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(57) ABSTRACT 
Air samples are removed through ducts connected to 
the spaces to be supervised on the one hand, and to a 
distribution valve on the other, which selectively 
switches the ducts through to a pump, which applies 
the sample from a selected space, through dust, water 
vapor, and carbon dioxide removing filters, as well as 
through other filters, to a carbon monixide (CO) de 
tector which, upon detection, gives an alarm signal 
and further preferably controls the pump and the con 
trol valve to pump out more sample air from the par 
ticular space in which an increased CO content was 
detected. The CO detector may be an infrared (IR) 
spectroscope, a gas chromatograph, a system catalyti 
cally oxidizing CO to CO2, and then detecting CO, a 
hot-wire detector, chemical detectors, of a fuel cell, or 
the like. 

30 Claims, 9 Drawing Figures 
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1. 

FIRE ALARM SIGNALLING SYSTEM 

The present invention relates to a fire alarm signal 
ling system and more particularly to such a system in 
which air samples are removed from spaces to be de 
tected and applied to a detection or sensing element 
which, when a certain characteristic is exceeded, gives 
an alarm signal. The present invention utilizes the pres 
ence of carbon monoxide as a detection characteristic. 

Fire alarm systems have been proposed in which vari 
ous characteristics and phenomena incident to a fire 
are utilized to give an alarm when a fire has been 
sensed. As an example, temperature sensitive elements 
or temperature sensitive switches and thermostats can 
be used to sense increase in temperature. It has also 
been proposed to indicate the presence of a fire by 
sensing radiation of light, in the visible, ultraviolet, or 
infrared range by suitable UV and IR detectors. Such 
temperature or flame detectors have the disadvantage 
that they will respond only when a fire has spread to 
such an extent that either there is a measurable temper 
ature increase or that flames are already present. If 
such apparatus is made highly sensitive, it is subject to 
false alarms and to give spurious responses, since tem 
perature increases, or radiation in the sensitive range 
can be caused by other sources than by a fire. 
The beginning of a fire should be indicated as soon 

as possible; it is therefore desirable to utilize those 
characteristics and phenomena which are present as 
soon as a fire starts. Early warning detection systems of 
this type may utilize optical smoke detectors which in 
dicate the presence of a fire as soon as smoke is sensed. 
lonization type fire alarm systems are particularly suit 
able since the smoke aerosols are present already at the 
initial stage of a fire, and can be sensed, and thus uti 
lized to give an alarm signal. Unfortunately, such appa 
ratus is also subject to spurious responses, and thus to 
give false alarms. Smoke and aerosol indicators can be 
caused to respond by dust particles. Other systems for 
fire alarm have been proposed, but all of them can be 
triggered to false alarms by spurious phenomena. 

It has also been proposed to increase the sensitivity 
of fire alarm systems by taking air samples from the 
space to be supervised, and to conduct these air sam 
ples, by suction, over suction ducts to a measuring 
chamber. In comparison with fire alarm systems in 
which the air is conducted to the detection chambers 
merely by thermal convection, it has been found that 
mechanical suction systems have the advantage of 
higher sensitivity. Since, however, smoke, water vapor 
and dust will precipitate within the ducts, the length of 
the ducts must be held to a certain maximum and is lim 
ited due to rapid decrease in sensitivity as the duct 
length increases. Over periods of time, during which air 
is sucked through the ducts, the actual sensitivity of the 
system to fire may deviate substantially from the design 
sensitivity. Additionally, maintenance costs are sub 
stantial due to the frequent requirements for cleaning 
and testing, of the fire alarm system, as well as of the 
suction system. 

It is an object of the present invention to provide an 
early warning fire alarm system which is capable of rap 
idly indicating the presence of a fire, which is reliable 
and not subject to spurious responses, which is sensitive 
and which retains its design sensitivity over an appre 
ciable period of time, without substantial maintenance 
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2 
costs, and which requires only a limited number of sen 
sors, and a small investment in detection equipment, 

Subject Matter of the Present Invention 
Briefly, air samples are removed from the spaces and 

conducted to a detection chamber, in which a carbon 
monoxide (CO) sensitive detection element is located. 
Filters are provided to remove non-gaseous compo 
nents before the samples are applied to the detection 
chamber. 
The present invention is based on the fact that, as 

soon as a fire starts, solid and liquid products arise, 
such as smoke and aerosols; and, in addition thereto, 
gases evolve. Since practically all combustible sub 
stances in an unintentional fire always contain carbon, 
and, since in the initial stage of a fire combustion is in 
complete, carbon monoxide is always present in the ini 
tial stages. In the initial stages of a fire there is usually 
insufficient heat for complete combustion. Carbon 
monoxide is a certain criterion for a fire, in contrast to 
other combustion products such as water vapor and 
carbon dioxide, so that a spurious response, and re 
sponse to conditions not caused by a fire are a mini 
mum. An additional advantage of testing for CO is, that 
CO is somewhat lighter than air and that CO will there 
fore rise to the ceiling of a space to be supervised, even 
without thermal convection due to the fire, so that suc 
tion openings for the detectors can be located in the 
ceiling and will respond even before sufficient heat has 
been generated by the fire itself to cause thermal con 
vection. Other combustion products will be transported 
to the detection units only after the fire itself has 
caused sufficient heat. 
CO has a rather similar molecular diameter as the 

molecules of the air. It is, therefore, possible to remove 
larger molecules and even the larger molecules of va 
por-formed decomposition products by vary fine filters 
before the air is passed to the detectors or through the 
suction system. Presence of such filters does not 
change the mixture ratio with the air, and thus the sen 
sitivity, even if long ducts are used. The system is there 
fore particularly useful in environments subject to dust, 
such as in connection with suction systems, ventilation 
of silos, and the like. CO does not separate out. Since 
CO behaves practically similarly to air, only a small 
suction effort is required to transport CO, without de 
crease in sensitivity of the sensing element. 
CO is, chemically, quite inert. It is therefore possible 

to remove gaseous components from the air sample by 
chemical reaction, before applying the air sample to 
the sensing element, without interfering with the sensi 
tivity of the sensor to CO itself. Thus, hydrogen sulfide 
can be removed by contact with silver, or carbon diox 
ide by aqueous solutions of barium hydroxide, or the 
like. 

Utilizing CO to detect fires has the additional advan 
tage that a rapid indication of the presence of CO is 
given. CO is extremely poisonous, so that warnings 
should be given in any case as soon as the CO content 
of the air exceeds the danger limit which is at approxi 
mately 100 ppm, that is, 100 - 10 percent. 
Any known CO detector may be used with the fire 

alarm system in accordance with the present invention, 
for example apparatus for catalytic combustion, or 
chemical reaction of CO with a suitable reaction sub 
stance, and test for the reaction product; or apparatus 
testing for the physical characteristics of CO, such as 
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optical measuring instruments, gas chromatographs, 
molecular spectrographs, or the like. The type of appa 
ratus selected will depend on requirements; in general, 
those apparatus which have high sensitivity as well as 
long life with low maintenance costs and which are par 
ticularly selective to CO are eminently suitable. 
The invention will be described by way of example 

with reference to the accompanying drawings, wherein: 
FIG. 1 is a general schematic diagram of the fire 

alarm signalling system with a CO detector; 
FIG. 2 is a schematic diagram of a filtering system; 
FIG. 3 is a schematic transverse sectional view of an 

IR absorption CO detector; 
Flg. 4 is a schematic diagram of a gas chromato 

graphic CO detector; 
FIG. 5 is a schematic diagram of a CO detector with 

catalytic oxidation and sensing of heating; 
FIG. 6 is a schematic diagram of a CO detector with 

oxidation and CO2 indication; 
FIG. 7 is a CO detector utilizing a palladium chloride 

reaction; 
FIG. 8 is a schematic diagram of a CO detector with 

adsorption of platinum; and 
FIG. 9 is a CO detector utilizing a fuel cell. 
General principle, with reference to FIG. 1: Two 

spaces 1, 2 to be supervised are formed in the ceiling 
with openings 3 which may include mechanical coarse 
filters. Each one of the ceiling openings is connected to 
a sampling duct 4 which connects to a bank of control 
valves 5. The valve system of the bank of valves 5 is 
controlled by an electrical circuit - to be discussed 
below - so that in accordance with a certain timed 
program the various sampling ducts 4 from the open 
ings 3 are opened through the valves to form communi 
cation with a common duct 6 leading to a pump 7. In 
accordance with another embodiment, which is useful 
for certain applications, all lines are constantly placed 
on suction and the particular line to be sampled is 
switched by the controlled valve to a bypath leading to 
the detection unit. This substantially decreases the re 
sponse time of the alarm system. 
The output of pump 7 is applied to the apparatus to 

sense the presence of carbon monoxide (CO). This ap 
paratus includes a selective filter system 8, 9 and a de 
tector unit 10, through which the air samples are 
passed by the pump 7. Any suitable, and for example 
known CO sensing apparatus can be utilized in the de 
tector 10, utilizing specific physical, chemical, electri 
cal, or optical characteristics of carbon monoxide, or 
a reaction thereof, and supplying an electrical output 
signal when the level of carbon monoxide being sam 
pled exceeds a predetermined level. Especially suitable 
CO detectors will be described below in connection 
with the further figures. Some of those detectors, how 
ever, are sensitive not only for CO but also respond to 
other gases or substances which may be contained 
within the ambient air in the spaces 1, 2, or could be 
damaged thereby. Depending on the type of CO detec 
tor utilized, it is therefore desirable to interpose one or 
more filters in the ducts leading to the detector. These 
filters, additionally, can be used to separate non 
gaseous components of the air being supplied, for ex 
ample dust or vapors. The arrangement of the filters 
can be chosen as necessary, for example, immediately 
adjacent the inlet openings 3, in the separate sampling 
ducts 4, in advance of pump 7, or behind the pump 7 
and immediately in front of the detection unit. Me 
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4 
chanical filters are preferably applied directly in front 
of the inlet openings 3 since, a pump which selectively 
can apply suction and air pressure can then, by reversal 
of the air path, be used for self-cleaning of the entire 
system. The pump 7 and the valves are then suitably 
controlled by a synchronized timing program, applying, 
as desired, suction, or a reverse air stream. If necessary, 
several filters, having similar or different functions can 
be interposed at various points of the system. 
The arrangement in accordance with FIG. 1, which 

is merely illustrative, shows that between pump 7 and 
CO detector 10, a first filter 8 is placed which absorbs 
dust, water vapor and carbon dioxide; thereafter, a se 
lective filter 9 is placed which absorbs SO2, H2S and hy 
drocarbons. These filters are preferably matched to the 
detector unit to be used, so that the entire system com 
prising filter and detector is selective to carbon monox 
ide. 
Detector 10 is so arranged that when a predeter 

mined amount of CO in the air sample applied thereto 
is exceeded, an electrical alarm signal is applied to an 
alarm circuit 11. If desired, a certain time delay may be 
built into the system, to eliminate short-time spurious 
responses. 
Alarm circuit 11 applies a signal to an alarm control 

unit 12, which is connected to one or more supervisory 
indicators 14 over line 13, to indicate audibly or visu 
ally the presence of an alarm condition. Additionally, 
a line 15 is connected to alarm units 16 located within 
the space from which the air is derived and which 
caused the alarm system to respond, that is, in which a 
fire has been sensed, so that the individual alarm unit 
16 will immediately indicate the presence of a fire in 
the space being supervised. 
Alarm circuit 11 additionally is connected to a line 

17 which connects to a pulse source 18 which is con 
nected over lines 19 and 20 to pump 7, and the valve 
unit 5, respectively. The pulse source 18 is so arranged 
that, in normal, non-alarm condition, the various valves 
5 which are preferably magnetically operated are 
opened in a predetermined sequence, to connect (or 
bleed) sampling ducts 4 sequentially to the common 
line 6 leading, eventually, to the CO detector. Thus, the 
CO detector is supplied with air from the various open 
ings 3. This avoids application to the detector of a mix 
ture of atmosphere derived from the various spaces to 
be supervised which would cause decrease in concen 
tration of CO derived from a possible fire and thus ap 
plication of a lower percentage of CO to detector 10. 
By sequential, regular scanning of all suction points, 
the CO detector can be cheaper since its sensitivity can 
be less. In those instances in which only one or only 
very few spaces are to be supervised, the valve distribu 
tion system and the associated electrical valve switch 
ing system may be omitted. 
When the alarm circuit 11 has a signal applied 

thereto from CO detector 10, pulse source 18 and 
pump 7 are controlled, by lines 19, 20, respectively, to 
an alarm condition. Pump 7 is preferably switched to 
a higher speed, that is to higher pumping effort, to pro 
vide increased suction and thus increased sampled air 
to the CO detector. The magnetic valve array 5 is so 
controlled that the particular valve, which was open 
when the excessive CO was sensed, is controlled to re 
main open, or at least to remain open for a longer pe 
riod of time than the adjacent valves, or than normal. 
This increases further the reliability of the entire sys 
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tem and, by indicating which one of the valves had the 
increased CO concentration passing therethrough, pro 
vides an indication of the location of the initial alarm. 
The alarm itself is checked since the CO detector will 
continue to respond, and will respond stronger if a fire 
actually occurred, and the source of the fire is local 
ized. Any suitable circuit can be used for further alarm 
indications or alarm transmissions, and the system can 
be coupled to an automatic sprinkler, or other fire ex 
tinguishing system. 
FIG. 2 illustrates a filter system in schematic form. 

The filter separates and absorbs most of the interfering 
and damaging contamination occurring in air which is 
applied to a CO detector. Various elements of the sys 
tem can be located along the path of air applied from 
inlets 3 to the CO detector, as desired. The filter system 
includes a mechanical dust filter 21, separating out 
solid and liquid particles. A mesh width of from 1 to 10 
puis particularly advantageous. Next is a silica gel filter 
22, to absorb water and water vapor. Filter 23 is a soda 
lime filter for the absorption of CO. A further silica gel 
filter 24 absorbs various hydrocarbons, which is fol 
lowed by a filter 25 containing activated charcoal to 
absorb HS, SO2, and other gases. The last filter 26 is 
a selective filter for the absorption of additional inter 
fering components, for example a silver contact filter, 
a cooling trap, or the like. 
The various filters can be constructed with inter 

changeable filter cartridges, thus substantially facilitat 
ing maintenance. Not all the filters illustrated may be 
necessary under all conditions, and some of them can 
be omitted if, for example, the specific CO detector 
which has been selected does not react with the respec 
tive substances being filtered out, or is not damaged 
thereby. The pump, further, can be placed at any suit 
able location, which may be different from that shown 
in the drawing. The sequence of the filters is best se 
lected by matching the overall filter characteristics to 
the CO detector which is being used, and then suitably 
locating the filters in the path of the air being applied 
thereto. It is preferred to first place a dust filter 21 in 
the installations, since absorption of solid and liquid 
particles before the air enters the system substantially 
decreases contamination and dirt within the entire sys 
tem and thus substantially decreases maintenance 
COStS. 
Various CO detectors will be described in connection 

with the other figures. 
Embodiment of FIG. 3: An infrared (IR) detector uti 

lizes the absorption of radiation within certain IR bands 
by CO molecules. A measuring chamber 27 has the air 
to be tested applied thereto from an inlet to an outlet. 
The measuring chamber 27 is subject to IR radiation, 
emitted from a source 28 of known construction. Radi 
ation, which may be attenuated by the CO content of 
the air within chamber 27 is recorded in a photoelectric 
detector 29. A parallel path for IR radiation, and form 
ing a reference path is located next to chamber 27, and 
includes a chamber 30 filled with cleaned air, an IR ra 
diation source 31 (which may be combined with source 
28 and suitably applied to chamber 30), and a photo 
element 32 which, again, can be combined with photo 
element 29 or can be the same element, operating on 
a time sharing basis. A rotating shutter 33 is located in 
the path of the IR radiation through the two chambers 
27, 30, selectively and sequentially applying radiation 
to be detected by the photoelectric pick-up. If the ab 
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6 
sorption of IR radiation in both chambers 27 and 30 is 
the same, then the photo detectors 29, 32 (or the single 
photo detector, in timed sequence) provide the same 
output voltage or current. If, however, absorption in 
the measuring chamber 27 increases due to presence of 
CO, the photo detectors will have a net output signal, 
in the form of square wave pulses, which can be applied 
to a sensing or utilization circuit 34, to be connected to 
give an alrm output signal. Utilization circuit 34 can be 
a simple a-camplifier, which can be made selective to 
the frequency of interruption as determined by the 
speed of the rotating blade 33. A bridge circuit is also 
suitable; the circuit can also be made selective only to 
change in d-c level, with the outputs from detected ra 
diation in chambers 27, 30, being conducted to the cir 
cuit 34 with reversed polarity so that, when they are in 
balance, they will cancel. Various other circuits and 
common in measuring technology can be used. 
To make the apparatus particularly selective to re 

spond to CO, a filter 35 can be located in the path of 
the IR radiation which passes only those frequency 
spectra of IR radiation in which CO has absorption 
bands. Such a filter 35 can be a conventional filter, for 
example may consist of vapor deposited X/4 layers. Fil 
ters of this type can be constructed so that they have 
a spectral path region which is very restricted, for ex 
ample passing only a single spectral line, thereby effec 
tively eliminating erroneous indications and interfer 
ence by other gases. 
Embodiment of FIG. 4: A gas chromatographic CO 

detector, in which air to be tested is taken in certain 
time intervals, for example every 20 seconds, automati 
cally from the supply ducts and applied to a mixing and 
quantitizing device 36, in which the carrier gas applied 
from a supply 37, such as helium, hydrogen, or argon 
is mixed thereto. The mixture is applied to a known gas 
chromatographic separating column 38 which may, for 
example, contain a filling in the type of a molecular 
sieve. The gas, separated into components, is then ap 
plied to an analyzer 39 which may be a flame ionization 
detector, a catharometer or other analyzing apparatus 
of suitable type. The automatic mixing and quantitizing 
device 36, as well as the analyzer 39 are controlled by 
means of a controller 40 so that an alarm is given only 
when CO is detected. A catalytic converter 41 is inter 
posed before the input of the gas chromatographic ap 
paratus which changes the carbon monoxide to meth 
ane in accordance with the following relation: 

CO + 3H CH+ HO 
(1). 

Nickel is a suitable catalyst. The analyzer, of course, 
must be sensitive to CH rather than CO. 
Embodiment of FIG. 5: The catalytic oxidation of CO 

to CO, in accordance with the relationship: 
2 CO+ O.--> 2 CO+ 67.9 cal. 

(2) 

can be utilized. A suitable catalyst is Hopcalite (A mix 
ture of the oxides of manganese and copper). The pres 
ence of CO is sensed by sensing the heat of reaction. 
The air, derived from the filter system is applied to de 
tector 42, which first includes a pre-heater 43 and then 
the reaction cartridge 44 containing the catalyst. Two 
thermocouples 45, 46 of a thermal sensing system are 
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located at respectively different places, as shown in 
FIG. 5, within the detector 42. An increase in tempera 
ture at the thermocouple 46 with respect to thermo 
couple 45 then is an indication that a reaction has 
taken place and that CO was present. To prevent out 
side influences from interfering and providing spurious 
signals, it is desirable to temperature-stabilize the en 
tire detector 42. The thermal currents from the ther 
mocouples are then sensed in a utilization circuit 47 
which may, for example, contain a bridge circuit. 
Embodiment of FIG. 6: Rather than determining the 

heat of reaction when CO is converted to CO2, the end 
product itself, that is, the CO, itself can be detected. 
Any known method can be used, for example colori 
metric or nephelometric analysis, or titration. Air to be 
tested is applied over a CO filter 50 into a heated oxi 
dation cartridge 48 which contains an oxidation sub 
stance as a catalyst, for example Ag MnO, Hopcalite, 
HgC), or IOs. The actual reactor and analyzer 49 is 
then utilized for the determination of CO in accor 
dance with any known method. One system, for exam 
ple, uses the absorption in a Ba (OH) solution with au 
tomatic back titration by means of oxalic acid by means 
of an indicator, with automatic change of samples. Pre 
cipitated BaCO3 can be indicated by nephelometric 
analysis by means of a filter, a spectral photometer or 
the like. 
CO, can also be absorbed in a slightly alkaline Ba 

(ClO4), solution and detected by coulometric analysis. 
The reaction 

Ba (CIO) -- CO + H2O is 2HCIO -- Ba CO 
(3) 

causes a shift in the pH value. By means of back titra 
tion to the initial alkalinity, a continuously self 
regenerating apparatus can be constructed. 
Additionally, absorption of the CO, which is evolved 

in a solution of NaOH, and back titration by diluted hy 
drochloric acid can be utilized. A suitable indicator is 
phenolphthalein, with analysis by means of spectral or 
filter photometry utilizing 555 nm wave length. 
Embodiment of FIG. 7: Oxidation by CO to CO by 

means of palladium chloride, in accordance with the 
relationship: 

PdCl + CO + HO - Pd + CO + HCl 
(4) 

The precipitated palladium salt can be indicated by ab 
sorption measuring. The sample gas is applied to a re 
action vessel 51 which is located in the radiation path 
of a source 52, a filter 54, and a photo cell 53. Change 
in the photo current sensed by photo cell 53 is recorded 
in the sensing circuit 55. Of course, rather than a di 
rectly reading instrument, an instrument utilizing a ref 
erence cell, with a bridge-type measuring circuit or the 
like can be used. 

Similarly, the reaction 
IO--5CO - I, +5CO, 

(5) 

can be utilized and iodine (I) which is formed can be 
indicated, for example in a K and starch solution. It is 
also possible to determine the presence of iodine by ti 
tration with sodium thiosulfate. 
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8 
Other chemical reactions can be utilized, for exam 

ple, the reaction 
CO + HgO - Hg + CO, 

(6) 

can be used for CO determination, for example by pho 
tometric determination of the degree of blackening of 
selenium sulfide by means of mercury vapor resulting 
due to the reaction 

3 Hg -- Se S - 2 HgS + HgSe 
(7) 

Ultraviolet-spectroscopic determination of mercury 
vapor within a gas retort is also suitable. 

Silver salt of sodium sulfamidobenzo acid with CO 
can be used in accordance with the relationship: 

2 Ag + CO -- 4 OH - 2 Ag+ CO + HO 
(8) 

The silver salt which results is then photometrically de 
termined in order to detect CO. 
Embodiment of FIG. 8: A cell 56 has the sample air 

passed therethrough. A reference cell 57 is provided, 
in which clean air is located. Both cells have a platinum 
wire 58, 59 located therein which is heated to be red 
hot, connected in a bridge circuit by means of resist 
ances 60, 61. As the resistance of the platinum wire 58 
changes with respect to that of platinum wire 59, the 
cross connection of the bridge which includes a mea 
suring instrument 62 will provide an indication, and 
thus can be utilized to provide an output signal. 

Electrolytic determination of CO by selective adsorp 
tion on solid surfaces, at room temperature, or at in 
creased temperature can also be utilized. Nickel is a 
suitable material. Electrical characteristics, which 
change upon adsorption, can then be utilized to pro 
vide an electrical output signal. 
The various CO detectors, in which the CO content 

increases in the detector requires change in the detec 
tor elements, for example by interchanging cartridges, 
or a regeneration from time to time. The particular 
time lapse, as well as the type of regeneration will de 
pend essentially on the amount of sample gas which 
passes through the test cartridge. Regeneration or ex 
change of test material cartridges can be suitably auto 
mated. 
Embodiment of FIG. 9: A fuel cell forming measuring 

chamber 66 has the sample gas applied thereto. The 
CO containing sample gas is oxodized on an anode 63 
which is covered with a selectively effective catalyst. A 
suitable electrolyte 65 is located between electrodes 63 
and 64 of the fuel cell and, when CO is present, current 
will be supplied from the cell 66. 
Modifications and preferred embodiments of the 

general system: If only a single space is to be super 
vised, then the various ducts 4 (FIG. 1) can be elimi 
nated and the system can be made as a compact single 
unit. In a preferred form, at least one filter or filter sys 
tem and a CO detector is, however, needed, as well as 
some kind of a suction providing arrangement, for ex 
ample a small fan or ventilator. If a number of spaces 
are to be supervised, and filters are suitably located, for 
example at the inputs to the openings 3, then a single 
CO detection device (which forms the expensive part 
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of the system) is all that is needed, with suitable switch 
over by valves 5. 
The fire alarm system as described can be combined 

with presently available apparatus, for example air 
conditioning or ventilating systems. A separate suction 
or air circulation system can then be avoided and exist 
ing lines need only be tapped. Thermal circulation of 
air is frequently sufficient in order to supply a suitable 
quantity of gas to the indicator, since the lightness of 
CO, coupled with thermal circulation will provide a 
suitable stream of combustion gases, so that, in some 
installations, a positive suction apparatus need not be 
used. The alarm and indicating system can be con 
bined with an automatically operating fire alarm cen 
tral since an indication will be obtained not only that 
a fire is present, but, by sensing which ones of the 
valves 5 supplied gases to the analyzer, an indication of 
the location of the fire is likewise obtained. 
Various changes and modifications may be made 

within the inventive concept. 
I claim: . 
1. Fire alarm system for a plurality of spaces to be su 

pervised for the presence of fire comprising 
a detection chamber (10); 
a plurality of duct means (3, 4, 5, 6, 7) for removing 

air samples from each said spaces and separately 
conducting said air samples to the detection cham 
ber (10); 

a controlled switchable valve (5) having a plurality of 
inputs, each input being connected to a duct, the 
output from the valve being connected to the de 
tection chamber; 

valve switching control means (18) connected to the 
valve and controlling switching of the valve, in 
steps, to sequentially connect one of the ducts 
through the valve to sample air drawn through the 
several ducts from the several spaces and connect 
the sampled air from any one duct to be directed 
to the detection chamber (10); 

a pump (7) pumping air from said spaces through 
said ducts, and valve, to supply air to the detection 
chamber; 

filter means (8) removing non-gaseous components 
from the air being applied to the detection cham 
ber; 

means in said detection chamber responsive to the 
presence of carbon monoxide (CO) in said sample 
and providing an electrical alarm signal upon sens 
ing the presence of CO above a predetermined 
level; 

the alarm signal being connected to control increase 
of the quantity of air supplied from the respective 
duct connected through the valve (5) to the detec 
tion chamber (10) upon sensing of a CO presence 
in excess of said predetermined level. 

2. System according to claim 1, wherein the alarm 
signal from the CO responsive means is connected to 
said switching control means (18) to control said co 
responsible means to maintain a passage through the 
valve in communication with the detection chamber for 
a longer than normal period if the CO responsive 
means has sensed a CO presence in excess of said pre 
determined level. 

3. System according to claim 1, wherein the alarm 
signal from the CO responsive means is connected to 
the pump and controls said pump for a higher pumping 
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10 
effort if said CO responsive means has sensed a CO 
presence in excess of said predetermined level. 

4. System according to claim 1, wherein the pump is 
continuously operating to apply suction to said ducts 
and connected to apply air, as switched by said valve, 
to the detection chamber. 

5. System according to claim 1, including alarm 
means (2, 3, 4, 15, 16) connected and responsive 
to said electrical alarm signal when presence of CO is 
sensed in excess of said predetermined level, said alarm 
means indicating from which one of the ducts con 
nected to the switchable valve air was obtained causing 
said detection of excess CO level. 

6. System according to claim 1, wherein said means 
removing non-gaseous components includes a mechan 
ical filter system having a pass width less than about 10 
A(microns). 

7. System according to claim 1, wherein the filter 
means (8) is equipped to remove water vapor. 

8. System according to claim , wherein the filter 
means is equipped to also remove CO. 

9. System according to claim 1, wherein the filter 
means is equipped to also remove SO, H.S, and hydro 
carbons. 

10. System according to claim 1, wherein said CO re 
sponsive means comprises means (37) providing a car 
rier gas; a mixer element (36) mixing air samples from 
said space with said carrier gas; 
and a gas chromatographic column (38); 
an analyzer (39); 
and a controller (40), the controller being connected 
to control the mixer (36) and the gas chromato 
graph to provide an output signal only if the analy 
zer (39) records a carbon monoxide component in 
the air passing through the gas chromatographic 
column. 

11. System according to claim 1, wherein the CO re 
sponsive means comprises means catalytically convert 
ing CO with hydrogen to methane; 
and means indicating the presence of methane. 
12. System according to claim 1, wherein the CO re 

sponsive means comprises means including palladium 
chloride and water for reaction with CO; and means in 
dicating the presence of palladium. 

13. System according to claim 1, wherein the CO re 
sponsive means comprises means including iodine 
pentoxide and means reacting CO with iodine pentox 
ide and indicating the presence of iodine. 

14. System according to claim , wherein the CO re 
sponsive means comprises means including mercury 
oxide and reacting CO with the mercury oxide, and 
means indicating the presence of mercury. 

15. System according to claim , wherein the CO re 
sponsive means comprises means including a silver salt 
solution and means reacting the silver salt solution with 
carbon monoxide to determine precipitated silver. 

16. System according to claim , wherein the CO re 
sponsive means comprises a fuel cell having CO applied 
thereto, the delivery of current by the fuel cell being an 
indication of the presence of CO. 

17. System according to claim 1, wherein the means 
in said detection chamber responsive to the presence of 
carbon monoxide include replaceable cartridges. 

18. System according to claim 1, wherein the alarm 
signal from the CO responsive means is connected to 
said switching control means to control said means to 
maintain a passage through the valve in communication 
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with the detection chamber for a longer than normal 
period if the CO responsive means has sensed a CO 
presence in excess of predetermined level, and said 
alarm signal is additionally connected to the pump (7) 
to control said pump for higher pumping effort if said 
CO responsive means has sensed a CO presence in ex 
cess of said predetermined level. 

19. System according to claim 1, wherein the CO re 
sponsive means comprises 
a sensing chamber through which air from said 
spaces is passed; 

and an IR spectroscope responsive to CO in said 
chamber. 

20. System according to claim 19, wherein said IR 
spectroscope comprises 
a second chamber having non-contaminated air 
placed therein and forming a reference chamber; 

means alternately applying IR radiation to said refer 
ence chamber and to the sensing chamber; 

and means sensing the difference in IR radiation 
passing through said chambers and providing said 
electrical alarm signal when the difference exceeds 
a predetermined level. 

21. System according to claim 1, wherein the CO re 
sponsive means comprises means including a metallic 
surface, and means sensing the electrical properties of 
the metallic surface. 

22. System according to claim 21, wherein the metal 
lic surface comprises a heated platinum wire; and the 
means sensing the electrical properties comprises 
means determining the resistance change upon the 
presence of CO in the heated platinum wire. 
23. System according to claim 1, wherein the CO re 

sponsive means comprises means for catalytic oxida 
tion of carbon monoxide to carbon dioxide. 

24. System according to claim 23, including means to 
sense heat liberated upon catalytic oxidation. 

25. System according to claim 23, including, means 
sensing carbon dioxide formed upon catalytic oxida 
tion. 
26. Method of sensing the presence of a fire in a plu 

rality of spaces comprising 
removing atmosphere samples from the spaces to be 
supervised for the presence of fire; 

selectively, sequentially switching atmosphere sam 
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12 
ples removed from various ones of said spaces; 

removing by filtering at least non-gaseous compo 
nents from the atmosphere samples so removed; 

testing the filtered atmosphere for carbon monoxide 
content, 

and controlling the removing step to apply a greater 
amount of sampled atmosphere from a space in 
which an excess CO content has been determined, 
than from other spaces. 

27. Method according to claim 26, wherein said fil 
tering step comprises filtering with respect to at least 
one of mechanical with a mesh width of about 10 pu or 
less; absorption of water vapor; absorption of carbon 
dioxide; absorption of sulphur dioxide, hydrogen sul 
fide, or hydrocarbons. 

28. Method according to claim 26, wherein the test 
ing step comprises at least one of infrared spectros 
copy; gas chromatographic analysis in a gas chromato 
graphic column; selective adsorption of a metallic sur 
face, and determination of the electrical characteristics 
of the surface; direct conversion to electrical energy in 
a fuel cell. 

29. Method according to claim 26, wherein the test 
ing step comprises the step of reacting CO with an 
other, predetermined substance and testing for the 
physical, or chemical characteristics of the reaction or 
the reaction product, said testing step comprising at 
least one of: reacting CO by catalytic reaction to CO2 
and testing for reaction heat; reacting CO by catalytic 
reaction to CO, and testing for CO2; reacting CO with 
hydrogen and testing for methane; reacting CO with 
palladium chloride and water, and testing for palla 
dium; reacting CO with iodine pentoxide, and testing 
for iodine; reacting CO with mercury oxide and testing 
for mercury; reacting CO with a silver salt solution and 
testing for precipitated silver. 
30. Method according to claim 26, wherein the test 

ing step comprises modifying a substance by the CO 
content of the atmosphere and detecting the modified 
substance; 
and further including the step of providing said sub 
stance in cartridge form, and periodically replacing 
said cartridge. 
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