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The present invention relates to electric switches em-
ploying a conductive liquid, such as mercury, as a con-
tact medium.

Mercury switches in general are extremely well known,
and a large variety of such switches are in widespread use
at the present time. Prior art mercury switches, how-
ever, for the most part are limited to the single-pole-
single-throw variety; and such prior art switches usually
depend upon the gravity flow of a pool of mercury to
establish or break electric contact between a pair of fixed
solid contacts.

The present invention also uses a fluid, such as mer-
cury, for establishing selective contact between a plurality
of switch terminals. However, in accordance with the
present invention, and unlike the prior art switches, a
series of pools of mercury are supported in grooves in a
unique manner in the structure of the invention for selec-
tive contact with one another. Such use of coacting pools
of mercury, and in a manner to be described, provides for
feasible and convenient structures for the multiple switch-
ing function of the multiple-pole-multiple-throw type of
switch.

In one embodiment of the invention, a pair of members
of insulating material that are not susceptlble to being
“wetted” by mercury are mounted in close-fitting coacting
face-to-face relation for relative movement with respect
to one another. A series of grooves or depressions are
formed in the coacting faces of the members, and these
grooves are adapted to hold individual isolated pools of
mercury which are electrically insulated from one another.
Terminal connections are made to the individual pools
on at least one of the members. Then, as the members
are moved with respect to one another, the mercury pools
in the grooves on one of the coacting faces establishes
selective comnections between the isolated mercury pools
on the other. This provides switching contact between
the various terminals of the switch, and in accordance
with a predetermined pattern.

Mercury switches of the present invention, as described
in the preceding paragraph, are well suited for multiple-
pole-multiple-throw switching operations. This obtains
because not only can each of the described pairs of co-
acting insulating members support a plurality of liquid
make-and-break switching contacts, but a series of such
pairs of members can be stacked on a single operating
shaft for multiple simultaneous operation.

Switches constructed in accordance with the invention,
such as described above, have many inherent favorable
features and characteristics. For example, the moving
parts of the switch are reduced essentially to a pair of
rugged insulating members. Switches constructed in ac-
cordance with the invention are, therefore, extremely re-
liable and capable of long trouble-free use.

The insulating members referred to above may be com-
posed of any suitable plastic which exhibits the desired
electrical insulating properties and which is not subject to
being “wetted” by the liquid contact material. For ex-
ample, “Teflon” is ideal for the purpose because it is long
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~ wearing and self-lubricating, in addition to possessing su-

perior insulating characteristics and not being susceptible
to wetting by mercury.

The switching structure of the invention also exhibits
favorable electrical characteristics. The liquid is not sub-
ject to oxidation because it is almost completely enclosed.
The contacts, moreover, are self-cleaning and any oxida-
tion that might occur is rubbed off by the coacting faces
of the members and the mutua] engagement of the liquid
pools. Therefore, the contacts continue to exhibit low
contact resistance even after long periods of use. This,
plus the fact that there is no arcing problem involved
in this type of switch, provides a long life for the switches
and eliminates any contact maintenance problems.

The switch of the invention also is small in size. This
renders the switch suitable for a wide variety of uses in
which a multiplicity of switching operations are required
and where space is at a premium. Present day computers
are a typical example of such an application, and switches
constructed in accordance with the invention are well
suited for use in computers and similar complicated equip-
ment,

The embodiment of the invention illustrated in the
accompanying drawings and which will be described in
detail is a solenoid controlled type of switch. However,
it will be evident as the description proceeds that the
switch is not limited to any particular control. In fact,
any suitable control, either electrical, magnetic, mechan-
ical or manual, and so on, could be used. For example,
switches constructed in accordance with the invention may
be provided with a manually operable control shaft and
with a threaded bushing for mounting on a control panel.

It will also be evident from the ensuing description
that although two mutually rotatable discs form the co-
acting insulating members of the illustrated embodiment
of the invention, these insulating members need not neces-
sarily be discs, nor need their movement with respect to
one another necessarily be rotational. When rotating
discs are used, however, it would appear that a more
convenient mechanical construction can be realized. The
use of rotatable discs and the like also adapts the struc-
ture to further applications, such as commutators in di-
rect current machinery, and the like.

Other features and advantages of the present invention
will become apparent from the following description, par-
ticularly when taken in connection with the accompanying
drawings, in which:

Figure 1 is a partly sectional, side elevational view on
an enlarged scale of a solenoid actuated, multiple contact
rotary switching assembly constructed in accordance with
the invention;

Figure 2 is a bottom view of the switching assembly
showing the various terminals of the switch and also
showing an appropriate wafer bracket for mounting the
switch on a supporting chassis;

Figure 3 is a cross-sectional view of the switching as-
sembly of Figure 1, substantially on the line 3—3, il
lustrating the surface of a stationary disc-like insulating
member incorporated in the assembly;

Figure 4 is a sectional view of the disc-like insulating
member of Figure 3, substantially on the line 4—4, il-
lustrating certain circular depressions formed in the disc
and also showing conduits for such depressions extending
radially from respective ones of the depressions to the rim
of the disc-like member; .

Figure 5 is a cross-sectional view of the switching as-
sembly of Figure 1, substantially on the line 5—5 of Fig-
ure 1, showing the face of a rotatable disc-like insulating
member which coacts with a face of the stationary disc-
like member of Figure 3; and

Figure 6 is a sectional view of the rotatable dlsc-hke _
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insulating member of Figure 5 taken along the line 6—6
and showing two of a group of radial grooves formed
in the coacting face of that disc-like member.

The switching assembly illustrated in the drawings in-
cludes a housing 1§ which may be supported on any con-
veniently shaped mounting bracket 12. The bracket 12
may, for example, be a wafer with a usual elliptical shape
and with a pair of mounting holes 14 and 16 at its op-
posite ends. As previously noted, the bracket 12 serves
to support the assembly on a suitable chassis.

The switching structure itself may be suspended from
the top of the housing, and it includes an energizing
winding 18. The energizing winding is wound on a
tubular core 1%, and an armature 26 is pivotally mcunted
within the tubular core for pivotal mocticn about the
longitudinal axis of the core. The core includes a pair
of pole pieces 22 and 24 which extend within the core.
The armature 29 is mounted within the housing for
limited rotational movement about the longitudinal axis
of the core, and the pole pieces 22 and 24 are shaped
so that the armature is moved from one annular position
about this axis to another when the winding 18 is ener-
gized. The armature then returns to its first amgular
position when the winding 18 is deenergized.

The assembly described in the preceding paragraph is
a usual retary solenoid. Since this construction is known,
a more detailed description is not believed to be nec-
essary. Moreover, and as pointed out previously, this
represents but one possible control for the assembly.

The switching assembly includes a stationary disc-like
member 26 of insulating material. This member may
be fastened to the bottom of the energizing winding as-
sembly by appropriate screws, not shown, or by any other
suitable means. As mentioned earlier, it is desirable for
the member 26 to exhibit good insulating properties,
and that it be non-wettable by mercury.

The stationary insulating disc-like member 26 has
a series of circular depressions 28 formed in its lower
surface. These depressions are positioned equi-distantly
from the center of the member 26, in the illustrated em-
bodiment of the invention, and they are disposed at equi-
distant angular positions about a circular path.

A particular number and disposition of the depressions
28 is shown in the illustrated embodiment. However,
it is to be understood that more or less depressions, and
other patterns, may be used depending upon the applica-
tion to which the switch is to be put.

Two depressions 30 and 32 are respectively associated
with each of the depressions 28. These depressions 30
and 32 are also positioned equi-distantly from the center
of the disc-like member 26, and they, too, extend around
a circular path and are disposed at equi-distant angular
points. The radius of the circular path of the depres-
sions 30 and 32 is greater than the radius of the circular
path of the depressions 28.

The relation between each of the depressions 28 and
its associated depressions 30 and 32 in the pattern of the
particular illustrated embodiment is such that each de-
pression 30 is displaced on one side of the radial axis
from the center of the disc-like member 26 through its
corresponding depression 28, and the associated depres-
sion 32 lies on the other side of this radial axis.

Each of the depressions 28 has a radial conduit 34
extending from it to the rim of the disc-like member 26.
Likewise, each of the depressions 30 has a radial conduit
36 extending from it to the rim of the disc-like member
26, and each of the depressions 32 has a radial conduit
38 extending from it to the rim of the disc-like member.

All of the depressions 28, 30 and 32 are intended to
be filled with a liquid electrically conductive substance,
such as mercury. A plurality of isolated pools of mer-
cury are thereby formed on the face of the disc-like mem-
ber 26, and these pools are electrically insulated from one
another.
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As shown, for example in Figures 1 and 2, a plurality
of electrically conductive terminals 48 extend through
the bottem of the housing 18. The housing bottom may
conveniently be an insulating disc, and this disc serves to
support the terminals in mutually insulated relation. A
plurality of electrical connections, such as the lead 42 re-
spectively connect individual ones of the terminals 49 with
corresponding ones of the mercury pools in the depres-
sions 28, 3§ and 32 in the lower face of the stationary disc
Z6. These connections extend into respective ones of the
conduits 34, 36 and 35 to establish the desired individual
electrical connections to the various pcols of mercury.

It will be appreciated, that at each group of poocls in
the depressions 28, 3¢ and 32, the fixed contacts of a
single-pole-double-throw switch are formed, with a con-
nection between the mercury in the depression 28 and
the mercury in the depression 32 establishing one opera-
tive condition for the switch, and a connection between
the mercury in the depressicn 28 and the mercury in the
depression 3¢ establishing a second operative condition
for the switch.

The stationary disc-like member 26 has a central aper-
ture 44 which permits the drive shaft 46 from the arma-
ture 20 to extend through this member. This drive shaft
also extends through a central aperture 48 in a rotatable
insulating disc-like member 50. This latter armature has
a rectangular configuration which is shaped to conform
with the configuration of the drive shaft 46. Therefore,
rotation of this shaft by the armature 20 cduses the disc-
like member 50 to rotate. A nut 52 threadably engages
the bottom of the shaft 46 to hold the disc-like member
50 in coaxial relation with a stationary disc-like member
26, and with the upper face of the member 50 coacting
with the lower face of the member 26 in close contact.

The drive shaft 46 is affixed to the armature 20, so
that the limited rotation of the armature from one angular
position to another when the energizing winding 18 is
energized and deenergized produces a corresponding
limited rotation to the shaft. The aperture 48 in the
disc-like member 50 is of rectangular shape, as noted
above, to engage the shaft and to cause that member to
rotate as the shaft is rotated in its limited extent. The
shaft 46, however, passes freely through the aperture 44
in the stationary disc-like member 26. Therefore, when
the winding 18 is energized, the resulting rotation of the
drive-shaft 46 causes the disc-like member 50 to rotate
with respect to the disc-like member 26 from one pre-
determined angular position to another. Likewise, the
control is such that when the energizing winding 18 is
deenergized, the member 50 is rotated in the opposite
direction with respect to the member 26 back to its first
angular position.

The rotatable member 50, like the member 26, is com-
posed of a suitable insulating material that is not wettable
by mercury. This latter member 30 has a series of radial
depressions or grooves 60 formed on its upper surface.
This is the surface of the rotatable member 50 which
coacts with the lower surface of the stationary member 26.

The grooves 30 extend radially outwardly from the
center of the disc-like member 50, and they correspond
in number to the number of depressions 28 in the lower
face of the stationary member 26.

'Ijh_e grooves 60 are so positioned that in one angular
position of the rotatable member 50 corresponding, for
example, to its position when the winding 18 is not ener-
glzed, each of the grooves 60 extends across a correspond-
ing depression 28 and across its associated depression 30
to bridge these latter two depressions. Then, when the
rotatable member 50 moves to its second angular posi-
tion, corresponding, for example, to its position when
the winding 18 is energized, each groove 60 extends across
tl'le corresponding depression 28 and its associated depres-
sion 32 to bridge these latter depressions.

The grooves 60 are also adapted to be filled with mer-
cury or other liquid conductor. Therefore, the limited
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rotation of the disc 50 with respect to the disc 26 causes
the mercury in the depressions 28 to be connected by the
mercury in the grooves 60 cither to the mercury in the
depressions 30 or to the mercury in the depressions 32.

Therefore, and as previously stated, a multiplicity of
single-pole-double-throw multiple switches are effectively
formed between each group of depressions 28, 30 and 32.

Switches constructed in accordance with the invention
may be extremely small. For example, a constructed
embodiment of the particular switch described above was
made with the following dimensions, which are listed
herein merely by way of example:

Disc-like member 26: Inches
Diameter ... 750
Thickness _— S A

Disc-like member 50:

Diameter oo .700
Thickness — oo -~ 125

Casing 10:

Height oo 1.350
Diameter — e 1.000

The switching assembly of the invention is susceptible
to simple and convenient construction. For example, the
depressions in the disc-like members 26 and 50 may be
filled with mercury in a convenient manner. This may
be done merely by immersing the members in a mercury
bath, and by clamping them together as they are with-
drawn from the bath, The isolated mercury pools on the
two members are thereby brought into contact, and any
excess mercury is easily removed by rubbing the surfaces
of the two members together.

As noted above, “Teflon” is well suited for the mem-
bers 26 and 50 since it is an efficient insulator, and also
because it is not wettable by mercury and possesses self-
lubricating properties. The pools in the various depres-

" sions and grooves in the disc-like members are almost
completely enclosed by the two members and are not sus-
ceptible to oxidation. Moreover, and as previously ex-
plained, any oxidized portion of the pools is quickly re-
moved by the rubbing action of the faces and coacting
pools of the two members.

Although the illustrated embodiment is actuated and
controlled by a rotary solenoid, it is evident that other
controls may be conveniently used. It should also be
evident that the members 26 and 50 will lend themselves
conveniently to multiple stacking along the drive shaft
46 so that a multiple-pole-multiple-throw switching as-
sembly may be housed in an extremely small package.

The invention provides, therefore, a simple and rela-
tively inexpenisve multiple contact switching assembly.
The assembly of the invention is susceptible to convenient
and economical construction, and it is rugged and capa-
ble of long and trouble-free operation.

It is evident that the favorable and improved proper-
ties of the switch of the invention may be retained when
only one of the switch sections includes the fluid contact
areas. For example, solid copper conductors may be
formed on the stationary disc 50 of Figure 5 instead of
the pools of mercury. These solid conductors may be
embedded in the disc 50 to be flush with the surface of
the disc. Under some operating conditions this latter
construction appears to exhibit improved coaction between
the solid conductors on the movable disc 50 and the mer-
cury pools on the stationary disc 26.

I claim:

1. An electrical switching assembly including, a sta-
tionary disc-like member composed of insulating material
and having a first series of isolated depressions formed
on a first surface thereof and positioned equi-distantly
from the center of said disc-like member at equi-distantly
spaced angular positions around a first circular path, said
stationary disc-like member further having a series of
pairs of further depressions respectively associated with
said depressions of said first series and positioned equi-
distantly from the center of said stationary disc-like mem-
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ber at equi-distantly spaced-angular positions around &
second circular path of greater radius than said first cir-
cular path, a corresponding plurality of mutually insu-
lated pools of mercury disposed in said depressions of
both said series, a corresponding pluraiity of electrical
terminals, means for individually connecting said termi-
nals to respective ones of said pools of mercury, a rotata-
ble disc-like member composed of insulating material and
having a plurality of isolated grooves formed in a first
surface thereof and extending radially outwardly from
the center thereof, a corresponding plurality of mutually
insulated pools of mercury disposed in said last-mentioned
grooves, and means for supporting said rotatable disc-
like member for limited rotation with respect to said sta-
tionary disc-like member and with said first surfaces of
said members coacting with one another, so that said
pools of mercury in said grooves in said rotatable disc-
like member may selectively establish individual connec-
tions between said pools of mercury of said first series of
depressions in said stationary disc-like member and indi-
vidual ones of said pools in each of said pairs of depres-
sions of said second series and respectively associated
therewith.

2. An electric switch assembly including a stationary
member which includes a first insulating body having at
least one pair of isolated depressions formed on a first
surface thereof, a corresponding plurality of mutually in-
sulated electrically conductive bodies disposed in the iso-
lated depressions in said first surface of said first insulat-
ing body, a plurality of electrical terminals for the switch
assembly supported solely on said stationary member,
means supported by said stationary member for individ-
ually connecting said terminals to respective ones of said
electrically conductive bodies in said depressions in said
first insulating body, a movable member which includes
a second insulating body having at least one groove
formed in a first surface thereof, a corresponding elec-
trically conductive body disposed in the groove in said
second insulating body, and means for supporting said
movable member for movement with respect to said sta-
tionary member with said first surface of said first insulat-
ing body coacting with said first surface of said second
insulating body so that the conductive body in the groove
in the second insulating body may establish a connection
between the electrically conductive bodies in a corre-
sponding pair of said isolated depressions in said first
insulating body, at least one of said electrically conduc-
tive bodies being composed of an electrically conductive
liquid.

3. An electric switch assembly including, a stationary
member which includes a first self-lubricating insulating
body incapable of being wetted by mercury and having at
least one pair of isolated depressions formed on a first
surface thereof, a corresponding pair of mutually insu-
lated pools of mercury respectively disposed in the pairs
of said depressions in said first insulating body, a plurality
of electrical terminals for the switching assembly sup-
ported solely on the stationary member, means supported
by the stationary member for individually connecting said
terminals to respective ones of said pools of mercury in
the depressions in said first body, a movable member
which includes a second self-lubricating insulating body
incapable of being wetted by mercury and having at least
one groove formed in a first surface thereof, a corre-
sponding pool of mercury disposed in the grooves in said
second insulating body of said movable member, and
means for supporting said movable member for move-
ment with respect to said stationary member with said
first surface of said first insulating body coacting with
said first surface said second insulating body so that each
of said pools of mercury on said movable member may
establish a connection between the pools constituting a
corresponding pair of said pools of mercury on said sta-
tionary member.

4. An electrical switching assembly including, a sta-
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tionary disk-like member composed of insulating material
and having a first series of isolated depressions formed on
a first surface thereof and positioned equi-distantly from
the center of said disk-like member at equi-distantly
spaced angular positions around: a.first circular path, said
stationary disk-like member further having a series of
pairs of further depressions respectively associated with
said depressions of said first series and positioned equi-
distantly from the center of said stationary disk-like
member at equi-distantly spaced angular positions around
a second circular path of greater radius than said. first
circular path, a corresponding plurality of mutually in-
sulated electrically conductive bodies disposed in said
depressions of both said series, a corresponding plurality
of electrical terminals, means for individually connecting
said terminals to respective ones of said electrically con-
ductive bodies, a rotatable disk-like member composed
of insulating material and having a plurality of isolated
grooves formed in a first surface thereof and extending
radially outwardly from the center thereof, a correspond-
ing plurality of mutually insulated electrically conductive
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bodies disposed in said last-mentioned grooves, and means
for supporting said rotatable disk-like member for lim-
ited rotation with respect to said stationary disk-like mem-
ber and with said first surface of said members coacting
with one another, so that said conductive bodies in said
grooves in said rotatable disk-like member may  selec-
tively establish individual connections between said con-
ductive bodies of said first series of depressions in said
stationary disk-like member and individual ones of said
conductive bodies in each of said pairs of depressions of
said second series and respectively associated therewith,
at least one of said electrically conductive bodies being
composed of an electrically conductive liquid.
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