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To all whom it may concern.:

Be it known that we, JAMES TARBOTTOM
ARMSTRONG, a subject of the King of Kng-
land, and AxEL OrLING, a subject of the King
of Sweden, both residing at London, KEng-
land, have mvented new and useful Imp1 ove-
ments in and Connected with Galvanoscopes
and Means of Actuating One or More Relays
Thereby, of which the following is a specifi-
catlon.

Our invention relates to apparatus em-
ployed to detect the presence of electrical cur-
rents, and has for its object improvements
wherebv extremely weak currents may be de-
tected and caused to actuate other apparatus
or mechanisms directly or through one or
more relays. |

In carrying out our invention we make use
of the electrocapillary force exerted at the
surfaces in contact of certain dissimilar fluid
conductors (such as mercury and Jdilute acid
or a solution of spirits of wine and potassium
jodide) when an electric current flows through
one to the other. This force brings about a
displacement of the said fluids, which effect
we employ to start the action of a siphon or
to disturb the balance of a delicately-poised
part of the apparatus, by means of either of
which or a combmatlon of both a relay-cir-
cuit may be closed. In any case the normal
condition of the apparatus is one of equipoise
and the effect of the electrocapillary force is
to disturb the equilibrium. It is therefore
manifest that the displacement (which always
accompanies the passage of even the weakest
currents) must vary the distribution of weight
and cause a preponderance on one side that
will effectually operate the apparatus.

According to our invention the flurd con-
ductors are in some cases contained by sep-
arate receptacles, which communicate with
each other through a tube or other suitable
channel, or alternatively we employ a tube
or an equwa,lent part of suitable form alone,
as 1s hereinafter partlculmly described w1th
reference to the accompanying drawings, in
which— |

Figures 1 and 2 represent vertical sectional
views of two forms of the apparatus embody-
ing our 1nvention.

According to the simplest form of our in-
vention (shown in Fig. 1) we employ a ves-
sel ¢, having two chambers 6/ and ¢, the for-
mer of which is shallow and contains dilute

acid . while the latter 1s considerably deeper

and contains mercury e, the surface of which

is maintained at a considerably higher level
than that of the dilute acid 1n b.

Above the chambers 6 ¢ is an inverted-U-
shaped siphon 7, constituting the fluid-con-
ducting tube, which 1s filled Wlth mercury and
1Ssup ported by a bracket ¢, while its legs dip
into the fluids contained by the chambers & ¢.

In order to prevent the mercury from nor-
mally flowing through the siphon in the ab-
sence of the electrocapillary force, the end of
thedelivery-leo /i isconstricted. When, how-
ever, the current '
point that the electrocapillary force 1s set up
and displacement of the fluid in the direction
from positive to negative takes place. In or-
der, therefore, that this displacement may be

“in the same direction that the mercury flows
through the siphon, the current enters the

apparatus at 2, where it enters the mercury
passing through it in the siphon into the di-
lute acid in the chamber / when it leaves the
apparatus at . In this way the electrocapil-
lary force acts to reduce the resistance which
the constricted portion of the delivery-leg 4
of the siphon Fopposes to the
In its absence.

In Fig. 2 is shown another form of our in-
vention, which is provided with a means of
maintaining the level of the mercury in the

‘chamber ¢ and is adapted to operate a relay.

According to this arrangement a lever £ 1s
delicately poised at a point / adjacent to the
delivery end of the siphon 7, while one of 1ts
ends m extend beneath the surtace of the

flows, it is at this precise

ow of the fluid

60

70

75

30

Q0

dilute acid in the chamber / in order that

any mercury delivered by the siphon / may

“fall upon it, and so cause its other end 7 to

malke contact at ¢, and thereby close a relay-
circuit », by means of which a telegraph in-
strument ¢, a call-bell, or any other appara-
tus or mechanism may be operated. Prefer-
ably the end 7 of the lever 4 is trough-shaped
in order that the mercury delivered onto 1t
may remalnin contact therewith for an appre-
ciable time. According to the construction
shown in this fieure both ends of the siphon
are constricted for the same purpose as the
one shown in Kig. 1.

In order to preserve the level of the mer-
cury ¢ in the chamber ¢, a reservoir 7 1s pro-
vided. This reservoir contains niercury and
is provided with two tubes or tubular legs ¢
¢, the former of which extends beneath the
surface, where its lower extremity may be
constricted to prevent a too rapid supply of
mercury, while the other leg 7 is shorter and
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“means for si

terminates with a V-shaped aperture # in
order that 1t may be gradually opened as the
level of the mercury in the chamber ¢ falls.
The mercury in the reservoir ¢ is retained
by a partial vacuum that is gradually de-
stroyed by the admission of air through the
leg ¢ as the level of the mercury in the cham-
bel ¢ falls, and it 1s on account of this that
sufficient mercury is allowed to leave the res-

ervolr to maintain the level, and so close the.

vent.

Having thus deseribed our invention, what

we claim as new, and desire to secure by Liet-
ters IPatent, is—

1. In electrocapillary apparatus, the com-
bination of a tube containing an electric con-

ducting fluid with means tor imparting an

electric charge to such fluid to reduce the cap-
1llary force and so allow the fluid to flow out
of said tube, substantially as set forth.

2. Inelectrocapillary appar atus, a Lubelmv—
ing a constricted end and containing an elec-
tncmlly conducting fluid in combination with
1pplying such fluid thereto and
means for imparting an electric charge tosuch
fluid, said charge being suflicient to cause the
fluid to flow out of the tube stithstantially as
and tor the purpose set forth. -

3. In electrocapillary apparatus, the com-
bination of a tube contalning a single []uw
only, the same being an electric conductor and
subject to electrocm'}illm y action, with means
for imparting an electric charge to said flud
to change the capillary force and allow the
said fluid to flow in said tube substantially as
set forth.

4. In electrocapillary apparatus, the com-
bination with a tube containing a single fluid
only,which 15 an electrie conductor and in con-
tact at one end of the said tube with another
luid, of means for imparting an electric charge
to the fluid in the tube to ehanoe the capllhu y
force and cause the flowing of the fluid 1 the
tube substantially as set forth.

5. In electrocapillary apparatus, a tube of

siphon form opening at its ends into two dif-
ferent fluids, 1in combination with means for
setting up a potential difference between such
fluids substantially as set forth.

6. In electrocapillary apparatus, a tube of
siphon form supplied with mercury and dip-
ping at one end into a different conducting
fluid, m combination with means for setting
up a potential difference between such fluids
substantially as set forth.

7. In electrocapillary apparatus, a tube of
siphon form containing electrically conduct-
ing fluid, in combination with a receptacle for
said fluid receiving one leg of said tube, a re-
ceptacle for another Auid receiving the other
leg of said tube and means for setting up a

potentml difference between such ﬁmdb for

“the purpose set forth.

8. In electrocapillary apparatus, a tube of
siphon form, contalning mercury, in combi-

L
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nation with a mercury-receptacle, receiving
one leg of the said tube, a receptacle for acid
solution or other suitable hquid receiving the
otherleg of said tube and conductors arranged
to 1impart a positive charge of electricity to
the mercury in said tube substantially as set
forth.

9. In electrocapillary apparatus, a tube of
siphon form contfaining mercury, in combi-
nation with a IIIBICUI‘V-IGCGDt‘LCIG recelving

one leg of the sald tube, a 1eceptwcle for acid

solntion or other sulbable liquid receiving the
other leg of said tube and conductors arranged
to set up a potential difference between the
sald liquids substantially as and for the pur-
pose set forth. |

10. In electrocapillaryapparatus, a tube of
siphon form, containing electrically conduct-
ing fluid and having its discharge end con-
stricted, in combination with receptacles for
diverse fluids receiving its ends or legs and
means for setting up a potential difference he-
tween such diverse fluids substantially as set
forth.

11. Inelectrocapillary apparatus, a tube of
siphon form, containing electrically conduct-
g fluid and having both ends constricted, in
combination with receptacles for diverse

fuids, receiving its ends or lees and means
for setting up a potential difference between

such diverse fluids substantially as set forth.
12, In electrocapillary apparatus, the com-
bination of a tube containing an electrically
conducting fluid with means for imparting an
electric charge to the same to reduce the cap-
illary force and so allow the fluid to flow
through said tube, a movable part arrangec
0 be moved by the fluid falling from said
tube and operative devices controlled by the
sald movable part substantially as set forth.

5. In electrocapillary apparatus, a fluid-
conducting tube supplied with diverse fluids
at 1ts ends, In combination with means for im-
parting an electric charge to the fluid con-
tained by the said conducting-tube or some

part thereof and mechanism arranged and

adapted to be moved by the fluid falling from
the said tube, substantially as set forth.

14. In electrocapillary apparatus, a fluid-
conducting tube supplied with diverse fluids
at 1ts ends, in combination with means for im-
parting an electric current to the fiuid con-
tained by the said conductine-tube or some
portion thereof, a pivoted part arranged to
have its center of gravity changed by the
movement of fluid through the said tube, and
operative devices governed by the said piv-
oted part. | |

15. In electrocapillary apparatus, a fluid-
conclueting tube means for imparting an elec-
tric charge to the fluid contents of the same
to produce a flow of fluid, a movable part ar-
anged to be actuated by the fluid thus dis-
charged, an- electric circuit closed by such
movement of the said part, the said circuit in-
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cluding and operating a rela,y substantially
as set forth. |

16. In electrocapillary apparatus a tube of
siphon form, containing electrically conduct-
ing fluid in combination of imparting an elec-
tric charge to the fluid contents of the said
tube to cause an electrocapillary flow of said
liquid through the discharge end thereot, a
movable part arranged to be struck by the
said liquid as the latter falls by eravity out
of the said tube and operative devices gov-

the sald movable part.

erned by .

17. Inelectrocapillary apparatus, a tube of
siphon form, containing electrically conduct-
ing fluid, a receptacle for such fluid receiving
also one end of the said tube means for 1m-
parting an electric charge to the said fluid, a
receptacle for the hqmd discharge, a mov-
able part arranged in the latter reeepteele in
position to be struck and moved by the fall-
ing liquid and an electric circuit arranged to
be closed by thus moving the said part sub-
stantially as set forth.

18. In electrocapillary apparatus a tube of
siphon form, means for supplylng diverse
fluids to 1ts ends means for setting up a poten-
tial dlﬁerenee between such diverse fluids to
produceaflow of fluid amovable partarranged
to be actuated by the fluid thus chseherged
and an electric circuit closed by such move-
mentof thesaid part, substantially asset forth.

19. Inelectrocapillary apparatusa tube con-
taining an electrically conducting fluid means
forimparting an electric charge to the latter to
produce a flow of fluid, a receptacle which sup-
plies the said tube, a reservoir which supplies
the said receptacle, a tube, 7, extending from
the top of the said reservoir to the upper part
of the sald receptacle and a tube s, constricted
at the lower end, extending from the bottom
of the said reservoir to the lower pcut of the
sald receptacle substantially as set forth.

20. In electrocapillary apparatus a fluid-
conducting tube of siphon form, fluid-recepta-
cles receiving its ends, means for setting up a
potential difference between the diverse fluids,

.
|

o

a mercury-reservolr and a tube conducting the
sald liquid by eravity to one of the said recep-
tacles, the lower end of the said supply-tube
and the delivery end of the siphon-tube being
constricted substantially as set forth.

21. In clectrocapillary apparatus, a tube
contalning electrically conducting fluid, means
for imparting an electric charge to the same, a
receptacle for mercury receiving and supply-
ing one end of the said conductor, a mercury-
reservoir, a tube supplyine said receptacle
from sald reservolr and means for automatic-
ally admitting atmospheric pressure to the
sald reservoir when the mercury descends in
the said receptacle substantially as and for the
purpose set forth.

92. In electr oeepill‘w v apparatus, a tube of
siphon form, a pair of r eeeptee es respectively

containing mercury and other fluid and receiv-
ing the ends of the said tube and a pair of elec-
tric conductors constituting the positive and

negative poles of the apparatus and connected

respectively to the interior of the S‘Lid tube and
the interior of the receptacle receiving its dis-
charging end in order that a potentml differ-
ence may be conducted to the diverse fluids for
the purpose of promoting an electrocapillary
low of liquid substantially as set forth.

23. Inelectrocapillaryapparatus, arecepta-

| —
-

cle for liquid, a reservoir, devices connecting
sald reservoir to said receptacle and arranged

to be antomatically controlled by the level of
the fluid 1n the latter, a tube leading out of the
sald receptacle and means for imparting an
electric charge to a part of the contents of the
said receptacle tocause an electrocapillary flow
of liguid through the said tube substantially
as set forth.

In testimony whereof we have signed our
names to this specification in the presence of
two Subseubmﬂ‘ withesses.

JAS. T. ARMSTRONG.
AXEL ORLING.
Witnesses:

A. M. Birp,
Ifpcar A. GODDIN.
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