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UNITED STATES PATENT OFFICE 
2,492,669 

MERCURY WAPOR, SWITCH 

Warren G. Taylor, Chicago, Ill. 
Application July 1, 1944, Serial No. 543,189 

(C1, 315-331) 9 Claims. 
1. 

This invention relates to a mercury arc Switch. 
It was designed for a particular application, 
namely to break the primary circuit in weld 
ing apparatus. It should be of use wherever 
it is desired to break a direct circuit cleanly. 
In concurrently filed application, Serial No. 

543,190, filed July 1, 1944, the applicant de 
scribed the reasons for such a switch and dis 
closed a vacuum tube Switch wherein two 
graphite electrodes are separated inside a vacuum 
So as to break the primary circuit of welding 
apparatus. The present invention has the same 
general objective, but accomplishes its end by 
forming a mercury vapor arc as part of the 
conductive primary circuit of the welding appa 
ratus and then Snuffing out this arc. So as 
to collapse the circuit suddenly. The partic 
ular embodiment by which applicant accom 
plishes this end is shown in a single figure in 
the drawings wherein Figure 1 shows a schem 
atic welding circuit with a croSS Section of appli 
cant's mercury arc switch tube. 
Continuing to refer to the drawings, the num 

eral to identifies a direct current source of power 
having its negative post connected by a con 
ductor to a switch 4. The conductor is con 
nects the Switch 4 to the primary winding 8 
of a transformer 20. The primary circuit is 
completed by a conductor 22 connected to a post 
24 on an evacuated tube 26. This tube consti 
tutes applicant's mercury arc switch. A post 
28 on the tube 26 is connected by a conductor 
30 to a low resistance solenoid 32. The sole 
noid 32 is connected to the direct current source 
of power by a conductor 34. 

Referring to the transformer 20, its secondary 
winding 36 is connected by conductors 38 and 
40 to electrodes 42 and 44 respectively of Weld 
ing apparatus-all of which is schematically 
shown. 

Returning now to the mercury arc switch 26, 
this is composed of a glass envelope 46 which 
has an inwardly directed hollow post 48 and 
a projection forming a recess 50 directed out 
Wardly along the long axis of the tube. 
ing along the longer dimension of this tube 
26 is a tungsten rod 52 whose purpose it is 
to act as a starter. This tungsten rod 52 is 
held in vertical reciprocal position by means of a 
hollow hard graphite casing 54 which is sup 
ported by means of a shoulder 56 mounted on 
a ceramic tube 58, which in turn is seated perma 
nently in the glass hollow post 48. The lead 
28 is made of tungsten and extends inwardly 
through the ceramic tube 58 and supports at 
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its inner end a tungsten anode 60 which is shaped 
like a ring or annulus. The graphite casing. 
54 has an opening 62 which snugly fits the tung 
sten rod 52 and acts as a vertical guide for up 
and down movement. On the side of the casing 
54 opposite to the opening 62 is a larger open 
ing 64. The rod 52 passes through the center 
of this and at its lower end there is placed a 
disc made of graphite 66. Depending to a point 
below the disc 66 is the lower end or conductive 
contact 68 having a point 73 of the graphite 
rod 52. The bottom 70 of the tube is filled 
with mercury 72, which acts as an emitting cath 
ode when coupled to the negative side of a 
direct current circuit, 

Positioned on the upper end of the rod 52 is an 
iron armature 74, of a size and shape which 
is adapted to move readily in and out of the 
glass projection 50. Tapped to the rod 52 is a 
flexible conductor 76 connected to a lead-in post 
78. This post is connected by a conductor 80 
to a second solenoid 82 positioned around the 
glass projection 50, and closer to the iron arma 
ture 74 than is the solenoid 32. The solenoid 

25 82 has high resistance and is connected by a 
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conductor 84 to the line 34. 
The glass envelope 46 is evacuated. 
This mercury arc Switch functions as follows. 

When the welding apparatus operator closes the 
Switch 4, the primary circuit is completed to 
the transformer 20 by the conductors 6, 8, 
22, 24, mercury T.2, 68, 52, 76, 78, 80, 82, 84 and 34. 
The high resistance solenoid 82 pulls the iron 
arnature 74 upwardly into position 2 and in so 
doing the tip 73 of the lower end of the tungsten 
rod 68 starts an arc from the mercury pool as it 
leaves the pool. This arc closes the primary 
circuit of the transformer 20 from the mercury 
pool 2 to the anode 60. The primary circuit 
through the transformer 20 is now being com 
pleted by the mercury vapor arc which closes 
the circuit through the anode 60, lead 28, con 
ductor 39 and low resistance solenoid 32. By this. 
time the current is built up in the transformer 20 
and the armature 4 now moves into position 3. 
In so doing, the disc 66 moves into position 3 and 
Snuffs out the mercury vapor arc. As is . Well 
understood in the art, the mean free path re 
quired for a mercury vapor arc is about 44000 of 
an inch, or at least a small part of an inch. In 
order to snuff out the mercury vapor arc, there 
fore, the disc 66 need not seat itself over the 
opening 64 with the greatest precision. Approx 
imate tightness is sufficient. This also accounts. 
for the fact that the mercury vapor arc will 
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not go around the casing 54 to go in around 
the rod 52 in between the rod 52 and the hole 62, 
The Snuffing out of the vapor arc collapses 

the field in the primary windings of the trans 
former 20 very Suddenly and causes the Surge 
of current in the secondary which is so desirable 
in Welding. 
As long as the switch 4 is in closed position, 

the tungsten rod 52 will remain in position 3. As 
Soon as the switch 4 is open, the tungsten rod 
52 will drop by gravity into position 1. It will be 
appreciated that a spring or some other device 
may be used to urge the tungsten rod 52 ver 
tically. 

In this switch, the poles of the source of power 
may not be reversibly connected to the posts of 
the tube. The lead 28 is an anode and must be 
connected to the positive side of the source of 
power. 

In place of the mercury pool, a hot cathode, as 
for example an oxide coated cathode may be sub 
stituted. In such a structure, the direct contact 
from the hot cathode will be broken by the activ 
ity of a high resistance solenoid in much the same 
Way ShoWn in a mercury vapor Switch. When 
the direct contact has been broken, the hot cath 
Ode Will emit to an anode to maintain the pri 
mary circuit in operation and bring into action 
a low resistance solenoid which will shut off the 
anode and stop the admission by the cathode. 

Having thus described my invention, I claim: 
1. A self-opening switch for a direct current 

circuit comprising an evacuated envelope, an 
emitting Cathode in the envelope conductively 
associated with an external post for connection 
to the negative side of the circuit, an anode spaced 
from the cathode with a passageway connecting 
the two, said anode being conductively associated 
with an external post for connection to the posi 
tive side of the circuit, a conductive contact mov. 
able into and out of engagement with the cath 
Ode, said contact being conductively associated 
With an external post for connection to the posi 
tive side of the circuit, electrical means in this 
contact circuit for moving the contact out of en. ; ; 
gagement with the cathode, and a closure mem 
ber associated with this movable contact for 
thereafter closing the passageway. 

2. A self-opening switch for a direct current 
circuit comprising an evacuated envelope, a mei. 
cury pool in the envelope conductively associated 
With an external post for connection to the nega 
tive side of the circuit, an anode spaced from the 
mercury pool With a passageway connecting the 
two, said anode being conductively associated wit: 
an external post for connection to the positive 
side of the circuit, a conductive contact movable 
into and out of engagement with the mercury 
pool, Said contact being conductively associated 
With an external post for connection to the posi 
tive side of the circuit, electrical means in this 
contact circuit for moving the contact out of en 
gagement With the mercury pool, and a closure 
member associated with this movable contact for 
thereafter closing the passageway. 

3. A Self-opening switch for a direct current 
circuit comprising an evacuated envelope, an 
emitting cathode in the envelope conductively as 
Sociated with an external post for connection to 
the negative side of the circuit, an anode spaced 
from the cathode with a passageway connecting 
the two, said anode being conductively associated 
with an external post for connection to the posi 
tive side of the circuit, a conductive contact mov 
able into and out of engagement with the cath 
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Ode, said contact being conductively associated 
With an external post for connection to the posi 
tive side of the circuit, a solenoid in the circuit 
of the movable contact, an armature actuatable 
by the solenoid and associated with the movable 
contact for moving it out of engagement with the 
cathode, and a closure member associated with 
this movable contact for thereafter closing the 
paSSageWay. 

4. A self-opening switch for a direct current 
circuit comprising an evacuated envelope, an 
emitting cathode in the envelope conductively as 
Sociated with an external post for connection to 
the negative side of the circuit, an anode spaced 
from the cathode with a passageway connecting 
the two and conductively associated with an ex 
ternal post for connection to the positive side of 
the circuit, a conductive contact movable into and 
out of engagement with the cathode, said con 
tact being conductively associated with an exter 
nal post for connection to the positive side of 
the circuit, a closure member innovable with the 
Contact for closing the passageway when the con 
tact has moved a selected distance from the 
Cathode, electrical means in the movable contact 
Circuit for moving the contact out of engagement 
With the cathode, and electrical means in the 
anode circuit for thereafter moving the closure 
neinber acroSS the passageway. 

5. A Self-opening switch for a direct current 
circuit comprising an evacuated envelope having 
a vertical axis, an axially movable conductive rod 
disposed along the vertical axis, an armature on 
the upper end of the rod, a first solenoid and a 
Second Solenoid disposed one above the other and 
above the armature, an emitting cathode in the 
bottom of the envelope and contactable by the 
rod when in its lower position, an anode in the 
envelope connected by a passageway to the emit 

} ting cathode, a closure member mounted on the 
rod and Seatable over said passageway when the 
rod is in its uppermost position, a conductor con 
necting the rod to a lead of the first solenoid, and 
a conductor connecting the anode to a lead of the 
Second Solenoid, whereby when the SWitch is 
placed in a direct current circuit with the nega 
tive pole connected to the cathode and the posi 
tive pole connected to the other leads of the two 
Solenoids, the first Solenoid will raise the rod from 
the cathode starting an arc and a flow of current 
to the anode and the second solenoid will further 
raise the rod and thereby close the passageway 
and break the circuit. . 

6. The Self-opening switch of claim 5 in which 
the cathode consists of a mercury pool. 

7. The self-opening switch of claim 5 in which 
the first solenoid has a high resistance and the 
Second Solenoid a low resistance. 

8. A Self-opening Switch for a direct current cir 
cuit comprising an evacuated envelope having a 
Vertical axis, a ring anode supported in said en 
velope with its hole concentric with the envelope 
axis, a nonconductive casing around said anode 
having a comparatively large downwardly direct 
ed concentric opening therein, a mercury vapor 
Cathode in the bottom of the tube, a rod movably 
disposed in the vertical axis of the tube so that it 
paSSes through the center ring in nonconductive 
relationship thereto and through the top and bet- . 
ton opening of the housing and in its lower po- . 
sition contacts the cathode, an armature on the 
upper end of the rod, a solenoid concentric with 
the axis above the armature, a conductor con 
necting the rod to one lead of the solenoid, and 
a disc mounted on the bottom of the rod for 
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closing the opening in the casing, whereby when 
the negative side of a direct current circuit is 
connected to the cathode of the switch and the 
positive side is connected to the anode and the 
lead of the solenoid, the rod will first start an 
arc between the cathode and the anode and there 
after the closure member Will Snuff out the arc. 

9. A self-opening switch for a direct current cir 
cuit comprising an evacuated envelope having a 
vertical axis, a ring anode supported in Said en 
velope with its hole concentric with the envelope 
axis, a nonconductive casing around said anode 
having a comparatively large downwardly direct 
ed concentric opening therein, a mercury Vapor 
cathode in the bottom of the tube, a rod movably 
disposed in the vertical axis of the tube so that it 
passes through the center ring in nonconductive 
relationship thereto and through the top and bot 
tom opening of the housing and in its lower posi 
tion contacts the cathode, an armature on the 
upper end of the rod, a Solenoid concentric with 
the axis above the armature, a conductor Con 
necting the rod to one lead of the Solenoid, a 
disc mounted on the bottom of the rod for closing 
the opening in the casing, and a Second Solenoid 
positioned above the first Solenoid and having One 
lead connected to the anode whereby when the 
negative side of a direct current circuit is con 

O 

5 

20 

25 

nected to the cathode and the positive side is 
connected to the leads of both solenoids, the rod 
will rise to a first position starting an arc be 
tween the cathode and the anode and Will then 
rise to a second position whereby the closure 
member will snuff out the arc. 

WARREN G, TAYLOR. 
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