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'VAPOR-ELECTRIC DEVICE-

JohnL ‘Boyer, Plttsburgh and Robert J. Ballard,
West Newton, Pa., assignors to Westmghouse
Electric Corporatlon, East Plttsburgh Pa., a
corporatlon of Pennsylvania

Apphca,tmn J anuary-13, 1951, Serial.No. 205,899

' '18 Claims;
1 o

Our invention relates to vapdr‘e_lectnc ‘de-
hot-cathode arc- d1scharge devices” usmg a vapor-
izable dlscha,rge-metal selected from the groub
con51st1ng of potassium, rubldlum and. cesium.
Our present. invention is an. 1mprovement over
‘the . vapor- electrlc devices which are described

and claimed in-an apphcatmn of John L. Boyer :

and, August P. Colaiaco, Serial No. 144, 354, filed
February 15, 1950. .

our present 1mprovements relate to a new
tube-deSIgn in which. the grid is: disposed trans-
versely of .the tube, in: good thermal contact with
an extemally cooled metal wall-part of the tube.
Preferably, -also, as more particularly described
and claimed in a copending application .of John
L. Boyer, Serial No. 201,783, filed Dec. 20, 13950,
now Patent No. 2,600,300, the cesium or other dis-
charge-metal is. condensed. on the cold end of
the cathode, as distinguished from being con~
-densed on the:anode, as in previous designs.

This. . condensation-place of the diseharge-
metal is determined by making: the: cold: end of
the .cathode the coolest. part of the tube This
has: the double advantage. of getting the dis-
charge-metal pool. at- the cathode-potential, in a
place where, it. is protected. against. positive-ion
bombardment. under-all' conditions: of operation.
The: discharge-metal pool, at the cold end: of the
cathode, is also at a spot. at which the tempera-
ture is not materially affected by the intensity
of the: arc, and hence not materially: affected
by: the load-current, as in previous tube-designs
in: which the discharge-metal. pool was at or near
_a.part of the anode:

Our. mounting of:the grid on: an e&ternally
cooled metal enclosure-portion of the tube en-
-gbles: us. to: maintain the grid: at: a. much cooler
témperature than has been heretofore possible
‘With any other grid-mounting, with the result
that. we are now freed. of the necessity for choos-
“ing,, for the grid-surface material;. a. metal hav-
-ing. a low work-function, such gs was reouired
-in: the . tube-construction shown in: the Boyer-
Colaiaco application.

As explained in the Boyer- Colalaco gpplica-
tion, the three preferred discharge~metals,
patassiunt, rubidium  and cesium, fornr a more
~or less: distinctive: class by themselves, 'which
may be described as the alkali metals having
four, five: and six: shells. in their atomic: struc-
ture,. orthe stable alkali metals having -more
~than three shells: . The entire . group: of:'alkali
- firetals. consists of six elements, ‘of which the

-Arét two: and: the last are readily distinguish-

(CL »31?3‘—'227-’)
2
able from the otheér- three, with whlch our- m-
Ventlon is: partlcularly ‘concerned.
The two hghtest alkah metals hthlum L)
and sodlum (Na) are separated 1n some- perlodm
5 tables, from the heav1er 11ght metals -of - the
‘alkali-metal group (IA) as bemg d1st1nct1ve be-
cause of their electron- groupmg The ph
ahd chemical characterlstlcs of these two 1@
alkali-metals are also dlstlnctwely dlﬁex‘ent* from
the ‘group “comprising’ potassmm rubldx'
cesium. “Sodium has a ‘minimum’’
voltage which. comes at too low &
tance product pd for our: purp

10

20

enough to’ glve a. sufﬁc:ently h1gh current—dehsmy
to be practlcal for aur purposes ’ : -

has an extremely short half-hfe
mlnutes, 80, that 1t is’ unsu1ta,b1e ior o
poses..

ing drawmg, wherem N

35 Flgure 1-is.a, v,ertmal sectmnal v1ew of a, pre-

,,1nvent10n, ' ;
Fig. 2 is a horlzontal sectlonal -.v ¢ w,

40 Adlcated by the lme II——
broken away, - '

Fig. 3 is a plan view. of a,n alternatlve form
-of construcmon of, the gnd-eIe
larger scale, w1th parts broken

Fig. 4 is a vertical sectional view of the gmd
shown in. Fig. 3. )

In. the exempla.ry form: of. embod1
invention, as shown i
device. compnses 2 vert1ca1 £
-including top and bottom
and T, and. a, central metal porfnon 8, all
of: which: are: 1llustratedx as bemg'tubular

b there is dlsposed a tubula,r 1nsu1ator-port10 -9,
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which may be glass, and which is connected to
the metal portions by suitable glass-to-metal
seals. Between the bottom of the central metal
portion 8 and the top of the bottom metal end-
portion 1, there is another tubular insulator-
portion. 13, which may also be of glass, and which
is provided with suitable glass-to-metal seals
to the respective metal portions.

The top metal end-portion 6 is closed at its

upper end, either by an integral end-part, or a 1

brazed or welded connection to a separate metal
piece 18, which is preferably a reentrant por-
tion which extends down below the top tubular
insulator-portion 9, and which terminates, at its

lower end, in an arc-terminating metal anode- 1

portion 7.
The three metal enclosure-portions 6, 7 and

8, and the metal anode-portions 16 and 17 are all

preferably made, -either altogether of a metal

chosen from the.group consisting of iron and 2

nickel, with perhaps a slight preference for iron
or steel, or at least their surfaces which are.ex-
posed to the vapors within the device are of one
of these two metals, iron or nickel. The anode
{6—11 is illustrated as being a mere shell, which
encloses .a massive copper core- -part 28, which
carries, at its upper end, a plurality of copper
fins 21, with good thermally conducting contacts
between the copper core 28 and the fins 21, and

between the copper core 20 and the iron anode :

surface-parts 16 and i7. The copper core-parts
‘and the copper fing serve as excellent heat with-
drawing materials, of good heat-conductivity, for
withdrawing heat from the arc-terminal anode-

portion 11, which gets quite hot by reason of the &

playing of the arc thereon, during the operation
of the tube. Frequently, it is desirable to pro-
vide the copper anode-core 20 with a central
hole 24 in which an anode-heater 25 may be
placed for occasional use in controlling the anode-
temperature, as may be required.

The lower metal end-portion 7 of the en-
closure is provided with a bottom closure-means
21, which. is perforated to receive an upstanding
reéntrant cathode-tube 28. The cathode-tube
28 is preferably made of nickel, or at least its
surfaces which are exposed to the vapors within
the device are preferably made of nickel, as ex-
plained, in the Boyer-Colaiaco application, and
as is known in the art of alkali-metal-tube-de-
‘sign. It will be understood, of course, that the
“bottom-member 27 is either integral with, or
tightly welded or brazed to, the bottom metal end-
portion T of the enclosure, and that the cathode-
tube 28 is either integral with, or tightly weld-
ed or brazed to, the bottom end-closure 27. - This
bottom end-closure 21 may be either iron (in-
cluding steel) or nickel.

The top end of the reéntrant cathode-tube 28
is closed, as indicated at 32. About half of the
total length of the cathode-tube 28, at the top
end thereof, is provided with radxal fing 83, of
the same material (nickel) as the cathode-tube
28, as explained in the Boyer-Colaiaco ‘applica-
tion.

In common with other known types of hot-
cathode alkali-metal discharge-devices or valves,
"the active cathode-portion, which is the finned
portion of our cathode, has to be heated to a
suitable thermionic-emission temperature. To
this end, we insert, within the reéntrant cathode-
tube 28, a cathode-heater 31, almost all of which
is concentrated at the finned end of the cathode-
tube 28, so as to heat the actlve emlttmg -por-

tion.
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The bottom metal enclosure-part 1, which car-
ries the cathode, is exposed to the ambient at-
mosphere, which usually provides sufficient cool-
ing to make the lower end of the cathode-tube
28 the coolest part of the tube. The portion of
the cathode-tube 28, below the finned upper end
thereof, is made sufficiently long, and, if neces-
sary, sufficiently thin in cross-section, so as to
reduce the rate of heat-conduction from the hot
upper end of the cathode-tube 28 to the cool
lower end thereof, thus assisting in maintaining
the  cool temperature-conditions at said lower
end.

The open lower end of the reéntrant cathode-
tube 28, which extends down below the base-por-
tion 27 of the enclosure-means of our tube, is
provided with any suitable closure-member 49,
which includes a suitable insulating-seal 41 for
introducing the heater-terminal 42 for the cath-
ode-heater 317.

It is usually desirable to protect the lower tubu-
lar insulator-portion i3 of the enclosure-means
from the temperature of the cathode-tube 23,
which is done, in the illustrated embodiment of
our invention, by means of a plurality of con-
centric metal baffles 43, which are carried by an
inverted cup-shaped metal member 44 which en-
circles the cool lower end of the cathode-tube
28, so as to be supported thereby. 'The open
end of this cup-shaped member 44 faces down-
wardly toward the cathode-end of our tube, that
is, toward the bottom end-closure member 27.

It is a feature of our invention that we use
this inverted cup-shaped member 44, and the
space between it and the bottom end 27 of the
tube, as a place for locating our evacuating-tube
47, the inner end of which we extend info the
tube to a point between said lower end 27 of the
device and the open bottom end of said cup-
shaped member 44. This evacuating-tube 47 is
used for evacuating the internal space within
our tube, and when this evacuation-process is
completed, the outer end of the evacuating-tube
47 is commonly sealed off, as indicated at 48.

However, before sealing off the evacuating-
tube 47, it is customary to use this tube for in-
troducing the small amount of alkali metal which
is needed for the operation of the tube, this al-
kali metal being commonly introduced by in some
way breaking an ampule containing it, in the
evacuating system, usually in such a way that
the wreakage of the ampule itself will be main-
tained in the evacuating system and will not be
introduced into the container of the discharge-
tube. For this purpose, it is convenient to turn
the tube temporarily upside down, while the
alkali metal is being introduced, so that the in-
troduced material will be caught within the cup-
shaped member 44. In this way, the initial
charge of the alkali metal will be entrapped in
the space defined between the inverted cup 44
and the bottom end-closure 27 of the tube, and
since this is the coolest pdrt of the tube, in op-
eration, the condensed alkali metal will always
be collected in this portion of the dlscharge de-
vice or tube.

Since this ceoling or condensing-place for the
alkali-metal “pool” (which may be only a few
drfops) is at the cold end of the cathode, this
alkali-metal pool is at the cathode-potential, and
it is also fairly well shielded (by the inverted
cup-member 44) from the arc which plays from

"the finned cathode-portion upwardly onto the

lower end of the anode 17. Sihce the alkali-
metal pool is thus at the ecathode-potential, it
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‘5
¢éarinot have any positive-ion ‘bombardment
which, if it were present, would initiate electron.
emission and produce faults. As previously
mentioned, the collection.of the alkali-metal pool
at the cold end of the cathode is further advan-
tageous over previous constructions in which this
pool has been collected at or near the lower end

6

grid 60, soas to improve: the heat-radmtwn froni
_the grid.

In a grid-controlled vapor- electnc dlscharge-
tube, the grid is subject to.the greatest heating, of
all the parts of the tuhe, because it is necessarily
enveloped in the hot arc. In previous tube-de~

~ signs, the grid has been-thermally isolated from

-of the anode of the.device, because the lower end .

of the cathode is inherently much the. better
place, since its temperature is not affected by
the . intensity of the.arc, and hence ‘it is not
affected by the load-current of the.device.

As explained at.the outset -of our description,
- thealkali-metal which we use:for our discharge-
‘metal is selected from the-group. consisting of
i potassium,.rubidium-and cesium. ."At present we
prefer cesium, for most types of tubes with which
-our experience .has been mainly directed, al-
though potassium and rubidium are:both possible
-alternatives, particularly for:certain tube-char-
acteristics. When cesiumis the discharge-metal,
- the:cold lower end of the cathode-tube 28 is kept
between the temperatures of 130° and 180° C.
during the operation of the tube, while the upper
‘hot end is kept betwen 650° and 850°.C. When
rubidium is the discharge-metal, the cold.end of
the cathode-tube 28 is kept between 180° and
225° C., and the hot end between 700°-and 900°.C.
When potassium is the discharge-metal, the cold
end of the cathode-tube 28 is kept between. 260°
and 310° C., and the hot end between 800° and
900° C. These are the temperature ranges which
ab present seem preferable, in the operatmn of
- our.device.

Tn.common with other: finned- cathode alkali-
metal tubes, it is desirable to place a suitable
thermal guard around the finned: portion 33 of
the cathode. In our illustrated construction, the
lower end of our finned cathode-portion 33 is
thermally guarded, ‘or heat-insulated from the
bottom end 21 of the enclosure, by . means of the
.inverted cup-member.44.and the concentric cy-
“lindrical meal heat-shields 43. It is necessary,
also, to thermally guard the lateral sides or pe-

ripheries of the fins 33, which we have done by |

the provision of two closely-spaced, but separated,
concentric metal tubes .or cylinders:53, which are
disposed: between the .fins 33 and the adjacent
‘side-walls of the  enclosure-means- for the tube,
being spaced from both, and being supported by
a plurality of stiff wires 54 from one of the cylin-
drical :guards -43. TIn our device, -the arc plays
upwardly from the finned portion 33, so that it
is possible for the laterally disposed thermal
~.guards or heat-shielding means 53 to be imper-
- foratecylindrical or tubular members.

Most tubes of the type to which our invention
relates are grid-controlled tubes, and.our present
invention is primarily adapted for such tubes.
“Qur new tube-construction and arrangement en-
ables us to use a massive metal-grid 60, which is
disposed transversely.of the tube, betweén the top
.of the cathode-fins :33; which constitute one arc-
terminal, and the bottom anode-plate {1, which
constitutes. the other arc-terminal. In accord-
ance with our invention, the periphery of the grid
60 is secured in the best. possible thermal con-
tact to the inner bore 6f the tubular central metal

-.enclosure-portion 8, thus giving .our grid a heat-
eonducting or radiating means which is directly
_cooled by the ambient atmosphere, (or by other
-externally applied cooling-means). “Usually, if
atmospheric cooling is relied upon,; it will be de-
>sirable to use cooling-fins 62, which'are- carried

- py:the casing-portion: 8 -at- the. position of the.
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than ‘has heretofore .ever been possible.

all external connections, and it has run at very
high temperatures, notwithistanding all ‘that
could be done in the way of shielding it from the
necesarily high temperature of the cathode, and
increasing the heat-radiation. from the grid fo

.the "anode, which has always been externally

cooled. 'This -high . operating-temperature of

-previous grids has necessitated a resort to low-

work-function metals for the grid-material, as
explained in the Boyer-Colaiaco -application.
In our present invention, we are :able to oper-
ate the grid 60 at a much cooler temperature
In: g
cesium tube, it is necessary to operate the grid-
cooling envelope-portion 8 at a temperature which
is at least as high as about 200° C., in-order to
prevent condensation of cesium thereon, and in
our invention we make our design so that this
envelope-part 8 will run at somewhere around
that temperature. There will necessarily be some
temperature-drop between the hottest point of
the grid 69 and the envelope-portion 8 -and the
rating of the tube depends in large measure upon
the temperature to which the grid can be held.
In a cesium tube, 315° C. is about the tempera-
ture ‘at which emission starts to be heavy enough
to hurt, on .the grid 69. It is to be understood,
of course, that these temperature-figures are il-
lustrative only, and that slightly different tem-
perature-limits will be encountered when the dis-
charge-metal is either potassium or rubidium.
Asto the grid-material, we are no longer limited
to low-work-function metals, and we may prefer
not to use such metals. Copper would be an ideal
material for the grid 60, except for the necessity
for degassing the tube, during the proeess of
evacuating it, at which time temperatures of the
order of 900° C.,.or more, are used for a brief
time, but this will evaporate ~enough  copper,
from any exposed ‘copper surface, to cause a

‘very damaging copper-condensation or deposit

on the other internal parts of the tube. At
least the surface-porticns of the grid 60, which

&re exposed to the vapors of the tube, that is,

which are exposed to the interior of the tube,

‘shauld be made,; therefore, of a material which

is able to resist vaporization at the degassing tem-
perature, even though this material is not as
good a heat-conductor as copper, as in geenral
it will not be. A suitable material for the grid,

“or for the grid-surface, is a low-carbon steel,

or nickel. In actual operation, some nickel will
be deposited on the surface of the grid 88, as
a result of evaporation from the cathodse, so that
we have to consider that the grid is nickel-plated
anyway, and we have to design our tube accord-
ingly.

In the design which is shown in Fig. 1, the
grid 60 is preferably made of iron or steel, and

its periphery is thickened so as to present a

broad contact-surface, which is brazed to the
enclosure-portion 8, preferably by using a small
amount of copper. It is possible, however, to
make the grid of copper, with a protective plat-
ing, ecoating or surface-covering of iron, as indi-
cated at 64 in the broken- away portion of the
g¥id 60 in Fig. 1.

Alternatively, as shown in Figs, 3 and’ 4 the
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grid 60 might be made of iron or steel, with a
number of copper inserts 68, which enter into
radial holes in the iron material of the .grid,
from the periphery of.the grid, and thus aid
in carrying heat radially outwardly from the
" -center. of the grid fo the casing-wall 8.

. In our improved tube-design, it will be noted
thst the axial arc-gap separation or spacing is
extremely small, thus contributing to a low
arc-drop. This arc-gap spacing is only enough
to-provide for the thickness of the grid, and a
-suitable spacing between the top and bottom grid-
surfaces and the anode and cathode, respectively.

Tt will be noted that, (in our preferred design
at least), no shielding of any kind is needed, be-
tween the grid, on the one hand, and the-anode
or the cathode, respectively, on the other hand.

Our direct cooling of the grid 60, by reason. of
its thermal connecticn to an external wall of
‘the tube, makes it possible for us to maintain our
-grid 88 at the extremely low operating-tempera-
tures which have been above described. .

While we have illustrated our invention in a
single illustrative form of embodiment, with some
suggestions regarding  alternative forms. of the
grid, we wish it to be understood that the forms
shown are merely intended to be illustrative,
and we desire that our appended claims shall be
accorded the broadest construction consistent
with their language.

We claim as our invention:

1. A vapor-electric device comprising an en-
closure-means including two metal end-portions,
a tubular central metal portion, a tubular in-
sulator~portion between each end of the central
metal portion and the end of the corresponding
end-portion, and insulator-to-metal seals between
each end of each tubular insulator-portion and
the end of the adjacent metal portion; an arc-
terminating metal anode-portion carried by one
of said metal end-portions of the enclosure; an
arc-terminating finned metal cathode-portion
carried by the other metal end-portion, said cath-
ode-portion including a reéntrant metal tube-
portion having a closed inner end carrying the

- cathode-fins; a quantity of a discharge-metal
within said device, said discharge-metal being
selected from the group consisting of potassium,
rubidium and cesium; a cathode-heater within
said reéntrant metal tube-portion; means for ex-
ternally cooling a substantial part of the external
portions of said enclosure-means, including said
tubuiar central metal portion; and a metal grid-
member carried by said tubular central metal
portion in good thermal contact therewith, said
grid-member being disposed transversely across
the vapor-electric device, between the arc-ter-
minating anode-portion and the arc-terminating
finned cathode-portion.

2. The invention as defined in claim 1, char~
acterized by the surfaces of the metal enclosure-
portions which are exposed to the vapors within
the -device being of a material chosen from the
group consisting of iron and nickel.

3. The invention as defined in claim 1, char-
acterized by the surfaces of the grid which are
exposed to the vapors within the device being of a
material chosen from the group consisting of
iron and nickel.

4, The invention as defined in claim 1, char-
acterized by the surfaces of the grid and the
metal enclosure-portions which are exposed to
the vapors within the device being of a material
chosen from the group consisting. of iron and

- nickel, . - . S
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5. The invention as defined in claim I, char-
acterized by the surfaces of the grid and the
metal enclosure-portions which are exposed to
the vapors within the device being of a material
chosen from the group consisting of iron and
nickel, and further characterized by the surfaces
of the cathode-tube and cathode-fins which are
exposed. to the vapors within the device being of
nickel. ) ’

6..The invention as defined in claim 1, char-
acterized by the cathode-heater being concen-
trated at the finned end of the cathode-tube,

.and said cathode-tube being long enough so that

its other end, which is adjacent to the cathode-
end of the vapor-electric device, is the coolest
part of the device, whereby the discharge-metal
condenses thereon. ’

7. The invention as defined in claim 1, char-
acterized by the  cathode-heater being concen-
trated at the finned end of the cathode-tube,
and said cathode-tube being long encugh so-that
its other end, which is adjacent to the cathode-
end of the vapor-electric device, is the coolest
part of the device, whereby the discharge-metal
condenses thereon, and further characterized by
said device having a plurality of spaced concen-
tric - tubular metal heat-shields supported be-
tween the cathode-fins and the surrounding wall-
portions of the enclosure-means.

8. The invention as defined in claim 1, char-
acterized by the cathode-heater being concen-
trated at the finned end of the cathode-tube,
and said cathode-~-tube being long enough so that
its other end, which is adjacent to the cathode-
end of the vapor-electric device, is the coolest
part of the device, whereby the discharge-metal
condenses thereon, and further characterized by
said device having means providing a cup-shaped

‘member surrounding the cold end of the cathode-

tube within the device, the open end of said cup-
shaped member facing that end of the device,

-and an evacuating tube extending into the device

to a point between that end of the device and
the open end of said cup-shaped member.

9. A vapor-electric device comprising an en-
closure-means, an-anode, a cathode, and a quan-
tity of a discharge-metal within said device, said
discharge-metal being selected from the group
consisting of potassium, rubidium and cesium;
said cathode including a reéntrant metal tube-
portion extending into said enclosure-means,
said cathode-tube having a closed inner end,
metal fins carried by said cathode-tube near said
closed inner end, a cathode-heater disposed with-
in said cathode tube, said cathode-heater being
concentrated at the finned end of ‘the cathode-
tube, means for externally cooling the enclosure-~
entering end of the cathode-tube, said cathode-
tube being long enough so that its enclosure-
entering end is the coolest part of the device,
whereby the discharge-metal condenses thereon,
and means providing a cup-shaped member sur-

. roundigg the cold end of the cathode-tube within
the device, the open end of said cup-shaped mem-

ber facing that end of the device, and an evacu-
ating tube extending into the device to a point
between that end of the device and the open
end of said cup-shaped member.

10. A vapor-electric device comprising an en-
closure-means, an anode, a cathode, and a quan-
tijcy of a discharge-metal within said device, said
discharge-metal being selected from the group

. consisting of potassium, rubidium and cesium;

said device having means providing s cup-shaped
member, the open end of -said cup-shaped mem-~
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ber facing an enclosure-wall so as to provide a
partially enclosed pocket within said device, and
an evacuating tube extending into said pocket.

11. A vapor-electric valve comprising a sub-
stantially tubular envelope, a cathode at one end
of said envelope, an anode at the opposite end
of said envelope, said envelope having an inter-
mediate metal section insulated from said anode
and said cathode, a metal grid disposed trans-
versely across the valve, between said anode and
said cathode, in good thermal contact with said
intermediate metal section, and external cooling-
means for said intermediate metal section.

12. A vapor-electric valve comprising a sub-
stantially tubular envelope, a cathode at one end
of said envelope, an anode at the opposite end
of said envelope, said envelope having an inter-
mediate metal section insulated from said anode
and said cathode, a metal grid disposed trans-
versely across the valve, between said anode and
said cathode, in good thermal contact with said
intermediate section, and an externally project-
ing radiator disposed in good thermal contact
with said intermediate metal section in opposed
relation to said grid.

13. An electric valve comprising a container
having a substantially tubular wall-portion, a
cathode extending axially into said container, a
heater disposed within the extreme inner end of
said cathode, a thermal shield interposed between
said inner end of said cathode and the sides of
said cointainer, means disposed behind said inner
end of said cathode for providing a cup-shaped
member, the open end of said cup-shaped member
facing that end of the container, an evacuating
tube extending through a portion of said container

at cathode-potential and extending into proximity

to the open end of said cup-shaped member, an
anode disposed at the opposite end of said con-
tainer in opposed relation to said cathode, and
a quantity of a discharge-metal within said con-
tainer, said discharge-metal being selected from
the group consisting of potassium, rubidium and
cesium.

14. An electric valve comprising a confainer
having a substantially tubular metal wall-portion,
a cathode extending axially into said container,
an insulating seal between said cathode and said
tubuiar meval wall-portion, a heater disposed
within the extreme inner end of said cathode, a
thermal shield interposed between said inner end
of said cathode and the sides of said container,
means disposed bening said inner end of said
cathode for providing a cup-shaped member, the
open end of said cup-shaped memper facing that
end of the container, an evacuating tube extend-
ing through a portion of said container at cath-
ode-~potential and extending into proximity to
the open end of said cup-shaped memoer, an
anode disposed at the opposite end ot said con-
tainer in opposed relation to said cathode, an
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insulating seal between said anode and said tubu-

lar metal wall-portion, a quantity of a discharge~
metal within said container, said discharge-metal
being selected from the group consisting ot potas-
sium, rubidium and cesium, and a metal grid
interposed between said anode and catinode, said
grid extending transversely across said valve in
good thermal conducting relation to said tubular
metal wall-portion.

15. The invention as defined in claim 14 char-
acterized by said grid having an inner portion
composed of a metal having good thermal con-

65
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ductivity, and surface-portions composed of a
metal having less thermal conductivity but having
a lower vapor-pressure at a temperature of the
order of 1000° C.

16. A metal-vapor electric discharge-device
comprising a closed envelope, a heated cathode
extending into one end of said envelope, an anode
at the opposite end of said envelope, said envelope
having an intermediate metal section insulated
from said anode and said cathode, and a metal
grid disposed transversely across the device, be-
tween said anode and said cathode, in good ther-
mal conducting relation to said intermediate
metal section of the envelope, the discharge-metal
of said device being selected from the group con-
sisting of potassium, rubidium and cesium.

17. A metal-vapor electric discharge-valve com-
prising a cathode structure, means for heating
said cathode, a heat-shield substantially enclos-

ing the sides and back of said cathode, the back

portion of said shield constituting a rearwardly
extending cup-shaped portion, a tubular member
extending through a portion of the device at cath-
ode potential, said tubular portion member ex~
tending into the area defined by said cup-shaped
portion, an anode spaced from the exposed front
portion of the cathode, an intermediate metal
enclosure-portion extending between said anode
and cathode, said intermediate metal enclosure-
portion being sealed in insulating relation to said
anode and said cathode to provide a closed con-
tainer, and a grid interposed between said anode
and cathode, said grid being in good thermal con-
tact with said intermediate metal enclosure-por-
tion, the discharge-metal of said valve being se~
lected from the group consisting of potassium,
rubidium and cesium.

18. A vapor-electric device comprising an en-
closure-means, an anode, a cathode, and & quan-
tity of a discharge-metal within said device, said
discharge-metal being selected from the group
consisting of potassium, rubidium and cesium;
said cathode incluaing a metal tube-portion ex-
tending interiorly into said enclosure-means, a
portion of said cathode-tube carrying metal fins
at a region within the interior of the enciosure-
means, means for heating the insiae of the cath-
ode-tube at the finned portion thereof, means for
externaily cooling tne cathode~tube in a region
where it enters the enciosure~-means, said cath-
ode-tube being long enough so that said cooled
enclosure-entering region is the coolest part of
the device, whereby the discharge-metal con-
denses thereon, and means providing a cup-
shaped member surrounding said cooied region of
the cathode-tube within the device, the open end
of said cup-shaped member facing that end of
the device, and an evacuating tube extending into
the device to a point between that end of the
device and the open end of said cup-shaped mem:
ber. :

JOHN I. BOYER.
ROBERT J. BALLARD.
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