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The present invention relates to liquid flow
switches, and more particularly to mercury
switches.

Mercury switches of the most common type

8 consist of a straight tubular glass envelope, in
one end of which a pair of electrodes are located.
A globule of mercwry lies within the envelope
and completes the electrical circuit by bridging
the electrodes when the envelope is tipped so thag
18 ihe electrode end is the lower. When the device
by which the switch is actuated tips 1t past its
" horizontal position rather rapidly, this construc-
tion works out weil for the reason that the
mercury 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 por-
tion of the envelope and rapid movement of the
envelope past its horizontal position resulis in
rapid movement of the mercury from one end
of the envelope to the other.
When an electrical circult is made or broken
’ between two conductors, there is a tendency for
an arc o form between the conduciors ab the

time they are close {0 each other. Arcing in 2

mereury switch shortens its life due to the in-
on bense heat of the arc which is destructive o
Y ihe electrodes and envelopes.
ivomn the electrodes and envelope by arcing also
combaminate the mercury rendering it siugglsh
and sventually the mercury mey become S0 coRn-
taminated and vigcous thet the usefulness of the
zwiteh is brought o an end. It is therefore
desirable o pags through this pericd of pros-
imity of the conductors as quickly as possible,

An object of thiz lnvention is to provide o
mercury switch in which the circult is both made
and broken with & susp action o chviate the
above objections.

Another object of the invention is to indent
the material forming the envelope or contalner
46 of a mercury switch either from the outside or

from the inside and thereby provide an obstacle

to the normal How of the mercury that will cauise
the mercury to cngage or disengage the eleec-

0 trodes with o snap action.
Another object of this invention is $o provide

a mercurstMtch in which the circuit is com-

pleted with s snap action by reason of a depres-

sion in the envelope surface that engages the
&5. mercury in open circuit position until there is a
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gradient along the envelope floor toward the
electrodes. .

- Ancther oblect of the invention is to provide
a mércury switch in which a raised portion in
the foor of the envelope causes the mercury to
move from either end of the envelope {o the
other with a snap action.

A further object of this invention is to pro-
vide 2 mercury switch in which a raised por-
tion formed by an Indentation in the switch
envelope is provided in the floor of the envelope
whereby the mercury completes ¢{wo electrical
cireults almost simultaneously with a snap ac-
tion, holds the mercury in & position compieting
the second electrical circuit after the fArst is
broken and finally breaks the second circuit with
& snap action. .

Other objects will be apparent when reference
iz had to the specification and to the drawings,
in which: : :

Moure 1 Is & verticsl sectional view taken
longitudinelly of the swiich embodying my in-
vention and shown in open circult position;

Flpure & Is s vertical sectional view with 2
pary broken away, also shown In open circulb
pesition but tipped somewhat away from the
position shown in Figure 1;

Figure 3 i3 o vertical sectional view of - the
switch shown In closed clrcnit position;

Figure ¢ is o horlzontel sectional view of the
switelh and belng shown in @ position corre-
sponding to Figure 3;

Fogure B is o verbicel gectional view of a sec-
ond cembodiment of the nvention having clec-
tradeg for two circulis and shown in cpen clreuis
position;

Tgure 6 Is o vertical sectionsl view of the
switch shown In Figure 5, still in open civeuis po-
sitlon bub tipped so thet the electrode end of
the envelope is glightly lower than the other
end; .

Figure 7 18 2 vertical sectional view showing
the some switch in clozed clrcult position;

Figure 8 s o vertical sectionsl view showing

the switch of Figure § in the position in which ¢

one of the elreumits is closed and the other is
open; and

Figure 9 iz o bhorizontal sectional view of the
switch and shown in @ position corresponding to
Mgure 8. -

One embodiment of the invention is shown in
Figures 1 through 4 and in these figures like
reference characters refer to like patrts. In this

embodiment of the invention, the switch is sup-
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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 10 and comprises a glass switch
envelope or container cylindrical in form, the
longitudinal axis of which is represented by the
line (1. The envelope is hermetically sealed,
the process of sealing the envelope resulting in
a sealing-off tip {2 which forms an indentation
or depression 13 within the envelope. As will
be noted from the drawings, the sealing-off tip
12 is located on the lower side of the switch
envelope. In the other end of the envelope 10
are sealed a pair of electrodes 14 and i5. For
a purpose to be hereinafter set forth, electrode
15 is made of a metal that will amalgamate
slightly. Flexible lead wires 16 and 16’ are suit-
ably secured to the outer ends of electrodes {4
and 8. Mercury {7 serves to complete the elec-
trical circuit between electrodes i# and 15 when
moved 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
gnd of the envelope being higher than the end
in which the sealing-off tip 12 forming the de-
pression 13 is located. The axis 11 of the tube
is shown tipped counter-clockwise somewhat
from the line H representing the horizontal. The
mercury {7 is in one body with a part lying in
depression 13. In order to close the electrical cir-
cuit, it is necessary to tip the envelope 18 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 1, it
will reach the position shown in Figures 2 and
4 In which the axis Il of the envelope i0 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 14 and (85, the mercury is restrained from
so moving by its surface tension. Part of the
mercury lies in depression I3 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
Pigures 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-
come and the mercury separates into two parts,
one part ITa flowing down the envelope to make

contact with electrodes 14 and {8, and the other’

part ITh remaining lodged in depression {3, 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 & 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 i{Tb moves
away from electrode 15, 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 maln body
of mercury and the electrode. On further move-
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-off tip
of the glass envelope is conveniently used to pro-
vide 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 Pigures 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
31. The tube is made of glass and is hermetically
sealed in the conventional manner at 32. 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 ralsed portion 34 upon the inside
of the tube. In one end of the tube, electrodes
36, 36 and 31 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 31 and slightly above the bottom
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, 33 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 #1 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 41 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 34, as 7

shown in Pigure 6. The tube has not yet been
tipped sufficiently, however, to cause the mercury
to flow over the raised portion 34. Mercury

. possesses a very high degree of cohesion and

although the level of the globule of mercury #i
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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 41 will move
as a unit over raised portion 34, flow quickly
down the bottom of the envelope and engage
the electrodes 35, 36 and 31 almost simul-
taneously. This position of the: envelope and
mercury is shown in PFigure 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
31 and raised portion 34 is such that while the
mercury 4f is still in engagement with electrodes
3% and 36 it has disengaged electrode 37. Thus,
there is a range of positions of the envelope
irom a position in which the electrode end is very
slightly above line H to the position in which
mercury 44 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 Figure 5.

While the raised portion 34 has been described
as formed by indentation 33 on the outside of
the envelope, it could also be provided by other
means as for instance by an insert placed within
the tube or by making the tube wall of increased
thickness at thai point.

By omitting clectrode 37 it is apparent that a
switch controlling & single circult and in which
contact 1s both made and broken with a snap

~actlon would be provided.
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From the above it is seen that 2 new and novel
snap action mercury switch is obtained wherein
the circuit controiled by the switch is made and
broken with a snap action. In one modification

the breaking of the circuit with & snap action is.

caused by the same mesns which causes snap
action making of the circuit, while in the cther
modification the circuit may be broken with s
snap action by o separate means. In sddition,
wrovision is made for seguentially bresking o
plurality of circuits, o

Although for purposes of lustration two modi-
flcations of this invention have been deseribed,
other forms thereof may become appsrent o
those skilled in the art upon reference $o this
specification and therefors this invention iz o be
liraited only by the scope of the eppended claims
and prior art.

Iclalm as my Invention: - .

1. In an electrical switching mechenism, in
combination, a tiltable container, clectrodes ex-
tending into the contaiver, o body of fluid con-

ducting medium having relatively high surface-

tension characteristics movable in the container
upon tilting thereof to bridge the elecirodes for
meking and bresking an electric circuit, and =
depression in the bottom of the contalner formed
solely by the seel-off tip and being of such a
depth-that it continuously retains s portion of
seid fluid-acting in conjunction with the surface
tension of the fluid for holding the fluid in one
end of the container until the container is tilted
t0 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
& 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 confainer, 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

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 Auid whereupon a portion of the
fluid is released and moves rapidly to the firsi
end of the container to bridge rapidly the elec-
trodes for completing the -circuii with a snap
action. R

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 vortion of the fluid

.conducting medium.

4. In an electrical switching mechanism, in
combination, an elongated tiltable container, z
plurality of electrodes extending into one end
of the container for conirolling a plurality of
circuits, a body of fluid conducting medium hav-
Ing relatively high surface tension charscter-
Istles movable in the container to bridge and un-
bridge the electrodes as the container is tilted in
first and second -directions respeciively, and an
indentation in the lower surface of the container
wall and separated from the outermost electrode
Ly a distance grester than the normal length of
the body of conducting fAuld acting in conjunc-
tion with the surface tension of the fAuld as.the
comtainer is tilted in the second direction to
allow the Auid io unbridge certain of the elec-
trodes for opening at least one circult but hold-

Ing the fiuid in contach with the remaining eleg.

trodes untll the container is tilted %o o position
in which there iz o substantial gradient sway
irom the electrode end of the container where-
upon the fAuid moves away from the electrode end

of the container fo unbridge the remeining

elecirodes.

8. In en electricel switch mechanism, in com-
binatlon, an clongated tlitable container heving
Arst and sccond ends, clecirodes in the frst end
of the confainer, a body of Auld conducting me-
diwm heving velatively high surface tension char-
acteristics movable from one end of the coniainer
to the other upon #lting thereof to bridge and
unbridge the clectrodes for making and breaking
an electric circult, and a depression in the bottom
of the second end of the container formed solely
by the seal-off tip and being of such 2 depth thaj
1t continuously retains a portion of said fuld ack-
ing in conjunction with the surface tension of the

"fluid, for holding the fluld in the second end of
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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 por-
tion of the fluid is released and moves rapidly to
the first end of the container to bridge rapidiy
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 fluld moves 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-
cuits, & 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
circults 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 fs 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, & body of fluid
conducting mediuin having relatively high sur-
face tension characteristics movable in the corn-
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-

talner is tilted in the second direction t6 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 fluld moves

3,232,620

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 tiited in flrst 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 posi-
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 fluld 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.

20

35
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.

11. 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 merecury
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
moves 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 &
substantial gradient away from the first end of
. the container whereupon the mercury will move

away from the first end of the container {o un-
bridge the remaining electrodes and open the re-
maining cirecults.

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

HAROLD T. OLSON.




