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This invention relates to metal vapour electric 
discharge apparatus, and more‘ particularly to 
mercury vapour recti?er valves of the arc type 
including a cathode formed by a pool of liquid 
mercury. 
In such apparatus it has been found necessary 

to provide considerably greater space Within the 
envelope than Was required to accommodate the 
electrodes and the arc path, and this factor has 
increased both the bulk and weight and con 
sequently the cost of the apparatus. The need 
for such additional space within the valve en 
velope is due to intense evaporation of mercury 
caused by heating at the arc spot. 
Various proposals have been made for distrib 

uting the are spot in vapour discharge apparatus 
by means of spot anchoring elements and pro 
posals have also been made for enhancing the 
cooling of the cathode pool by bathing the pool 
container externally with a liquid coolant or by 
cooling the anchoring elements by means of heat 
dissipating arrangements. Applicant has now 
discovered that, with an are spot distributed 
around the periphery of a pool container the 
metal wall whereof has a thickness of the order 
of 0.5-2 mm. according to the thermal conduc 
tivity of the metal used, extended heat dissi 
pating surfaces can be provided for such con 
tainer in contact with a cooling medium and 
will effectively prevent undue rise of temperature 
in the cathode and enable satisfactory operation 
to be accomplished. In effect applicant achieves 
adequate reduction of mercury evaporation by 
arranging for extremely 
paths resulting in a low heat flow resistance be, 
tween the cathode spot and the coolant, which 
resistance is lower than hitherto. 
The present invention thus provides improved 

valve arrangements including effective cooling 
means for the mercury at the arc spot whereby 
the evaporation therefrom, and consequently the 
necessary size of envelope is reduced. 
In a vapour electric discharge apparatus ac 

cording to the invention including a cathode 
formed by a pool of vaporisable liquid metal for 
emitting an arc discharge, the are spot is ex 
tended around and anchored to the upper pe 
ripheral edge of the cathode pool by formingthe 
inner surface of the pool container at such 
peripheral edge of an arc resisting metal which 
is wetted by the cathode liquid to produce a 
concave meniscus while not being sputtered by 
ion bombardment therefrom under the operating 
conditions, and a short heat transfer path of 

g the order of 0.5-2 mm., resulting in a low heat 

short heat transfer 
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2 
?ow resistance, is provided between the contain 
ing surface at such peripheral edge and a heat 
dissipating surface or member external to the 
pool container in contact with a cooling medium. 
In the'practice of the invention as applied to 

mercury pool cathodes, a suitable arc resisting 
metal such as molybdenum or tungsten which is 
wetted by the mercury is used for the manufac 
ture of the pool container or provided as a lining 
strip to its inner peripheral surface around the 
meniscus of the mercury pool, and it will be 
understood that the arc will become anchored 
to. such peripheral area by its natural tendency 
to seek the edge of the mercury meniscus and 
remain anchored to the wetted surface. 
The container is externally shaped to form 

?ns or extended heat dissipating surfaces, or it 
has directly joined to it a member or members 
of high thermal conductivity material such as 
copper not itself suitable as a pool container 
material providing such extended heat dissipat 
ing surfaces. In either case, only an extremely 
short heat transfer path of about 0.5-2 mm, 
corresponding approximately to the thickness of 
the container wall, separates the heat dissipat 
ing members from the are spot and with the 
wide distribution of the are spot the rise in tem 
perature thereat is minimised and the evapo 
ration of the mercury reduced or even eliminated. 

‘ In one embodiment of the invention the mer 
cury pool is contained in a steel cup having its 
inner surface lined with molybdenum where it 
is in contact with the edge of the mercury 

, meniscus, and having bonded to its corresponding 
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outer surface a ring of high‘ conductivity ma 
terial such as copper formed with radiating ?ns 
suitable for air cooling for instance by a fan 
placed underneath the apparatus. 
The area of the are spot may further be en 

larged by providing the appropriate portion of 
the mercury container with a spongy lining of 
say molybdenum or tungsten and/or a thin layer 
of oxide of either metal in place of or in addi 
tion to the peripheral lining described, such a 
sponge or oxide being adapted to retain or dis 
tribute the mercury at the wetting edge and 
spread the are over its surface. . 

Accordingly in a further embodiment the mer 
cury container is provided with a wide substan 
tially horizontal annular flange having its inner 
edge. corresponding with the periphery of the 
meniscus of the mercury pool in a central well, 
while its upper surface is coated with molyb 
denum sponge or oxide which retains mercury 
in its pores or interstices. The underside of the 
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horizontal ?ange is provided with an annular 
?nned cooling member of copper so that, as in 
the previous embodiment, the heat transfer path 
to the cooling member is no longer than the 
thickness of the mercury container wall. 
The invention will be further described with 

reference to the accompanying drawings where 
several embodiments are illustrated diagram 
matically by way of example and in which: 

Fig. 1 shows a known arrangement of glass 
envelope recti?er employing an arc-?xing device 
in the middle of the cathode pool, while 

Figs. 2 to 5 show the improved cathode ar~ 
rangements according to the invention employing 
a metal cup sealed to the glass envelope or body 
of a recti?er. 

Figs. 6 and 7 illustrate the application of the 
invention to valves having steel bodies respec 
tively with and without metallic contact between 

- said body and the cathode. 
Fig. 8 shows a pool container provided with an 

annular ?ange for spreading the arc. 
Fig. 9 showing a cathode pool container formed 

with an annular trough for the mercury and hav 
ing a supplementary arc-?xing surface, and 

Fig. 10 showing a combination of a central pool 
with an annular trough and a supplementary arc 
?xing surface. 
Referring now to the drawings and ?rst more 

particularly to Fig. 1, a mercury vapour recti?er 
valve of a known type, selected as an example 
of the class of apparatus with which the inven 
tion is concerned, is shown having a glass en 
velope l formed with a plurality of lateral arms 
2 each carrying an anode such as 3. The lower 
portion of the envelope 1 is formed as a container 
4 for a mercury cathode pool 5. In such known 
type of valves an arc-?xing device is sometimes 
employed inside the pool, and in the example 
shown a helical strip 6 of molybdenum or tung- - 
sten is immersed in the centre of the pool for 
this purpose and is supported on a metal rod 1 
which passes through the bottom of the container 
4 to act also as the cathode lead for connection 
to the electric circuit. The valve is mounted on 
a carrier 28 under the pool container 4 and a ‘fan 
or blower 9 is provided for eifecting cooling of 
the lower part of the valve. The degree of ef 
fective cooling however is limited in view of the 
poor heat conductivity of the glass container 4 
and the relatively long heat path between the 
arc ?xing device 6, where the arc-spot is an 
chored during operation, and the air-cooled outer 
surface of the container 4. 
In the succeeding Figs. 2 to 10 which illustrate 

the present invention, the lower portions of the 
envelope 1 are shown, and the: cathode lead and 
fan or other optional circulating device are 
omitted for simplicity, and in Figs. 2 to 5 and 7 
to 10 the upper part of the envelope and the an 
ode or anodes are also omitted. 
In Fig. 2 there is shown a simple application 

of the invention wherein a molybdenum or tung 
sten cup or pool container 4 is sealed to the lower 
open end of a glass envelope I and is provided 
with integral radial radiating ?ns 8 for air cool 
ing with or without the aid of a fan. The are 
spot will settle at, and be extended around, the 
edge of the mercury meniscus, which is illus 
trated at ‘5a, and there is an extremely short heat 
transfer path from the location of the are merely 
through the thickness of the wall of the cup 4 
to the heat disseminating outer surfaces of the 
cup and the ?ns 8. 
In the modi?cation shown in Fig. 3 the radial 
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4 
?ns 8 are formed on a separate ring to of a good 
heat conductor such as copper which is bonded 
to the molybdenum or tungsten cup £1 with a 
maximum area of contact. The cup '4 in this 
example is preferably drawn or pressed from sin 
tered molybdenum or tungsten sheet. 
In the embodiment of Fig. 4 a molybdenum or 

tungsten pool container 4 is lined with a ring 12 
of the same material in a spongy form and/or 
coated with oxide for distribution of the mercury 
at the pool edge and consequent better spreading 
of the are spot. No ?ns are shown in this exam 
ple, and a ?nned ring Ii] similar to that shown in 
Fig. 3 may be provided and/or cooling by forced 
circulation of air or water may suitably be ap 
plied. 

Fig. 5 shows a combination of the ?nned cop 
per ring iii of Fig. 3 with the molybdenum or 
tungsten sponge or oxide liner of Fig. 4, the metal 
pool container 4 being sealed, as in Figs. 2 to 4, 
to a glass envelope I. 
In the arrangement shown in Fig. 6 a steel en 

velope I is formed at its lower end as a cup or 
container 4‘for the mercury pool 5 and is pro— 
vided at the wetting edge of the pool 5 with a 
molybdenum or tungsten liner 1? and with an 
external copper ring 50 ?nned at 8 as in the em 
bodiment shown in Fig. 5. Since in this case 
the cathode system is not insulated from the 
metal envelope I, an internal insulating lining 
or ring i3 is provided above the liner 12 to pre 
vent the cathode spot riding up the walls of 
said envelope. 
In the construction shown in Fig. 7 a total 

steel clad valve body I is formed at its lower end 
as a cooling jacket [4 for a molybdenum or tung 
sten pool container 4 which in this case is 
mounted within, and insulated from, the body I 
by a pressure tight insulating ring l5 formed by 
glass moulded in situ. The jacket I4 is provided 
with an inlet i‘! and outlet l8 for the circulating 
fluid cooling medium which may be air or liquid 
according to the electric currents involved and 
is passed under pressure through the space be 
tween the container 13 and the jacket wall. To 
prevent accidental metallic contact between the 
cathode and the body i due to mercury deposits 
on the glass of the ring IS, a cylindrical shield 
I5 is formed on the latter and is provided with 
an inwardly projecting annular ?ange 19. 
In a further embodiment shown applied to a 

glass envelope valve in Fig. 8, in place of the liner 
12 the mercury container 4 is provided with a 
wide substantially horizontal annular flange 23 

- having ‘its inner edge corresponding with the pe 
riphery ‘of the meniscus of the mercury pool in a 
central well 2|, while its upper surface is coated 
with spongy molybdenum or oxide 22 which re 
tains mercury in its pores or interstices and thus 
distributes the are over such annular member. 
The underside of the horizontal ?ange 2B is pro 
vided with an annular ?nned cooling member 
H) so that, as in the previous embodiments, the 
heat transfer path to the cooling surface is as 
short as the mere thickness of the wall of the 
mercury container. 
In the construction shown in Fig. 9 the bottom 

of a molybdenum or tungsten pool container 25 
is formed with a frusto-conical central upward 
projection 25 the flat top of which is coated with 
molybdenum or tungsten sponge or oxide 26 and 
is arranged to be approximately at the same 
height as the surface of the mercury pool 5. A. 
thin film of mercury is held in the interstices of 
the sponge or oxide 26 which acts as an auxil 
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iary arc-?xing surface additional to the periph 
eral wetted edge 5a of the surface ‘of the con 
tainer 24 when the electric current exceeds a 
given intensity. A copper ring or cup 30 is 
bonded to the outside of the container 24 and the 
projection 25 and is provided with cooling ?ns B. 
A similar arrangement is shown in Fig. 10, the 

additional arc-?xing sponge or oxide surface in 
dicated at 36 being in this case of annular form 
and being located at the top of an annular boss 
35 formed on the bottom of the molybdenum or 
tungsten pool container 34. As in the previous 
embodiment, a copper ring or cup 40 ?ts over, 
and is bonded to, the outer surfaces of the con 
tainer 34 and its annular boss 35 and has inte 
gral cooling ?ns 8. 

It will be understood that in the construc 
tions shown in Figs. 9 and 10 a lining of sponge 
or oxide may be provided at the outer periph 
ery of the mercury meniscus 5a as shown at l2 
in Figs. 4 to 6 and described in connection there 
with. 
While the constructions having cooling ?ns are 

primarily suited for air cooling with the aid of a 
fan placed preferably beneath the valve, it will 
be appreciated that, particularly where very 
heavy currents are involved, the ?ns may be sur 
rounded by a jacket for either forced or ther 
mosiphonic circulation of a liquid cooling me 
dium. ' 

By this invention, owing to the extension of 
the are spot and the shortening of the heat trans 
fer path to the external cooling means, smaller, 
simpler and more economical electric discharge 
apparatus for a given power output are obtained 
wherein internal cooling means may be dispensed 
with as well as the ba?ies normally employed 
to deflect from the anodes the jets of vapour 
produced by evaporation at the are spot. 
Furthermore, the present invention is applica 

ble to liquid cathode electric discharge appara 
tus for any of the purposes for which they are 
suitable and having a glass, metal or composite 
envelope containing any number of anodes with 
or without grids or other additional electrodes, it 
being understood that the term “liquid cathode” 
refers to the conditions obtained during opera 
tion of the apparatus and therefore includes sub 
stances other than mercury which are normally 
solid but are liqui?ed at the operating tempera 
tures of the discharge apparatus. 

Finally, by reducing or eliminating the evapo 
ration of the cathode liquid during operation, the 
arc path to the anode or anodes may also be re 
duced with corresponding improvement in the 
efficiency of the valve. 
What I claim is: 
1. In vapour electric discharge apparatus the 

combination with an envelope containing an an 
ode, of a cathode formed by a pool of vaporisable 
liquid, a container for such pool constituting a 
lower part of said envelope and formed at the up 
per peripheral-edge of said pool with an arc-?x 
ing surface of a metal of the group of arc-re 
sisting metals constituted by molybdenum and 
tungsten, which liquid bathes the metal arc-re 
sisting surface to form a concave meniscus edge 
thereat, and are heat dissipating means external 
to the pool container in direct high thermal con 
ductivity metallic connection with the arc-?xing 
surface. 

2. Vapour electric discharge apparatus accord 
ing to claim 1 including a pool container of fer 
rous metal having the arc-?xing surface provided 
by an internal coating of the arc-resisting metal. 
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3. Vapour electric discharge apparatus accord" 

ing to claim 1 having the surface at which the 
arc is ?xed provided by an internal coating of 
sponge of the arc-resisting metal on the cathode 
pool container. ' 

4. Vapour electric discharge apparatus accord 
ing to claim 1 having the surface at which the 
arc is ?xed provided by an internal coating of 
oxide of the arc-resisting metal on the cathode 
pool container. 

5. Vapour electric discharge apparatus accord 
ing to claim 1 having the heat dissipating means 
provided as external cooling ?ns on the pool con 
tainer. 

6. Vapour electric discharge apparatus accord 
ing to claim 1 having the heat dissipating means. 
provided as external cooling ?ns formed on a 
ring of good heat conducting material bonded 
to the external surface of the pool container. 

7. In vapour electric discharge apparatus ac 
cording to claim 1, including a metal envelope, 
a downward extension of the lower portion of 
such envelope formed as a spaced jacket around 
the pool container for the circulation of cooling 
medium, and a gas-tight ring of insulating ma 
terial between the container and such jacket. 

8. In vapour electric discharge apparatus ac 
cording to claim 1, a central well in. the pool con 
tainer within an annular ?ange having its in 
ner edge corresponding with the upper periph 
eral edge of the liquid of the pool, and a lining 
of sponge of the arc-resisting metal on the upper 
surface of said ?ange operative to retain a ?lm 
of the liquid and distribute the arc-spot thereon. 

9. In vapour electric discharge apparatus ac 
cording to claim 1, a central well in the pool con 
tainer within an annular ?ange having its inner 
edge corresponding with the upper peripheral 
edge of the liquid of the pool, and a lining of 
oxide of the arc-resisting metal on the upper 
surface of said ?ange operative to retain a ?lm 
of the liquid and distribute the arc-spot thereon. 

10. In vapour electric discharge apparatus ac 
cording to claim 1, an additional cooled arc-?x 
ing surface of the arc-resisting metal located 
within the pool at the level of the upper surface 
of the latter. 

11. In vapour electric discharge apparatus ac 
cording to claim 10, a central upward projection 
from the bottom of the pool container the top 
surface of which constitutes the additional arc 
?xing surface and is coated with sponge of the 
arc-resisting metal to retain a thin ?lm of the 
cathode liquid. 

12. In vapour electric discharge apparatus the 
combination with an envelope containing an an 
ode, of a molybdenum container for a cathode 
pool, a portion of which container also acts as 
an arc-fixing structure, and metallic means hav 
ing heat dissipating surfaces on the outside of 
said portion of the container in contact with a 
gaseous cooling medium. 

13. In vapour electric discharge apparatus the 
combination with an envelope containing an an 
ode, of a tungsten container for a cathode pool, 
a portion of which container also acts as an arc 
?xing structure, and metallic means having heat 
dissipating surfaces on the outside of said por 
tion of the container in contact with a gaseous 
cooling medium. 

14. In vapour electric discharge apparatus the 
combination with an envelope containing an an 
ode, of a cathode formed by a pool of vaporisa 
ble liquid in a lower part of said envelope, a con 
tainer for such pool formed at the upper periph 
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and pool edge with an arc-?xing surface of a 
metal of the group of arc-resisting metals con 
stituted by molybdenum and tungsten bathed by 
the liquid, and are heat dissipating means ex 
ternal to the pool container in direct high ther 
mal conductivity metallic connection with the 
arc-?xing surface through a heat transfer path 
less than two millimetres in length. 

15. A vapour-electric device comprising, a 
metal container, an anode in spaced insulated 
relation in said container, a pool of vaporisable 
reconstructing cathode material in said container 
and a layer of sponge refractory metal in said 
container. 
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