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ABSTRACT OF THE DISCLOSURE 

A tilt sensitive device comprises a tubular body having 
a concave upper wall and contains an electrically con 
ducting ?uid and a non-conducting bubble; it has a cen 
tral electrode and an end electrode on each side of the 
centre electrode; the length of the bubble is less than the 
distance between the two end electrodes. The electrodes 
are formed by ?owing a conductive cement through holes 
in the walls and ?ring it, after which it is given a spongy 
surface. 

This application is a divisional application from our 
application Ser. No. 460,075 ?led June 1, 1965 and now 
abandoned. 

This invention relates to manufacture of tilt-sensitive 
devices in which the departure of the device from the 
level position is indicated electrically. 
A tilt-sensitive device according to the invention com 

prises a sealed envelope containing an electrically con 
ducting liquid and a level responsive bubble of a ?uid 
of differing conductivity and density, the envelope hav 
ing an internal concave longitudinal surface which is 
smooth and uniform, the tube having also a central elec 
trode rigidly supported midway between the ends of the 
concave surface in such a position that while the bubble 
of ?uid is in contact 'with that concave surface the bubble 
cannot come into contact with that electrode, and having 
two end electrodes, one each side of the central electrode, 
rigidly supported at equal distances from the central 
electrode and each in a position which is at or near an end 
of the concave surface, the length of the bubble when in 
contact with the concave surface being considerably 
shorter than the distance apart of the two end electrodes, 
and the end and central electrodes having sponge surfaces. 
The electrical resistance values between the central 

electrode and the end electrodes depend upon the position 
of the bubble in the tube and so their values are ‘an indi 
cation of any departure of the device from a level posi 
tion. These resistances may be measured by any suitable 
bridge-circuit, for example an AC. bridge including an 
ampli?er. 

Preferably the enevlope is internally barrel shaped or 
is a tube of uniform diameter which has been curved into 
an are, thereby forming an internal longitudinal concave 
surface. 
The bubble may be of a ?uid having a density greater 

than that of the electrically conducting liquid, in which 
case the concave surface with which it is in contact dur 
ing use will be at the bottom of the device. Preferably, 
however, the bubble has a density less than that of the 
electrically conducting liquid and so the concave surface 
will be at the top of the device during use. The bubble 
?uid must not be miscible with the electrically conducting 
liquid to any appreciable extent. It may either be a liquid 
or a gas. The envelope is preferably constructed of glass 
of the borosilicate type, for example, as sold under the 
trade mark “Pyrex.” Preferably the electrolyte is a solu 
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tion of lithium chloride in an alcohol such an ethanol or 
isopropanol. The bubble ?uid may conveniently be air. 
The electrodes have sponge surfaces. That is to say 

the area of surface of each electrode exposed to the elec 
trolyte, this being the effective area of each surface, is 
substantially greater that the apparent surface area. The 
effective area may, for instance, be as much as several 
hundred times greater than the apparent area. Methods 
of producing electrodes with sponge surfaces are known. 
The electrodes are rigidly supported in the envelope. 

In accordance with this invention, the device is made by a 
method which includes the steps of forming said elec 
trodes by boring holes in the envelope, applying platinum 
resinate paint on the inside of the envelope in such a man 
ner that the paint ?ows through the holes, and also apply 
ing paint on the outside of the envelope so that the paint 
which ?lls the holes, together with the local zones of paint 
inside and outside, forms conducting plugs, ?ring the 
paint, treating the paint electro-chemically to thereby 
provide a sponge surface on each plug towards the in 
terior of the envelope, and attaching a lead to each plug 
externally of the envelope. 
The advantages exhibited by tilt-sensitive devices made 

in accordance with the invention are due to the large 
effective area of the electrodes, and one of these advant 
ages is that, for a given current, the current density at 
the electrodes is much less than at the electrodes of known 
devices having point or strip electrodes, so that polari 
sation effects are reduced or eliminated. The devices ac 
cording to the invention thus have a much greater sensi 
tivity than have tilt-sensitive devices of the prior art. 
A further advantage is that a lower frequency may be 

applied to devices according to the invention than it has 
previously been possible to use. A convenient frequency 
is one of the order of 50 cycles per second. A further 
advantage is that the life of the devices according to the 
invention is, due to the large effective area of the elec 
trodes, longer than the life of tilt-sensitive devices of the 
prior art. 

It is found that by choosing a particular ‘ratio for the 
volume of the electrically conducting liquid to the volume 
of the bubble it is possible to reduce the temperature co 
e?icient to a minimum. This ratio is conveniently found 
by experiment under the conditions under which the de 
vice is to be used and it will depend on the temperature 
effects on liquid conductivity, surface tension and the 
length of the bubble due to expansion or contraction of 
the liquid. 
The invention will now be described with reference to 

the accompanying drawing, in which the single ?gure 
shows diagrammatically a side elevation of a tilt-sensitive 
device made in accordance with the invention. In this 
?gure the curvature of the walls of the envelope is ex 
aggerated in order that it should be more clearly seen. 
The device illustrated in the ?gure consists of a glass 

envelope ‘111 the upper surface of which is curved con- 
vexly so that there is an internal longitudinal concave 
surface. The envelope contains an electrolyte 112 compris 
ing a solution of lithium chloride in ethanol and a bubble 
113 of air. It has a central electrode 115 and end elec 
trodes 116 and 117. These electrodes 115, 116 and 117 
are formed by boring holes in the envelope 111 and apply 
ing platinum resinate paint on the inside of the envelope 
in such a manner that the paint ?ows through the holes, 
and paint is also applied on the outside of the envelope 
so that the paint which ?lls the holes, together with the 
local zones of paint inside and outside, forms conducting 
plugs. The paint is then ?red and treated electrochemically 
in known manner to provide a sponge surface so as to in 
crease the effective area of the electrodes. The effective 
area of the treated surface may be of the order of 500 



3,497,950 
, 3 

times the effective area of the untreated surface. The 
leads 118, 119 and 120 are attached by soldering to the 
electrodes. 
What we claim is: - 
1. In a method of making a tilt-sensitive device; said 

device comprising a sealed envelope containing an elec 
trically conducting liquid and a level responsive ‘bubble of 
a ?uid of differing conductivity and density, the envelope 
having an internal concave longitudinal surface which is 
smooth and uniform, the envelope having also a central 
electrode rigidly supported midway between the ends of 
the wall opposite to the concave surface in such a position 
that while the bubble of ?uid is in contact with that con 
cave surface the bubble cannot come into contact with that 
electrode, and having two end electrodes, one on each 
side of the central electrode, rigidly supported on said' 
wall at equal distances from the central electrode and 
each in a position which is at or near an end of the wall 
opposite to the concave surface, the length of the bubble 
when in contact with the concave surface being consider 
ably shorter than the distance apart of the two end elec 
trodes; the improvement comprising the steps of forming 
said electrodes by boring holes in the envelope, applying 
platinum resinate paint on the inside of the envelope in 
such a manner that the paint flows through the holes, and 
also applying paint on the outside of the envelope so 
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that the paint which ?lls theholes, together with the local 
zones of paint inside and outside, forms conducting plugs, 
?ring the paint for solidi?cation thereof, increasing the 
effective surface area of said plugs de?ned by the ?red 
paint by electrochemically treating the exposed integral 
surfaces thereof, and attaching a lead to each plug exter 
nally of the envelope. 
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