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The present invention relates generally to mercury 
switches and, more particularly, to mercury switches em 
ploying one or more capillary columns of mercury in a 
mercury wettable capillary tube, the mercury being acti 
vated by a mass of magnetic powder operating as a piston. 

It is an object of the invention to provide a simple, 
easily fabricated. mercury switch capable of rapid action, 
whichiis of small dimensions and which is position in 
sensitive and shock and vibration insensitive. 

Brie?y describing the invention in a preferred form, 
it includes two mercury wettable capillary tubes joined 
by a ring of mercury unwettable material. Within the 
ring is a mass of ?ne magnetic powder (iron) in granular 
form. The iron is not mercury wettable. The tubes con 
tain mercury and are terminated by insulators containing 
electrodes located adjacent the ends of the mercury 
columns formed by the tubes. The magnetic powder is 
moved magnetically as a piston to move the mercury 
columns and thus open and close circuits to the electrodes. 
The electrodes are mercury wettable, so that adhesion of 
mercury to the tubes and to the electrodes renders the 
switch insensitive to shock, vibration and position. 

It is an object of the invention to provide a miniature 
mercury switch including a mass of- ‘iron granules em 
ploved as a piston. 
The above and still further objects, features and ad 

vantages of the present invention will become apparent 
upon consideration of the following detailed description 
of one speci?c embodiment thereof, especially when taken 
in conjunction with the accompanying drawings, wherein: 
FIGURE 1 of the drawings is a view in section taken 

through a switch arranged according to the invention; 
and 
FIGURES 2-5 are views in section representing vari 

ants of the system of FIGURE 1. 
It is known to design capillary mercury switches in 

which a slug moves within a mercury column and acts 
as an electrode. The slug is elongated and extends al 
most, but not quite, between two stationary electrodes. 
Therefore, the slug has considerable mass. Moreover, 
the slug is rather complex in structure, i.e. mercury wet 
table only at its ends and capable of transferring mercury 
along its length. Therefore, it is costly and a source of 
possible failure. 

In accordance with the present invention, no slug is 
employed in a miniature mercury switch, but rather a 
mass of magnetic particles of micron size, all independent 
of each other, and mercury unwettable. This mass can be 
very light, i.e. of capillary diameter, but of about a di 
ameter length axially of the ‘switch. Use of iron powder 
simpli?es switch construction, and renders feasible a 
smaller switch and thus a faster switch. 

Instead of moving an electrode, as in the prior art, 
the iron powder is used to distort or move a column of 
mercury su?’iciently to make and break contact between 
the mercury and a stationary electrode. 

Another feature of the invention is that a de?ciency 
of mercury can be employed, so that the ends of the 
mercury columns are concave when the switch is open 
and are rendered convex or ?at at the electrode end to 
close the switch contacts. 
The magnetic powder may be excessively ?ne and since 

it is not wettable provides a piston which is substantially 
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mercury impervious but capable of moving mercury. The 
cohesion of the latter maintains the integrity of the 
column with respect to the piston, the spaces between 
particles being insu?‘icient to permit passage of the iron 
particles through the free mercury surface which is pre 
sented to the piston. 
The problem of moving mercury toward an electrode 

is solved by the powdered iron piston, but the question 
remains—what force will withdraw the mercury against 
the adhesion of the electrode to open the switch. This 
force is, in part, supplied by the adhesion of the tubes 
enclosing the mercury, and the insufficiency of mercury 
to ?ll the tubes, the available mercury wets the wettable 
surface but leaves a concave volume (meniscus) at each 
end of the tube. This occurs because, for mercury, ad 
hesive forces are greater than cohesive forces, for suitable 
wettable metals, as platinum. If the de?ciency is con 
siderable, i.e. if the meniscus is very deep, the mercury 
column will reform when the piston releases. But, if the 
de?ciency is very slight, there may be insu?‘icient ad 
hesive force in the tubes to reform the column against 
the adhesive forces of the electrode. At the same time, 
the size of the electrode is important. A small electrode 
provides little adhesion and a large electrode provides 
large adhesion. As the piston withdraws the mercury 
tends to follow, since the alternative is to generate a low 
pressure area at the junction of piston and mercury. 
If follows that several forces contribute to opening of the 
switch. But it also follows that the forces can be so 
proportioned that the switch will be self-latching, despite 
Withdrawal of magnetizing force at the piston, or so 
that the switch is open, unless held closed. 

In the drawings, 10 is a ?rst capillary tube made of 
platinum. 11 is another such tube. Tubes 10 and 11 are 
joined by an insulating ring 12, preferably of glass. With 
in ring 12 is a mass 13 of powdered iron, individual par 
ticles being of micron size. This mass 13 provides a mag 
netically actuable piston which is deformable. The tubes 
10 and 11 are each almost ?lled with mercury columns 
15, 16, the mercury columns res-ting against piston 13 
at their interior ends and forming menisci 17, 18- at their 
free ends. The menisci would naturally form at both 
ends of each tube, but suf?cient iron is supplied to ?ll 
the interior menisci. The open ends of tubes 10 and 11 
are closed off with glass insulators 19, 20, through which 
extended mercury wettable electrodes 21, 22 to positions 
almost in contact with the menisci or slightly interiorly 
of the cavities these form. Two energizing coils 23 and 
24 surround ring 12. 

In FIGURE 1, both electrodes 21 and 22 are normally 
in open circuits, by providing a considerable de?ciency of 
mercury and therefore deep menisci 17, 18. The coils 
23, 24 are positioned to move piston 13 in opposite 
senses, and thereby to move the mercury columns 15, 16 
in opposite deviations. When the movement is to the 
left column 15 contacts electrode 21. When the coils 
are both de-energized, the columns return to normal posi 
tion because forces of cohesion at the tubes 10, 11 exceed 
those at the electrodes. Energization of both coils 23, 
24 does not move piston 13. 

In FIGURE 2, the mercury columns are denoted by 
reference numerals 15a, 16a. Electrode 21a is longer 
than 22, and su?‘iciently long to maintain a circuit at 
electrodes 21a, with coils 23, 24 de-energized. Coil 24, 
when energized, moves piston 13 to the right, to provide 
a circuit for electrode 22 and to open the circuit of elec 
trode 21. 

If enough mercury is supplied, or if the electrodes are 
long enough, FIGURE 3, to render both electrodes 21, 
22 in contact with mercury normally, the switches can be 
operated to open a contact when the appropriate one 
of coils 23, 24 is energized. The switch can then be 
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bistable, but can be closed at both ends by energizing 
both of coils 23, 24. 

It will be noted that the piston 13 provides no bias. 
It tends to remain where it is positioned. It can be moved 
by the coils or by the mercury, or both, and remains 
Where the balance of forces moves it. Since ring 13 is 
not wettable, there is no tendency for the mercury 
columns to transfer. The shape of the piston 13 can con 
form to the forces applied to it. Therefore, the mercury 
columns will assume a position for which the opposing 
adhesive and cohesive forces generated by the mercury 
columns and the wettable tubes balance. But a wide 
variety of operating characteristics can be achieved by 
selecting quantities of mercury and lengths of electrodes. 
The mercury columns can further be biased in either 

sense by a permanent magnet associated with coils 23, 
24 and appropriately positioned. In the system of FIG 
URE 4, electrode 22 is in contact with mercury when 
coils 23, 24 are de~energized, since permanent magnet 
25 is offset to the right of powdered iron mass 13. . Coil 
24a is symmetrically located and hence centralizes the 
mass and opens both electrodes. Coil 23a pulls the mass 
to the left and closes electrode 21. 

In FIGURE 5, the wet areas of each of electrodes 21b 
and 22b is so great that enough adhesive force is de 
veloped at the electrodes to latch the switch when operated 
in either sense. 
While I have described and illustrated one speci?c em 

bodiment of my invention, it will be clear that variations 
of the details of construction which are speci?cally illus 
trated and described may be resorted to without departing 
from the true spirit and scope of the invention as de?ned 
in the appended claims. 

I claim: 
1. A mercury switch comprising a ?rst capillary mer 

cury wettable tube, a second mercury wettable capillary 
tube, a mercury unwettable ring joining said tubes end to 
end, a mass of mercury unwettable iron powder located 
within and ?lling said ring, said tubes having free ends, 
insulating closures secured to said ends, electrodes extend 
ing through said closures, magnetic coils for moving said 
mass of iron powder, and a column of mercury in each 
of said tubes extending into proximity to said electrodes, 
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said column of mercury extending into operative relation 
with said mass of iron powder. 

2. The combination according to claim 1 wherein the 
quantity of mercury is selected to leave menisci at the 
free remote ends of said columns of mercury, the ad 
jacent ends of said columns of mercury being in contact 
with said mass of iron powder. 

3. A mercury switch comprising a mercury wettable 
capillary tube, a capillary column of mercury substan 
tially ?lling said tube, a contact located adjacent one 
end of said column of mercury and opposed to said 
column. of mercury, a magnetic piston located wholly at 
the other end of said column of mercury, and means for > 
moving said magnetic piston to distort said column of 
mercury sufficiently to make and break electrical con 
tact between said column of mercury and said contact. 

4. A mercury switch comprising ' 
a mercury wettable capillary enclosure, 
a column of mercury within said enclosure, 
said column of mercury being arranged to enable for 

mation of a meniscus at one of the ends of said 
column of mercury, 

an electrode located adjacent said meniscus but spaced 
from said one of the ends, and ’ ' 

means for stressing said column of mercury sufficiently 
to deform said one of the ends selectively into and 
out of contact with said electrode by deforming said 
meniscus, ' 

said means for stressing including a magnetic piston 
located in operative ‘relation to exert force with re 
spect to the other of said ends of said column of 
mercury. ~ ' 

S. The combination according to claim 4 wh'erein‘said 
means for stressing is a deformable piston. 
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