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Henry Thomas Ringrose, West Park, Leeds,
England

Original No. 1,645,404, dated October 11, 1927,
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17 Claims.

This invention relates to the detection of in-
flammable gases or vapors in the atmosphere of
mines and other places where the presence of
combustible constituents in the atmosphere is ob-
jectionable.

The invention has for its general object to
provide for the more accurate and reliable de-
tection of such constituents, together with the
operation of suitable indicating, recording, or
other apparatus, as may be desirable to meet
the requirements of particular circumstances.

It has been proposed heretofore to measure
the proportion of marsh gas present in the at-
mosphere by allowing the gas to diffuse into a
porous vessel, producing combustion of the marsh
gas in said vessel, absorbing the carbon dioxide
created by such combustion, and measuring the
decrease in pressure produced in the vessel as a
result of such absorption. In using apparatus of
this type in mines and similar locations it has
been found that serious sources of error are in-
treduced due to the necessity of using an ab-
sorbent for the CO2. 'The percentage of marsh
gas permissible in the atmosphere of a mine is
relatively small, say for example, 4% or 5%.
Usually there is also piesent in the mine atmos-
phere a substantial percentage of carbon diox-
ide, say for example, one to three percent. All
of the absorbents for carbon dioxide of which
I am aware, and which are suitable for use in
an apparatus of this type, also absorb moisture
from the atmosphere, Consequently, the degree
of vacuum produced in apparatus of the type just
described is affected not only by the carbon di-
oxide generated by the burning of the marsh
gas or other combustible constituents in the at-
mosphere, but also by the presence of the carbon
dioxide and the moisture in the surrounding
atmosphere. Thus it will be seen that the actual
indication given by such an apparatus is exceed-
ingly unreliable. Furthermore, it is necessary
to renew the absorbent at frequent intervals, and
the results produced by it in the testing appara-
tus vary widely with the condition of the ab-
sorbent. ’

It has also been proposed heretofore to burn
the combustible constituents of the surrounding
atmosphere in a substantially closed vessel, and
to measure the change in pressure so produced
without absorbing the carbon dioxide formed.
This apparatus, however, so far as I am aware,
has been adapted only for the making of inter-
mittent tests, such as would be made in 2 labora-
tory, and has not been at all suited to the re-
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quirements of mining operations, or for contin-
uous use or operation.

The preseént invention aims to eliminate the
use of absorbents, to provide for the substan-
tially continuous testing of the atmosphere, and
to devise an apparatus which will require so lit-
tle skiil on the part of the user that it can be used
satisfactorily by the miners.

According to the invention I provide an instru-
ment or apparatus wherein g vacuum propor-
tional to the amount of inflammable vapors or
gases surrounding a porous vessel capable of
maintaining a gas préssure for a substantial time
is ereated in said vessel by combustion of the in-
flammable vapors or gases which diffuse through
or are asprated to said vessel, and in which the
vacuum produced by the condensation of the
water vapor so created is utilized to operate an
indicator or recorder. In an embodiment of the
invention the apparatus may consist of two
potrous vessels, the open ends of which may be
sealed or made air-tight by means of two caps.
One of the porous vessels may be totally en-
closed t0 prevent any inflammable gas or vapor
reaching the inferior, whilst the other porous
vessel may be exposed to the inflammable gas or

vapor in such a way that by the process of dif-

fusion through the porous vessel, the inflammable
gas reaches the interior where it is burnt, for
example in the case of marsh gas according to
the equation CHi4-20:=CQ0:-4-2H20, a vacuum
proportional to the amount of inflammable gas
surrounding the porous vessel being produced
owing to the condensation of the water vapor.
This condensation of the created water vapor
will occur by virtue of the fact that the walls
of the vessel in which the combustion occurs, are
at a temperature considerably below 212° Fahren-
heit. The testing operation may go on contin-
uously or for substantial periods of time but the
periods during which the marsh gases burn usu-
ally are relatively brief, and the quantity of gas
burned is only a small percentage of the total
volume of air, so that no great rise in tempera-
ture oceurs because the combustible constituent of
the air is burned approximately as fast as it
comes in contact with the flame or hot wire.
The vacuum thus produced may be used to oper-
ate an indicator or recorder working in conjunc-
tion with a chart showing the percentage of
marsh gas and provision may be made to give
visible or audible signals when the percentage
reaches a predetermined quantity.

Oné method of creating the combustion may
be to utilize inside or with the porous vessels
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2
platinum wire or its equivalent with or without a
catalytic mass of platinum black or the like heat-
ed by an electric current. The second porous ves-
sel (arrahged so as to he protected from expo-
& sure to the inflammable gas as already indicated)
may also have a hot platinum wire or equivalent
in its interior or associated therewith exactly
similar to that of the porcus vessel exposed to the
ihflammable gas, there being, however, no com-
bustion in the latter vessel owing to the absence
of the inflammable gas, this porous vessel and hot
wire serving to compensate for the expansion of
vapor or gas which occurs immediately the wire
is made hot in the other porous vessel. By this
arrangement no difference in pressure exists be-
tween the interiors of the.two respective porous
vessels under ordinary circumstances, but imme-
diately any inflammable gas reaches or passes
into the interior of one of them the difference in
pressure operates the indicator or recorder owing
to the combustion of the inflammable gas and
the condensation of the water vapor so produced

with consequent reduction in volume. Such a
* trap may be merely a U tube extending down-

wardly from a bottom, lateral wall of the chamber

6. The second porous vessel ensures the reading

of the indicator or recorder to be independent of

fluctuations of atmosphere, pressure and tem-

~ perature. The condensed water collecting at the
bottom of the porous chamber in which combus-~
tion occurs may be drawn off by a tap or trap
without disturbing the vacuum produced. Whilst
preferring the employment of the iwo vessels

: above referred to, in some cases cne vessel only
may be employed and in this connection the term
vessel includes any appropriate device or mem-
ber adapted to enable gases or vapors to be passed
into the vicinity of or contact with a heated ele-

‘ ment for determining the inflammability of the
atmosphere surrounding the instrument or appa-
ratus.

Instead of relying on diffusion of the inflam-
mable gas to the porous vessel, it may he expe-

~ dient as aspirate the gas to the porous vessel by
means of an aspirator. Such appliances may be
fixed at various positions in a coal mine for the
purpose of giving an indication or record of the
percentage of marsh gas present. They may
also be used on board ships or in other situations
for indicating the presence of oil vapor.

In the process of combustion on the platinum
wire or its equivalent the water produced ensures
the atmosphere in the porous vessel exposed to
- the inflammable vapors or gases being saturated.

It may be desirable to ensure a similar condition

being existent in the other porous vessel not ex-

posed to the inflammable gases in regard to wa-
ter vapor, and water may have to be added arti-
. fically either to one or both porous vessels. One
method of doing this would be to utilize water
vapor given off from a wick or ifs equivalent,
part of which is immersed in water contained in

a suitable receptacle and the whole placed in di-
- rect air tight communication with the interior

of the porous vessel or vessels.

As applied to an instrument embodying two
porous vessels, both vessels may be exposed to
the inflammable vapor by utilizing in each of the
vessels a platinum wire or its equivalent giving
the equivalent amount of heat. For this purpose
the wire in the second vessel may be enclosed in
a bulb or its equivalent so as to seal it from the
air and the bulb adapted to plug in or connect

- with appropriate terminals. Alternafively the
75 wire in the second vessel may be exposed and be
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of such dimensions that its temperature is below
the ignition point of the gases surrounding if.
With either of these arrangements a more ac-
curate, sensitive, or responsive reading or record
of the inflammability of the atmosphere sur-
rounding the instrument or apparatus can be
obtained.

Figures 1 and 2 of the accompa,nymg draw-
ings illustrate in sectional side elevation and
plan respectively an example of an apparatus for
use in detecting the presence of inflammable
gases according to the invention, only one of
the porous vessel units being shown.

Figures 3 and 4 illustrate in plan and sec-
tional side elevation respectively an embodiment
of the invention in combination with an electric
warning lamp adapted to be illuminated when
the percentage of marsh gas reaches a predeter-
mined quantity.

Figures 5, 8 and .7 iliustrate in part sectional
side elevation, plan and vertical section respec-

ively an embodiment of the invention in com-.
bination with a miner’s electric lamp, the ar-
rangement being such as to give a visible indica-
tion on a manometer of the percentage of marsh
gas and, when such percentage reaches a pre-
determined amount, to illuminate a warning
lamp.

Fig. 8 illustrates an elevation, partiaily in sec-
tion, of an embodiment of the invention in which
two separate porous vessel units are disclosed, the
units being connected by a manometer.

Fig. 9 illustrates an elevation, partially in sec~
tion, of an embodiment similar to Fig. 8 in which
the two units are formed in a single structure.

Fig. 10 is a plan view of a specific form of re-
cording or indicating mechanism which is adapt-
ed for use with any of the porous vessel units,
showing actuating diaphragms for the indicator.

Referring to Figures 1 and 2 of the drawings,
the apparatus comprises a perforated eylinder 1
carried between flanged end walls 2, 3, the end
wail 2 being provided with a centrally disposed
through opening or aperture 4 surrounded by an
inwardly projecting flange 5 adapted to form a
seating for one end of the porous vessel 6 which
is secured in position within the perforated
cylinder 1 by means of a flanged cap 7 and a
clamping bar 8 mounted on screwed rods 9 pass-
ing through the cylinder 1, said clamping bar
being held in position by means of spring wash-
ers 10 and nuts 11 mounted on said rods 9. Rub-
ber or other packing rings 12 are located between
the opposite ends of the porous vessel 6 and the
cap 7 and seating flange 5 for ensuring tight joints
between the parts. The through aperture or
opening in the end wall 2 is closed by a removably
mounted cover plate 13 provided with insulated
bushes 14 carrying the terminals 15 of a platinum
wire or filament 16 which projects into the porous 135
vessel 6. A rubber or cther packing ring 17 is
placed ketween the wail 2 and the cover plate 13,
and the latter is removably secured in position
by means of a screw 18 having a winged head 19
and being passed through a cross-member or bar 14¢
20 carried between the adjacent ends of the
serewed rods 9. ’

The end wall 2 is formed withh a passage 21
communicating with the interior of the porous
vessel 6 and leading by way of a pipe 22 to one 14§
limb of a manometer U-tube 65, Fig. 8, or other
pressure indicator or recorder. A recorder gives
an indication as well as making a record so that
an indicator and a recorder are eguivalents so
far as this invention is concerned.
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The other limb of the U-tube is connected to
8 porous vessel unit similar to the above, with
the exception that the platinum wire or filament
16 is enclosed in a bulb or its equivalent 23, Fig. §,
and also as shown in dotted lines at Figure i of
the drawings, so as to seal it from the surround-
ing air and gases which diffuse through the po-
rous vessel 1.

Instead of employing two separate porous ves-
sel units as above described, two porous vessels
may be built into a single portable unit by ar-
ranging them end to end with a partition or dia-
bhragm between, as shown in Fig. 9, each outer
end of the porous vessels being provided with a
closing cover plate carrying the platinum wire or
filament projecting into the adjacent porous ves-
sel. The indicator or recorder 65’ may be mount-
ed on the side of the double unit, and ths cover
plates may be connected tcgether by threaded
rods and nuts for holding the parts together.

Referring to Figures 3 and 4 of the drawings,
the apparatus comprises an annular gauze casing
24 containing glass wool 25 through which the

-gases pass to the porous vessel 6 clamped be-

tween a base member 26, forming the lid of a
battery container (not shown) and an upper
plate 27 by means of binding posts 28 which are
screwed into the member 26 and pass through
insulating bushes 29 in the plate 27. The gauze
casing 24 is secured in position by an annular
ring member 30 screwing on to the member 26,
while the binding posts 28 are fitied at their
upper ends with screw-on terminal heads 31 in-
sulated from the plate 27 by ebonite or other
insulating washers 32. Screwing into the mem-
ber 26 is a metal dise member 33 carrying on its
underside an ebonite or other insulating dise 34
fitted with contact segments 35 for engaging the
battery terminals (not shown) while secured to
the contact segments 35 and passing through the
insulating disc 34 and the disc member 33 are
terminals i5 which project into the porous ves-
sel 6 and carry hetween them a platinum wire
or other filament 18, one of said terminals 15
being insulated by an ebonite or other insulating
sleeve 36 from the disc member 33. The insu-
lated terminal 15 is provided at its upper end
with a spring-pressed piunger 37 which contacts
with the end of a vertical tube 38 sealed at its
upper end by a cap 39 and having a right-angu-
lar branch 40 fitted with a coliapsible diaphragm
41, said tube 38 being in communication with the
interior of the porous vessel 6. The outer side
of the diaphragm 41 carries a contact 42 in the
form of an adjusting screw adapted, when the
diaphragm collapses, to contact with a contact
43 mounted on an insulating block 44 on the
plate 27. The contact 43 is connected by an
insulated wire 45 to one filament contact of the
lamp 46 and the other filament contact of the
latter is connected by an insulated wire 47 to one
of the binding posts 28. In use the inflammable
gases which diffuse into the porous vessel 6 are
burnt by coming into the vicinity of or contact
with the heated platinum filament 18 and the
water vapor so produced is condensed, thereby
producing in said vessel 8 and its communicating
tubes 38, 40 and diaphragm 41 & vacuum propor-

tional to the amount of infdammable gases burnt,

sald diaphragm 41 collapsing owing to the differ-

ence in the pressures on the inside and the out-.

side thereof. By appropriately positioning the
adjustable contact 42 the collapsing of the dia-
phragnr 41 may be caused to complete the cir-
cuit of the lamp 46 through the contacts 42, 43

3

when the percentage of inflammable gas or de-
gree of vacuum reaches any predetermined quan-
tity or point. The lamp 46 is mounted on an in-

‘sulating block 48, and the plate 27 is formed with

an opening 49 fitted with a transparent cover 50
which is heid in place and sealed by a screw-
threaded ferrule or sleeve 51, said opening 49 and
transparent cover 50 permitting of the ready in-
spection of the filament 18. .

Referring to Figs. 5, 6 and 7 wherein like refer-
ence numerals to those in Figures 3 and 4 indi-
cate like or analogous parts, the diaphragm 41
is carried at the upper end of the vertical tube
38 and the contact 43 is in the form of an ex-
tensible rod, while the contact 42 is fized to the
diaphragm 41. The wire 47 from the warning
lamp 46 is connected to one of the filament con-
tacts of an electric lamp 52, such filament con-
tact being connected to the appropriate segment
35 by a wire 53 passing through an insulating
tube 54, while the other filament contact of the
lamp 52 is connected by arms 55 to two of the
binding posts 28, The lamp 52 affords the light
by which the miner works. The branch 40 is
connected by a rubber sleeve 56 to a manometer
57 fitted with a graduated scale 58 for enabling a
reading of the percentage of inflammable gases
to be readily taken. The apparatus above the
plate 27 is enclosed within a lamp glass 59 and
top cover or ecap 60, the latter being provided with
a carrying handle 81 and connected to the ring
member 30 by screwed pillars 62 and nuts 63. A
batiery container 64 fits into the base member 26.

Referring to Fig. 10 a recorder or indicating
mechanism is illustrated in which a pair of mul-
tiple diaphragms 41’ are utilized, these dia-
phragms being designed for connection to the
porous units of the gas detector in a manner sim-
ilar to the manometer 65. These diaphragms are
pivotally connected to a balance lever 66 which
is connected through links and levers to a pen 67.

It will be obvious that the created vacuum in
one of the porous units will cause the multiple
diaphragm connected thereto, for example, the
left hand diaphragm of Fig, 10, to collapse so as
to pull down the associated connecting rod and
partially rotate the balance lever 66 and the top
rock shaft in an anti-clockwizse direction. This
rotation of the top rod shaft swings the depend-
ing crank to the left and through the medium of
the link and crank on the pen rock shaft to par-
tially rotate the latter in a clockwise direction
and move the pen 67. The movement of the pen
is proportioned tec and varies with the degree of
vacuum. The chart is rotated in an anti-clock-
wise direction by a clock movement so that a con-
tinuous record or graph is prodiced on the chart.
This operation is very similar to that disclosed in
Pigs. 3 to 7, in which the diaphragm 41 is col-
lapsed to operate an electric recordihg or indi-
cating mechanism.

It will be observed that in the apparatus shown
the platinum filaments are always heated, the
atmosphere with any combustible gases or vapors
mixed with it is constantly diffusing through the
walls of the porous vessels, and said constituents
are burned as fast as they come into contact with
the filament. The apparatus, therefore, is con-
tinuously responsive to changes in the composi-
tion of the atmosphere so far as that composition
has to do with the presence of combustible con-
stituents. ‘Moreover, the use of absorbenis with
their objections and the necessity for renewing
them is avoided. :
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Having thus described my invention, what I
desire to claim as new is:

1. In an apparatus for detecting the presence
of combustible gas, the combination of a porous
vessel, a catalytic element in said vessel opera-
tive to promote combustion of inflammable gases
entering said vessel, an electrical circuit in which
said element is inciuded serving to maintain said
element in an active condition, a second vessel
exposed to said gas and having a catalytic ele-
ment therein included in said circuit but inoper-
ative to cause combustion of the gas in said sec-
ond vessel, and means connected with said ves-
sels for indicating the differences in gaseous
pressure in them.

9. In an apparatus for detecting the presence
of combustible gas, the combination of a sub-
stantially closed vessel affording a substantially
continuous admission of gas thereto and being
capable of maintaining for an appreciable pe-
riod of time sudden changes in gaseous pressure
created therein, means in said vessel for causing
said combustible gas entering the same o be
gradualy burned therein, said vessel being con-

‘structed and arranged to condense the water

vapor produced by such combustion, means con-
nected with said vessel and arranged for actu-
ation by changes in the gaseous pressure created
in the vessel by said combustion of gas and con-
densation of water vapor therein, and an in-

means for actuation thereby.
3. In an apparatus for detecting the pres-
ence of combustibie gas, the combination of a

- substantially closed vessel affording a substan-
tially continuous admission of gas thereto and

being capable of maintaining for an appreciable
period of time sudden changes in gaseous pres-
sure created therein, means in said vessel for

.causing said combustible gas entering the same

to be gradually burned therein, said vessel being
constructed and arranged to condense the water
vapor produced by such combustion, means con-
nected with said vessel and arranged for actu-
ation by changes in the gaseous pressure created

"in the vessel by said combustion of gas and con-

densation of water vapor therein, and additional
means arranged to he operated by said last named
means for indicating the presence and relative

:quantity of compustible gases.

4. Tn an apparatus for detecting the presence
of combustible gas, the combination of a porous
vessel, means in said vessel for causing combusti-
ble gas entering the vessel to be burned gradual-

-1y therein, a collapsible diaphragm mounted on
said vessel and having its interior in communi-

cation with the interior of said vessel whereby
changes of pressure in said vessel due to burn-
ing of the gases will be transmitted to the inte-

-rior of said diaphragm, and means for indicating

variations in pressure created in said vessel, said
means being arranged to be actuated by move-
ments of said diaphragm.

5. In an apparatus for testing the atmosphere

“for the presence of combustible gases mixed

therewith, the combination of a substantially
closed vessel affording a restricted and continu-
ous admission of the atmosphere thereto and its
escape therefrom, said vessel being capable of

‘maintaining for an appreciable period of time

sudden changes in gaseous pressure created
therein, means in said vessel for burning com-
bustible constituents of said atmosphere as said
constituents diffuse through the chamber in the

-vessel, said vessel being constructed and ar-

19,048

ranged to condense the water vapor produced
by such combustion but to prevent any substan-
tial absorption of the gases, and means connect-
ed with said vessel for responding automatically
to changes in the gaseous pressure created in
said vessel by said condensation.

6. In an apparatus for testing the atmosphere
for the presence of combustible gases mixed
therewith, the combination of a substantially
closed vessel affording a restricted and continu-
ous admission of the atmosphere thereto and its
escape therefrom, said vessel being capable of
maintaining for an appreciable period of time
sudden changes in gaseous pressure created
therein, means in said vessel for burning com-
bustible constituents of said atmosphere as said
constituents diffuse through the chamber in the
vessel, said vessel being constructed and ar-
ranged to condense the water vapor produced by
such combustion but to prevent any substantial
absorption of the gases, and means connected
with said vessel for indicating automatically
changes in the gaseous pressure created in said
vessel by said condensation.

7. In an apparatus for testing the atmosphere
for the presence of combustible gases mixed
therewith, the combination of a substantially
closed vessel affording a restricted and contin-
nous admission of the atmosphere thereto and its
escape therefrom, said vessel being capable of
maintaining for an appreciable period of time
sudden changes in gaseous pressure created
therein, means in said vessel for burning com-
bustible constituents of said atmosphere as said
consiituents diffuse through the chamber in the
vessel, said vessel being constructed and arranged
to condense the water vapor produced by such
combustion but to prevent any substantial ab-
sorption
vessel for responding automatically to changes in
the gaseous pressure created in said vessel by said
condensation, and an electric circuit under the
control of the last named means.

8. In an apparatus for testing the atmosphere
for the presence of combustible gases mixed
therewith, the combination of a substantially
closed vessel affording a restricted and con-
tinuous admission of the atmosphere thereto and
its escape therefrom, said vessel being capable
of maintaining for an appreciable period of time
sudden changes in gaseous pressure created
therein, means in said vessel for burning com-
bustible constituents of said atmosphere as said
constituents diffuse through the chamber in the
vessel, said vessel being constructed and arranged
to condense the water vapor produced by such
combustion but to prevent any substantial ab-
sorption of the gases, a second vessel in which
temperature and pressure conditions are main-
tained similar to those existing under ordinary
circumstances in said first vessel, and means
connected with both of said vessels for respond-

ing automatically to the difference in gaseous

pressure in the two vessels.

9. In an apparatus for testing the atmosphere
for tne presence of combustible gases mixed
therewith, the combination of a substantially
closed vessel affording a restricted and continuous
admission of the atmosphere thereto and its
escape therefrom, said vessel being capable of
maintaining for an appreciable period of time
sudden changes in gaseous pressure created
therein, means in said vessel for burning com-
bustile constituents of said atmosphere as said
constituents diffuse through the chamber in the

of the gases, means connected with said.
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vesse], said vessel being constructed and arranged
to condense the water vapor produced by such
combustion but to prevent any substantial ab-
sorption of the gases, a second vessel in which
temperature and pressure conditions are main-
tained similar to those existing under ordinary
circumstances in said first vessel, an indicating
means coninected with both of said vessels for
responding automatically to the difference in
gaseous pressure in the two vessels.

10. In an apparatus for testing the atmosphere
for the presence of combustible gases mixed
therewith, the combination of a substantiaily
closed vessel having a porous wall through which
a restricted and substantially continucus diffu.-
sion of the atmosphere can take place, the vessel
being capable of maintaining for an appreciable
period of time sudden changes in gaseous pressure
created therein, electrically heated means in said
vessel for burning combustible constituents of
said atmosphere approximately as fast as they
come into contact with said means, said vessel
being constructed and arranged to condense the
water vapor produced therein by the burning of
said combustible constituents but being arranged
to prevent any substantial absorption of the
gases therein, and a pressure responsive appara-
tus connected with said vessel and arranged to
be operated automatically by the changes in
gaseous pressure created in said vessel by said
condensation.

11. In an apparatus for testing the atmosphsre
for the presence of combustible gasss mixed
therewith, the combination of a substantially
closed vessel having a porous wall through which
a restricted and substantially continuous dif-
fusion of the atmosphere can take place, the
vessel being capable of maintaining for an ap-
preciable period of time sudden changes in
gaseous pressure created therein, electrically
heated means in said vessel for burning com-
bustible constituents of said atmosphere approxi-
mately as fast as they come into contact with
said means, said vessel being constructed and
arranged to condense the water vapor produced
therein by the burning of said combustible eon-
stituents but being so arranged as to prevent any
substantial absorption of the gases therein, a
second porous walled vessel exposed to said at-
mosphere, electrically heated means in it for
maintaining approximately the same tempera-
ture in the second vessel as that maintained under
ordinary circumstances in the first vessel but
prevented from igniting combustible constituents
cf the atmosphere which may enter the second
vessel, and pressure rssponsive means connected
with both of said vessels and arranged to he
operated by the difference in pressure in said ves-
sels.

12. In an apparatus for testing the atmosphere
for the presence of combustible gases mixed
therewith, the combination of a substantially
closed vessel having a porous wall through which
a restricted and substantially continuous dif-
fusion of the atmosphere can take place, the
vessel being capable of maintaining for an ap-
preciable period of time sudden changes in
gaseous pressure created thersin, electrically
heated means in said vessel for burning com-
bustible constituents of said atmosphere approxi-
mately as fast as they come into contact with
said means, said vessel being constructed and ar-
ranged to condense the water vapor produced
therein by the burning of said combustible con-
stituents but being arranged to prevent any sub-
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stantial absorption of the gases thersin, a second
porous walled vessel exposed to said atmosphere,
electrically heated means in it for maintaining
approximately the same temperature in the
second vessel as that maintained under ordinary
circumstances in the first vessel but prevented
from igniting combustible constituents of the
atmosphere which may enter the second vessel,
and pressure ragponsive means connected with
both of said vessels and arranged to be operated
by the differsnce in pressure in said vessels, an
electric cireuit in which both of said heating
rreans are connected, and an indicating means
agsociated with said pressure responsive means.
' 13. That improvement in methods of detecting
he p marsh gas or other combustible
gases the atmosphere, which consists in ex-
posing to the atmosphere a substantially closed
vessel, passing sz2id atmosphere into said vessel
undsr resiricted conditions and diffusing same
through the vessel, as a substantially continuous
operation, burning combustible gaseous constit-
uents thereof in said vessel as they diffuse
through the interior of said vessel, condensing
the water vapor preduced in said vessel by such
combustion, while preventing any substantial ab-
sorption of the gases in said vessel, and utilizing
the changes in gaseous pressure created in said
vessel by said condensation to operate a pressure
responsive apparatus.

i4. That improvement in methods of detecting
the presence of marsh gas or other combustible
gases in the atmosphere, which consists in ex-
posing to the atmosphere a substantially closed
vessel, passing said atmosphere into said vessel
under restricted conditions and diffusing same
through the vessel, as a substantially continuous
operation, burning combustible gaseous con-
stituents thereof in said vessel as they diffuse
through the interior of said vessel, condensing
the water vapor produced in said vessel by such
combustion, while preventing any substantial ab-
sorption of the gases in said vessel, creating a
gasecus pressure in another similar vessel in
which temperature and pressure conditions are
maintained approximating those in the frst
vessel when the latter are not affected by the
bresence of combustible gas in the atmosphere,
placing the pressure in the second vessel in op-
position to the gaseous pressure in the first vessel,
and utilizing the difference in the pressures in
the two vessels to operate a pressure responsive
apparatus.

15. That improvement in methods of detecting
the presence of marsh gas or other combustible
gases in the atmosphere, which consists in ex-
posing to the atmosphere a substantially closed
vessel, passing said atmosphere into said vessel
under restricted conditions and diffusing same
through the vessel, as a substantially continuous
operation, burning combustible gaseous con-
stituents thereof in ssid vessel as they diffuse
through the interior of said vessel, condensing
the water vapor produced in said vessel by such
combustion, while preventing any substantial ab-
sorption of the gases in said vessel, creating a
gaseous presstire in another similar vessel in
which temperature and pressure conditions are
maintained approximating those in the first ves-
sel when the latter are not affected by the
presence of combustible gas in the atmosphere,
placing the pressure in the second vessel in op-
position to the gaseous pressure in the first vessel,
utilizing the difference in the pressures in the two
vessels to operate a pressure responsive appara-
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6

tus, measuring the differences in gaseous pressure
in said vessels, and recording the obtained
measurements.

16. That improvement in methods of detecting
the presence of marsh gas or other combustible
gases in the atmosphere, which consists in ex-
posing to the atmosphere a substantially closed
vessel, passing said atmosphere into said vessel
under restricted conditions and diffusing same
through the vessel as a substantially continuous
operation, burning combustible gaseous con-
stituents thereof in said vessel -as they diffuse
through the interior of said vessel, condensing
the water vapor produced in said vessel by such
combustion, while preventing any substantial ab-
sorption of the gases in said vessel, creating a
gaseous pressure in another similar vessel in
which temperature and pressure conditions are
maintained approximating those in the first ves-
sel when the latter are not affected by the

10,048

presence of combustible gas in the atmosphere,
and measuring the differences in gaseous pressure
in said vessels.

17. That improvement in methods of detecting
the presence of marsh gas or other combustible
gases in the atmosphere, which consists in con-
tinuously passing said atmosphere through the
walls of a substantially closed vessel by diffusion
or aspiration, burning combustible gaseous con-
stituents thereof in said vessel as they diffuse
through the interior of said vessel, condensing
the water vapor produced in said vessel by such
combustion while preventing any substantial ab-
sorption of the gases, to create a vacuum, actuat-
ing a pressure responsive apparatus by the
changes in gaseous pressure created in said
chamber by such condensation and vacuum, and
measuring the changes in pressure.

H. T. RINGROSE.
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