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This invention relates to electrical switching 
devices and relays and, more particularly, to 
those in which a conducting liquid, such as 
mercury, is used .as the contact making medium. 
The object of the invention is to render de 

vices of this type capable of producing slow-make 
and quick-break, quick-make and slow-break, 
slow-make and slow-break or continuity contact 
closures. 

It is well recognized that mercury has distinct 
advantages over solid elements as the contact 
making medium for electrical circuits. For in 
stance, a body of mercury presents a fresh sur 
face for each successive contact closure and is 
not subject to the pitting and corroding effects 
that gradually reduce the usefulness of solid con 
tact elements. With these advantages in view, 
several forms of mercury switches have been de 
vised in the past. These generally fall into one 
or the other of two classes. In one of these 
classes the container is tilted or otherwise moved 
to cause the body of mercury within it to shift 
in position thus opening or closing the desired 
connection. In the other class, an armature or 
other movable element is forced into a pool of 
mercury, the free surface of the mercury being 
displaced into engagement with circuit making 
contacts. In either case, it is necessary to move 
all or a considerable part of the mercury mass 
into a position in which itphysically engages or 
disengages the desired contact or contacts. 
In many circuits, it is often required that nor 

mally open relay contacts shall be slow to close 
after the relay winding becomes energized and 
quick to open following the deenergization of the 
relay winding or that a normally open relay 
contact shall be quick to close after the relay 
winding becomes energized and slow to open fol 
lowing the deenergization of the relay winding or, 
in other cases, slow both to close and open. 
Furthermore, continuity contacts are often re 
quired which will enable a circuit transfer to be 
effected without any interruption. 
In accordance with Patent No. 2,247,493, 

granted July 1, 1941, to Mr. H. C. Harrison and to 
me, certain advantages over prior mercury con 
tact devices were achieved by means of a switch 
in which the stationary contacts were of solid 
material and in which circuits were either made 
or broken between such contacts by a globule of 
mercury carried upon and movable by a mag 
netically actuated armature. The structure of 
this switch could be altered as disclosed in such 
patent to provide contact closures and openings 
having different time characteristics. This struc 
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ture did not, however, lend itself readily to the 
securing of time delays either in making or 
breaking a contact closure of any appreciable 
duration nor did it lend itself to the securing of 
continuity contact closures. 

It is therefore the object of the present inven 
tion to improve switching devices of this char 
acter whereby longer delay intervals may be 
measured and whereby continuity contact 
closures may be effected in a simple and reliable 
manner. 

In accordance with the present invention, the 
switch element comprises an envelope of glass or 
other suitable material through the upper end 
of which a front contact member and a back con 
tact member depend, each having a horizontally 
disposed contact portion between which the con 
tact portion of a movable contact member is 
operable. The movable contact member com 
prises a pair of parallel wires extending verti 
cally into a pool of mercury in the bottom of the 
envelope and secured to the inner surface of a 
hollow cylindrical armature which ?oats with its 
lower end partially submerged in a pool of mer 
cury. Mercury from the pool is conducted by 
capillary action along the wires of the movable 
contact member to the contact portion thereof 
and is transferred by the engagement of such 
contact portion with the contact portions of the 
front and back contact members to the latter 
contact portions. The armature cylinder is sur 
rounded by a stationary cylinder or guide sleeve 
having its lower end immersed in the pool of 
mercury and supported by a terminal lead which 
is sealed through the lower end of the envelope. 
The guide sleeve and armature being made of a 
material wettable by mercury, the mercury en 
closed between the sleeve and armature and 
within the armature positions the armature with 
the contact portion of the contact member car 
ried thereby held ?rmly in engagement with the 
contact portion of the back contact member. 
The contact portion of the movable contact 

member is widened out to provide upper and 
lower surfaces for increasing the area of the 
mercury ?lm adhering thereto and the contact 
portions of the front and back contact members 
may be made narrow to decrease the area of the 
mercury ?lm adhering thereto if a quick break of 
the mercury ?lm formed between such portions 
and the contact portion of the movable contact 
member is desired, or such contact portions may 
be widened to increase the area of the mercury 
?lm adhering thereto if a slow break of the 
mercury ?lm formed between such portions and 



2 2,295,602 
the contact portion of the movable contact mem 
ber is desired. In this manner a switch element 
may be made slow to make a front contact closure 
and fast to break such closure, fast to make a 
front contact closure and slow to break such 
closure or slow both to make and break a front 
contact closure. Delays of several seconds dura 
tion may be secured with switch elements of this 
type and quick recycling is assured. 
With this contact structure, it is possible by 

decreasing the spacing between the contact por 
tions of the front and back contact members and 
by providing all of the contact portions with 
widened surfaces, to enable the movable contact 
member to establish a front contact closure be 
fore the mercury ?lm between the contact por— 
tion of the movable member and the contact por 
tion of the back contact member becomes dis 
rupted whereby a continuity contact closure is 
effected. 
Furthermore, if the bottom of the armature 

cylinder is closed except for a small opening, it 
is possible to further delay the movement of the 
armature contact member in both its attractive 
and retractive operations whereby delay inter~ ~_-_ 
vals of several seconds may be obtained, since the 
attractive movement of the armature is re 
strained by the weight of the mercury enclosed 
therein and such mercury can run out of the 
armature through the opening only at a slow :1; 
rate as the armature is lifted and on its retrac 
tive movement the armature can settle down into 
the mercury pool only at the slow rate at which 
the mercury can reenter through the opening into 
the armature. 
For a clearer understanding of the invention 

reference may now be had to the following de 
tailed description thereof taken in connection 
with the accompanying drawing in which: 

Figs, 1 and 2 are side views partly in cross sec- 7:‘ 
tion of a relay switch‘ element in accordance with 
the present invention which is rendered slow to 
make and slow to break its front contact closure, 
Fig. 1 being a front view of the element and Fig. 
2 being a side view thereof; 

Fig. 3 is a cross-sectional view taken along the 
section line 3-3 of Fig. 2; 

Fig. 4 is a view of the upper end of a switch 
element with its contacts constructed to effect a 
fast front contact closure but a slow break of . 
such closure; 

Fig. 5 is a view of the upper end of a switch 
element with its contacts constructed to effect a 
slow front contact closure but a fast break of 
such closure; and 

Figs. 6A, 6B and 60 show the successive op 
erating stages of contacts of the type disclosed 
in Figs. 1 and 2 arranged to effect a continuity 
contact closure. 
While the invention is not limited to a switch _: 

of any given size or proportion, it may be noted 
that the switch or relay in accordance therewith 
is particularly useful in electrical systems where 
relatively small currents are involved, such for 
example, as currents of the order generally used 
in telephone and telegraph systems. For these 
purposes, the relay may be made quite small and 
it should be understood that the ?gures of the 
drawing have been made to an enlarged scale to 
facilitate a clearer understanding of its construc 
tion. 

Referring ?rst to Figs. 1 to 3, inclusive, the 
switch element comprises a glass envelope l po 
sitioned in the aligned openings of the pole 
pieces 2 and 3 of a magnetic circuit including an 

energizing coil (not shown), such a magnetic 
circuit being disclosed, for example, in the pat 
ent hereinbefore referred to. 

Positioned within the envelope is a cylindrical 
guide sleeve 4 entirely open at its upper end and 
partially closed at its lower end to add rigidity 
thereto and supported on and secured to the up 
per end of terminal wire 5. The wire 5 is sealed 
through‘ the bottom of the envelope I. The guide 
sleeve 4 is made of a material, such as nickel, 
which is wettable by mercury. Sealed through 
the upper end wall of the envelope are two par 
alielly disposed contact members 6 and 1 having 
their ends which extend into the envelope bent 
at right anlges toward each other to form two 
stationary contact portions 9 and 8, the upper 
one of which serves as a front contact and the 
lower one 9 of which serves as a back contact. 
Movable within the guide sleeve 4 is a cylin 

drical tubular armature III, the upper end of 
which is entirely open and the lower end of which 
is closed except for the small opening ii there 
in. The armature is made of magnetic material 
but its surfaces are such that they are readily 
wetted by mercury. Secured to the inner surface 
of the armature is a movable contact member l2 
which may be formed by doubling a length of 
wire, bending the looped end at right angles and 
flattening the same to provide a widened contact 
portion l3 for engagement with the contact por 
‘ons 3 and 9 of the front and back contact mem 
bers ‘.4 and G. A contact of this type has the prop 
erty of conducting mercury along the capillary 
ducts formed therein to its upper contact por 
tion from which a small amount of mercury is 
transferred to the surfaces of the contacts with 
which it cooperates, 
To complete the switch element a measured 

amount of mercury I4 is deposited in the bottom 
of the envelope and the envelope is then evacu 
atod and re?lled with a gas, such as hydrogen, 
to a required operating pressure. With the meas 
ured amount of mercury in the envelope the 
mercury rises within the guide sleeve 4 and with 
in the tubular armature III to the positions illus 
trated in Figs. 1 and 2 and the mercury is also 
conducted by the capillary action of the inner 
surface of the guide sleeve 4 and the outer sur 
face of the armature I0 to ?ll the entire space 
between such surfaces. The surface tension of 
the mercury between the upper edges of the guide 
sleeve 4 and armature l0 and the surface tension 
of the mercury within the armature exerts a 
downward pull upon the armature to normally 
hold the contact portion 13 of the armature con 
tact member l2 ?rmly against the contact por 
tion 9 of the back contact member 6. The mer 
cury within the armature also engages the lower 
end of the contact member 12 whereby mercury 
is carried along such member to its upper con 
tact portion l3 and in the normal position of the 
armature to the contact portion 9 of the back 
contact member 6 thereby establishing a mercury 
contact between the contact portions l3 and 9 
and thus between the terminal wire 5 and the 
back contact member 6. 
By referring to Fig. 3 it will be noted that the 

contact portions 8, 9 and I3 all have wide sur 
faces for increasing the area of the mercury film 
adhering thereto and thus delaying the disrup 
tion of the ?lm of mercury enclosed between the 
contact portions 9 and I3 in the normal posi 
tion of the armature l0 upon the attractive move 
ment of the armature, and delaying the disrup 
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tion of the ?lm of mercury enclosed between the 
contact portions I3 and 8 in the fully attracted 
position of the armature upon the retractive 
movement of such armature. 

If now the relay coil is energized to establish 
a difference of magnetic potential between the 
pole-piece plates 2 and 3, the armature I!) will 
attempt to rise within the guide sleeve 4 to cen 
ter itself within the magnetic ?eld thus created 
but will be restrained in such movement by the 
surface tension of the mercury pool, by the sur 
face tension of the ?lm of mercury between the 
contact portion I3 of the armature contact mem 
ber I2 and the contact portion 9 of the back con 
tact member 6 and by the weight of the mercury 
within the armature. If the energization of the 
relay coil is continued, the armature I 0 will slow 
ly rise as the mercury runs out of it through the 
opening I I and mercury will be drawn up the 
ducts of the member I2 to increase the amount 
of mercury in the ?lm between the contact por 
tions 9 and I3 until sufficient mercury will have 
run out of the armature to permit the contact 
portion I3 of the armature contact member to 
move away from the contact portion 9 of the 
back contact member 6 sufficiently to disrupt the 
mercury ?lm between them, thus opening the 
back contact closure of the switch element. 
When the mercury ?lm breaks the excess mer 
cury in the ?lm will run back down the ducts of 
member I2 into the pool I4. The armature It 
will then continue its upward movement until 
the contact portion I3 of its contact member en~ 
gages the contact portion 8 of the front contact 
member ‘I thereby effecting a delayed front con- I" 
tact closure. This delayed closure may, for ex 
ample, be effective up to thirty seconds following 
the energization of the relay coil. 
Upon the deenergization of the relay coil, the 

surface tension of the mercury pool tends to pull 
the armature I0 back into its normal or retract 
ed position and as the armature moves down 
wardly mercury flows back at a slow rate through 
the opening II into the armature, the retractive 
movement of the armature being restrained by 

.such rate of ?ow of the mercury through such 
opening. As the contact portion I3 of the arma 
ture contact member I2 moves downwardly away 
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from the contact portion 8 of the front contact 7 
member ‘I, the ?lm of mercury between such con 
tact portions is supplied by mercury drawn up 
the ducts of the member I2 and the ?lm is drawn 
out thereby retaining the front contact closure 
until such ?lm ?nally is disrupted. The excess 
mercury in the film then runs back down the -' 
ducts of the member I2 into the pool I4. When 
the armature reaches its normal position the 
back contact closure again becomes established. 
A delayed breaking of the front contact closure 
is thereby effected, which delay may also be of 
several seconds duration. 
A delay in the establishment of the front con 

tact closure of several seconds may thus be ob 
tained particularly if the energization of the re 
lay coil is intermittent and of such a periodicity 
that between successive energizations the arma~ 
ture I0 has suf?cient time to become retracted to 
a less degree than the attractive movement in 
response to the preceding impulse. In this man 
ner the armature of the switch element in effect 
advances in its attractive movement step by step 
and is tuned to the periodicity of the energizing 
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current to establish a front contact closure after i 
g a definite number of operating current cycles. 

3 
If a quick recycling of the switch element is re 

quired, the bottom wall of the armature I0 may 
be omitted and the upper end of the armature 
may be formed with an inturned rim to render 
it more rigid as disclosed in Figs. 4 and 5. 
The switch element partially disclosed in Fig. 

4 has the contact portion I3 of its armature con 
tact member I2 widened, has the contact portion 
8 of its front contact member ‘I also widened but 
the contact portion 9' of its back contact mem 
ber 6 is not widened. With this contact struc 
ture, when the armature is moved in its attrac 
tive movement, the film of mercury between the 
contact portion 9’ of the back contact member 
and the contact portion I3 of the armature con 
tact member will disrupt quickly since the cross 
sectional area of the ?lm adjacent to the con 
tact portion 9’ will be small and the armature 
having no further restraint against its movement 
except the surface tension of the mercury pool 
in which it is partly immersed, will move the 
contact portion I3 of the contact member I2 
quickly into engagement with the contact portion 
8 of the front contact member ‘I. When the op 
erating winding of the relay becomes deencr~ 
gized, since the contact areas of the contact por 
tions 8 and I3 are both large, the ?lm of mer 
cury between them will persist unbroken due to 
mercury drawn into the ?lm up the ducts of the 
member I2 while the armature moves in its re 
tractive movement under the in?uence of its 
weight and the surface tension of the mercury 
pool until the ?lm ?nally breaks, whereupon the 
contact portion I3 snaps quickly into engage 
ment with the contact portion 9’ of the back 
contact member 6. The snap action reduces the 
tendency to produce an arc when the contact 
portions separate. This switch element, there 
fore, effects a quick make and a slow break of its 
front contact closure. The delay in breaking the 
front contact closure may be in the order of sev 
eral seconds. 
The switch element partially disclosed in Fig. 

5 has the contact portion I3 of its armature 
contact member I2 widened, has the contact por 
tion 9 of its back contact member 6 also widened, 
but the contact portion 8’ of its front contact 
member "I is not widened. With this contact 
structure, when the armature is moved in its 
attractive movement, the ?lm of mercury be 
tween the contact portion 9 of the back contact 
member 6 and the contact portion I3 of the 
armature contact member I2 will be drawn out, 
but, due to its relatively large cross-sectional 
area, will not become disrupted for an interval 
which may be of several seconds duration, and, 
consequently, a slow make of the closure between 
the contact portion I3 of the armature contact 
member and the contact portion 8’ of the front 
contact member 'I will be effected. When, how 
ever, the mercury ?lm does break, the contact 
portion I3 snaps into engagement with the con 
tact portion 8’. .When the operating winding of 
the relay becomes deenergized and the contact 
portion I3 of the armature contact member I2 
starts to move away from the contact portion 8’ 
of the front contact member ‘I the ?lm of mercury 
between such contact portions will become dis 
rupted quickly since it will have a small cross~ 
sectional area adjacent to the contact portion 
8’. This switch element, therefore, effects a slow 
make and a quick break of its front contact 
closure. 

If a switch element of the type disclosed in 
Figs. 1 and 2 but with the lower end of its arma 
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ture I0 entirely open, has the contact portions 
8 and I3 of its front and back contact members 
spaced nearer to each other, it is possible to 
secure a continuity closure action as illustrated 
in Figs. 6A, 6B and 6C. Fig. 6A shows the nor 
mal position of the contact members of the 
switch element in which the contact portion l3 
of the movable contact member [2 is engaged 
with the contact portion 9 of the back contact 
member 6 through a ?lm of mercury. When the 
relay coil becomes energized and the armature 
moves upwardly in its attractive movement, the 
contact portion l3 of the armature contact 
member [2 moves away from the contact portion 
9 of the back contact member 6 thereby drawing 
out the ?lm of mercury which interconnects 
them as disclosed in Fig. 63, until the portion 
l3v approaches near enough to the contact por 
tion 8 of the front contact member 1 to become 
connected therewith through a ?lm of mercury. ' 
At that instant, the three contact members are 
interconnected. Upon the further attractive 
movement of the armature, however, the ?lm of 
mercury between the contact portions 9 and I3 
becomes disrupted and the contact closure be 
tween the contact portions l3 and 8 through the 
mercury ?lm enclosed between them becomes 
more ?rmly established as illustrated in Fig. 60. 
Thus a continuity transfer is effected from the 
back contact member 8 to the front contact 
member 1. Obviously, a similar but reverse 
transfer is effected upon the retractive movement 
of the armature. 
What is claimed is: 
1. In an electric switch, an envelope having a ‘ 

pool of mercury therein, a tubular armature 
movable within said envelope having its lower 
end immersed in said mercury, a contact member 
carried by said armature, other contact members 
for engagement by said armature contact mem 
ber, said contact members all having widened 
contact surfaces to which mercury easily adheres, 
and electromagnetic means for moving said 
armature to disengage its contact member from 
one of said other contact members and to engage 
it with the other of said contact members, 
whereby due to the adherence of mercury to the 
contact surfaces thereof, said three contact 
members become momentarily bridged by ?lms 
of mercury during the movement of said arma 
ture contact member. 

2. In an electric switch, an envelope having 
a pool of mercury therein, a tubular armature 
movable within said envelope having its lower 
end immersed in said mercury, a contact mem 
ber carried by said armature, front and back 
contact members for engagement by said arma 
ture contact member, said contact members all 
having widened contact surfaces to which mer 
cury easily adheres, and electromagnetic means 
for moving said armature to move its contact 
member away from said back contact member 
thereby drawing out the ?lm of mercury enclosed 
between them and to move its contact member 
towards said front contact member until a ?lm 
of mercury is formed between them, whereby 
said three contact members become momentarily 
joined by said ?lms of mercury until said ?rst 
?lm becomes disrupted upon the termination of 
the attractive movement of said armature. 

3. In an electric switch, an envelope having a 
pool of mercury therein, a tubular armature 
movable within said envelope having its lower 
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end immersed in said mercury, a contact mem- 75 
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ber carried by said armature, front and back 
contact members for engagement by said arma 
ture contact member, said contact members all 
having widened contact surfaces to which mer 
cury easily adheres, and electromagnetic means 
for moving said armature, said armature upon 
its retractive movement moving its contact mem 
ber away from said front contact member there 
by drawing out the ?lm of mercury enclosed 
between them and moving its contact member 
towards said back contact member until a ?lm 
of mercury is formed between them whereby 
said three contact members become momentarily 
joined by said ?lms of mercury until said ?rst 
?lm becomes disrupted upon the termination of 
the retractive movement of said armature. 

4. In an electric switch, an envelope having 
a pool of mercury therein, a tubular armature 
movable within said envelope having its lower 
end immersed in said mercury, a contact mem 
ber carried by said armature, front and back 
contact members for engagement by said arma 
ture contact member, said contact members all 
having widened contact surfaces to which mer 
cury easily adheres, and electromagnetic means 
for moving said armature to move its contact 
member away from said back contact member 
thereby drawing out a ?lm of mercury between 
them until it becomes disrupted just prior to 
the engagement of said armature contact mem 
ber with said front contact member, and whereby 
upon the retractive movement of said armature, 
the ?lm of mercury between said armature con 
tact member and said front contact member is 
drawn out until it becomes disrupted just prior 
to the engagement of said armature contact 
member with said back contact member thereby 
effecting a slow make of the front contact clo 
sure and a slow break thereof. 

5. In an electric switch, an envelope having 
a pool of mercury therein, a tubular armature 
movable within said envelope having its lower 
end wall closed except for a small opening there 
through and immersed in said mercury, a con 
tact member carried by said armature, front 
and back contact members for engagement 
by said armature contact member, said contact 
members all having widened contact surfaces 
to which mercury easily adheres and electromag 
netic means for moving said armature at a speed 
determined by the out?ow of mercury from said 
armature through said opening for moving its 
contact member away from said back contact 
member thereby drawing out the ?lm of mer 
cury between them until it becomes disrupted 
just prior to the engagement of said armature 
contact member with said front contact member, 
and whereby upon the refractive movement of 
said armature at a speed determined by the 
inflow of mercury thereinto through said open 
ing, the ?lm of mercury between said armature 
contact member and said front contact member 
is drawn until it becomes disrupted just prior 
to the engagement of said armature contact 
member with said back contact member thereby 
effecting a slow make of the front contact clo 
sure and a slow break thereof. 

6. In an electric switch, an envelope having 
a pool of mercury therein, a tubular armature 
movable within said envelope having its lower 
end immersed in said mercury, a contact mem 
ber carried by said armature, front and back con 
tact members for engagement by said armature 
contact member, said armature and front con 
tact members having widened contact surfaces 
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and said back contact member having a narrow 
contact surface to which surfaces mercury easily 
adheres, and electromagnetic means for moving 
said armature to move its contact member into 
engagement with said front contact member 
thereby quickly disrupting the ?lm between said 
armature contact member and said back contact 
member, and whereby upon the retractive move 
ment of said armature, the ?lm between said 
armature contact member and said front con 
tact member is drawn out until it becomes dis 
rupted just prior to the engagement of said arma 
ture contact‘ member with said back contact 
member thereby effecting a quick make of the 
front contact closure and a slow break thereof. 

7. In an electric switch, an envelope having 
a pool of mercury therein, a tubular armature 
movable within said envelope having its lower 
end immersed in said mercury, a contact mem 
ber carried by said armature, front and back 
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contact members for engagement by said arma 
ture contact member, a plurality of said contact 
members having widened contact surfaces to 
which mercury easily adheres and electromag 
netic means for moving said armature to move 
its contact member away from said back con 
tact member into engagement with said front 
contact member thereby drawing out a film of 
mercury between said armature contact member 
and said back contact member and whereby upon 
the retractive movement of said armature contact 
member, the ?lm of mercury between the arma 
ture contact member and said front contact 
member is drawn out, the degree to which each 
?lm is drawn out and consequently the time 
elapsing before its disruption being dependent 
upon the comparative areas of the contact mem 
bers between which the ?lm is established. 

CHARLES E. POLLARD, JR. 


