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This invention relates to switches of the kind
in which contact is made or broken by changing
the level of a gquantity of mercury or other con-
ducting liquid as a result of varying the extent
of immersion in it of an armature or plunger
which is acted on by magnetic means arranged
outside a sealed vessel enclosing the armature
and the liquid, and having contacts passing
through it.

According to the present invention, the plunger
is drawn down into the mercury or other conduct-
ing liquid by the magnetic means and constitutes
or forms part of a vessel receiving part of the
18 mercury and the opening through which the con-

ducting liquid passes into the vessel is controlled
by a valve which is open when the plunger is
drawn down into the conducting liquid but closes
when the plunger is allowed to rise due to its

‘buoyancy so as to cause the plunger to lift the
20 conducting liquid in it and thus to cause contact
to be made or broken. Thus, the plunger is able
to move down quickly when it is acted upon by
the magnetic means because the conducting liquid
is then able to flow freely through the compara-
tively large opening left by the open valve. The
arrangement of the switch may otherwise be simi-
lar to that described with reference to Figures 2
to 5 of the complete specification of my United
States patent application Serial No. 51,962, filed
97th November, 1935, Patent No. 2,157,114, May 9,
1939, and the armature or plunger could co-
operate with the wall of the containing-vessel so
as to form the mercury-receiving vessel in the
“manner described in that specification.

The arrangement is preferably such that the
plunger rises taking the mercury or other con-
ducting liquid with it due to its buoyancy alone,
although means such as a spring urging it up-
wards may be provided to assist the buoyancy.
The natural buoyancy of an iron plunger may be
increased, for example, by providing it with a
liner of comparatively light material. The valve
or its seating may be made so that the valve does
not quite close the opening on the upward move-
ment of the plunger, or else a separate by-pass
may be provided, so that the mercury slowly flows
back from the plunger or vessel into the main
body of mercury so as ultimately to bring the
mercury to the same level inside and outside the
50 vessel or plunger. The by-pass opening is, of

course, not large enough to prevent the mercury
rising with the plunger.

The switch according to the invention may be

made in various forms and to carry out various

88 switching operations. Three examples of switches
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which, though substantially the same, are ar-
ranged as a result of slight modification to carry
out different switching operations, will now be de-
scribed with reference to the accompanying draw-
ings as will also two modifications. In these
drawings—

Figs. la, 1b, and 1lc illustrate one form of
switch in cross-section, the three figures showing
three different conditions of the switch.

Figs. 2a, 2b, 2¢, and 3a, 3b, 3c are figures simi-
lar to Figs. la, 1b, and lc, illustrating the two
other examples. :

Figs. 4 and 5 are plans of details.

Fig. 6 is a sectional view of a modified form of ‘

valve; and

Fig. 7 is a cross-section of a switch having a
modified form of construction of plunger.

In Figs. la, 1b, l¢, 2a, 2b, 2¢, 3a, 3b, and 3c,
i, 2 and 3 are contacts fused through the wall of
the switch vessel 4 which is usually of glass. 5 is
the mercury. 5 is the armature or plunger con-
sisting of an iron tube 7, and a tubular liner 8 of
steatite, porcelain or the like. 9 is the valve in
the form of a metal ball, and 10 its seating. The
seating 10 is in the form of a ring sprung into the
end of the tube T with a small gap {0a between
jts ends to form a by-pass opening. Another
ring [{ smaller in width is fixed in the tube 1
above the valve 9 and has radial projections {2 to
prevent the valve rising unduly. {3 is the sole-
noid shown diagrammatically and (4 and 15 a
battery and switch for energising it.

Contact 1-co-operates with the mercury out-
side the armature, contact 2 projects down into
the plunger and cooperates with the mercury
contained in it, and contact 3 is continuously im-
mersed in the general body of mercury. These
contacts will be referred to briefly in what follows
as 1, 2 and 3. The disposition of these contacts
with respect to the mercury is different in the
three exampies illustrated in these figures, and
the operation of the three switches will now be
described separately.

When the switch of Figs. 1a, 15 and lc is in. its
normal condition, with the solenoid de-energised
(Fig. 1a), contact between 3 and | is made by
the mercury and contact between 3 and 2 is open.
When the solenoid i3 is energised to draw the
plunger down (Fig. 1b), contact between 3and !
remains closed while the general rise of level due
to the immersion of the plunger causes 3 and 2 to
be bridged also. The valve 9 is open on this
down-stroke so that the levels inside and outside
the plunger rise together. When the solenoid
13 is de-energised again the plunger rises and at
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the beginning of this stroke, the valve § closes
so that the rising plunger takes the enclosed mer-
cury with it. The drop of level outside the
plunger is such as to break contact betwesn 3
and | while, of course, contact between 3 and 2 is
maintained. The flow of mercury through the
by-pass opening i8a eventually leads io the
original state of affairs being restored.

In the normal condition of the switch of Figs.
2a, 2b and 2c, contact between 3 and 1 is broken
as also is contact between 3 and 2. When the
solenoid is energised to drawn down the plunger,
the general rise in level is such as to bridge 2 and !
and also 3 and 2. When the sclenoid is de-
energised and the plunger rises, contact between
3 and § is broken quickly, because of the sudden
drep of level outside the plunsger contact between
3 and 2 is at first maintained but the mercury
level inside the plunger eventually drops due to
the passage of mercury through the by-pass
opening {0q, so that contact between 3 and 2 is
eventually broken after contact between 3 and |
has been broken.

In the normal condition of the switch of Figs
3a, 30 and 3c, contact between 3 and ! is broken
as also is contact between 3 and 2. When the
solenoid is energised, 3 and { are bridged but
contact between 3 and 2 remains broken. When
the solenoid is de-energised again and the
plunger rises, contact between 3 and [ is broken
quickly whereas contact between 3 and 2 is
established quickly but eventually broken due to
the passage of mercury through the by-pass open-
ing.

The switches described above are merely ex-
amples. The invention could be applied to a
simple make-and-break switch, which may be
similar to the switches already described but with
two contacts, one permanently immersed in the
body of mercury such as 2, and the other, such as
2, arranged to project down into the tubular
plunger but so as normally to be clear of the sur-
face of the mercury. In the initial condition of
the switch, these contacts are not bridged by the
mercury. When the solenoid is energised the
plunger is drawn down into the mercury but the
slight general increase in level which now takes
place is not enough to hridge the. two contacts.
When the solenoid 13 is de-energised again, the
plunger rises and the valve 8 closes, except for
the by-pass opening, and the mercury in the
rlunger rises and comes into contact with the
downwardly-extending contact 2. The mercury
now flows slowly back from the plunger to the
general body of mercury through the by-nass
opening so that after the lapse of & sufficient, time,
denending upon the size of the opening, equality
of levels is restored and contact is broken. Tn-
stead of having a contact projecting downwardly
into the tubular plunger, it may project down into
the space between the plunger and the switch
vessel and be normally immersed in the mer-
cury so that contact is normally made. In that
case, contact remains made when the plunger
is drawn down by the solenoid, but when the
plunger rises, contact is broken due to the drop
of level outside the plunger consequent on the
taking up of a comparatively large amount of
mercury in the plunger. Contact is re-estalb-
lished when the switch returns to its original
condition.

The valve need not be a ball valve. Fig. 6 illus-
trates a modified form of valve, in which the valve
8 is of conical form and seats on a cross-shaped
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seat I8 formed by turning in the lower end of
the glass tube 8 which, in this case, forms the
lining of the armature.

In the switch of Fig. 7, the plunger 8 is of glass
as in Fig. 6 and has the projections 12 made by
fusing the glass and pressing it in on the outside,
for preventing the valve 9, again shown in the
form of a ball, from rising unduly from its seating
19, The seating {0 is formed by fusing and then
turning in the lower end of the glass tube. The
magnetic portion of the plunger is in the form of
an iron tube T passed over the glass tube 8. In
this case also, instead of the seating 10 of the
valve having a gap to act as the by-pass, a small
hole 17 is formed in the plunger at a point above
the ball 8. In Fig. 7, also, the single upper elec-
trode 2 is replaced by a pair of electrodes 2a and
20 of different lengths so that the mercury, as it
rises, first makes contact with the electrode 2a
and then with 2b. Any number of such electrodes
may be provided.

It is to be understood that it is not always
necessary to have one contact such as 3 continy-
ously immersed in the general body of mercury.
This contact could be arranged just above the
normal level of the mercury in some cases so that
the mercury first immerses it and then passes on
to the other contacts to carry out switching oper-
ations such as these described above.

It may sometimes be desirable to reduce the
cross-sectional area between the outside of the
plunger and the wall of the switch vessel at a
part immediately above the normal level of the
mercury, so as to amplify the rise of level of
the mercury. This could be done by forming an
Inwardly-extending depression in the wall of the
glass tube which need not hecessarily extend
around the whole circumference.

T claim:

1. An electric switch comprising a closed vessel
containing a conducting liquid, a plurality of
contact memhers co-operating with said liquid, a
plunger enclosed in said vessel, said plunger form-
ing part of a receptacle receiving part of said
liguid and normally floating in said liquid, there
being an opening giving communication between
the liguid in said receptacle and the liquid out-
side it, magnetic means acting on said plunger to
draw it down into said liquid, a valve controlling
sald opening, said valve being open when said
plunger is drawn down and closing when said
plunger is allowed to rise causing said plunger
te 1ift the liquid contained in it to make or break
electrical connection between said contact mem-
kers through said liquid.

2. An electric switch comprising a closed ves-
sel containing & conducting liquid, a plurality of
contact members co-operating with said liquid,
2 plunger enclosed in said vessel, said plunger
forming part of a receptacle receiving part of
said liquid, and normally floating in said Hquid,
there being an opening giving communication be-
tween the liquid in said receptacle and the liquid
outside it, magnetic means acting on said plunger
to draw it down into said liquid, a valve control-
ling said opening, said valve being open when said
plunger is drawn down and closing when said
plunger is allowed to rise causing said plunger to
lift the liquid contained in it to make or break
electrical connection between said contact mem-
bers through said liquid, and an opening by-pass-
ing said valve to enable liquid to flow from said
receptacle to restore the original condition of
the switch,
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3. An electric switch comprising a closed ves-
sel containing a conducting liquid, a plunger en-
closed in said vessel, said plunger forming part of
a receptacle receiving part of said liquid and nor-
mally floating in said liquid, there being an
opening giving communication between the liquid
in said receptacie and the liquid outside it, mag-
netic means acting on said plunger todrawitdown
into said liquid, a plurality of contact members
co-operating with said liquid, one of 'said con-
tact members co-operating with the liquid in said
receptacle and heing spaced from it when said
plunger is floating, a valve controlling said open-
ing, said valve being open when said plunger is
drawn down and closing when said plunger is
allowed to rise causing said plunger to lift the
liquid contained in it to establish electrical con-
nection between the liquid in said receptacle and
said contact member co-operating with it.

4. An electric switch comprising a closed ves-
sel containing a conducting lquid, a plunger en-
closed in said vessel, said plunger forming at
least part of a receptacle receiving part of said
liquid and normally floating in said liquid, there
being an opening giving communication between
the liquid in said receptacle and the liquid out-
side it, magnetic means acting on said plunger
to draw it down into said liquid, a plurality of,
contact members co-operating with said liquid,
one of said contact members co-operating with
the liquid in said receptacle and being spaced
from it when said plunger is floating, a valve
controlling said opening, said valve being open
when said plunger is drawn down and closing
when said plunger is allowed to rise causing said
plunger to lift the liquid contained in it to estab-
lish electrical connection between theliquidinsaid
receptacle and said contact member co-operating
with it,and in an opening by-passing said valve to
enable liguid to flow from said receptacle to re-
store the original condition of the switch.

5 An electric switch comprising & closed ves-
sel containing a conducting liquid, a plunger en-
closed in said vessel and forming part of a recep-
tacle receiving part of said liquid and normally
floating in said liquid, there being an opening giv-
ing communication between the liquid in said
receptacle and the liquid outside it, a plurality
of contact members, one of said contact mem-
bers co-operating with the liquid inside said
receptacle and the second of said contact mem-
bers co-operating with the liquid outside  it,
magnetic means acting on said plunger to draw
it down into said liquid, said liguid being out
of contact with said first contact member and in
contact with said second contact member when
said olunger is floating, a valve controlling said
opening, said valve being open when said plunger
is drawn down and closing when said plunger is
allowed to rise, the drawing down of said plun-
ger raising the level of said liquid to make con-
tact between it and said first contact member
and the rising of said plunger lJowering the level
of said liquid outside said receptacle to break
contact between said liquid and said second con-
tact member.

6. An electric switch comprising a closed vessel
containing & conducting liquid, a plunger en-
closed in said vessel and forming part of a
receptacle receiving part of said liquid and nor-
mally floating in said liquid, there being an open-
ing giving communication between the liquid in
said receptacle and the liquid outside it, a plu-
rality of contact members, one of said contact

3

members co-operating with the liquid inside said
receptacle and the second of said contact mem-
bers co-operating with the liquid outside it,
magnetic means acting on said plunger to draw
it down into said liquid, said liquid being out of
contact with said first contact member and in
contact with said second contact member when
said plunger is floating, a valve controlling said
opening, said valve being open when said plunger
is drawn down and closing when said plunger
is allowed to rise, the drawing down of said
plunger raising the level of said liquid to make
contact between it and said first contact mem-
ber and the rising of said plunger lowering the
level of said liquid outside said receptacle to
break contact between said liquid and said sec-
ond contact member, and an opening by-pass-
ing said valve to enable liquid to flow from said
receptacle to restore the original condition of the
switch.

7. An electric switch comprising a closed ves-
sel containing a conducting liquid, a plunger
enclosed in said vessel and forming part of a
receptacle receiving part of said liquid and nor-
mally floating in said liquid, there being an open-
ing giving communication between the liquid in
said receptacle and the.liquid outside it, a plu-
rality of contact members, one of sald contact
members co-operating with the liquid inside said
receptacle and the second of said contact mem-
bers co-operating with the liquid outside it, mag-
netic means acting on said plunger to draw it
down into said liquid, said liquid being out of
contact with said first and said second contact
members when said plunger is floating, a valve
controlling said opening, said valve being open
when said plunger is drawn down and closing
when said plunger is allowed to rise, the draw-
ing down of said plunger raising the level of said
liquid inside and outside said receptacle to bring
it into contact with said first and said second
contact members, and the rising of said plunger
lowering the level of said liquid outside sald
receptacle to break contact between said liquid
and said second contact member.

8. An electric switch comprising a closed ves-
sel containing a conducting liquid, a plunger en-
closed in said vessel and forming part of a recep-
tacle receiving part of said liguid and normally
floating in said liquid, there being an opening
giving communication between the liquid in said
receptacle and the liquid outside it, a plurality
of contact members, one of said contact mem-
bers co-operating with the liquid inside said
receptacle and the second of said contact mem-
bers co-operating with the liquid outside it,
magnetic means acting on said plunger to draw
it down into said liquid, said liquid being out of
contact with said first and said second contact
members ‘when said plunger is floating, a valve
controlling said opening, said valve being open
when said plunger is drawn down and closing
when said plunger is allowed to rise, the drawing
down of said plunger raising the level of said
liquid inside and outside said receptacle to bring
it into contact with said first and said second
contact members, and the rising of said plunger
lowering the level of said liquid outside said
receptacle to break contact between said liquid
and said second contact member, and an open-
ing by-passing said valve to enable liquid to flow
from said receptacle to restore the original condi-
tion of the switch,

9. An electric switch comprising a closed ves-

10

15

20

25 -

80

35

45

50 -

55

60

70

15




10

15

20

30

40

45

50

55

60

4

sel containing o conducting liquid, a plunger
enclosed in said vessel and forming part of a
receptacle receiving part of said liquid and nor-
mally floating in said liquid, there being an open-
ing giving communication between the liquid in
said receptacle and the liquid outside it, a plu-
rality of contact members, one of said contact
members co-operating with the liquid inside said
receptacle and the second of said contact mem-
bers co-operating with the liquid outside it, mag-
netic means acting on said plunger to draw it
down into said liquid, said liquid being out of
contact with said first and said second contact
members when said plunger is floating, a5 valve
controlling zaid opening, said valve being open
when said plunger is drawn down and closing
when said plunger is allowed to rise, the draw-
ing down of said plunger raising the level of
the liquid outside said receptacle to make contact
between it and said second contact member and
the rising of said plunger lowering the level of
said liquid outside said receptacle to break con-
tact between said liguid and said second contact
member, and bringing the liquid inside said
receptacle into contact with said first contact
member.

10. An electric switch comprising a closed ves-
sel containing a2 conducting liquid, a plunger en-
closed in szid vessel angd forming part of a recep-
tacle receziving part of said liquid and normally
floating in said liquid, there being an opening
giving communication between the liquid in said
receptacle and the liquid outside it, a plurality
of contact members, one of said contact members
co-cperating with the liquid inside said recep-
tacle and the second of said contact members co-
operating with the liquid outside it, magnetic
means acting on sa2id plunger to draw it down
into said liquid, said liquid being out of contact
with said first and said second contact members
when said plunger is fleating, a valve controlling
said opening, said valve being cpen when said
plunger is drawn down and closing when said
plunger is aliowed to rise, the drawing down of
said plunger raising the level of said liquid inside
and outside said receptacle to make contact be-
tween it and said sscond comtact member and
the rising of said plunger lowering the level of
said liguid cutsidz said recevtacle to break con-
tact between said lignid and said second contact
nember, and bringing the liguid inside said re-
ceptacle inte contact with said first contact mem-
ber, and an opening by-passing said valve to en-
able liguid to fow from said receptacle to restore
the original condition of the switch.

11. An electric switch comprising a closed ves-
sel containing a conducting liguid, a plurality of
contact members co-overating with said liguid,
& plunger enclosed in said vessel, said plunger
forming at least part of a receptacle receiving
part of said liguid and normeally floating in said
liquid, there being an opening giving communi-
cation between the liquid in said receptacle and
the liquid oufside it, magnetic means acting on
sald plunger to draw it down into said liquid, a
valve controlling said opening, said valve being
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open when said plunger is drawn down and clos-
ing when said plunger is allowed to rise causing
said plunger to lift the liquid contained in it to
make or break electrical connection between said
contact members through said liquid, and resili-
ent means acting on said plunger to assist it to
rise.

" 12. An electric switch comprising a closed ves-
sel containing a conducting liquid, a plurality
of contact members co-operating with said lig-
uid, a plunger enclosed in said liquid, the lower
part of said plunger forming a receptacle receiv-
ing part of said liquid and said plunger normally
floating in said liquid, there being an opening
giving communication between the liquid in said
receptacle and the liquid outside it, magnetic
means acting on said plunger to draw it down
into said liquid, a valve controlling said opening,
said valve being open when said plunger is drawn
down and closing when said plunger is allowed
to rise causing said plunger to lift the liquid con-
fained in it to make or break electrical connec-
tion between said contact members through said
liquid.

13. An electric switch comprising a closed ves-
sel containing a conducting liquid, a plurality of
coentact members co-operating with said liquid, a
rlunger enclosed in said liquid, the lower part
of said plunger forming a receptacle receiving
part of said liquid and said plunger normally
floating in said liquid, there heing an opening
giving communication between the liquid in said
receptacle and the liquid outside it, magnetic
means zacting on said plunger to draw it down
into said liquid, a valve controlling said opening,
said valve being open when said plunger is drawn
down and closing when said plunger is allowed
to rise causing said plunger to lift the liquid con-
tained in it to make or break electrical connec-
tion between said contact members through said
liquid, and an opening by-passing said valve to
enable liquid to flow from said receptacle to re-
store the original condition of the switch.

14, An electric switch comprising a closed ves-
sel containing a conducting liquid, a plurality of
contact members co-operating with said liquid,
& plunger enclosed in said vessel, said plunger
forming at least part of a receptacle receiving
part of said lquid and normally floating in said
liquid, one of said contact members co-operating
with the liquid in said receptacle, there being an
opening giving communication between the lig-
uid in said receptacie and the liquid outside it,
magnetic means acting on said plunger to draw
it down into said liquid, a valve controlling said
opening, said valve being open when said plunger
is drawn down and closing when said plunger is
allowed to rise causing said plunger to lift the
liquid contained in it to make or break electrical
connection between said contact members
through said liquid, the conducting liquid in said
receptacle only coming into contact with said
contact member co-operating with it when said
plunger rises.
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