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3 (Claims. 

This invention relates in general to improve 
ments in electric discharge devices and more 
particularly to improvements in such devices of 
the liquid cathode type in which an arc is ini 
tiated at the cathode by immersion of an elec 
tromagnetically actuated plunger into the cath 
Ode pool. 

It is an object of the present invention to pro 
vide an improved electric discharge device of the Y 
liquid cathode type in which the operation of the 
ignition plunger does not disturb the operation 
of the other elements of the device. 
Another object of the present invention is to 

provide an improved electric discharge device in 
which the buoyancy of the ignition plunger is 
assisted by an element of lower specific gravity 
normally immersed in cathode material. 
Another object of the present invention is to 

provide an improved electric discharge device in 
which the ignition plunger is so dimensioned as 
to give a maximum response to the magnetic 
effect of a Solenoid and also offer a minimum re 
Sistance to displacement thereof through cathode 
material. 
Objects and advantages other than those above 

set forth Will be apparent from the following de 
scription when read in connection with the ac 
companying drawing, in Which: 

Fig. 1 is a view in Vertical cross section through 
one embodiment of the present invention show 
ing a portion of the exhaust pipe on an enlarged 
scale; 

Fig. 2 is a view in cross section taken along line 
II-II in Fig. 1 but drawn on an enlarged scale; 
and 

Fig. 3 is a view in cross section taken along line 
III-III in Fig. 1. 

Referring more particularly to the drawing by 
characters of reference, the device illustrated in 
Fig. 1 comprises a fluid tight metallic casing gen 
erally designated by 6, an anode 7, and a cathode 
8 consisting of a pool of suitable vaporizable 
metal Such as mercury. Casing 6 is made up 
from a plurality of sections joined together in 
permanently fluid tight relation. More specifi 
cally casing 6 comprises an anode-containing 
Section 9 made from a length of Welded or seam 
leSS Steel tubing. Section 9 is preferably asso 
ciated with Suitable means for removing the heat 
radiated thereto from the electrodes and from 
the discharge taking place within the casing. 
For this purpose section 9 may be provided With 
a jacket to define a passage for the flow of 
cooling Water or may be provided with fins (not 
shown) when air cooling is resorted to. Jacket 
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may also be provided with suitable means for 
guiding the flow of cooling water therethrough as 
is Well knoWn. - 
The steel used for section 9 may have any 

known composition suitable for the application 
thereto of any of the vitreous compositions 
known under the general designation of vitreous 
enamels. Both section 9 and jacket however 
are preferably made of steel containing Substan 
tially 18% chrome and 8% nickel to prevent cor 
rosion of the surfaces thereof in contact with 
cooling water. Section 9 is provided With a top 
flange portion 2 Serving for the Support of a 
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cover 3 and extended by a frusto-conical edge 
portion. A for centering the cover and for pro 
viding a convenient location for a vacuum tight 
bead of weld metal 5. Cover 3 may also be 
welded to edge portion is by a series of Overlap 
ping spot Welds. Flange 2 further serves to rest 
the device on any suitable Support (not shown) 
through a clamp ring 6 provided with a plurality 
of ears T welded thereon. 
The lower part of casing section 9 is provided 

With a converging frusto-conical edge portion 8 
formed integrally therewith by Spinning Or preSS 
ing. Casing 6 further comprises a cup-shaped 
cathode-containing section 9 forming a well for 
receiving the liquid cathode in electrically con 
ductive connection therewith. Section 9 is 
preferably made of metal having the Same COm 
position as the metal of section 9 and is provided 
with a diverging frusto-conical edge portion 2 
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complementary of edge portion 3 and likewise 
formed by spinning or pressing. Edge portions 
8, 2 are united in filuid tight insulated relation 
by means of a layer of vitreous material 22. Sec 
tion 9 may be provided with an expandable Wall 
portion 20 to mitigate the effects on layer 22 of 
mechanical efforts exerted on section 9. 
Condensed cathode material is prevented from 

forming a conductive connection between casing 
sections 9, 9 by the provision of a coating of 
vitreous insulating material 23 applied to the 
inner surface of section 9 and extending from 
edge portion 2 to at least the surface of cathode 
8. The joint between sections 9, 9 and coating 
23 are protected from the heat radiated from the 
discharge extending between anode 7 and cathode 
8 by means of a ring 24 of suitable refractory in 
sulating material, such as quartz. The Space 
about ring 24 is sealed against the discharge by 
a ring 25 welded to casing section 9 cooperating 
with a split funnel 26 engaging the top edge of 
ring 24. A steel washer 2 disposed on the bot 
tom of the cathode well is first dished by Spin 
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ning or pressing and thereafter flattened to the 
extent required for accurately supporting ring 
24 and funnel 26 in arc impervious engagement 
with ring 25. 
Anode 7 consists of a block of Suitable refrac 

tory conductive material Such as graphite ma 
chined to define a plane surface 28 facing cathode 
8 and a cylindrical Surface 29 facing casing Sec 
tion 9. Surface 28 serves principally as arcing 
surface for the establishment of an arc discharge 
between the anode and the cathode. Surface 29 
Serves principally as heat radiating surface to 
transmit the heat developed at the anode to cas 
ing section 9. Anode i is Supported on cover 3 
by means of a metal cap 3 and of a rigid con 
ductor 32 screwed into anode T and cap 3. A. 
Suitable radiator 33 is provided on cap 3 for 
controlling the temperature thereof. Radiator 
33 also serves as anode terminal and is adapted 
for bolting a suitable conductor 34 thereto. 
-Cap 3-1 is supported on cover 3 in fluid tight 

insulated relation through a stack of flat or 
frusto-conical washers 35 surrounding conductor 
32, the top washer being welded to cap 3 and the 
bottom...washer being welded to cover 13 by means 
of weld metal suitable for the application of 
vitreous material thereto. A plurality of layers 
36 of vitreous material serve to unite each washer 
with the adjacent washer in fluid tight insulated 
relation thereto. 

Cathode material is prevented from forming 
a conductive connection between the different 
Washers and cover 3 by means of a coating of 
Witreous insulating material 37 extending over 
the inner Surfaces of the washers and the inner 
Surface of casing 3 adjacent the stack of wash 
ers. A similar coating 38 is provided on the inner 
Surface of cap 3 adjacent the stack of washers. 
The temperature distribution of Washers 35 is 
controlled by means of a tubular member 39 dis 
posed about conductor 32 and made of any suit 
able refractory heat insulating material such as 
Sillimanite and shielding washers 35 against heat 
radiation from conductor 32. 
A control electrode 4 of the grid type is dis 

posed adjacent arcing surface 28 for controlling 
the flow of current between anode 7 and cathode 
8. Grid 2i may be made of any suitable re 
fractory conductive material such as graphite and 
its mesh size may be so selected that either the 
grid does not require energization or the grid 
must be connected to a source of potential to 
enable anode 7 to carry current. Grid 4 is sup 
ported in Casing 6 by means of a tubular conduc 
tor 42 welded to an intermediate washer 43 of 
stack 35, a frusto-conical conductive flange 44 
screwed on conductor 42, and a perforated con 
ductive shell 45 pervious to heat radiation suit 
ably attached between flange $4 and grid 4 for 
controlling the ionization of the space confined 
between anode surface 29 and casing section 9. 
Grid 4 and shell 45 may also be made in one 
piece machined out of a block of graphite. 
The vapor density within the space surround 

ing anode 7 and grid 4 is controlled by means 
of an annular baffle 46 suspended from cover 3 
through conductive straps 47 and a lenticular 
bafle 48 supported from baffie 45 through con 
ductive straps k9. 
Cathode 8 is to be continuously maintained in 

electron emissive condition by an auxiliary arc 
discharge established between the cathode and 
an ignition-excitation anode 5: Suspended from 
baffle 48 in insulated relation thereto through an 
insulated stud 52. Anode 5f may be connected 

0. 

15 

20 

25 

30 

35 

40. 

50 

55 

60 

65 

70 

75 

4. 
with a source of potential through stud 52, a 
metallic cable 53 enclosed in a refractory insulat 
ing tube 54 and a conductor 55 shaped as a cone 
preferably having an angle of divergence of be 
tween 40 and 60 degrees. The latter conductor 
is supported on cover 3:through a complementary 
funnel-shaped member 56: Welded to the COver. 
Members 55, 56 are united in fluidtight insulated 
relation by means of a layer of vitreous material 
57, and the tubular portion 60 of member 56 is 
made sufficiently thin and of sufficient length 
as to prevent overheating of layer 57 while men 
ber 56 is being welded to cover 3 by any suitable 
known nethod. 
Conductive connection between members 55, 

56 through condensed cathode material is pre 
vented by a iayer of. vitreous material 58 on mem 
ber 55 and a coating of vitreous material 59 om 
the opposite surface of member 56. The insulat 
ing members enclosing stud 52 and cable 53 al'e 
so joined as to prevent any conductive connec 
tion between anode 54 and baffle 48 through 
graphite dust or metal vaporized from cathode 8 
or' from other metallic members of the device. 
Anode 5 is associated with an arc ignitii? 

systeria comprising a cylinder 6 having a Wail 
of nonmagnetic metal and depending from the 
cathode well in vertical alignment with anode 
Si. A plurager 62 of magnetic material is dis 
posed in cylinder 6ft for reciprocatory movement. 
A cup 63 of refractory conductive natelial such 
as graphite is mounted on plunger 62 to raise 
material frcin cathode 8 into engagement With 
anode 5 ia response to buoyant emergence of 
plurager 62 from the cathode. A solenoid 64. dis 
posed about cylinder 6i may be energized for urg 
ing plunger 62. downward to cause total inner 
sign of the plunger and of cup. 63. Cup 3 is 
made of greater diameter than plunger 62 to 
add buoyancy to the plunger" and thereby accel 
erate its emergence upon deenergization of Sole 
rioid 64, without however materially hiridering the 
action of the solenoid on the plunger. 

Piunger 62 has a diameter which is slightly 
smaller than the inside diameter of cylinder 6 
to prevent sticking of the plunger to the cylinder 
by capillary action. The periphery of plunger 
62 is provided with a plurality of ribs 65 for guid 
ing the plunger in the cylinder and is further 
provided with a plurality of grooves 65 for the 
flow of cathode materia displaced by movement 
of the plunger. 
Cylinder 6i is joined to the bottom portion of 

the casing section 9 by, a flange 67 formed. On 
the cathode well by pressing or Spinning and de 
fining a diverging nozzle. Momentary short cir 
cuiting of anode 5 and cathode 8 by Surging of 
the cathode material in response to immersion 
of plunger 62 and cup 63 into the cathode is there 
by prevented. The cathode well is cooled by 
means of a water jacket 68 serving as cathode 
terminal for the attachment thereto of a suit 
able cathode conductor 69. Jacket 68 may also 
be replaced by fins when the device is air cooled. 
Casing 6 is provided with a metallic pipe 

welded to cover 3 for connecting the casing with 
suitable evacuating means (not shown). Pipe 
7 comprises a section provided with an inher 
lining 72 of vitreous material of appropriate thick 
ness. It has been found that when pipe coil 
sists of ordinary steel tubing having an inside 
diameter of one-half inch particularly desirable 
results are obtained with a lining having a thick 
ness between ten and fifteen thousandths of an 
inch. A spot 73 of vitreous material may be pro 
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vided on the outer surface of pipe 7 to give an 
indication of the degree of fluidity of lining 72 
when pipe it is heated by application thereto of 
electric current through a pair of clamped ter 
minals 4. 
The Vitreous material referred to herein may 

be any suitable known material of the class gen 
erally designated as vitreous enamels and may 
comprise any number of coats that may be re 
quired to obtain the desired thickness, includ 
ing a so-called ground coat when the nature of 
the supporting metal requires it. Before the ele 
ments of the device are assembled all the por 
tions thereof requiring coating with vitreous mal 
terial for sealing or insulating purposes are Sep 
arately coated with the necessary number of 
coats of material and are subjected to the COr 
responding number offirings at the required tem 
peratures. Washers 35 and the members welded 
thereto are then assembled and suitably Sup 
ported while being additionally fired to cause 
the coatings of adjacent Washers to coalesce and 
form a single layer uniting the Washers in fluid 
tight insulated relation. Casing sections 9, 9 and 
seal members 55, 56 are likewise united in fluid 
tight insulated relation. In each instance the 
component parts are provided with a coating of 
vitreous material preferably between fifteen and 
twenty-five thousandths of an inch in thickness 
and when adjacent parts are united by fusion 
of their vitreous coatings the vitreous material 
confined between the parts is partly Squeezed 
out to leave an intervening layer of total thick 
ness between twenty and thirty-five thousandths 
of an inch, depending on the thickness of the 
Original coating On the partS. 
The different elements of the device With the 

exception of cathode 8 are then assembled as 
shown on the drawing and cover 3 is Welded 
to casing section 9. The device is connected to 
suitable evacuating means through pipe and is 
Subjected to a suitable heating and evacuating 
process to cause removal of the gases occluded 
within the was of the casing and Within the 
members contained Within the casing. The cath 
Ode material is thereafter distilled into the cas 
ing through pipe and the device may be per 
manently sealed. For this purpose current is 
passed through pipe 7 by means of clamps 4 
to heat the lined portion of the pipe. Heating 
is continued until the Vitreous lining has reached 
its fusion temperature, which may be ascertained 
by observing spot 73, While the evacuating means 
are maintained in operation. 

It will be noted that during such heating lin 
ing 72 substantially reduces the emission of oc 
cluded gases from the Wall of pipe toward the 
inside thereof while the absence of any vitreous 
lining on the outside surface of pipe permits 
the free emission of such occluded gases into the 
atmosphere. The thickness of the vitreous coat 
ing should preferably be above the lower limit, 
of ten thousandths of an inch, hereinabove speci 
fied to avoid the coating being disintegrated by 
the paSSage of gas bubbles therethrough, and the 
thickness should preferably be below the upper 
limit, of fifteen thousandths of an inch, to permit 
obtaining a mechanically resistant seal. 

During heating of pipe 7 the gas pressure 
Within the pipe is momentarily increased by the 
emission of Occluded gases, and is thereafter re 
turned to a value within the permissible range 
by the action of the evacuating means. As soon 
as the gas pressure is again normal a short length 
of pipe is flattened by any suitable means, for 
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6 
example by pinching in a hydraulic Wise, until the 
pipe thickness is reduced to preferably slightly 
less than twice the original Wall thickness. In 
the course of this operation, the opposite portions 
of the vitreous material lining the flattened pipe 
Section are first caused to coalesce, and the pipe 
is further flattened to reduce the thickness of the 
coalesCed portion of vitreOUS material to a Sub 
stantial extent, and preferably appreciably less 
than One-half of its original thickness. Satis 
factory results have been obtained by reducing 
the thickness of Vitreous material to two thou 
Sandths of an inch or slightly less. It is prefer 
able to bring the thickness of vitreous material 
within the latter limit because the resistance of 
the joint to mechanical efforts and to thermal 
stresses is adversely affected by the presence of 
a large Volume of vitreous material within the 
flattened pipe section. When pipe has cooled 
to the extent that the vitreous lining has returned 
to the Solid condition, the flattened pipe section 
is thereby permanently sealed and the pipe por 
tion extending beyond the flattened section may 
be sawed off to reduce the space taken by the 
device. 
To place the device in operation, anode 5 and 

cathode 8 are connected to a source of direct cur 
rent through solenoid 64, thereby energizing the 
Solenoid which causes immersion of plunger 62. 
The Solenoid circuit is thereby interrupted be 
tween anode 5 and cup 63 and an arc discharge 
is established therebetween. Attachment of the 
arc at plunger 62, which would cause vaporiza 
tion of metal from the plunger, cannot take place 
as only Cup 63 emerges from cathode 8 at the time 
of establishment of an arc between anode 5 and 
the cathode material contained in cup 63. Upon 
innersion of cup 63 the cathode spot of the arc 
is transferred to the surface of cathode 8. If a 
Source of alternating current is connected with 
a load device through anode 7 and cathode 8, 
and grid 4 is at the proper potential, anode 7 
carries current during its periods of positive en 
ergization with respect to the cathode potential. 
During the idle periods of anode 7, grid 4 and 
shell 45 deionize the space surrounding anode 7 
to prevent accidental reversal of the flow of cur 
rent between anode and cathode 8. 

If grid i? Operates without energization the po 
tential thereof during the anode idle periods is de 
termined to a large extent by the action of wash 
ers 35 dividing the potential between anode 7 and 
casing 6 by capacitive action, whereby the grid is 
caused to assume a definite potential varying with 
the anode potential. If the grid is connected to a 
Source of alternating current through a resistor 
of relatively high value as is common practice, the 
capacitive coupling of grid 4 with anode 7 and 
casing 6 through washers 35 prevents the control 
Operation of the grid from being disturbed by 
transient potentials appearing in adjacent ele 
ments of the device. 
During Operation of the device vaporized 

cathode material condenses on the walls of casing 
6 including the coatings of witreous material pro 
vided adjacent the different insulating seals 
thereof. The coatings however are all made suffi 
ciently wide to insure that condensed cathode ma 
terial cannot bridge the adjacent conductive 
members to provide a conductive connection 
therebetWeen. 
Although but one embodiment of the present 

invention has been illustrated and described, it 
will be apparent to those skilled in the art that 
Various changes and modifications may be made 
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therein without departing from the spirit of the 
invention or from the scope of the appended 
claims. Features disclosed but not claimed here 
in are claimed in copending application of Othmar 
K. Marti, Serial No. 616,557, filed September 15, 
1945, and in copending application of Othmar K. 
Marti and Ervin B. Steinberg, Serial No. 616,558, 
filed September 15, 1945. 

It is claimed and desired to secure by Letters 
Patent: 

1. An electric dischairge device comprising a 
fluid tight casing defining a cathode Well, a liquid 
cathode in said well, an anode disposed within 
Said casing above said cathode, a cylinder having 
a Wall of nonmagnetic material depending from 
Said Well in vertical alignment With Said anode, 
a plunger of Inaghetic material disposed in Said 
cylinder for reciprocatory movement, a cup of re 
fractory conductive material mounted on said 
plunger to raise material from said cathode into 
engagement with said anode in response to buoy 
anë emergence of said plunger from said liquid 
cathode, a solenoid disposed about said cylinder 
for urging said plunger downward to cause total 
inlinersion of said plunger and said cup, and 
means forming a diverging nozzle joining said 
cylinder with Said well in fuid tight relation to 
reduce surging of said liquid Cathode in response 
to immersion of said plunger and said cup. 

2. An electric discharge device comprising a ; 
fluid tight casing defining a cathode well, a liquid 
cathode in said well, an anode disposed within 
said casing above said cathode, a cylinder of pre 
determined inside diameter having a Wall of non 
magnetic material depending from said well in 
vertical alignment with said anode, a plunger of 
magnetic material of diameter smaller than Said 
predetermined diameter disposed in said cylinder 
for reciprocatory movement, a plurality of ribs 
on the periphery of said plunger for guiding said 40 1998,940 
plunger in said cylinder, a plurality of grooves in 
the periphery of said plunger for the flow of cath 
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Ode material displaced by movement of said 
plunger, a cup of refractory conductive material 
mounted on said plunger to raise material from 
said cathode into engagement with said anode in 
response to buoyant emergence of said plunger 
from said iiquid cathode, and a Solenoid disposed 
about said cylinder for urging said plunger down 
ward to cause total immersion of said plunger 
and Said cup. 

3. An electric discharge device comprising a 
fluid tight casing defining a cathode well, a liquid 
cathode in said well, an anode disposed within 
said casing above said cathode, a closed cylinder 
having a wall of nonmagnetic material depending 
from Said well in vertical alignment With said 
anode, a solenoid disposed about said cylinder, a 
punger of Inagnetic material dispOSed in Said 
cylinder within said solenoid for downward move 
ment into retracted position in response to enel 
gization of said solenoid, and a graphite Cup SO 
mouinted on said plunger for causing Said cup as 
to become totally immersed in said cathode mate 
rial in response to movement of Said plunger into 
said retracted position, said cup being of greater 
diameter than said plunger to exert a substantial 
buoyant effort on said plunger and assist the buoy 
ant emergence of Said plunger in response to de 
energization of said Solenoid to raise material 
from said cathode into engagement with said 
anode. 

ERWIN B. STEINBERG. 
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