order to prevent loss of the non-diffusing 
gaS, or undue differences of pressure, when such 
a gas is used in the heater-chamber, we prefer 
to provide an expansible chamber 89 (Fig. 10) 
in Communication with the heater-chamber, so 
that the heated gases may expand into said 
chamber 89 without causing undesirable pres 
Sures or any tendency for breathing between the 
heater-chamber and the external atmosphere. 

in a simplified embodiment of the device, as 
shown in Fig. 3, the control-grid may be omitted, 
where current-control is not desired, particularly 
for high-current, low-voltage operation. Also, 
as shown in Fig. 3, a reservoir or reservoirs for 
the liquid alkali metal may be provided by one 
or more holes or depressions 90, drilled in the 
botton 22 of the anode 20, rather than using 
the false bottom 61 of Fig. 2. 
When no current is fiowing in the tube, rela 

tively Small amounts of heat are transferred to 
the anode 20, and almost no cooling is required 
When current flows between the anode and the 
Cathode, a certain amount of energy is taken 
Out of the cathode 24-30, as a result of its work 
function, thus tending to cool the cathode, and 
it is usually necessary to increase the heater 
current in order to compensate for the energy 
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carried away by the electrons. Conversely, the 
bombardment of the electrons on the anode 20 
releases a Substantial amount of energy, which 
raises the temperature of the anode 20, and it is 
necessary to increase the cooling, almost directly 
proportionally to the current carried by the tube. 
Since the heat required to maintain the cath 

Ode-temperature, and the cooling required to 
raintain the anode-temperature, are substan 
tially dependent upon the load through the de 
vice , we may provide a heater-control having 
One Source of Substantially constant potential, 
and having another source of a potential which is 
dependent upon the load through the device. 
Thus, as shown in Fig. 1, we have provided a 
variable heating current for the cathode-heater 
65 by means of a step-down or low-voltage trans 
former 91, the primary of which is connected to 
an auxiliary supply-transformer 92 in series with 
a variable saturable reactor 93, the saturating 
Current of which is the load-current of the va por-electric device. 
The cooling of the anode 20 may also be caused 

to be Substantially dependent upon the heat-flow 
from the cathode 24-30 to the anode 29, which 
is again Substantially dependent upon the load 
Current. Thus, as shown in Fig. 1, the speed 
of our blower 9, which drives cooling air over 
or around the anodes 20, is controlled by the 
variable voltage which energizes the primary cir 
cuit of the cathode-heater transformer S. This 
Variable voltage is applied to the blower-motor 
94 by means of a rectifier-bridge 95. 
As the load-current of the vapor-electric de 

Vices increases, the saturation of the reactor 93 
increases, thus reducing its impedance and caus 
ing the Supply-transformer 92 to apply an in 
creasingly greater potential to the rectifying de 
Vice 95, and thence to the blower-motor 94. Con 
Sequently, the rate of flow of the cooling fluid is 
directly dependent upon the load-current. 
In the Same manner, the variable-voltage 

cathode-heater transformer 9 receives a voltage 
which increases with the load-current, so that 
the heating of the cathode 24 increases suffi 
ciently to compensate for the heat carried a Way 
from the cathode by the electrons flowing there 
from. 

In addition to, or instead of, the automatic 
control which has just been described for the 
heater and the ventilating-blower, we may pro 
vide adjustable rheostatic controls, such as a 
Variable resistor 96 in series with the blower 
motor, another variable resistor 97 (or other 
Variable impedance) in series with the cathode 
heater terminal 16, and still another variable 
resistor 98 which is connected between the seal 
heater terminal 77 and a step-down or low 
voltage transformer 99 which is shown as being 
energized from the secondary of the auxiliary 
Supply-transformer 92 in Fig. 1. The variable 
resistors 96, 97 and 98 may be manually or ther 
mostatically controlled for maintaining prede 
termined operating-temperatures in conformity 
with our invention. 
While, for the purpose of illustration, we have 

shown preferred embodiments of our invention, 
and have described the same to the best of our 
present knowledge, including some metals and 
metal-combinations about which our test-data is 
less complete than others, and some which We 
have not tried but only advocate from theoretical 
considerations, we wish it to be understood that 
such disclosure is only exemplary, and that 
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changes and modifications can be made therein 
Without departing from the true Spirit of Our 
invention or the scope of the appended claims. 
We claim as our invention: 
1. A vapor-electric device comprising spaced 

electrodes between which an electric cuirrent can 
flow, and an enclosure-means including an in 
sulator-to-metal seal, said device including a 
quantity of a vaporizable metal Selected from the 
group consisting of potassium, rubidium and 
cesium, and further characterized by the metal 
part of said insulator-to-metal Seal having a 
lightly oxidized vapor-resistant Surface composed 
of a metal having a sufficiently high neiting 
point to enable the formation of said Seal, and 
having an oxidized surface, said seal-metal being 
one of the chemical group of metals Whose oxides 
have a relatively high negative free-energy, aS 
compared to the negative free-energy of the 
oxide of said vaporizable metal. 

2. A vapor-electric device comprising Spaced 
electrodes between which an electric current can 
flow, and an enclosure-means including an in 
sulator-to-metal seal, said device including a 
quantity of a vaporizable metal selected from 
the group consisting of potassium, rubidiurn and 
cesium, and further characterized by the metal 
part of Said insulator-to-metal seal having a 
lightly oxidized vapor-resistant Surface composed 
of a metal selected from the group consisting 
of beryllium, zirconium, chromium and titanium 
for resisting reduction by Said Vaporizable metal 
at the operating-temperature of the Seal. 

3. A vapor-electric device comprising spaced 
electrodes between which an electric current can 
flow, and an enclosure-means including an in 
sulator-to-metal seal, said device including a 
quantity of a vaporizable metal selected fro; 
the group consisting of potassium, rubidium and 
cesium, and further characterized by the metal 
part of said insulator-to-metal Seal having a 
lightly oxidized vapor-resistant beryllium sur 
face for resisting reduction by Said vaporizable 
metal at the operating-temperature of the seal. 

4. A hot-cathode vapor-electric arc-discharge 
device comprising a finned cathode having a 
large electron-emitting surface within a rela 
tively small volume, an anode, enclosure-means 
including an insulator-to-metal seal, a quantity 
of a discharge-metal within said device, said dis 
charge-metal being Selected from the group con 
sisting of potassium, rubidium and cesium, heat 
ing-means for predeterminedly heating the 
cathode to a suitable electron-emitting tempera 
ture, cooling-means for predeterminedly cooling 
the anode to a Substantially non-emitting ten 
perature and for providing a condensing-Surface 
which determines the working vapor-pressure of 
the discharge-metal, and means for maintaining 
the seal at an intermediate working-temperature, 
Said device being characterized by said cathode 
having an electron-emitting Surface selected 
from the group of metals having a work func 
tion higher than the ionization potential of the 
discharge-metal, and also having an adsorbed 
Surface-layer of oxygen, and further having a 
melting point higher than the maximum operat 
ing temperature of the cathode, 

5. The invention as defined in claim 4, chair 
acterized by the electron-emitting surface of said 
cathode being a metal having a vapor-pressure 
Sufficiently low to avoid objectionable deposits 
thereof On other Surfaces within the device when 
said metal is operated at a temperature in excess 
of 800° C., and said heating-means maintaining 
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a substantial portion of said cathode at an Oper 
ating temperature in excess of 700 C. 

6. A hot-cathode vapor-electric arc-discharge 
device comprising a finned cathode having a large 
electron-emitting surface within a relatively small 
volume, an anode, enclosure-means including an 
insulator-to-metal seal, a quantity of a dis 
charge-metal within said device, said discharge 
Imetal being selected from the group consisting of 
potassium, rubidium and cesium, heating-means 
for predeterminedly heating the Cathode to a 
suitable electron-emitting temperature, cooling 
Sneans for predeterminedly cooling the anode to 
a substantially non-emitting temperature and for 
providing a condensing-Surface which deter 
mines the working vapor-pressure of the dis 
charge-metal, and means for maintaining the 
Seal at an intermediate Working-temperature, 
Said device being characterized by said cathode 
having an electron-emitting Surface selected from 
the group of retals having a Work function 
higher than the ionization potential of the dis 
charge-metal, and also having a vapor-pressure 
sufficiently low to avoid objectionable deposits 
thereof On other Surfaces Within the device When 
Said inetal is operated at a temperature in excess 
of 800° C., said device being further characterized 
by Said heating-means maintaining a Substantial 
portion of Said cathode at an operating tempera 
ture in excess of 700° C. 

7. A hot-cathode vapor-electric arc-discharge 
device comprising a finned cathode having a large 
electron-emitting surface within a relatively 
Small WOiune, an anode, enclosure-means includ 
ing an insulator-to-imetal seal, a quantity of a 
discharge-metal within said device, said dis 
charge-raetal being Selected from the group con 
sisting of potassium, rubidium and cesium, heat 
ing-ineans for predeterminedly heating the cath 
Ode to a Suitable electron-emitting temperature, 
cooling-means for predeterminedly cooling the 
anode to a Substantially non-emitting tempera 
ture and for providing a condensing-surface 
Which determines the working vapor-pressure of 
the discharge-metal, and means for maintaining 
the Seal at an intermediate working-temperature, 
Said device being characterized by said cathode 
having an electron-emitting surface selected 
from the group of metals having a work function 
higher than the ionization potential of the dis 
charge-metal by an aínount between the limits 
of Zero and about 0.6 electron-volts, considering 
the Values of work function and ionization poten 
tial to the nearest tenth of an electron-volt. 

8. The invention as defined in claim 7, charac 
terized by the discharge-metal being potassium. 

9. The invention as defined in claim 7, charac 
terized by the discharge-metal being rubidium. 

10. The invention as defined in claim 7, char 
acterized by the discharge-metal being cesium. 

11. A hot-cathode vapor-electric arc-discharge 
device comprising a finned cathode having a large 
electron-emitting surface within a relatively 
Small Volume, an anode, enclosure-means includ 
ing an insulator-to-metal seal, a quantity of po 
tassium Within the device, heating-means for pre 
determinedly heating the cathode to a suitable 
electron-emitting temperature, cooling means for 
predeterminedly cooling the anode to a substan 
tially non-emitting temperature and for provid 
ing a condensing-surface which determines the 
Working vapor-pressure of the discharge-metal, 
and means for maintaining the seal at an inter 
mediate working-temperature, said device being 
characterized by said cathodehaving an electron. 
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emitting surface selected from the group of 
metals consisting of iron, tungsten, ruthenium, 
OSIniunn, iridium, rhodium, palladium and nickel. 

12. A hot-cathode vapor-electric arc-discharge 
device comprising a finned cathode having a large 
electron-emitting surface within a relatively 
Small volume, an anode, enclosure-means includ 
ing an insulator-to-metal seal, a quantity of ru 
bidium within the device, heating-means for pre 
determinedly heating the cathode to a Suitable 
electron-emitting temperature, cooling means for 
predeterminedly Cooling the anode to a Substan 
tially non-emitting temperature and for provid 
ing a condensing-Surface which determines the 
Working vapor-pressure of the discharge-metal, 
and means for maintaining the seal at an inter 
mediate Working-temperature, said device being 
characterized by said cathode having an electron 
emitting surface selected from the group of 
inetals consisting of Coalt, molybdenum, iron, 
tungsten, ruthenium, OSmium, iridium, rhodium, 
palladiuin and nickel. 

13. A hot-cathode vapor-electric arc-discharge 
device comprising a finned Cathode having a large 
electroin-emitting surface within a relatively 
Snall Volune, an anode, enclosure-means includ 
ing an insulator-to-metal seal, a quantity of 
Cesium. Within the device, heating-means for pre 
deterrhinedly heating the cathode to a suitable 
electron-emitting temperatuire, cooling-means for 
predeterminedly cooling the anode to a substan 
$ially non-emitting temperature and for provid 
ing a condensing-Surface which determines the 
Working Vapor-pressure of the discharge-metal, 
and means for maintaining the Seal at an inter 
mediate working-temp3rature, said device being 
characterized by said cathode having an electron 
emitting surface selected from the group of 
metals consisting of columbium, titanium, vana 
dium, tantalum, cobalt, molybdenum, iron, tung 
sten, ruthenium and OSnium. 

14. A hot-cathode vapor-electric arc-discharge 
device comprising a finned cathode having a large 
electron-emitting surface within a relatively 
Small Volume, an anode, enclosure-means includ 
ing an insulator-to-metal Seal, a quantity of a 
discharge-metal within said device, said dis 
charge-metal being selected from the group con 
sisting of potassium, rubidium and cesium, heat 
ing-means for predeterminedly heating the cath- : 
ode to a suitable electron-emitting temperature, 
cooling-means for predeterminedly cooling the 
anode to a Substantially non-emitting tempera 
ture and for providing a condensing-Surface 
which determines the working vapor-pressure of 
the discharge-metal, and means for maintaining 
the seal at an intermediate working-temperature, 
Said device being characterized by said cathode 
having an electron-emitting surface of iron. 

15. A hot-cathode vapor-electric arc-discharge 
device comprising a finned cathode having a 
large electron-emitting surface Within a rela 
tively small volume, an anode, enclosure-means 
including an insulator-to-metal seal, a quantity 
Of potassiut in within the device, heating-means 
for predeterminedly heating the cathode to a 
Suitable electron-emitting temperature, cooling 
1:heans for predeterminedly cooling the anode to 
a Substaitially non-emitting temperature and 
for providing a condensing-surface which deter 
Yinines the Working vapor-pressure of the dis 
charge-metal, and means for maintaining the 
Seal at an intermediate working-temperature, 
Said device being characterized by said cathode 
having an electron-emitting surface of iron, 
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16. A hot-cathode vapor-electric arc-discharge 

device comprising a finned cathode having a 
large electron-emitting surface within a rela 
tively Small volume, an anode, enclosure-means 
including an insulator-to-metal seal, a quantity 
of rubidium within the device, heating-means 
for predeterminedly heating the cathode to a 
Suitable electron-emitting temperature, cooling 
means for predeterminedly cooling the anode to 
a Substantially non-emitting temperature and 
for providing a condensing surface which deter 
mines the working vapor-pressure of the dis 
charge-metal, and means for maintaining the 
Seal at an intermediate working-temperature, 
Said device being characterized by said cathode 
having an electron-emitting surface of iron. 

17. A hot-cathode vapor-electric arc-discharge 
device comprising a finned cathode having a 
large electron-emitting surface within a rela 
tively Small volume, an anode, enclosure-means 
including an insulator-to-metal seal, a quantity 
of cesium within the device, heating-means for 
predeterminedly heating the cathode to a suit 
able electron-emitting temperature, cooling 
means for predeterminedly cooling the anode to 
a Substantially non-emitting temperature and 
for providing a condensing-surface which deter 
mines the working vapor-pressure of the dis 
charge-metal, and means for maintaining the 
Seal at an intermediate working-temperature, 
Said device being characterized by said cathode 
having an electron-emitting surface of iron. 

18. A hot-cathode vapor-electric arc-discharge 
device comprising a finned cathode having a 
large electron-emitting surface within a rela 
tively Small volume, an anode, enclosure-means 
including an insulator-to-metal seal, a quantity 
of a discharge-metal within said device, said 
discharge-metal being selected from the group 
consisting of potassium, rubidium and cesium, 
heating-means for predeterminedly heating the 
Cathode to a suitable electron-emitting temper 
ature, cooling-means for predeterminedly COOling 
the anode to a substantially non-emitting tem 
perature and for providing a condensing-surface 
which determines the working vapor-pressure of 
the discharge-metal, and means for maintaining 
the Seal at an intermediate working-temperature, 
said device being characterized by said cathode 
having an electron-emitting surface selected 
from the group of metals having a work function 
higher than the ionization potential of the dis 
charge-metal, said device being further character 
ized by having one or more perforated heat 
Shields interposed between the relatively hot 
cathode and the relatively cool anode, at least one 
of Said heat-shields being in relatively poor heat 
transfer relation to the cathode and having a 
relatively poor heat-absorbent surface on the 
side toward the cathode and a relatively good 
heat-radiating surface on the side toward the 
anode. 

19. A vapor-electric arc-discharge device com 
prising Spaced electrodes between which an elec 
tric current can flow, and a quantity of a vapor 
izable metal therein, selected from the group 
consisting of potassium, rubidium and cesium, 
Said device including a Substantially non-emit 
ting Solid-metal member within the device, en 
closure-means including an insulator-to-metal 
Seal, and means for maintaining the seal at a 
Working-temperature higher than the Working 
temperature of the liquid portion of the vaporiz 
able metal, said device being characterized by at 
least a portion of said Substantially non-emitting 
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member having a surface selected from the 
group of metals having a work function lower 
than the ionization potential of the vaporizable 
metal, and having a melting point higher than 
the maximum operating temperature of Said 
substantially non-emitting electrode. 

20. The invention as defined in claim. 19, chair 
acterized by at least a portion of the Surface 
metal of the substantially non-emitting member 
being zirconium. 

21. The invention as defined in claim. 19, chair 
acterized by the vaporizable metal being potas 
S1. 

22. The invention as defined in claim. 19, char 
acterized by the vaporizable metal being rubid 

. 
23. The invention as defined in claim. 19, chair 

acterized by the vaporizable metal being cesium. 
24. A vapor-electric arc-discharge device Con 

prising spaced electrodes between which an elec 
tric current can flow, and a quantity of potassium 
therein, said device including a substantially 
non-emitting solid-metal member within the de 
vice, enclosure-means including an insulator-to 
metal seal, and means for maintaining the Seal 
at a working-temperature higher than the Work 
ing-temperature of the liquid portion of the 
potassium, said device being characterized by at 
least a portion of said substantially non-emitting 
member having a surface Selected from the 
group of metals consisting of molybdenun, 
cobalt, tantalum, vanadium, titanium, Columbi 
um, zirconium, hafnium, thorium, and beryllium. 

25. A vapor-electric arc-discharge device con 
prising spaced electrodes between which an elec 
tric current can flow, and a quantity of rubidium 
therein, said device including a substantially 
non-emitting solid-metal member within the de 
vice, enclosure-means including an insulator-to 
metal seal, and means for maintaining the Seal 
at a working-temperature higher than the Work 
ing-temperature of the liquid portion of the 
rubidium, said device being characterized by at 
least a portion of Said Substantially non-emitting 
member - having a surface Selected from the 
group of metals consisting of tantalum, vanadi 
um, titanium, columbium, zirconium, hafnium, 
thorium, and beryllium. 

26. A vapor-electric arc-discharge device comi 
prising spaced electrodes between which an elec 
tic current can foW, and a quantity of cesium 
therein, said device including a Substantially non 
emitting Solid-metal member Within the device, 
enclosure-means including an insulator-to-metal 
seal, and means for maintaining the seal at a 
working-termperature higher than the Working 
temperature of the liquid portion of the cesiun, 
said device being characterized by at least a poi 
tion of said substantially non-emitting member 
having a surface selected from the group of metals 
consisting of Zirconium, hafnium, thorium, and 
berylliura. 

27. A Vapor-electric arc-discharge device com 
prising Spaced electrodes between which an elec 
tric Current can flow, and a quantity of cesium 
therein, said device including a substantially non 
elitting Solid-metal member within the device, 
enclosure-means including an insulator-to-metal 
Seal, and means for maintaining the seal at a 
Working-teriaperature higher than the working 
temperature of the liquid portion of the cesium, 
said device being characterized by at least a por 
tion of Said. Substantially non-emitting member 
having a surface of zirconium. 

28. A hot-cathode vapor-electric arc-discharge 
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device comprising a finned Cathode having a large 
electron-emitting surface within a relatively 
small volume, a grid, an anode, enclosure-means 
including an insulator-to-metal Seal, a quantity 
of a discharge-metal within said device, said dis 
charge-metal being selected from the group con 
sisting of potassium, rubidium and cesium, heat 
ing-means for predeteriainedly heating the cath 
ode to a suitable electron-ennitting terriperature, 
cooling-ineans for predeterminedly cooling the 
anode to a substantially non-emitting tempera." 
ture and for providing a COIndensing-Surface 
which determines the working vapor-pressure of 
the discharge-rietal, and ineans for maintaining 
the seal at an intermediate working-temperature, 
said device being characterized by said Cathode 
having an electron-emitting surface Selected 
from the group of metals having a work function. 
higher than the ionization potential of the dis 
charge-metal, and having a melting point higher 
than the maximum operating temperature of the 
cathode, said device being further characterized 
by the surface of at least the hottest portions of 
said grid being selected from the group of metals 
having a work fuinction lower than the ionization 
potential of the discharge-metal, and having a 
melting point, higher than the maximum operat 
ing temperature of the grid. 

29. A hot-cathode vapor-electric arc-discharge 
device compirising a finned cathode having a large 
electron-emitting surface within a relatively 
Snial volunse, a grid, an anode, encloSure-means 
including an insulator-to-metal Seal, a quantity 
of a discharge-netial within said device, said dis 
charge-jeta geing Selected fron the group CO 
sisting of potassium, rubidium and cesium, heat 
in garneans for predeterminedly heating the cath 
ode to a suitable electron-emitting tenperature, 
cooling-ileans for predeterminedly cooling the 
anode to a Substantially non-emitting tempera 
ture and for providing a condensing-Surface 
Which deteriaines the Working vapor-pressure of 
the discharge-imetal, and means for maintaining 
the seal at an intermediate Working-temperature, 
Said device being characterized by said cathode 
having an electron-emitting Surface selected 
from the giroup of filetals having a work function 
higher than the ionization potential of the dis 
Charge-irietal, and having a meltiing point higher 
than the tiaxiii.In operating temperature of the 
Cathode, Said device being further characterized 
by at least the hottest politions of the grid having 
a relatively poor heat-absorbent surface on the 
Side toward the cathode and a relatively good 
heat-radiating Surface on the side toward the 
anode. 

30. A hot-cathode vapor-electric arc-discharge 
device comprising a finned cathode having a large 
electron-emitting surface within a relatively 
Sinal Volure, a grid, an anode, enclosure-means 
including an insulator-to-metal seal, a quantity 
of a discharge-netal within said device, said dis 
charge-metal being selected from the group con 
Sisting Ci potassiuin, rubidium and cesium, heat 
ing-ianeans for predeterminedly heating the cath 
Ode to a Suitable electron-emitting temperature, 
Cooling-ineans for predeterminedly cooling the 
anode to a Substantially non-emitting tempera 
ture and for providing a condensing-surface 
which determines the working vapor-pressure of 
the discharge-netai, and means for maintaining 
the Seal at an intermediate working-temperature, 
Said device being characterized by said cathode 
having an electron-emitting surface selected 
from the group of metals having a work function 
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higher than the ionization potential of the :dis 
charge-metal, and having a melting point higher 

34 
anode-member, enclosure-means including.: an 

- insulator-to-metal. Seal' joining, the open-end 
than the maximum operating temperature of the portions of: said cylindrical, anode-member and 
Cathode, said device being further characterized said cylindrical cathode-member, said seal being 

3 by having one of:::more perforated heat-shieids 5, Spaced around the extending end of the cathode 
3 interposed between the cathode and the grid. st member, a quantity of a discharge-metal within 

31. A hot-cathode vapor-electric arc-discharge a said device; said discharger metal being selected 
... device: comprising a cylindrical: anode-member from the group consisting of potassium, rubidium 

: closed at one end, a cylindrical cathode-member and cesium, cooling-means for predeterminedly 
closed at one end, the closed end of the cylin-l0::cooling, the anode-member to a substantially 
drical cathode-member beings: spaced from, the non-emitting temperature-and-for; providing a 
closed end of the: cylindrical anode-member, a : condensing-surface, which determines: the work 

a plurality of axially spaced cathode-fins encir- 'ing vapor-pressure: of the discharge-metal,...and 
cling said cathode-member near its closed send, sheating-means disposed within said cylindrical 
the peripheries of the cathodefins being spaced: 15.: cathode-member, for , differently -- controllably 

- from the cylindrical portion of the anode-mem- heating the finned sportion of the cathode 
ber, enclosure-means including an insulator-to- ... member and the portion of the cathode-member 
metal seal joining the open-end-portions of said "near said seal. 
cylindrical...anode-member, and said cylindrical 
Cathode-member, a quantity of a discharge-metal: 
Within Said device, said discharge-metal being 

. Selected from the group consisting of potassium, 
rubidium, and cesiuim, cooling-means: for prede 
terminedly cooling the anode-member to a sub 
Stantially non-emitting temperature's and for: 
providing a condensing, surface which determines 

, the Working vapor-pressure of the discharge 
... metal, heating-means: for predeterminedly heat 
sing the cylindrical: Cathode-member to a suitable 
- electron-emitting temperature, and means for 
maintaining ; the Seal at an intermediate-work 

... ing-te:nperature. 
32. A hot-cathode vapor-electric are-discharge 

device comprising a cylindrical anode-member 
closed at one end, a cylindrical cathode-member. 
closed at One end, the closed end of the cylin 
drical cathode-member-being spaced frem the 
closed end of the cylindrical-anode-member, the 
cylindrical cathode-member...having, a plurality 
of electron-emitting fins near its closed end, the 
peripheries of the c. cathode-fins being, spaced 
from the cylindrical portion of the anode-mem 
ber, enclosure-means including an insulator-to 
metal Seal joining the open-end-portions of said 
cylindrical. anode-member. and said cylindrical 
cathode-member, a quantity of a discharge 
metal. Within. Said. device, said discharge-metal 
being selected from the group consisting of. po 
taSSium, rubidium and cesium, cooling-means for 

- predeterminedly cooling the anode-member to as 
substantially non-emitting temperature...and for 
providing a condensing-surface. which is deter 
mines the Working. Vapor-pressure... of the dis 
charge-metal, a removable heater disposed with 
in : Said cylindrical cathode-member, and means. 
for maintaining the seal. at an intermediate 
Working-termperature. 

33. The invention... as, defined in-claim 32 in 
a combination with an approximately: gas-tight 
- removable end-closure for the open end of the 
cylindrical cathode-member. 

34. A hot-cathode vapor-electric arc-discharge 
device comprising a cylindrical anode-member 
closed at One" end, a cylindrical cathode-member 

- closed at one end, the closed end of the cylin-- 
drical cathode-member being spaced from the 
closed end of the cylindrical anode-member, the 
cylindrical cathode-member having a plurality 
of electron-emitting fins near its closed end, the 
peripheries of the cathode-fins being spaced 
from the cylindrical portion of the anode-mem 

'ber, the cylindrical cathode-member: being longer 

O 

is layer of beryllium interposed between the glass 
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60. 

sing between said anode and cathode, said bushing 

":35: A hot-cathode-vapor-electric arc-discharge 
20's device comprising a substantially cylindrical 

-anode, a hollow nickel-cathode-body inside of 
... and Spaced from said anode, an enclosure-means 
- including an insulator-to-metal seal, a quantity 
. Of a discharge-metal. Within... said device, said 

25; discharge-metal being selected from the group 
... consisting of potassium, rubidium and cesium, 
said Seal being a vitreous seal joining said anode 

is to Said cathode, said seal consisting of sealing 
Strips of an alloy of iron, nickel and cobalt sep 

..arated by a body of borosilicateglass. with a thin 

is and the alloy, a removable heater element in said 
* Cathode , body, a grid interposed between said 
... anode and cathode, at least... the active surface 
of Said grid consisting of cobalt, that surface of 

: the grid exposed to the cathode being finished 
:- as a thermal reflector and that surface exposed 
to the anode being finished as a thermal radiator. 
... 36. A cesium vapor-discharge. device compris 

40 ing a substantially cylindrical anode, a hollow 
s: nickel cathode-body inside of and spaced from 
is said anode, a vitreous seal joining, said anode to 
said cathode, said Seal consisting of sealing strips 
of -an-alloy, of iron, nickel and cobalt.separated 

45, by a body of borosilicate glass with a thin layer 
; : of beryllium interposed between the glass and the 
...-alloy, a removable heater element in said cathode 
it body, a grid interposed between said anode-and 
- Cathode, at least the active surface of said grid 

50 ... consisting of cobalt, that surface of the grid 
exposed to the cathode being finished as a ther 
mal reflector and that... surface exposed to the 

... anode being finished as a thermal radiator. 
37. A yapor-electric-device, comprising a sub 

55 stantially tubular cathode-body, means on apor 
...tion of said: body increasing the surface area per 
is unit length thereof, a resistance-type heating 
element in Said cathode adjacent said portion of 
Said-cathode-body, a substantially tubular anode 

: Spaced fron said cathode, a glass insulating bush 

being Sealed vacuum-tight to said, anode and 
cathode by a metal-having an oxide inert to the 

- Vapors of cesium, rubidium or potassium, a reser 
Voir in said anode, a quantity of discharge metal 
selected from the group. consisting of cesium, 
rubidium and potassium in said reservoir, a resistance-type heating element adjacent said 
insulating bushing, a grid interposed in spaced 
insulated relation between said anode and cath 
ode, said grid having athermal reflecting surface 
presented to said, cathode and a thermal radiat 

than the cylindrical anode-member so that the sing surface: presented to said anode, a closure 
open end of the "cylindrical cathode-member plate:, having . said heating elements: mounted 
extends beyond the open end of the cylindrical ...thereon. said closure plate being mounted to close 
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the opening in said cathode in a substantially 
gas-tight manner, a source of Substantially con 
stant potential connected to the heating element 
adjacent the insulating bushing and a source of 
variable potential connected to the heating ele 
ment adjacent the cathode portion having the 
enlarged surface area, a blower delivering cooling 
fluid about said anode, a motor driving Said 
blower, a source of potential connected to Said 
motor and a variable reactor controlling the 
potential applied to Said motor. 

38. A vapor-electric device comprising a hollow 
cathode-body, a heating device in said hollow 
body, an anode spaced from said cathode-body, 
a vitreous seal joining said anode to said cathode 
body to provide a vacuum-tight container, Said 
seal including a base metal and a vitreous compo 
sition having a substantially similar coefficient of 
expansion, a relatively thin layer of bonding 
metal having an oxide inert to alkali metal vapor 
interposed between the base metal and the Vitre 
ous composition, a quantity of alkali metal 
selected from the group consisting of Cesium, 
rubidium and potassium in Said container, and 
a control electrode interposed between said anode 
and cathode and insulated theirefroin, Said elec 
trode having an active surface of metal having 
a low work function in regard to the aforesaid 
alkalimetals. 

. 39. A seal for an alkali metal container com 
prising a pair of annular metal bodies Composed 
of an alloy of iron, nickel and cobalt separated 
by a collar of borosilicate glass, Said coiliar and 
said annular bodies having Suastantially the Saline 
thermal coefficient of eXpansion, a thin layer of 
a metal having an oxide inert to alkali netal 
diffused into the surface of the annular bodies 
at the junction with the glass collar, said glass 
being sealed to the oxidized Surface of said thin 
layer. 

40. A cathode-structure comprising a hollow 
body, a plurality of fins arranged in Spaced-apart 
relation on a portion of Said body, an opening 
into said hollow body, a cover for said opening, 
a substantially gas-tight Seal between said cover 
and said body, a heater in said body in proximity 
to the portion thereof having the fins, connec 
tions for said heater extending through Said cover 
and substantially gas-tight seals between said 
connections and Said cover, and an expansible 
reservoir connected in communication with the 
interior of said hollow body. 

41. The invention as defined in claim 40, char 
acterized by said cathode-body and said Cathode 
fins being made of nickel. 

42. A cathode-structure comprising a hollow 
body, a plurality of fins arranged in spaced-apart 
relation on a portion of Said body, an opening 
into said hollow body, a cover for Said opening, 
a substantially gas-tight Seal between said cover 
and Said body, a heater in said body in proximity 
to the portion thereof having the fins, connec 
tions for said heater extending through said 
cover, substantially gas-tight Seals between Said 
connections and said cover, and a filling of inert 
atmospheric gas in Said hollow body. 

43. The invention as defined in claim 42, char 
acterized by said cathode-body and said cathode 
fins being made of nickel. 

44. A cathode-structure comprising a hollow 
body, a plurality of fins arranged in Spaced-apart 
relation on a portion of Said body, an Cpening 
into said hollow body, a cover for Said Opening, 
a substantially gas-tight seal between said cover 
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and said body, a heater in said body in proximity 
to the portion thereof having the fins, connec 
tions for said heater extending through said cover 
and substantially gas-tight Seals between Said 
connections and said cover, and a Valved paSSage 
controlling the admission of atmosphere to said 
hollow body. 

45. The invention as defined in claim 44, char 
acterized by said cathode-body and Said cathode 
fins being made of nickel. 

46. A glass-metal seal resistant to alkali metals 
comprising a metal body composed of an alloy 
of iron, nickel and cobalt, a, thin layer of beryl 
jium diffused into the surface of the metal body, 
an oxidized surface on said beryllium layer and 
a body of borosilicate glass Sealed to said beryl 
lius; layer. 

47. A vapor-electric device comprising a sub 
stantially tubular cathode-body, means on a por 
tion of said body increasing the surface area, per 
unit length thereof, means for heating, from the 
inside, at least said portion of said cathode-body, 
a substantially tubular anode Spaced from Said 
cathode, a glass insulating bushing between Said 
anode and cathode, said bushing being Sealed 
vacuujin tight to said anode and Cathode by a 
imetal having an oxide inert to the vapors of 
cesium, rubidium or potassium, a quantity of dis 
charge neta1 selected from the group consisting 
of cesium, rubidium arid potassium in said device, 
means for maintaining said insulating bushing 
at a temperature higher than the coolest point 
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in the device, a grid interposed in spaced insul 
lated relation between said anode and cathode, 
said grid having a thermal reflecting surface pre 
Sented to Said cathode and a thermal radiating 
Surface presented to said anode, and means for 
cooling said anode. 

43. A vapor-electric device comprising Spaced 
electrodes between which an electric current can 
flow, and an enclosure-means including an insu 
lator-to-metal Seal, Said device including a quan 
tity of a vaporizable discharge-carrying stable 
alkali netal having more than three shells in its 
atomic structure, and further characterized by 
the metal part of Said insulator-to-metal seal 
having a lightly oxidized vapor-resistant surface 
composed of a metal having a sufficiently high 
Inelting point to enable the formation of said seal, 
and having an oxidized surface, said seal-metal 
being one of the chemical group of metals whose 
oxides have a relatively high negative free-energy, 
as compared to the negative free-energy of the 
Oxide of Said vaporizable metal. 

49. The invention as defined in claim 48, char 
acterized by Said Seal-metal being beryllium. 

50. The invention as defined in claim 48, char 
acterized by Said Seal comprising a pair of annu 
lar metal bodies, each composed of an alloy of 
iron, ?ickel and cobalt, separated by a collar of 
borosilicate glass, said collar and said annular 
bodies having substantially the same thermal 
coefficient of expansion, a thin iayer of a retal 
having an oxide inert to alkali metal diffused 
into the Surface of the annular bodies at the 
junction. With the glass collar, said glass being 
Sealed to the oxidized Surface of said thin iayer. 

51. The invention as defined in claim 48, char 
acterized by Said Seal comprising a metal body 
Composed of an alloy of iron, nickel and cobalt, 
a thin layer of beryllium diffused into the surface 
of the metal body, an oxidized surface of said 
beryllium layer and a body of borosilicate glass 
Sealed to Said beryllium layer. 
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52. A vapor-electric arc-discharge device as 
defined in claim 48, including therein a substan 
tially non-emitting solid-metal member having 
at least a portion of its surface selected from the 
group of metals having a work function lower 
than the ionization potential of the vaporizable 
metal, and having a melting point higher than 
the maximum operating temperature of said Sub 
stantially non-emitting electrode. 

53. The invention as defined in claim 52, chare 
acterized by at least a portion of the surfacer 
metal of the substantially non-emitting member 
being zirconium. 

54. The invention as defined in claim 52, chair 
acterized by said discharge-metal being cesium. 

55. The invention as defined in claim 54, char 
acterized by at least a portion of the surface 
metal of the substantially non-emitting member 
being selected from the group of metals consists 
ing of zirconium, hafniuim, thorium, and beryl 
lium. 

56. The invention as defined in claim 52, char 
acterized by said discharge-metal being potaS 
Sl. 

57. The invention as defined in claim 56, char 
acterized by at least a portion of the Surface 
metal of the substantially non-emitting member 
being selected from the group of metals consist 
ing of molybdenum, cobalt, tantalum, vanadium, 
titanium, columbium, zirconium, hafnium, thor 
ium, and beryllium. 

58. The invention as defined in claim 52, char 
acterized by said discharge-metal being rubids 
U. 

59. The invention as defined in claim 58, chair 
acterized by at least a portion of the surface 
metal of the substantially non-emitting member 
being selected from the group of metals consist 
ing of tantalum, vanadium, titanium, columbium, 
zirconium, hafnium, thorium, and beryllium. 

60. A hot-cathode vapor-electric arc-discharge 
device as defined in claim 48, characterized by 
said spaced electrodes comprising a finned cath 
Ode having a large electron-emitting Surface 
within a relatively small volume, and a spaced 
anode, said cathode having an electron-emitting 
surface selected from the group of metals having 
a work function higher than the ionization po 
tential of the discharge-metal, and also having 
a melting point higher than the maximum oper 
atting temperature of the cathode, in combination 
with heating-means for predeterminedly heating 
the cathode to a suitable electron-emitting tem 
perature, cooling-means for predeterminedly 
cooling the anode to a Substantially non-emitting 
temperature and for providing a condensing 
surface which determines the working vapor 
pressure of the discharge-metal, and means for 
maintaining the Seal at an intermediate WOrk 
ing-temperature. 

61. The invention as defined in claim 60, char 
acterized by said discharge-metal being cesium. 

62. The invention as defined in claim 60, char 
acterized by said discharge-metal being potas 
sium. 

63. The invention as defined in claim 60, char 
acterized by said discharge-metal being rubid 
l. 

64. The invention as defined in claim 60, char 
acterized by the surface-metal of said cathode 
being iron, 

65. The invention as defined in claim 60, char 
acterized by the Surface-metal. Of Said Cathode 
being nickel. 

66. The invention as defined in claim 60, char 
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acterized by the surface-metal of said cathode 
also having an adsorbed surface-layer of oxygen. 

67. The invention as defined in claim 66, char 
acterized by the surface-metal of said cathode 
being iron. 

68. The invention as defined in claim 66, char 
acterized by the surface-metal of said cathode 
being nickel. 

69. The invention as defined in claim 60, char 
acterized by the surface-metal of said cathode 
also having a vapor-pressure sufficiently low to 
avoid objectionable deposits thereof On other 
surfaces within the device when said metal is 
operated at a temperature in excess of 800° C., 
said device being further characterized by Said 
heating-means maintaining a substantial por 
tion of said cathode at an operating teimperature 
in excess of 700 C. 

70. The invention as defined in claim 60, char 
acterized by the surface-metal of said cathode 
also having a work function higher than the 
ionization potential of the discharge-metal by 
an amount between the limits of Zero and about 
0.6 electron-volts, considering the values of Work 
function and ionization potential to the nearest 
tenth of an electron-volt. 

71. The invention as defined in claim 70, chair 
acterized by said discharge-metal being cesium. 

72. The invention as defined in claim 71, char 
acterized by the surface-metal of said cathode 
being selected from the group of metals con 
sisting of columbium, titanium, vanadium, tan 
talum, cobalt, molybdenum, iron, tungsten, ru 
thenium and OSmium. 

73. The invention as defined in claim 70, char 
acterized by said discharge-metal being potas 
sium. 

74. The invention as defined in claim 73, char 
acterized by the surface-metal of said cathode 
being selected from the group of metals con 
Sisting of iron, tungsten, ruthenium, OSmium, 
iridium, rhodium, palladium and nickel. 

75. The invention as defined in claim 70, char 
acterized by said discharge-metal being rubid 

. 

76. The invention as defined in claim 75, char 
acterized by the surface-metal of said cathode 
being selected from the group of metals consist 
ing of cobalt, molybdenum, iron, tungsten, ru 
thenium, osmium, iridium, rhodium, palladium 
and nickel. 

77. A hot-cathode vapor-electric arc-discharge 
device as defined in claim 60, having one or more 
perforated heat-shields interposed between the 
relatively hot cathode and the relatively cool 
anode, at least one of said heat-shields being in 
relatively poor heat-transfer relation to the 
cathode and having a relatively poor heat-ab 
Sorbent Surface on the side toward the cathode 
and a relatively good heat-radiating surface on 
the Side toward the anode. 

78. A hot-cathode vapor-electric arc-discharge 
device as defined in claim 60, having a grid in 
terposed between the cathode and the anode, and 
having one or more perforated heat-shields in 
terposed between the cathode and the grid. 

79. A hot-cathode vapor-electric arc-discharge 
device as defined in claim 60, having a grid in 
terposed between said cathode and said anode, 
the surface of at least the hottest portions of 
Said grid being Selected from the group of metals 
having a work function lower than the ioniza 
tion potential of the discharge-metal, and having 
a melting point higher than the maximum oper 
atting temperature of the grid. 
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80. The invention as defined in claim 79, chair 
acterized by said discharge-metal being cesium. 

81. The invention as defined in claim 79, chair 
acterized by said discharge-metal being potas 
sium. 
... 82. The invention as defined in claim 79, chair 
acterized by said discharge-metal being rubidi 

83. A hot-cathode vapor-electric arc-discharge 
device as defined in claim 60, having a grid in 
terposed between said cathode and Said anode, 
at least the hottest portions of the grid having 
a relatively poor heat-absorbent surface on the 
side toward the cathode and a relatively good 
heat-radiating surface on the side toward the 
anode. - 

84. A hot-cathode vapor-electric arc-discharge 
device as defined in claim 60, having a grid in 
terposed between said cathode and said anode, 
characterized by the anode being Substantially 
cylindrical, the cathode being a hollow cathode 
body inside of and spaced from Said anode, the 
seal being a vitreous seal joining Said anode to 
said cathode, said seal consisting of sealing Strips 
of an alloy of iron, nickel and cobalt Separated 
by a body of borosilicate glass with a thin layer 
of beryllium interposed between the glass and 
the alloy, a removable heater element in said 
cathode body, and that surface of the grid ex 
posed to the cathode being finished as a thernal 
reflector and that surface exposed to the anode 
being finished as a thermal radiator. 

85. The invention as defined in clain 84, chair 
acterized by at least the active Surface of the 
grid being cobalt. 

86. The invention as defined in claim 85, chal 
acterized by the surface-metal of Said cathode 
being nickel. 

87. The invention as defined in claim 86, chair 
acterized by said discharge-metal being cesiurn. 4. 

88. A hot-cathode vapor-electric arc-discharge 
device as defined in claim 60, characterized by 
the anode being a cylindrical anode-member 
closed at one end, the cathode including a cylin 
drical cathode-member closed at One end, the 
closed end of the cylindrical cathode-member 
being spaced from the closed end of the cylin 
drical anode-member, and a plurality of axially 
spaced cathode-fins encircling Said Cathode 
member near its closed end, the peripheries of 
the cathode-fins being Spaced from the cylin 
drical portion of the anode-member, and Said 
seal being disposed between the Open-end por 
tions of said cylindrical anode-member and Said 
cylindrical cathode-member to provide a vacu 
um-tight enclosure-means for the device. 

89. A hot-cathode vapor-electric arc-discharge 
device as defined in claim 60, characterized by 
the anode being a cylindrical anode-member 
closed at one end, the cathode including a cylin 
drical cathode-member closed at one end, the 
closed end of the cylindrical cathode-member 
being spaced from the closed end of the cylin 
drical anode-member, the cylindrical cathode 
member having a plurality of electron-emitting 
fins near its closed end, the peripheries of the 
cathode-fins being spaced from the cylindrical 
portion of the anode-member, Said Seal being 
disposed between the open-end portions of Said 
cylindrical anode-member and said cylindrical 
cathode-member to provide a vacuum-tight en 
closure-means for the device, and the heating 
means for the cathode being a removable heater 
disposed within Said cylindrical cathode-member. 

90. The invention as defined in claim 89, in 
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combination with an approximately gas-tight 
removable end-closure for the open end of the 
cylindrical cathode-member. 

91. A hot-cathode vapor-electric arc-discharge 
device as defined in claim 60, characterized by 
the anode being a cylindrical anode-member 
closed at one end, the cathode including a cylin 
drical cathode-member closed at one end, the 
closed end of the cylindrical cathode-member 
being spaced from the closed end of the cylindri 
cal anode-member, the cylindrical cathode-men 
ber having a plurality of electron-emitting fins 
near its closed end, the peripheries of the cath 
ode-fins being spaced from the cylindrical por 
tion of the anode-member, the cylindrical cath 
ode-nnember being longer than the cylindrical 
anode-member so that the open end of the cylin 
drical cathode-member extends beyond the Open 
end of the cylindrical anode-member, said Seal 
being disposed between the open-end portions of 
said cylindrical anode-member and Said cylindri 
cal cathode-member to provide a vacuum-tight 
enclosure-means for the device, and the heating 
means for the cathode and the temperature 
maintaining means for the seal jointly including 
a heating-means disposed within Said cylindri 
cal cathode-member for differently controllably 
heating the finned portion of the cathode-men 
ber and the portion of the cathode-member near 
said Sea. 

92. A hot-cathode vapor-electric arc-discharge 
device as defined in claim 48, characterized by 
said spaced electrodes coimprising a hollow cath 
ode-body and ain anode spaced from said Cathode 
body, said cathode-body and said anode consti 
tuting portions of the enclosure-means of Said 
device, said seal being a vitreous Seal joining Said 
anode to said cathode-body to provide a Vacuum 
tight enclosure-means for the device, said Seal 
including a base metal and a vitreous composi 
tion having a substantially similar coefficient of 
eXpansion, the lightly Oxidized surface of Said 
Seal comprising a relatively thin layer of bonding 
metal interposed between said base metal and 
Said vitreous composition, a heating device in 
said hollow Cathode-body, and a control-electrode 
interposed between said cathode-body and said 
anode and insulated therefrom, said control-elec 
trode having an active surface of a metal having 
a low Work function in regard to the discharge 
Inetal. 

93. The invention as defined in claim 92, char 
acterized by Said discharge-netal being cesium. 

94. The invention as defined in claim 92, chair 
acterized by Said discharge-metal being potas 
S. 

95. The invention as defined in claim 92, char 
acterized by said discharge-metal being rubidium. 

96. A hot-Cathode Vapor-electric arc-discharge 
device as defined in claim 48, characterized by 
Said Spaced electrodes comprising a cathode hav 
ing a substantially tubular cathode-body and a 
ineans on an emitting portion of said cathode 
body for increasing the surface area, per unit 
length thereof, and a substantially tubular anode 
Spaced from Said cathode, said cathode and said 
anode constituting portions of the enclosure 
means of Said device, Said Seal including a glass 
insulating blishing disposed between said cathode 
and Said anode, a lineans for heating, from the 
inside, at least Said emitting portion of the cath 
ode, a means for maintaining said insulating 
bushing at a tenperature higher than the coolest 
point in the device, a grid interposed in spaced 
insulated relation between said anode and said 
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cathode, said grid having a thernal reflecting 
Surface presented to said cathode and a therina 
radiating sui face presented to said anode, and a 
ineans for cooling said anode. 
9. A hot-cathode vapor-electric arc-discharge 

device as defined in clair 43, characterized by 
Said Spaced electrodes coil prising a cathode have 
ing a Substaitially t:bular cathode-body and a 
means oil & einitting portion of Said oathode 
body for increasing the surface area, per utilit 
leingth the 'eof, and a substantially tubular anode 
Spaced from said cathode, said gathode and said 
anode constituting portions of the enclosure 
means of Said tiewice, Said seal including 3 giass 
insulating bushing disposed between said catinode 
and Said anode, the anode portion of said enclo 
sure-means including a reservoir for receiving the 
discharge-carrying alkali metal, a resistance 
type heating-elerient, it said cathode adjacent 
to Said einitting portion, a resistance-type heat 
ing-element adjacent to said seal, a grid inter 
posed in spaced insulated relation between said 
anode and Said Cathode, Said grid having a ther 
mal reflecting Surface presented to said cathode 
and a thernal radiating surface presented to said 
anode, a closure-plate having Said heating-ele 
rinents mounted thereon, said closure-plate being 
mounted to close the opening in Said cathode in 
a Substantially gas-tight manner, a Source of sub 
stantially constant potential connected to the 
heating-element adjacent to the seal, and a 
Source of variable potental connected to the heat 
ing-element adjacent to said ennitting portion, 
a blower delivering cooling fluid about said anode, 
a motor driving said blower, a source of potential 
Connected to Said motor and a variable reactor 
Controlling the potential applied to said notor. 

98. A hot-cathode vapor-electric arc-discharge 
device as defined in claim 48, characterized by 
Said Spaced electrodes comprising a cathode and 
an anode, Said cathode comprising a hollow body, 
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a plurality of fins arranged in spaced-apart rela 
tion. On a portion of said hollow body, an opening 
into said hollow body, a cover for said opening, 
a closable connection-Insans between the interior 
of Said hollow body and the exter:)alatinosphere, 
Said coinecticii:ieans comprising a Substan. 
tially gas-tight, Seal between said cover and said 
body, 2, heater in Said body in proximity to the 
portion their2Of laying the fins, coinections for 
Said heater eXtending through said cover and 
Sustaitial 
illectioils an 

99. The invention as defined in claim 98, char. 
- R acterized by Said 

ake. 
On as defined in claim 93, 

Characterized : an expainsible reservoir con 
sected in conialinication. With the interior of 
said hollow body. 

101. The invention as defined in claim 100, 
characterized by said cathode-body and said 
cathode-fins being trade of nickel, 

102. The invention as defined in claim 98, 
characterized by a filing of inet at: hospheric 
gas in said hollow body. 

103. The invention as defined in claim 102, 
characterized by Said cathode-body and said 
Cathode-fins being made of nickel. 
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