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6 Claims. (C. 200-112) 
This invention relates to switching devices and 

has for its object to provide a more reliable re 
sponse in such devices, 
More specifically, the invention contemplates 

an improvement in electrical switching devices 

being a vertical sectional view taken along the 
section line 4-14 of Fig. 13, Figs. 15 and 16 be 
ing sectional views taken along section line 
5-5 of Fig. 13, Fig. 15 showing the mechanism 

in operable condition and Fig. 16 showing the 5 
5 employing liquid mercury for one or more con- mechanism as prepared for shipment, and Fig. 17 

tacts. being a sectional view taken along section line 
Many forms of electric switches employing 7-7 of Fig. 13. 

liquid mercury for making or breaking electric The phenomenon of surface tension which, to 
10 contacts are in common use. The operation of a greater or lesser degree, is common to all liquids 

these switches in all cases involves a motion of is very pronounced in mercury. This phenomenon 
the mercury (Ontainer and in most cases involves causes a volume of mercury free in space to act 
the motion of an appreciable volume of mercury, as if it were contained in an elastic skin under 
For this reason they are not well adapted for high tension. A Small drop of mercury on a plate of 

15 speed operation, especially in cases where the glass or other non-metallic substance assumes a 1s 
timig is important. , form nearly spherical and the free surfaces of 

In accordance with the present invention, a drops of larger size are convex. In all cases such 
liquid mercury contact is provided, the operation a drop assumes a form in which the gravitational 
of which does not involve motion of any large energy plus the energy of the surface tension is . 

20 masses and which may be operated at speeds con- a minimum. This characteristic of a mercury 20 
siderably higher than that of the conventional drop can be utilized in electric switching. 
mercury Switch. An important feature of the de- Referring to Figs. 1 to 5, consider a volume of 
vice lies in the fact that even at these high oper- mercury in a rectangular container 2 of non 
ating speeds the duration of the periods in which conductive material. The mercury does not 

25 the circuit is open or closed can be controlled occupy all of the space in the container but, due 25 
with accuracy. This result is attained by using to the surface tension, retains an oval form in 
a mass of mercury through which an output cir- the container. Under such conditions the pres 
cuit is completed and an insulating separator sure due to surface tension of the free surfaces of 
which may be operated at high speed to open the the mercury is balanced against the pressure in 

30 circuit. the mercury due to gravity. Suppose a rectan- 80 
The invention will be more clearly understood gular insulating wedge 3, which will be referred 

from a consideration of the following description to hereinafter as the separator, to be inserted as 
in connection with the drawings, in which: shown in Figs. 3 to 5, inclusive. When the sepa 

Figs. 1 to 5 disclose a simple, more or less rator is lowered from the position shown in Fig. 
35 theoretical, embodiment of the invention, Fig. 2 1 into the mercury until it approximately reaches 35 

being a side view of the switch shown in Fig. 1 the position shown in Fig. 4, the mercury re 
and Figs. 3, 4 and 5 showing the switch in differ- cedes from the sides of the container in the 
ent operated positions; neighborhood of the lower corners and, the sur 

Figs. 6 and 7 disclose one practical embodiment face energy, Seeking its minimum value, will cause 
40 of the invention, Fig.6 showing the separator and the mercury to separate as shown in Fig. 5. 40 

bowl of Fig. 7 in partial perspective; When the separator is withdrawn to the position 
Fig. 8 discloses a modified form of the embodi- shown in Fig. 4 the mercury drops come together 

ment of Fig. 7; again. The difference between the make and 
Fig. 9 discloses an adaptation of Flg. 8 for use break positions of the separator is a function of 

45 in controlling multiple contacts; its thickness and shape, and the depth of the 45 
Figs. 10, 11 and 12 disclose a second practical mercury. Iron or tungsten electrodes 4 and 5 

embodiment of the invention, Fig. 11 being a placed in the mercury as shown in the figures 
front elevational view partly in cross-section, complete the essential elements of a practical 
Fig. 12 being a partial sectional view taken along mercury contact switch. The switch could if de 

50 section line 2-2 of Fig. 11, and Fig. 10 being a sired be arranged to have its separator move in a 50 

55 

detail showing the separator in its retracted posi 
tion; and 

Figs. 13 to 17, inclusive, show a further embodi 
ment of the invention for controlling a plurality 
of circuits, Fig. 13 being a top plan view, Fig. 14 

horizontal direction instead of a vertical direc 
tion, the electrodes in that case being in a side 
Wall of the container, and the mercury pool being 
divided in a horizontal plane by the movement of 
the separator. 55. 
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This type of relay contact forms a new and 

perfect surface at each break, and deterioration 
Such as pitting, which is connon to sold metal 
contacts, is entirely absent. When used with 
alternating current there is no tendency to chat 
ter as does the usual form of relay, due to the 
alternating current component Or "ripple', even 
at low frequencies, since movement of the sepa 
rator within the mass of mercury is ineffective if 
the separator is not allowed to move to the break 
point. 

Referring now to Figs. 6 and 7, a relay is dis 
closed having a base 9 upon which is positioned 
a hemispherical bowl f of insulating material 
containing mercury normally separated into 
two globules by the semicircular separator 2 of 
insulating material. Attached to the separator is 
a soft iron disc 9 which acts as the armature of 
an iron-clad magnet which covers the opening in 
the bowl . Terminals 5 and 6 lead to the out 
put circuit which is closed when the separator 2 
is raised and opened when the separator descends 
as shown in Fig. 7. The magnet coil 4 is en 
closed in a shell 8 of magnetic material and has 
a tubular core 20 of the same material in which 
the guide rod 3 to which the armature 9 is con 
nected moves under the control of spring 2. 
The tubular core 20 and shell are magnetically 
joined at their upper ends and are provided with 
fanges on their lower ends which form an air 
gap within which the Soft iron armature 9 moves 
when the coil 4 is energized. This relay provides 
a normally open circuit between terminals 5 
and 6 which is closed when the magnet is ener 
gized, and the upward movement of the sepa 
rator 2 permits the two mercury globules to 
unite, 

Flg. 8 shows a modification of the structure of 
Fig. 7 in which the output circuit is normally 
closed. In this case the soft iron arnature is 
mounted at the top of the coil, the guide rod 
passing completely through the hollow core of 
the magnet. The spring 2 holds the armature in 
its upper position from which it is drawn down 
ward by the energization of coil 4. The disc 22, 
which in this case is of the same insulating ma 
terial as the separator f2., may be omitted en 
tirely. 
The embodiment shown in Figs. 10 to 12 pro 

vides an arrangement vhereby the mercury con 
tact unit can be sealed in a container filled with 
an inert gas, the container including all the es 
Sential moving parts so that the contact unit may 
be inserted as a whole in the magnetic circuit. 
The mercury contact member consists of a cup 30 
Containing a quantity of mercury 3. The in 
sulating separator 32 is in the form of an in 
verted Cup and is mounted on a magnetic plung 
er type armature 33. The cup 30 is closed by a 
cylindrical envelope 34 which also acts as an ar 
nature guide, a Spring 35 controlling the restora 
tion of the armature by pressing on a shoulder 
of the envelope 34 and a flange 36 on the arma 
ture itself. One terminal 37 of the output cir 
cuit is located in the center of the cup 30 and 
the other terminal 38 is at the side of the cup, 
whereby the separator when in its depressed po 
sition as shown in Fig. 11 opens the output cir 
cuit and when raised as shown in Fig. 10, permits 
the circuit to close. It is obvious that an enclosed 
contact unit could be made employing separators 
similar to those previously discussed instead of 
the inverted Cup separator as shown. 
While the precise form of the magnetic cir 

cuit is not essential to the invention it has been 

9,158,088 
hown as comprising a coil 8 having a laminated 

Core extending part of the way through the 
Col. Linked to the upper end of the core is a 
U-shaped yoke 4 having its arms extending 
along the sides of the coll in parallel with the 
core and terminating in laminated pole-pieces 
42 and 4. These pole-pieces 42 and 43 are cut 
to closely embrace the envelope 34 containing the 
armature of the contact member. 

Flg. 12 is a sectional view taken along the line 
2-2 of Fig. 11 showing the arrangement of 
the laminated yoke 4, the pole-piece 43 and the 
Cup . The laminated form of yoke and pole 
piece is especially advantageous when using al 
ternating current. 

Fig. 9 shows an arrangement by which a plu 
rality of relays may be grouped for convenience 
in mounting while still under individual mag 
netic control. The drawing shows a broken-away 
section to disclose the internal structure of an 
individual relay which resembles the structure 
of Fig. 6 except that a rectangular well 50 and 
separator f is employed. In this case the base 
52 is molded to include a plurality of mercury 
Wells 50 each one integral with a recess 53 to 
receive the electromagnetic structure 54. A cover 
55 completes the protection of the moving parts. 
In this arrangement the energizing circuits 

may bar multipled together to create a multi-con 
tact relay or both the energizing circuits and the 
Outgoing circuits may be multipled as is common 
with the conventional type of relay to provide 
greater reliability of operation or greater cur 
rent carrying capacity. 

Figs. 13 to 17 show an embodiment wherein a 
plurality of mercury contacts have been grouped 
under common control to constitute a multi 
contact relay. A block of insulating material 

0 is molded to provide a plurality of wells of 
with a pair of terminals 02 entering each well, 
to embrace the soldering terminals OS and the 
associated wiring, and to provide a mounting re 
cess 04 for the operating magnets OT and loe 
and bridges 05 and for mounting the sep 
arators and operating equipment thereupon. 
This structure may be formed by a single mold 
ing operation. 
The separators 09 are formed in the shape of 

a T, the flat portion of the T acting as a cover 
to the corresponding well. These separators are 
mounted on levers if 0 which are fixed to rods 
rotatable in bearings mounted on bridges os 
and 0. At one end of the rods are fas 
tened the armatures 2 and 3 of magnets of 
and 08, respectively, whereby the energization 
of one of the magnets rotates the corresponding 
rod, and depresses the set of separators to open 
all of the circuits on that side of the relay. The 
arnatures 2 and 3 are normally held in re 
tracted position by springs 4 and 5 which are 
also mounted on bridge S. 

After the proper quantity of mercury has been 
placed in each well fo, to preserve the mercury 
surfaces, a cover if G is clamped in place by 
screws f and an atmosphere of an inert gas is 
supplied by any convenient method. 

In order to provide means for assuring that 
the proper amount of mercury will remain in each 
well during shipment, the flat portions of the 
separators are arranged to be pressed down into 
engagement with the tops of the wells by screws 

9 which are threaded into the embossments 20 
of the cover 6 for engagement with ribs of 
the levers ff. When the relay is ready for ship 
ment, the ScreWS 9 are screwed down until the 
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separators close the wells as shown in Fig. 16 
and the holes over the heads of screws 9 are 
then sealed with wax. To make ready for use, 
a hot Screw-driver inserted in the holes melts 
the Wax permitting the screws to be withdrawn 
Sufficiently to free the levers and separators with 
out allowing the gaseous atmosphere to escape. 

It is apparent from the foregoing description 
that the present invention provides a novel and 
practical relay, free from the faults of contact 
deterioration and chatter. 
What is claimed is: 
1. A multicontact relay comprising a base, a 

plurality of wells in said base, a pool of mercury 
in each of Said Wells, a pair of electrodes and an 
insulating separator for each well, a magnet con 
trolled member carrying said separators, a cover 
for each well, and means for clamping said covers 
oWer Said WellS. 

2. A multicontact relay comprising a base, a 
cover for Said base, a plurality of wells in said 
base, a pool of mercury in each of said wells, a 
pair of electrodes and an insulating separator for 
each well, a magnet controlled member carry 
ing Said separators, a cover for each well also 
carried by said member and means for clamping 
Said covers over said Wells, said clamping means 
comprising a reinforced rib on said member and 
a. Screw extending through said cover to engage 
Said rib. 

3. A multicontact relay comprising a base, a 
Cover Sealed to Said base for enclosing an inert 
gas therein, a plurality of wells in said base, a 
pool of mercury in each of said wells, a pair 
of electrodes and an insulating separator for each 
Well, a magnet controlled member carrying said 
Separators, a cover for each well also carried by 
Said member and means for clamping said covers 
Over Said Wells, Said clamping means comprising 
a reinforced rib on said member, and a wax sealed 
Screw extending through said cover to engage 
Said rib. 

4. In a relay, a pool of mercury, a container 

3 
therefor, a pair of electrodes connectable by 
means of said pool of mercury, a Separator Com 
prising a sheet of insulating material conforming 
in shape to the cross-section of Said container 
but of smaller area than said cross-sectional area, 
and electromagnetic means to move Said Sep 
arator transverse of said pool of mercury into and 
out of approximate registration with the inner 
Walls of Said container, the Surface tension of Said 
mercury permitting the division of said pool into 
two portions when said separator approaches the 
inner Walls of Said container. 

5. In a relay, a pool of mercury, a gas-filled 
Sealed container therefor, a pair of electrodes 
connectable by means of said pool of mercury, a 
separator comprising a sheet of insulating ma 
terial conforming in shape to the cross-section 
of said container but of Smaller area than said 
cross-sectional area, and electronagnetic means 
to move said separator transverse of said pool of 
mercury into and out of approximate registra 
tion with the inner walls of said container, the 

O 
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surface tension of said mercury permitting the 
division of said pool into tWO portions when Said 
separator approaches the inner Walls of said 
container. 

6. In a multicontact relay, a plurality of con 
tainers, pools of mercury therein, pairs of elec 
trodes connectable by means of Said pools of 
mercury, a separator for each container com 
prising a sheet of insulating material conforming 
in shape to the cross-section of said container but 
of Smaller area than said croSS-Sectional area, 
and electromagnetic means to simultaneously 
move said separators transverse of Said pools of 
mercury into and out of approximate registra 
tion with the inner walls of said containers, the 
Surface tension of said pools of mercury permit 
ting the division of each of Said pools into tWO 
portions when said separators approach the inner 
Walls of Said containers. 
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