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Harvey Clayton Rentschler, East Orange, and 
Donald E. Henry, Bloomfield, N.J., assignors, 
by mesne assignments, to Westinghouse Elec 

... tric and Manufacturing Company, East Pitts 
burgh, Pa., a corporation of Pennsylvania 

Application August 30, 1933, Serial No. 687,391 
16 Claims. (C. 176-122) 

This invention relates to electric discharge de 
vices the gaseous atmosphere of which comprises 
metal vapor. More particularly the invention is 
concerned with a novel electric discharge device 
of the alkali metal type which finds practical ap 
plication as an illuminating means. 
An object of our invention is to provide a novel 

electric discharge device of relatively simple de 
sign and which may be readily manufactured. 
A further object of our invention is the provi 

ision of an improved electric discharge device 
which may be readily and inexpensively con 
structed and which may be transported without 
great danger of breaking. 
A still further object of our invention is to pro 

vide an improved electric discharge lamp of the 
metal vapor type, which has improved electrical 
and physical characteristics. 
Another object of our invention is to provide an 

electric discharge device which may be operated 
at a lower temperature than devices of the same 
type heretofore proposed. 
Other objects and advantages of our invention 

will be readily apparent from the following de 
Scription and drawings wherein, 

Figure represents a view in elevation, with 
Some of the parts broken away and others in sec 
tion, of an electric discharge device embodying 
Our invention. 

Figure 2 represents a view in elevation, with 
Some of the parts in section, of an electric dis 
charge device embodying our invention and be 
ing a modification of the structure shown in 
Figure 1. 
Figure 3 represents another modification of the 

construction illustrated in Figure 1. 
One embodiment of our invention, as shown in 

Figure 1, comprises an elongated envelope O com 
posed of glass such as a boro-silicate glass that is 
resistant to sodium vapor. The envelope has a 
plurality of outwardly extending oppositely dis 
posed presses f and 2 located exteriorly of the 
Space enclosed by the envelope. Forming a her 
netic seal with the respective presses f and 2 
are leading-in conductors 3 and 4 which ex 
tend interiorly and exteriorly of said envelope O. 
The conductor 3, sealed in said press if, is 

rigid and has the interiorly disposed portion 
thereof extending through a central opening in 
an insulating plug 5 composed of isolantite or 
the like and having a shoulder. This plug 5 
rests upon an enlarged section 6 of the rod f3 
located intermediate its ends. A hollow tubular 
nickel element 7, serving as one of the electrodes, 
has one of its ends closely surrounding the re 

Cessed portion of the plug 5 and rests upon the 
shoulder thereof. The nickel cylinder is un 
Coated at its ends which represent about one 
quarter of the length thereof, but the section 
intermediate said lengths is coated with one or 
more of the oxides or carbonates of calcium, bar 
ium and strontium, which have good electron 
emitting properties. An shaped rigid con 
ductor 8 has the long arm thereof welded to the 
cylinder f7 at those portions thereof that are un 
coated and the short arm is welded to the rigid 
conductor 3 below the enlarged portion 6. 
Another insulating plug 9, similar in all re 

Spects to the plug 5, has the recessed portion 
thereof extending into the upper end of the cylin 
der 7 and its shoulder rests upon the upper edge 
of said cylinder. A rigid conductor 20 extends 
through the central opening in the plug 9 and 
has its inner end welded to a helical heater fila 
ment 2f adapted upon incandescence to heat the 
electron emitting substance on the cylinder 7 to 
the proper temperature so that a sufficient elec 
tron emission may be provided. The lower end 
of the filament 2 composed of tungsten or the 
like is welded to that end of the conductor f3 
located above the plug 5. 
That portion of the conductor f4 extending 

within the envelope to is rigid and a section there 
of extends through a central opening in a plug 
22, similar to the plugs 5 and 9. A nickel cyl 
inder 23 similar in all respects to the cylinder T 
has its upper edge resting against the shoulder of 
the plug 22. Like the other electrode 7, the elec 
trode 23 has its ends uncoated, but the interme 
diate portion thereof coated with an electron 
emitting material as hereinbefore described, 
The lower end of the cylinder 23 has a plug 24, 
similar to the plug 22, for closing the same. That 
Section of the leading-in and supporting con 
ductor 4 has an enlarged section 25 just outside 
of the plug 22 to prevent the plug from sliding 
down to the end of the envelope. An inverted 
L shaped conductor 26 has its long arm welded 
to the uncoated Sections of the electrode 23 and 
its short arm welded to the rod 4. The L. 
shaped rods 8 and 26 keep the electrodes from 
sliding along the length of the envelope fo and 
the stops or enlarged Sections provide a means 
which, together with the arms 8 and 26, main 
tain the electrodes in position. 
The conductor 20 has its upper end extending 

through the central opening in the plug 24. To 
the ends of the conductors f4 and 20 located in 
the cylinder 23 is welded a coiled flament heater 
element, similar to the heater 2 and not shown. 
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An insulating sleeve 27 composed of isolantite 
or the like Surrounds that portion of the rod 20 
located between the plugs 9 and 24 so that no 
appreciable discharge may take place along its 
length. Its ends abut the opposing faces of the 
plugs 9 and 24 to maintain them in position 
against the electrodes 7 and 23. 
The envelope 0 contains a rare gas such as 

helium, argOn or neon. When argon is em 
ployed we prefer that it shall be at a pressure of 
about 0.2 mm. of mercury. Also in said envelope 
is a Sufficient quantity of metal, Such as zinc, 
cadmium, sodium, caesium, rubidium or the like. 
In the course of our experimentations with lamps 
of this character We have found that when the 
interior of Said envelope O is highly evacuated 
and contains only sodium or the like that the 
temperature of the bulb had to be above 235° C. 
in order that a glow discharge might be main 
tained. This was true for voltages between 15 
and 115 volts. But when a rare gas, such as 
argon at 0.2 mm. of mercury pressure, was also 
present in the aforesaid free Sodium containing 
envelope, the glow discharge did not disappear 
even at a temperature as iOW as 150° C. With in 
pressed voltages of 20 to 60 or more volts. 

vided a rare gas such as argon, helium, or neon 
in a Sodium vapor lamp, such as that disclosed 
by Arthur Compton in his Patent 1,830,312, is 
sued to him on November 3, 1931 and in addition 
We are the first to have realized the effect of a 
rare gas in an alkali metal lamp. : 
In order that the lamp may efficiently operate, 

we provide an enclosing envelope 30 composed of 
an infra-red absorbing transparent glass. One 
end of the envelope is in the form of a short out 
wardly extending stem 3 f having an outwardly 
extending press 32 at one end thereof in which 
the supporting and current carrying conductor 
4 is hermetically sealed. That portion of the 
conductor f4 between the press 3 and the press 
3 is in the form of a helical coil 4' whose di 
ameter is just slightly ess than that of the stem. 
3. The coil 4' serves to conduct electricity, to 
support the envelope 0, to allow for expansion 
and contraction of the structure within the en 
Velope 30, and to take up shocks for the preven 
tion of tube breakage. 
The other end of the envelope has a reentrant 

stem 33 with a press 34 at its end. Sealed in 
said press 34" at about the center thereof is a 
rigid leading-in conductor 35 extending exteriorly 
and interiorly of said envelope. That portion of 
the conductor 35 within the envelope may act 
as a support like the conductor f4 and is welded 
to the conductor f3. Cemented to the outwardly 
extending press is an insulator bushing 36. A 
ring shaped insulator 37 having a plurality of 
rigid rods 38 firmly embedded therein closely sur 
rounds the insulator 36. The free ends of these 
rods are sealed in said press for mechanical Sup 
port. The ring, rods and bushing cooperate to 
minimize vibration of the envelope 0. 
As shown the inner tube is so mounted in Said 

envelope 30 that it is appropriately and centrally 
spaced from the side walls thereof. The presses 
if and 2 of the envelope O and those of the 
envelope 30 are all in line. The conductors 3 
and f4 serve as supporting and electrical con 
ducting means. 
By having single leads 3 and 4 at each end 

of the envelope, the electrodes may be placed 
near the ends of said envelope to avoid cold spots 
therein. In addition by having the electrodes 

As . 
far as we are aware, we are the first to have pro 

w 
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Symmetrically disposed as shown, the bulb" O is at 
uniform temperature. 
Another embodiment of our invention is shown 

in Figure 2 and may be substituted for its broadly 
Corresponding structure disclosed in Figure 1. 
The discharge device comprises an elongated 

envelope 40 composed of a sodium vapor resistant 
glass. Presses 4 and 42 extending outwardly 
from the envelope have respective rigid leading 
in and Supporting conductors 43 and 44 sealed in 
said presses 4 and 42 and extending interiorly 
and exteriorly of said envelope. Secured to said 
conductors 43 and 44 within, and near the ends 
of, the envelope are respective angle rods or 
supports 45 and 46 welded to the respective con 
ductors 43 and 44 and to respective short cylin 
drical molybdenum plates 4 and 48 that serve 
as anodes. These anodes 47 and 48 are concen 
tric with the rods 43 and 44. An indirectly heated 
Cathode is mounted in the center of said en 
velope. It comprises an elongated nickel cylinder 
49 having its end portions uncoated and the por 
tion between said end portions coated with an 
electron emitting material, such as oxides or 
carbonates of calcium, strontium and barium. At 
each end of Said cylinder 49 is located an insul 
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lator plug 50 similar to the insulating plugs . 
hereinbefore described. 
Two filamentary heater elements 5 and 52 of 

the same resistance are located in said cylinder 
and in electrical series relation, with the outer 
ends of said elements welded to the portions of 

30 

the conductors 43 and 44 located within said 
cylinder and extending through the central open 
ings in said insulators. A conductor 53 is welded 
to the electrical connector between the two re 
sistances 5 and 52 and to the cylinder 49 at 
the mid-length thereof. 
In order that the discharge may not take 

place at the conductors 43 and 44 intermediate 
the anodes and the cathode and so that the cath 
ode may be maintained in proper position, an 
insulator sleeve 54 of isolantite or the like sur 

40 

rounds each of the conductors 43 and 44, with the 
extremities thereof bearing against the end plugs 
50 and the angle rods 45 and 46. The envelope 
contains an alkali metal, such as sodium and a 
quantity of a rare gas Such as argon, neon or 
helium. This construction is simple and has the 
further advantage that there are no cold pockets 
present. The discharge current which with al 
ternating current will be from the coated cylinder 
49 first to one, and then to the other of the 
anodes, must pass through one of the heater 
coils, thus assisting in heating the electron emit 
ting material and further in maintaining the 
proper temperature within the device. 

Still another embodiment of our invention is 
illustrated in Figure 3 and comprises a substan 
tially spherical envelope 60 composed of a sodium 
resistant glass and having located therein an 
electrode structure exactly the same as that ill 
lustrated in Figure 1 and hereinbefore described. 
By having the envelope spherical and by locat 
ing the electrodes Substantially along a diameter 
thereof, with each electrode located near one end 
of the envelope, We are enabled to eliminate cold 
pockets and provide a device having a uniform 
temperature distribution along the surface of 
said envelope. 
Also located in said envelope is a quantity of 

rare gas and a metal as hereinbefore set forth 
in the description of Figure 1. At diametrically 
opposed points in said envelope are short out 
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Wardly extending stems, 6 and 62 having presses 
63 and 64 at their outer ends. Sealed in said 
presses are the respective conductors 3 and f4. 
Surrounding said envelope 60 is an envelope 65 
of exactly the same construction and composi 
tion as the envelope 30. A plurality of conduc. 
tors 66 and 67 extending exteriorly and interiorly 
of said envelope are sealed in the press 34. The 
Conductor 66 is welded to the conductor 3 and 
the conductor 67 extends upwardly along the 
envelope 60 and downwardly on the other side of 
said envelope 60 and has its other end sealed in 
said press 34. 
The conductor f4 is coiled around the cross 

part of the conductor 67 and is welded at its end 
to said conductor. Although we have found that 
this structure is sufficiently strong in most cases, 
we prefer to weld the rod 68 to the cross part 
of the conductor 67 and to seal the same in the 
press 32. - 
The invention is to be limited not to the exact 

construction shown, but only by the prior art. 
We claim: 
1. An electric discharge device comprising a 

Container, a gaseous atmosphere therein cann 
prising a condensible gas, a stem in the wall of 
the container outside of the space enclosed by the 
container, an envelope for the container provided 
with a reentrant stam opposed to said container 
stem, electrodes in said container, and electrode 
leads sealed in said stems for supporting said 
container and conducting electric current thereto. 

2. An electric discharge device comprising an 
envelope, a gaseous atmosphere therein compris 
ing a condensible gas, said envelope having a 
press outside the space enclosed by said enve 
lope, an envelope for said first mantioned enve 
lope, said second mentioned envelope having a 
reentrant stem, said stem having a press, elec 
trodes in said first mentioned envelope, and 
means sealed in Said presses for supporting said 
first mentioned envelope. 

3. An electric discharge devica comprising an 
envelope, electron emitting means and a gaseous 
atmosphere comprising a condensible gas therein, 
an envelope Surrounding and spaced from said 
first mentioned envelope, a plurality of support 
ing means sealed to said second mentioned en 
velope, said supporting means sealed to said first 
mentioned envelope Outside of the Space enclosed 
by said first mantioned envelope. 

4. An electric discharge device comprising an 
envelope, electron emitting means and a gaseous 
atmosphere comprising a condensible gas there 
in, an envelope surrounding and Spaced from 
Said first mentioned, envelope, said second men 
tioned envelope having a reentrant stem in 
cluding a press, a plurality of supports sealed in 
said press, means exteriorly of the space en 
closed by said envelope cooperating with said 
first mentioned supports for maintaining said 
first mentioned envelope in position. 

5. An electric discharge device comprising an 
envelope, a gaseous atmosphere and an electrons 
emitting means therein, a Second envelope Sur 
rounding said first mentioned envelope, electri 
cal conducting means sealed to Said second men 
tioned envelope, said conducting means sealed to 
said first mentioned envelope outside of the space 
enclosed by said first mentioned envelope, said 
conducting means being electrically connected to 
said electron emitting means. 

6. An electric discharge device comprising an 
envelope, a gaseous atmosphere and an electron 
emitting means therein, an envelope surrounding 

3 
said first mentioned envelope, said second men 
tioned envelope having a reentrant stem includi 
ing a press, current conductors sealed in said 
press, said conductors sealed in said first men 
tioned envelope exteriorly of the space enclosed 
by said first mentioned envelope. 

7. An electric discharge device comprising an 
envelope, electron emitting means and a gaseous 
medium comprising a condensible gas therein, 
said envelope having a plurality of presses ex 
tending outwardly from the space enclosed by 
Sald envelope, Supporting means sealed to each 
of Said presses, an envelope surrounding and 
spaced from said first mentioned envelope, said 
Supporting means being sealed to said second 
mentioned envelope for maintaining said first 
mentioned envelope in position. 

8. An electric discharge device comprising an 
envelope, the atmosphere therein comprising a 
condensible gas, and an electron emitting means 
therein, said envelope having a plurality of 
presses, Supports Sealed in said presses, an en 
velope surrounding said first mentioned envelope 
and also having presses, said supports being sealed 
also in Said second mentioned presses. 

9. An electric discharge device comprising an 
envelope, an alkali metal and an electron emit 
ting means therein, said envelope having a plu 
rality of presses extending outwardly from the 
Space enclosed by said envelope, an envelope sur 
rounding Said first mentioned envelope and also 
having presses, said Supports being sealed in said 
Second mentioned presses and cooperating with 
Said first mentioned press for maintaining said 
first mentioned envelope in position. 

10. An electric discharge device comprising an 
elongated envelope, a support sealed in each end 
of said envelope, a plurality of indirectly heated 
electrodes in line and located near the ends of 
Said envelope, an envelope spaced from and sur 
rounding said first mentioned envelope, said Sup 
ports being sealed in said second mentioned en 
velope at the ends thereof. N 

11. An electric discharge device comprising an 
envelope, an alkali metal and a plurality of elec 
trodes therein, said electrodes being in line, a plu 
rality of supports for said electrodes, said Sup 
ports Sealed in said envelope exteriorly of the 
space enclosed by said envelope, an envelope sur 
rounding and Spaced from Said first mentioned 
envelope, Said Supports Sealed in said Second 
mentioned envelope and connected to said first 
mentioned envelope, one of said supports includ 
ing mechanical expansion and contraction 
ea.S. 
12. An electric discharge device comprising an 

envelope, an anode located at each end of said 
envelope and a cathode located intermediate said 
anodes, Said cathode comprising a plurailty of 
heater elements in electrical series, a ther 
mionically active element surrounding the same, 
said elements being electrically connected to said 
thermionically active element. 

13. An electric discharge device comprising an 
inner envelope, a Support sealed in each end 
thereof, an alkali metal discharge environment 
and a plurailty of axially allined hollow cylin 
drical electrodes indirectly heated by means 
housed therein, a quantity of rare gas also within 
said envelope for rendering the device operative 
at comparatively low temperatures, and an outer 
cenvelope holding said inner envelope in spaced 
relation by means of Said Supports. 

14. An electric discharge device comprising an 
envelope, a support sealed in each end thereof, 
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an alkali metal discharge environment and a plu 
rality of hollow cylindrical electrodes therein and 
heated by filaments housed thereby, argon at a 
pressure of about 0.2 mm. of mercury also within 
said envelope for lowering the temperature at 
which the device may be operated, and an outer 
envelope holding said inner envelope in Spaced 
Irelation by means of Said SupportS. 

15. An electric discharge device comprising an 
elongated envelope, a pair of hollow cylindrical 
indirectly heated electrodes axially alined and 
each located near an end of Said envelope, trans 
parent heat insulating means enclosing said en 
velope, and leading-in conductors extending 
through Said insulating means and end portions 

2,110,809 
of said envelope and serving to support the latter. 

16. An electric discharge device comprising an 
elongated envelope, a rare gas at reduced pres 
Sure sealed therein, Sufficient alkali metal dis 
posed in said envelope to take part in the dis 
charge, a pair or electrodes in said envelope, 
axially alined with one another, and each disposed 
adjacent an end of Said envelope, a larger en 
velope enclosing said first mentioned envelope for 
heat insulating purposes, and leading-in conduc 
tors extending through said larger envelope and 
end portions of Said elongated envelope and 
Serving to support the latter. 

HARVEY CLAYTON RENTSCHER. 
DONATD. E. EENRY. 
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