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The present invention relates to electric dis 
charge apparatus, and more particularly to de 
vices which carry large currents by means of 
ionized gas or vapor. 
Many of the devices of this sort contain ther 

nionic cathodes of the filamentary and indirectly 
heated type, and are called "hot cathode devices' 
to distinguish then from devices which employ 
liquid pool cathodes. Mercury vapor ordinarily 

} is used for the ionizable medium on account of 
itS relatively low ionization potential, (10.4 volts). 
When these devices are employed as relays in 
Contradistinction to Simple rectifiers, an electro 
Static control element is added which usually 
takes the form of a perforated grid. Apparatus 
of this general class is operated at such a tem 
perature that the pressure of vapor is sufficient 
to permit a discharge of arc-like character to 
form when alternating or interrupted direct cur 
rent of Suitable Voltage is applied to the elec 
trodes. The arc is stopped when the plate voltage 
is reduced Substantially to Zero. In devices pro 
vided With grids, the starting of the arc may be 
controlled by the bias voltage on the grid, but 
after the arc has started, the grid loses control 
when ordinary and practical bias voltages are 
employed and can neither modulate, limit nor 
extinguish the arc under these conditions. The 
Starting of the arc in this case may be repeated 
indefinitely because while the discharge can 
not ordinarily be extinguished by the gaid, it can 
be stopped by the removal, periodic or otherwise, 
of the anode Voltage. Upon the re-application 
of the latter, the grid voltage again determines 
whether the arc Will start and thus, is able to 
control the average plate current over a period 
of time. All hot cathode devices serve to rectify 
the alternating current voltages applied thereto, 
but as stated hereinbefore, the devices provided 
with grids, in addition, Serve to contlot the ava 
erage value of the rectifier current Output. 

ihe operating characteristics of these tubes, 
such as their culin'ent-carrying capacity, aiso the 
maximum operating voltage and the length of 

surrounding the tubeS. 
30 

55 

time for deionization after the voltage is with 
drawn, are determined to a large extent by the 
vapor pressure of the ionized medium and this in 
turn is a function of the ambient temperatures 

in order that the Op 
eration may be uniform over Substantial periods 
of time under conditions of steady applied volt 
ages, it is essential that the tubes, or rather cer 
tain portions of the envelope, as will be explained 
hereinafter, be maintained at a constant prede 
termined temperature. These devices, when 

(Cl. 250-27.5) 

Serving as control or relay unitS inay in plactice 
be positioned in places Subject to large tempera 
ture variations, and unless the effects of these 
variations are compensated, the preSSure of the 
vapor within the device will change and may lead 
to arc-back or failure of the device to COIn: nu 
tate properly. It is therefore desirable to employ 
some form of automatic arrangement which Will 
effectively serve to inaintain the vapor pi'eSSL11'e in 
these devices substantially constant under all 
reasonable changes of ambient and load condi 
tions. An object of the present invention is to 
provide such an arrangement. - 

It is found that the mercury vapor, hot cath 
Ode type of arc discharge device lends itself par 
ticularly well to the automatic control of its Va.- 
por pressure. The mercury, which is placed in 
the envelope as a globule, becomes vaporized and 
fills the whole tube with mercury vapor, which 
tends to condense on the coolest portions of the 
envelope. These portions may be and in prac 
tice usually are so positioned as to be renote 
from the region of the discharge, and are shielded 
from the heat radiated by the discharge So that 
their temperatures are almost entirely independ 
ent of the load current. It is evident that these 
envelope portions cannot be completely insulated 
from the heat, effects of the discharge, hence of 
the load current, on account of the heat con 
duction through the material of the envelope, 
also through the contained vapor. The tempera 
ture of these portions, however, largely deter 
mines the pressure of mercury vapor throughout 
the whole envelope and this temperature is de 
pendent normally upon the temperature of the 
air and to some extent upon the load current. 
Accordingly, I propose to apply the automatic 
temperature regulation to the coolest portion of 
the envelope of Such devices. One of the many 
forms which my invention may take is that in 
which an arrangement is provided automatically 
to add heat to that part of the envelope in which 
the liquid mercury and the condensed vapor col 
lects. The operation of my improved arrange 
ment is such that the addition of heat is con 
trolled by the temperature of this part bf the 
envelope in such manner as to maintain the 
temperature of this part constant. The inven 
tion will be more clearly understood. When refer 
ence is made to the drawing in Which Fig. 1 rep 
resents a cross-section, partly broken a Way, of a 
tube improved in accordance with my invention, 
and Figs. 2 and 3 show a modified construction. 

Referring to Fig. 1, numeral 1 designates a 
glass envelope which terminates in a stem 2 and 
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press 3. The latter supports an indirectly heated 
cathode 4 which contains an axially positioned 
filament 5 connected to the upper end of the 
cathode. Conductors 6 and 7 alre connected to 
the lower ends of the cathode and filament re 
spectively, said conductors terminating in Con 
tact pins 8 which are secured to the base 9. The 
stem 2 provides a support for an electrostatic 
control member of the usual form, of Which only 
a portion 10 of each supporting upright is indi 
cated. These uprights may be secured to the 
stem by means of a clamp 11. It Will be under 
stood that in addition to the cathode and Con 
trol members referred to, there is also an anode 
(not shown). A lead 12 for the control member 
is connected to a contact pin (not shown) in the 
base. A connection is taken from the anode, 
preferably through the upper portion of the en 
velope. The envelope contains a quantity of 
mercury 13 which settles in an annular reservoir 
at the lower end of the tube. When voltages of 
suitable character and magnitude are applied 
to the electrodes, a discharge of arc-like char'- 
acter is produced between the electrodes, aS a. 
result of the ionization of mercury vapor, the 
arc being characterized by a nearly flat volt 
ampere characteristic. AS Stated hereinbefore, 
the initiation of the discharge may be controlled 
by utilizing for the anode einel'gy Supply, a Soulce 
of alternating current or interrupted direct cult 
rent, and in addition, if desired, by conti'olling 
the bias voltage on the grid, aS is Well under 
stood in the art. Devices of this character have 
been described by line in an article entitled 'Hot 
cathode thyratrons' in the General Electric Re 
view, Wol. 32, No. 2, April 1929, pages 213 to 223 
inclusive. 

In apparatus of this kind, particularly in de 
vices employing vapor for the ionizable medium, 
the matter of envelope temperature becomes a 
factor of great importance. The vapor is con 
tinually going through a process of condensa 
tion and re-evaporation during which the tem 
perature of the coolest portion of the envelope 
determines the vapor pressure throughout the 
envelope. When the ambient temperature 
changes as in the case, for example, of a device 
presented alternately to Sunlight and Shadow, 
or summer and Winter conditions, also when the 
load changes, the resulting changes in vapor 
pressure may cause marked variations in the op 
eration of the tube. 

In accordance With my invention, I propose to 
maintain the operation of Such a device Substan 
tially constant by controlling the temperature of 
the coolest portion of the envelope and for this 
purpose, a heater i4 is employed near the lower 
end of the tube, the heater consisting of resist 
ance wire which is attached at one eindi to the 
cathode lead 6 and at the other eind, to a therno 
static strip 15 of bimetallic material. The heater 
and strip members conveniently are contained 
in the base 9 or in a socket (not sihown) into 
which the base is inserted, in Order to conserve 
heat and to protect the elements fron injury. 
As exemplified, the base is hollow and has se 
cured thereto on the interior, an insulating strip 
16 which carries a contact member 17 electri. 
cally connected by lead 18 to the filattent lead 7. 
The thermostatic strip inay be secured in any 
suitable manner to a body of insulating material 
19 which closes the lower end of the base. The 
contact member is positioned near the upper end 
of the thermostatic Strip so that when the latter 
bends or flexes under the influence of heat, con 
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nection is made with the contact member, thus 
connecting the heater directly across the leads 
6, 7. Electrical energy may be supplied to the 
heater conveniently from the Sanne Source aS en 
ergizes the filament. It is evident that the 
heater, by reason of its position, Serves to elevate 
the temperature of the lower or cooler portion of 
the envelope which contains the condensate 13. 
The thermostatic strip 15 is located near the pe 
riphery of the base 9, and is So far removed from 
the arc discharge as to respond almost exclu 
sively to changes of temperature which occur 
about the lower end of the tube. When the 
heater becomes energized by reason of a lowering 
of the ambient temperature or a reduction in 
load, additional vapor is produced from the mer 
cury Cordensate, Which Selves to increase and 
restore to the desired value, the pressure of the 
ionizable mediuin within the active region of the 
discharge. The increase of vapor pressure re 
Stores the electrical characteristics of the tube to 
their original value, notwithstanding the lower 
ambient temperature and reduced load, thus 
maintaining the operation of the device substan 
tially uniform. When the vapor pressure reaches 
the predetermined value as the result of the heat 
Supplied by member 14, the thermostatic strip 
bends in the direction opposite to that previously 
described and opens the heater circuit, thereby 
allowing the lower end of the envelope to cool. 
An improvement on the broad invention 

claimed herein is disclosed and specifically 
claimed in the patent application of John H. 
Payne, Serial No. 541,083 filed May 29, 1931, en 
titled 'Thermostatic control for election dis 
charge devices', and assigned to the same as 
Signee as the present application. This improve 
ment is shown in FigS. 2 and 3 and no claims 
Specific thereto are made in the present applica 
tion. The device 20, which may be a rectifier, 
with or without electrostatic control, and con 
taining mercury vapor or other ionizable me 
dilin, is placed in an enclosure 21 provided with 
Ventilating doors or shutters 22. The latter con 
Veniently are arranged to swing on horizontal 
&XeS 23 and are Suspended in such a manner as 
normally to move inwardly in the absence of re 
Straint. However, the doors are maintained in 
the closed position by means of the U-shaped 
thernostatic strip 24 which is secured to the en 
closure in any suitable manner and at a position 
near the coolest portion of the device. As shown, 
a projection 25 is provided on each door which 
rests against the strip so that when the thermo 
Static loop opens due to increase of temperature, 
the doors fall of their own weight, leaving open 
ingS in the Side of the enclosure. The normal 
Cathode heat radiation including the effects of 
load current, maintains the enclosure With the 
doors closed, at a Sufficiently high temperature 
in the coldest operating ambient condition. If 
this radiation is not sufficient, a heater (not 
ShoWn) may be provided. As soon as the tem 
perature in the enclosure rises above the desired 
value, the doors automatically and gradually 
Open, finally a SSunning a stationary position such 
as to allow a sufficient quantity of air to enter 
and cool the lower portion of the tube, so that 
the desired temperature is maintained. This al 
rangement differs from that previously described 
in that the desired temperature regulation is 
obtained without the necessity of supplying a 
controlled amount of additional heat to the tube. 
What I claim as new and desire to secure by 

Letters Patent of the United States, is 
1. A thermionic discharge device including an 
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9. l, 
envelope, and containing a plurality of electrc des 
and a material adapted to be vaporized, a portion 
of Said enveloped being adapted to operate at a 
temperature Suficiently high to maintain the 
vaporizaiole materiai in a vaporous condition aid 
another portion of the envelope being adapted to 
operate at a teiperature Sufficiently low to CauS 
condensation of a portion of the vapor, and nean 
including a temperature itesponsive device for all 
tomatically naintaining the temperature of the 
cooler portion only of the envelope at a predeter 
inine value Whereby the pressure of the Vapor is 
maintained constant regardless of ambient, ten 
perature Variations. 

2. An electric discharge device comprising ail 
envelope containing a plurality of electrodes and 
a vapor adapted to be ionized in Order to Support 
an arc-like discharge, a portion of Said envelope 
being adapted to operate at a teiinpei'atre Sufi 
ciently high to maintain the ionizable nedium i: 
a vaporous condition and another portion of the 
envelope being adapted to operate at a tentipei'a- 
ture Sufficiently low to cause condensation. Of a 
portion of the Vapor, and geains including a tein 
perature iresponsive device for autoimatica, 
regulating the rate at which the Vapor is COX 
densed and re-evaporated during operation in 
response to waiiations of envelope teipei'aiti'2, 
whereby the pressure of the vapor is naintained 
Substantially constaint notwithstanding the War. 
riations of envelope terperature. 

3. An electric discharge device corpiising ain 
envelope and containing a plurality of electrodes 
and a vapor adapted to be ionized in order to 
support an arc-like discharge, a portion of Said 
envelope being adapted to operate at a tempera 
ture Sufficiently high to maintain the ionizaiie 
medium in a vaporous condition and a notinei' 
portion of the envelope being adapted to Opei'ate 
at a ternperature sufficiently low to callse Con 
densation of a portion of the Vapo", and 2183.ns 
positioned at the cooie portion of the envelop 
and responsive to temperature variatioins of the 
envelope for attornatically regulating the preS 
Sure of the vapor in response to Variations of 
envelope temperature, said leans Conprisin 
heater in heat-transferring relation to tie Waps: 
condensate and which is energized Wein the en 
velope temperature becomes lower than a prede 
termined temperatuire. 

4. An electric discharge device comprising an 
envelope containing a thernionic cathode, an 
anode and a vapor adapted to be ionized in 
order to support an arc-like discharge, a portion 
of Said envelope being adapted to operate at a 
temperature sufficiently high to maintain the 
ionizable medium in a vaporous condition and 
another portion of the envelope operating at a 
temperature sufficiently low to cause condensa 
tion of a portion of the Vapor, and means posi 
tioned at the cooler portion of the envelope for 
regulating the pressure of the vapor in response 
to the variations of envelope tenperature, Said 
means comprising a heater, also a thermoStatic 
member for automatically coininecting the heater 
to a source of electrical energy when the envelope 
temperature becomes lower than a predetermined 
temperature. 

5. An electric discharge device of the hot cath 
ode and vapor type and including an eineWolpe 
containing a pluiality of electrodes and Vapor 
producing material, a base for said device, and 
means responsive to temperature variations and 
Secured Within the base, for regulating the tein 
perature of the vapor-producing material in re 
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Sponse to the Variations of envelope temperature 
whereby the pressure of the vapor in Said en 
VeiOpe is maintained COinStaint. 

6. An electric discharge device including an 
envelope which contains a plurality of electrodes 
and a quantity of mercury, Said mercury being 
adapied to Vaporize during operation and to Sup 
port an arc-like discharge, a portion of said en 
Velope being adapted to Operate at a temperature 
Sufficiently high to maintain the mercury in a 
VapCi'Ous condition and another portion of the 
envelope being adapted to operate at a tempera 
ture sufficiently low to cause condensation of a 
portion Cf the Vapor, and means responsive to 
eilpeirature Waitiations and positioned near the 
Cooliei polition only of the envelope to control the 
late at Willicin the mercury condenses on and re 
evaporates from the Said portion of the envelope, 
in respase to envelope temperature variations. 

7. An electric discharge device including an 
envelope which contains an indirectly heated 
Cathode, a cathode heater, an anode and a quan 
tity of mercury, said mercury being adapted to 
Vaporize during Operation and to Support an arc 
like discharge, a portion of Said envelope being 
adapted to operate at a temperature sufficiently 
high to maintain the inercury in a vaporous con 
dition and another portion of the envelope oper 
ating at a temperature sufficiently low to cause 
COldensation of a portion of the vapor, and means 
responsive to temperature variations and posi 
tioned near tile cooler portion only of the en 
Velope to control automatically the rate at which 
the inercury condenses on the said portion of the 
envelope in response to the temperature varia 
tions, Said means coin prising a heater connected 
effectively during operation between the cathode 
and tie Cathode heater. 

8. A gaSeous conduction device of the hot cath 
Ode type and including an envelope containing a 
plurality of electrodes and vapor producing ma 
terial, a Support member for the device in thermal 
Contact, thereWith, said member containing a 
heatei' in iheat-transferring relation to said ma 
terial, and teiperature responsive means for 
regulatirig the temperature of the heater in re 
SonSe to Vaiiations of envelope temperature. 

9. A gaseous COinduction device of the hot cath 
ods type &nd including an envelope containing 
a pilurality of electrodes and vapor-producing 
islaterial, a base for said envelope, said base being 
hollow and containing a heater in heat-trans 
ferring Irelation to said rinaterial, also containing 
in&ains responsive to temperature variations for 
energizing the heater when the ambient tem 
perature about the envelope becomes lower than 
a predetermined tenperature. 

0. A gaseois conduction device of the hot 
Cathode type aid including an envelope contain 
ing a plurality of electrodes and vapor-produc 
ing raterial, a base for said envelope, said base 
being hollo', and Containing a heater in heat 
transferring irelation to said material, also con 
taining a relay in heat responsive relation to said 
eVelopé, Said relay being adapted to cause the 
energization of Said heater when the envelope 
beccineS OWeir than a predetermined tempera 
ture whereby the pressure of the vapor is main 
tained Substantially constant. 

11. A gaseous conduction device including an 
envelope which contains an indirectly heated 
Cathode, a Cathode heater, an anode and vapor 
producing inaterial, a base for said envelope, 
said base being hollow and containing a heater 
in heat-transferring relation to said material, 
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4. 
leading-in conductors for Said electrodes includ 
ing the cathode heater, a plurality of said con 
ductors passing through the hollow portion of 
the base, said heater being connected to one of 
Said leading-in conductorS. a thermostatic Strip 
connected to the heater in Said base and in heat 
responsive relation to said envelope, said strip 
being adapted to contact with another of Said 

1,955,545 
leading-in conductors when flexed in response to 
a change of envelope temperature whereby the 
energization of the heater is controlled in accord 
ance with envelope temperature and the vapor 
pressure in the envelope is maintained substan 
tially constant. 

ALBERT W. HULL. 
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