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12 Claims. (C. 200-152) 
The present invention relates to liquid flow 

Switches, and more particularly to mercury 
SWitches. 

fercury switches of the most common type 
is consist of a straight tubular glass envelope, in 

One end of which a pair of electrodes are located. 
A globule of 2mercury iies within the envelope 
&nd completes the eiectrical circuit by bridging 
the electrodes when the envelope is tipped so that, 

20 the electrode end is the lower, when the device 
by which the Switch is actuated tips it past its 
horizontal position rather rapidly, this construc 
tion Works out Wei for the reason that the 
inercury then moves into or out of engagement 
With the electrodes rather rapidly. The speed 
with which the mercury moves within the en 
velope of Such a switch depends on how rapidly 
the Switch is tipped since the force of gravity 
attempts to keep the mercury in the lowest pore, 
tion of the envelope and rapid movement of the 
(eXavelope past its horizontal position results in a 
rapid movement of the Gnercury from one erad 
of the envelope to the other. 

When an electrical circuit is made or broker 
cetween two conductors, there is a tendency for 
2E arc to for I ceWee ine Conductors at the 
tire they are ciose 0 each other. Arcing a 2, 
ercy Syyitc. shores its life due to the Eas 
ense heat g :e FC Svinich is destructive iO 
the electrodes and exYelloges. Eticles "erred 

s 

2. 

iroia tie electrodes and enveloge by arcing also 
coaianinate the nec3XY 3'endleiring it siggis. 
36 eventualiy lie Cerclay Eazy Recogne SO CO 

st aminated and Viscoggs that kine Sefiness of the 
Stylitica is rogi, to 22 exci. E is therefoE'e 
&esiraile to 235s through E is period of 20,3- 
Sanity of the conductors as Licially as possile. 
An ooject of Eig (Venkioi is to provice S, 

Enercury switc. in whic, the clic it is both Raggle 
and broke vyi. 8, Shag Sction to ceviate E3 
al-Oye object.0X3. 
Another object, ?o he invention is to it ceXa. 

the material for Engag the envelope or corata.ii.9) 
45 of a mercury Switch either groin the outside. OE 

from the inside and thereby provide an obstacle 
to the nona four of the earcy that will (8.388 
the mercury to engage or disengage the elee 
trodes with a Sa8) action. 
Another object of this invention is to provide 
mercury, switch in which the circuit is COL 

pleted with a snap action by reason of a deprese 
sion in the envelope surface that engages the 

ss. mercury in open circuit position until there is a 

t 

gradient along the envelope floor toward the 
electrodes, 
Arother object of the invention is to provide 

a mercury switch in which a raised portion in 
the floor of the envelope causes the mercury to 
move from either end of the envelope to the 
other with a snap action. 
A further object of this invention is to pro 

Wide a mercury switch in which a raised pore 
tion for ned by an indentation in the switch 
envelope is provided in the floor of the envelope 
whereby the mercury completes two electrical 
circuits almost simultaneously with a snap ac 
tion, holds the Emercury in a position completing 
the Second electrical circuit after the first is 
broken and finally breaks the second circuit with 
& SaaS action. . 

Cities' objects will be apparent when reference 
is had to the specification and to the drawings, 
a Wacca 
Fig 5'e is a vertical sectional view taken 

Songitudignally of the switch embodying my in 
Weirai), and shCWI is open circuit position; 

Figare 3 is a vertical sectional view with a 
23rt Eloixet. Way, also shown in open circuit 
position bat; tipped somewhat away from the 
Osic: soya in Siglie 
Sigire 3 is 3, Veritics. Sectional view of , he 

SWitch s(W. in coSec circuit, position 
Figgie & is 8, Origo is sectional view of the 

SVTEC 2.56 egg SECVTR i. 3, position core 
Sgo.ciisag O siggie 2: 

Sigtse S is a, Vertice, gectional view of E, sec 
on engditext of the invention inaving eiece 
&rodies or two circuits and snown in open circuit; 
Eositici; 
Sig2e G3 is a Vertice. Sectional view og the 

Stric sacWE is sigAge 5, still in open circuit Co 
sitti.In it, Sai SA 3.88, he electrode end of 
Ease (SEYee' is gigsy over that he other 

(e.g. " 
Fig. Fe R is , werical sectional view showing 

8.33 SESAC 337th still (30Sec circuit position 
Fig.2 & 3 (, Festical Sectional view showing 

&he SVT) (of Eigtai'e 5 in the position in which 
(OEAG (8 he circas is closed and the other is 
(OE&S a SEc 

EFig2e 9 is g, horizon E. sectional view of the 
SWicia &nd 80WR, AE 8, position corresponding to 
Figars S. 

(CShe eactinent of the invention is shown is a 
Figures 3 through 4 and in these figures ice 
reference characters refer to like parts. In this 
entinent of the Evention, the switch is sup 
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2 
ported by a mechanism that tips it one way or 
the other about its horizontal position but as 
that mechanism comprises no part of the in 
vention it is not shown. The switch is generally 
designated at to and comprises a glass switch 
envelope or container cylindrical in form, the 
longitudinal axis of which is represented by the 
line . The envelope is hermetically sealed, 
the process of sealing the envelope resulting in 
a sealing-off tip 2 which forms an indentation 
or depression 3 within the envelope. As will 
be noted from the drawings, the sealing-off tip 
2 is located on the lower side of the switch 

envelope. In the other end of the envelope O 
are sealed a pair of electrodes 4 and 5. For 
a purpose to be hereinafter set forth, electrode 
5 is made of a metal that will amalgamate 

slightly. Flexible lead wires 6 and 6' are suit 
ably Secured to the outer ends of electrodes f4 
and 5. Mercury 17 serves to complete the elec 
trical circuit between electrodes 4 and 5 when 
noved to that end of the envelope. 
The operation of the switch in its illustrative 

embodiment will now be described by referring to Figures 1 through 4. In Figure 1, the switch 
is in open circuit position due to the electrode 
end of the envelope being higher than the end 
in which the sealing-off tip 2 forming the de 
pression 3 is located. The axis of the tube 
is shown tipped counter-clockwise somewhat 
from the line H representing the horizontal. The 
nercury is in one body with a part lying in 
depression 3. In order to close the electrical cir 
cuit, it is necessary to tip the envelope O clock 
Wise so that the mercury will flow to the elec 
trode end of the switch. As the envelope is tipped 
clockwise from the position shown in Figure, it 
will reach the position shown in Figures 2 and 
4 in which the axis of the envelope O is 
shown rotated very slightly in a clockwise direc 
tion from the line H representing the horizontal. 
The mercury is still in one piece but the main 
body of it has moved down the tube somewhat. 
Although the force of gravity is here tending to 
move the mercury into engagement with elec 
trodes 4 and 5, the mercury is restrained from 
so moving by its surface tension. Part of the 
mercury lies in depression 3 and is held there 
partly by its weight, partly by a vacuum being 
formed beneath it and partly by its adhesion to 
the envelope wall forming the depression. The 
tendency of this small portion of the mercury to 
remain in the depression is strong enough so 
that the surface tension of the mercury tending 
to move toward the other end of the envelope is 
not great enough to dislodge it. As the envelope 
is tipped clockwise from the position shown in 
Figures 2 and 4, the force tending to move the 
main body of mercury into engagement with the 
electrodes becomes greater and eventually a point 
will be reached where the surface tension tend 
ing to hold the mercury in one piece is over 
COne and the mercury separates into two parts, 
one part a flowing down the envelope to make 
contact with electrodes 4 and 5, and the other.’ 
part Tb remaining lodged in depression f, as 
shown in Figure 3. 

It should be pointed out that the parts of the 
switch are so proportioned that at the instant the 
mercury separates into two pieces, the mercury 
is still a substantial distance away from the elec 
trodes. At this instant also the tube is tipped to 
a position in which there is a substantial gradient 
toward the electrodes. Thus, when the mercury 
is released, it will immediately commence to gain 
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Speed and will be moving quite rapidly at the 
time it engages the electrodes. It is apparent, 
therefore, that the action of this switch is such 
that no matter how slowly the envelope is actu 
ated, it is impossible for the mercury to move 
slowly into engagement with the electrodes and, 
therefore, arcing is reduced to a minimum. 
The embodiment of the invention shown in 

Figures 1 through 4 obtains a snap action break 
by forming the electrode that is first to be dis 
engaged by the mercury of a metal that will 
amalgamate slightly. As the mercury b moves 
away from electrode 5, it adheres to the elec 
trode until the main body of mercury is away 
from the electrode and only a small arm of 
mercury bridges the gap between the main body 
of mercury and the electrode. On further nove 
ment of the mercury away from the electrode, 
contact will be broken suddenly and there will be 
little time for an arc to form. Since the mercury 
adheres to the electrode until there is a gradient 
toward the other end of the tube, once released 
it moves rapidly away from the electrodes. 

It should be noted that while the seal-of tip 
of the glass envelope is conveniently used to pro 
wide a depression in the lower surface of the 
envelope, the depression may also be formed in 
any other suitable manner as by indenting the 
envelope from the inside, as would be done if 
the envelope were made of metal. 
Another embodiment of the invention is shown 

in Figures 5 through 9 wherein like reference 
characters represent like parts. Figure 5 shows 
a mercury tube 30 substantially cylindrical in 
shape and having an axis represented by the line 
3. The tube is made of glass and is hermetically 
sealed in the conventional manner at 2. In the 
lower side of the tube and approximately at the 
center of its length, the tube wall is indented 
inwardly as at 33. Indenting the tube from the 
outside forms a raised portion 3 upon the inside 
of the tube. In one end of the tube, electrodes 
35, 36 and 3T extend inwardly and have their 
ends bent downwardly in such a manner that 
their extremities lie substantially in a line par 
allel to the axis 3 and slightly above the botton 
of the tube. These electrodes are suitably sealed 
in the envelope as shown at 42 in Figure 9. The 
outer extremities of the electrodes have attached 
to them flexible lead wires 38, 39 and 40. 

Figure 9 shows the mercury in the position in 
which it is also illustrated in Figure 5. The 
shape of the raised portion 34 as viewed from 
above is here illustrated as is also the position 
of the electrodes. A globule of mercury 4 lies 
within the Switch envelope and flows from one 
end of the tube to the other, depending upon 
which end is the lower. In traveling from one 
end of the tube to the other, the mercury must 
pass Over the raised portion 34. 
The Sequence of operation of the switch is 

shown in Figures 5 through 8, in which line H. 
represents the horizontal in each case. In Figure 
5, the electrode end of the Switch is raised con 
siderably above line H and the mercury 4 is 
in the opposite end of the switch envelope so 
that the Switch is in Open circuit position. As 
the electrode end of the switch is lowered to a 
point only slightly below line H, the globule of 
mercury moves up to the raised portion , as 
shown in Figure 6. The tube has not yet been 
tipped sufficiently, however, to cause the mercury 
to flow over the raised portion 4. Mercury 
possesses a very high degree of cohesion and 
although the level of the globule of mercury 
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is above the top of the raised portion 34, the 
portion of the mercury below a horizontal line 
through the top of 34 holds it in this position. 
Lowering the electrode end of the switch en 

velope still further will eventually overcome the 
tendency of the mercury to remain held by the 
raised portion 34 and the mercury 4 will move 
as a unit over raised portion 34, flow quickly 
down the bottom of the envelope and engage 
the electrodes 35, 36 and 37 almost simul 
taneously. This position of the envelope and 
mercury is shown in Figure 7. If now the elec 
trode end of the switch is elevated to a position 
slightly above line H, the mercury, although 
tending to flow toward the other end of the 
envelope, will again be engaged by the raised 
portion 34 as shown in Figure 8. The amount 
of mercury and the relative position of electrode 
37 and raised portion 34 is such that while the 
mercury 4 is still in engagement with electrodes 
35 and 36 it has disengaged electrode 3. Thus, 
there is a range of positions of the envelope 
from a position in which the electrode end is very 
slightly above line H to the position in which 
mercury 4G will flow over the raised portion 34 
in which the electrical circuit controlled by elec 
trode 37 is open but in which the circuit con 
trolled by electrodes 35 and 36 remains closed. 
If the electrode end of the envelope is raised be 
yond the position shown in Figure 8, the position 
of the elements of the switch again returns to 
the open circuit position shown in Aigure 5. 
While the raised portion 38 has been described 

as formed by indentation 33 on the outside of 
the envelope, it could also be provided by other 
Smeans as for instance by an insert placed within 
the tube or by Anaking the tube wall of increased 
thickness at that point. 

By omitting electrode 3 it is apparent that a 
switch controlling a single circuit and in which 
contact is both made and broken with a snap 
action Would be provided. 

From the above it is seen that a new and novel 
snap action Chercury switch is obtained whereira 
the circuit controlled by the switch is natie and 
Broken with 2, Snap action. In one modification 
the breaking of the circuit with a snap action is. 
caused by the same means Winich causes Snap 
action making of the circuit, while in the other 
modification the circuit may be oroken. With 3, 
Snap action oy a separate means. En addition, 
Sovision is made for sequentially breaking 2, 
lurality of circuits. 
Although or purposes of illustration two Yaodi 

ifications of this invention have been described, 
(oikei Sorans thereo Ray become app2i.e., to 
;hose skilled in the 23rt, Agon reference to his 
Sgecification, 2nd therefore his inventioxa is to ke 
inited claiyoy the scope of the 3ppended clai as 
and prior ar. 

3 claim as Yny invention: : 
1. In an electrica: switching XXnechanisza, ix. 

combination, a titable container, electrodies ess 
tending into the container, a cody of guid co 
ducting medium having relatively high Suriace: 
tension characteristics novable in the container 
upon tilting thereof to bridge the electrodes for 
making and breaking an electric circuit, and a 
depression in the botton of the container forzined 
solely by the seal-off tip and oeing of such a 
depth that it continuously retains a portion of 
said Siuid acting in conjunction with the surface 
tension of the fiuid for holding the fluid in one 
end of the container until the container is tilted 
to a position in which there is a sufficient gradient 

3 
toward the other end of the container to over 
come the surface tension of the fluid whereupon 
a portion of the fluid is released and moves 
rapidly to the other end of the container. 

2. In an electrical switch mechanism, in com 
bination, an elongated tiltable container having 
first and second ends, electrodes in the first end 
of the container, a body of fluid conducting 
medium having relatively high surface tension 
characteristics movable from one end of the con 
tainer to the other upon tilting thereof to bridge 
and unbridge the electrodes for making and 

s 

10 

breaking an electric circuit, and a depression in 
the bottom of the second end of the container 
formed solely by the seal-off tip and being of 
such a depth that it continuously retains a por 
tion of the fluid acting in conjunction with 
the Surface tension of the fluid for holding the 
fluid in the second end of the container until 
the container is tilted to a position in which 
there is a sufficient gradient toward the first 
end of the container to overcome the surface 
tension of the fluid whereupon a portion of the 
fluid is released and moves rapidly to the first 
end of the container to bridge rapidly the elec 
trodes for completing the circuit with a snap 
action. - 

3. in an electrical switching mechanism, in 
combination, a movable container, electrodes ex 
tending into said container, a fluid conducting 
medium movable in said container to bridge said 
electrodes, and a depression in the lower side of 
said container comprising the seal-off tip thereof 
to control the movement of said fluid conducting 
medium said depression being of such a depth 
as to continuously retain a portion of the fluid 
conducting medium. 

4. In an electrical switching mechanism, in 
combination, an elongated tiltable container, a 
plurality of electrodes extending into one end 
of the container for controlling a, plurality of 
circuits, a body of fluid conducting medium hav 
ing relatively high surface tension character 
listics innovable in the container to bridge and ure 
oridge the electrodes as the container is tilted in 
irst, and Second a directions respectively, and 2. 
indentation in the lower surface of the containe 
Sial and Separated from the outerost electrode 
y 2, distance greater than the normal length of 

the body of conducting sluid acting in conjunc 
tion. With the surface ension of the fluid as the 
container is tilted in the second direction to 
3.lioW the luid O rioridge certain. Ci he eleca 
rodes ox opening at least one circuit, out, hold 
ing e i aid is contact with the remaining eleco 
is"Odes Until the COE attairer is tilted to 2. positio: 
in which here is 2, substantial gradient, away 
3ror the electrode erad of the container Wiere 
upon the iurid Soves Way or the electrode end 
to the Containez' to Inoridge ae retaining (3 
electrodes. 

5. ii. 2n electrical switch Erechanisia, in coRG 
Firaal), 22 elongated a taile container having 
fi's 2nd 33CCXad ends, electodes in ae i's 63d 
08 tie Container, 3, Body of fluid CO2 aducting 22cs 
di R8 Ving Relatively high Su Eface tension (ca.22 
3.cteristics GAOVable from one exad of the coatiaire 
to the Cthe 290A tilti-ag hereo to oridge and 
ratoridge the electrodes or making and breaking 

an electric circuit, and a depression in the bottOE 
Of the second end of the contaire forced solely 
by the seal-off tip and being of such a depth that 
it continuously retains 8), portion of said fluid act 
ing in conjunction. With the surface tension of the 
fluid, for holding the fluid in the Second end OS 
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the container until the container is tilted to a 
position in which there is a sufficient gradent 
toward the first end of the container to Overcome 
the surface tension of the fluid whereupon a por 
tion of the fluid is released and moves rapidly to 
the first end of the container to bridge rapidly 
the electrodes for completing the circuit with a 
Snap action, one of the electrodes being of a ma 
terial which amalgamates with the fluid to hold 
the body of fluid in engagement therewith in the 
first end of the container until the container is 
tilted to a position in which there is a substantial 
gradient toward the second end of the container 
whereupon the fluid noves rapidly to the second 
end of the container to unbridge rapidly the elec 
trodes for breaking the circuit. With a snap action. 

6. In an electrical switching mechanism, in 
combination, an elongated tiltable container, a 
plurality of electrodes extending into one end of 
the container for controlling a plurality of cir 
cuits, a body of mercury movable in the container 
to bridge and unbridge the electrodes as the con 
tainer is tilted, and means acting in conjunction 
with the Surface tension of the mercury to cause 
the mercury to bridge all the electrodes substan 
tially simultaneously to complete all the circuits 
regardless of how slowly the container is tilted 
from circuit open to circuit closed positions and 
to cause the mercury to unbridge the electrodes 
Sequentially to break the circuits sequentially as 
the container is tilted slowly from circuit closed 
to circuit open positions. 

7. In an electric switch, in combination, an 
elongated tiltable container having first and sec 
Ond ends, a plurality of electrodes in the first end 
of the container for controlling a plurality of cir 
Cults, a body of fluid conducting medium movable 
in the container to bridge and unbridge the elec 
trodes when the container is tilted, and means 
within the container for holding the fluid con 
ducting medium in the second end of the con 
tainer until there is a substantial gradient toward 
the first end of the container whereupon the fluid 
moves rapidly to the first end of the container to 
bridge all the electrodes for completing all the 
circuits and for holding the fluid in a position in 
which certain of the electrodes are bridged and 
certain of the electrodes are unbridged for break 
ing certain of the circuits when the container is 
tilted away from the position in which all the 
electrodes are bridged to a position in which 
there is a slight gradient toward the second end 
of the container. 

8. In an electrical switching mechanism, in 
combination, an elongated tiltable container hav 
ing first and second ends, a plurality of electrodes 
extending into the first end of the container for 
controlling a plurality of circuits, a body of fluid 
conducting medium having relatively high sur 
face tension characteristics movable in the con 
tainer to bridge and unbridge the electrodes as 
the container is tilted in first and second direc 
tions respectively, and an obstruction in the bot 
tom of the container between the above men 
tioned electrodes and the second end of the con 
tainer of such a height as to act in conjunction 
with the surface tension of the fluid as the con 
tainer is tilted in the second direction to allow 
the fluid to unbridge certain of the electrodes for 
opening at least one circuit but holding the fluid 
in contact with the remaining electrodes until the 
container is tilted to a position in which there is 
a substantial gradient away from the electrode 
end of the container whereupon the fluid moves 
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away from the electrode end of the container to 
unbridge the remaining electrodes and open the 
remaining circuits. 

9. In an electrical switching mechanism, in 
combination, an elongated tiltable container hav 
ing first and second ends, a plurality of electrodes 
extending into the first end of the Container for 
controlling a plurality of circuits, a body of fluid 
conducting medium having relatively high Sur 
face tension characteristics movable in the con 
tainer to bridge and unbridge the electrodes as 
the container is tilted in first and Second direc 
tions respectively, and an obstruction in the bot 
tom of the container between the above men 
tioned electrodes and the second end of the con 
tainer of such a height as to act in conjunction 
with the surface tension of the fluid for holding 
the fluid in one end of the container until the 
container is tilted in the first direction to a poSl 
tion in which there is a substantial gradient to 
Ward the electrode end of the container Where 
upon the fluid moves rapidly to the electrode end 
of the container to bridge rapidly all of the elec 
trodes, said obstruction also acting in conjunction 
With the Surface tension of the fluid as the con 
tainer is tilted in the second direction to allow 
the fluid to unbridge certain of the electrodes but 
holding the fluid in contact with the remaining 
electrodes until the container is tilted in the sec 
Ond direction to a position in which there is a 
substantial gradient away from the electrode end 
of the container whereupon the fluid moves rap 
idly away from the electrode end of the container 
to unbridge rapidly the remaining electrodes and 
Open the remaining circuits. 

10. In an electrical switching mechanism, in 
combination, an elongated tiltable container hav. 
ing first and second ends, at least three electrodes 
for controlling at least two circuits extending into 
the first end of the container, a body of mercury 
movable in the container to bridge and unbridge 
the electrodes as the container is tilted in first 
and Second directions respectively, and an ob 
struction in the bottom of the container between 
the above mentioned electrodes and the second 
end of the container of such a height as to allow 
the mercury to unbridge certain of the electrodes 
for Opening at least one circuit as the container 
is tilted in the Second direction but holding the 
mercury in contact with the remaining electrodes 
until the container is tilted to a position in which 
there is a Substantial gradient away from the 
first end of the container whereupon the mer 
cury Will move away from the first end of the 
container to unbridge the remaining electrodes 
and Open the remaining circuits. 

ll. In an electrical switching mechanism, in 
combination, an elongated tiltable container hav 
ing first and second ends, at least three electrodes 
for controlling at least two circuits extending into 
the first end of the container, a body of mercury 
movable in the container to bridge and unbridge 
the electrodes as the container is tilted in first 
and second directions respectively, and an ob 
Struction in the bottom of the container between 
the above mentioned electrodes and the second 
end of the container of such a height as to hold 
the mercury in the second end of the container 
until the container is tilted to a position in which 
there is a substantial gradient toward the first 
end of the container whereupon the mercury 
noves rapidly to the first end of the container to 
bridge rapidly all the electrodes, said obstruction 
also acting on the mercury to allow the mercury 
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to unbridge certain of the electrodes for opening 
at least one circuit as the container is tilted in the 
second direction but holding the mercury in con 
tact with the remaining electrodes until the con 
tainer is tilted to a position in which there is a 
substantial gradient away from the first end of 
the container whereupon the mercury wii move 

away from the first end of the container to un 
bridge the remaining electrodes and open the re 
maining circuits. 

12. A mercury switch comprising an envelope, 
mercury, electrodes, and a well in said envelope, 
a part of said weli constituting a sealing of tip. 

HAROLD . OLSON. 


