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United States Patent O 

3,156,903 
BEAM?, RESEUNSIVE APPARATUS 

Raymond l. láopan, Prairie `Village, Kans., and Donald R. 
Cleary, Kansas tCity, Mo., assignors, by mesne assign 
ments, to Viking Corporation, Hastings, Mich., a cor 
poration of Michigan 

Filed Dec. 4, 196i, Ser. No. 156,353 
12 Claims. (Cl. 340-228) 

This invention relates to apparatus for detecting and 
signalling fires, and more particularly to improved elec 
trical or electronic systems for :the detection of ñre llame 
which offers extremely high reliability and operability 
monitoring coupled with low power consumption. 

Heretofore systems have been developed which include 
infrared sensitive cells in combination with an amplifier 
unit containing vacuum tubes and »adapted to signal a 
warning and/ or aotuate an extinguishing device due to 
the presence of flame. These systems operate on the 
principal that modulated infrared radiant energy in the 
lower audio or sub-audio frequency range is a unique 
property of iire flame and thus can be used to indicate 
the presence of an unwanted fire without resorting to 
the detection of secondary fire effects, for example, smoke 
or increased thermal level. Certain systems of this type 
have included self-monitoring features whereby critical 
components such as amplifier elements and transformer 
windings are continually checked for operability by pass 
ing signals therethrough which do not trigger a lire alarm. 
Such self-monitoring, however, due to the use of a moni 
tor signal of a different fundamental frequency than a 
lire signal and the particular electronic circuitry con 
ñvuration permits several situations to arise wherein the 
ñre detecting apparatus is actually non-functional but, 
Stich condition is not clearly indicated. Existing apparatus 
of this type, upon the elimination of fire flame, either re 
quires manual turn-olf of the ñre extinguishing system 
or automatically turns the extinguishing system off while 
smouldering still exists. In addition, such apparatus 
usually requires a large supply of stand-by power for 
continuous operation in case the nomal power source is 
interrupted for example, by the lire. The standby sys 
tems, for example, may be engine driven generators or 
large storage batteries coupled with motor-generator cur 
rent conversion sets. ln both instances, large capital out 
lays and continuous substantial maintenance expenses are 
required while not offering the desired reliability. 

It is the principal objects of the present invention to 
provide an integrated lire detection system with increased 
reliability than has heretofore been available; to provide 
a fire detection and alarm apparatus which is self-moni 
tored by means of a signal having a frequency within the 
range of the fundamental frequencies radiated by flames 
wherebgÍ a positive check of system operability is ob 
tained; to provide such iire detecting apparatus which is 
operable to turn olf the sprinkler system a predetermined 
time period Iafter flame signals are no longer received 
whereby the combustible materials ̀ are cooled to the point 
where a rekindling of the tire is highly unlikely; to pro 
vide such apparatus wherein reliable signal integration is 
provided for better protection against a false alarm caused 
by transient flames such as the strikingl of la match; to 
provide such a fire detecting device which is operable 
during periods of normal or commercial power failure 
from a relatively small battery power supply due to the 
elimination of conventional high power drawing vacuum 
tubes; to provide such a lire monitoring circuit which is 
adapted to maintain a sprinkler system or the like in op 
eration should the fire damage the detector circuit or 
amplifier components during fire operation; to provide 
such a system which requires extremely low standby 
power; to provide such a device which includes means 
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for testing the operability of the system without actually 
actuating the valves of a sprinkler system or the like; and 
to provide such »a fire monitoring apparatus which is de 
signed for extremely long life with little maintenance. 

Gther objects and advantages of this invention will be 
come apparent from the following description taken in 
connection with the accompanying drawings wherein are 
set forth by way of illustration and example certain em 
bodiments of this invention. 
FIGURE 1 is a schematic wiring diagram of a hre sig 

nal amplifier circuit embodying this invention and in 
cluding the amplifier monitoring components. 
FIGURE 2 is a schematic diagram of a control relay 

circuit embodying this invention and including moni 
toring components therefor. 

Referring to the drawings in more detail: 

Detector Signal Amplifier 
The reference numeral 1 indicates generally a fire detec 

tor amplifier circuit. The circuit 1 includes a plurality 
of physically spaced, series interconnected, photo-resis 
tive lead-sulfide detectors or cells 2 adapted to provide 
a ñuctuating resistance in response to low audio and sub 
audio frequency fluctuating infrared radiation impinging 
thereon, for example, in the range of about three to thirty 
cycles per second. The number of series connected cells 
2 can be varied up to approximately ñfteen without ma 
jor modification of the circuit. The cells 2 are prefer 
ably disposed within a building or the like and respec 
tively located in particular areas where unwanted lires 
are most likely to occur. 
The cells 2 are connected between ground potential 

at 3 and a lead 4 which is coupled through #a capacitor 
5 to the base of a transistor 6. The transistor 6 is inter 
connected with a transistor 7 to form a iirst compound 
connected transistor AC. amplifier stage generally indi 
cated at ti. A suitable transformer and rectifier circuit 9 
receives commercial power, for example 110 volts A,C. 
and converts same to plus 28-30 volts D.C. which is im 
pressed on a line 10. A suitable D.C.-D.C. converter 11 
converts a portion of the transformer and rectifier 9 out 
put to a higher voltage proportionate to the number of 
cells 2, in the illustrated example, plus 130 volts D.C. 
which is directed through series connected current lim 
iting resistors 12 and 13 to the lead 4 for impressing posi 
tive relatively high voltage potential :across the cells 2. 
It will be appreciated that a flickering llame produces an 
alternating voltage at the input of the first A.C. amplifier 
stage 8 because of the corresponding resistance change 
appearing across the infrared sensitive cells 2. A 
grounded reversed biased diode 13’ is connected in series 
with the coupling capacitor S to prevent degenerative back 
voltage forming a portion of large signals developed by 
the cells 2 from being impressed on the input of the am 
plifier stage 8 which might otherwise cause damage there 
to. The ampliñer stage 8 lincludes a feedback loop gen 
erally indicated at 14 and comprising capacitors 15, 16 
and resistors 17 which form a high pass filter to render 
the amplifier stage 8 particularly sensitive to the low 
audio and sub-audio frequency range. In order to obtain 
a stable operating point for the amplifier stage 8, the 
base of the transistor 6 is connected to the collector of 
the transistor 7 through an external biasing resistor 18 
wherebya variation in collector characteristics will cause 
a corresponding change in bias voltage which re-estab 
lishes the desired operating point. Additional stability 
for the ampliñer stage 8 is obtained by the use of an 
emitter swamping resistor 19. A bypass capacitor 2li pre 
vents a degenerative feedback of the A_C. signal which 
may otherwise be developed across the resistor 19. 

Transistor noise which increases as frequency decreases 
is reduced by lowering the collector voltage of the am 
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plifier stage 8 through a voltage dividing network com 
prising resistors 21 and 22 connected in series between 
a positive low voltage D.C. bus or supply line 23 and 
ground 24 with the ̀ collector supply tap therebetween at 
25. A current limiting resistor 2o normally reduces the 
low voltage DC. supply at the line 23 to plus 22 volts. 
A Zener diode 27 is tapped between the resistors l2 and 
13 and ground 24 to regulate «the high voltage output 
of the D.C.-D.C. converter 11 and particularly to attenu 
ate switching transients from relays described hereinafter 
which would otherwise interfere with the amplifier op 
eration. The low voltage bus _or line 23 is regulated with 
a Zener diode 28 connected between a terminal Z9 there 
on and ground 2d. 

i The-output of the amplifier stage 8 is connected through 
l a line 39 vto a twin-T notch filter 31 comprising series 
connected resistors 32 and 33 in parallel with series con 
nected capacitors 3d and 3S, grounded A.C. shunt capaci 
tor 36 tapped between the resistors 32 Vand 33 and a 
grounded resistor 37 tapped between the capacitors 345 
and 35. The notch ñlter 31 is particularly tuned to at 
tenuate 60 c.p.s.,noise forming a portion of the amplifier 
stage 3 output. The filtered signal is then coupled through 
a capacitor 38 tothe base of a transistor 39 which forms, 
with a transistor 4.0, a second compound connected tran 
sistor A.C. Vamplifier stage 41. Series connected resis 
tors 42 and 43 provide self-biasing for the amplifier stage 
41 to obtain a stable operating point. A grounded capaci 
tor 44 is tapped between the resistors 42 and 43 to re 
duce the A.C. degenerative feedback caused by self-bias 
ing. 'An emitter swamping resistor 45' provides additional 
stability and a bypass capacitor 46 around the resistor d5 
prevents degenerative A.C. feedback of the A.C. signal 
otherwise appearing across the resistor 45. 
A portion of the output signal from the ampliñer stage 

d1 is coupled through a capacitor-47 which is connected 
in series with a grounded forward biased diode 4S where 
by the signal is converted to a pulsating negative DC. 
The pulsating negative signal below the capacitor d'7 is 
low pass ñltered with a current limiting resistor ¿it? and s 
capacitor 49’ and directed to the base of a transistor Si) 
which is interconnected with a transistor 51 to form a 
compound connected Itransistor DC. amplifier stage 52. 
The ampliñer stage 52 is adapted to provide increased out 
put current in response to an increased positive input bias. 
An adjustable positive bias for the input of the amplifier 
stage 52 is provided through a variable resistor 53 con 
nected at one end thereof to the low voltage bus or line 
23 and at the other end thereof between the resistor 49 
and the base of the transistor 50 at 5d. By means of 
the Variable resistor 53, a selected positive bias .is im 
pressed on the input of the amplifier stage 52 in opposition 
to the DC. negative potential supplied through the resis 
tor 49. A ñre signal relay 55 has the coil do thereof nor 
mally energized by the output of the amplifier stage 52 
acting in response _to the positive bias o_n lthe input there 
of occurring in the absence of suñ'icient negative signal 
from the amplifier stage 41. When sufficient output sig 
nal from the amplifier stage 41 is obtained, the rire signal 
relay 55 is de-energized to initiate a sequence of events 
described hereinafter. 
The self-biasing technique and the use of emitter swamp 

ing resistors, as noted above with reference to the A.C. 
l ampliiier stages 8 and 41 provide good temperature com 
pensation over a wide operating temperature range. Hoi - 
ever, the use of self-biasing and a large swamping resis 
tor on the DC. amplifying stage 52 does not give good 
temperature compensation. As the temperature yin 
creases, the base to emitter resistance of the transistors 
5t) and 5l decreases and results in an increase in the base 
current and therefore, the collector current. Conversely, 
when the _temperature decreases, the base to emitter re 
sistance increases and causes a decrease in the collector 
current. Therefore, low «temperature would tend to 
decrease the current in the coil 56 to a point where a 
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false alarm may be initiated. To compensate for this tem 
perature effect, a resistor S7 is placed in series with la for 
ward biased silicon diode SS and the combination is con 
nected between the emitter of the transistor Sti and 
ground. rïhis gives adequate temperature compensation 
by automatically decreasing the bias voltage as the tem 
perature goes up and increasing the bias voltage as the 
temperature goes down. An emitter swamping resistor S9 
vis connected between the emitter of the transistor 51 and 
ground. p 

Circuit Monitoring Network 

A circuit monitoring network for constantly checking 
the operability of the fire detector amplifier circuit in 
cludes a neon bulb dfi series connected between a variable 
resistor 6l and a resistor 62. The resistor 61 is grounded 
at 63. The resistor 62 is tapped between a grounded 
capacitor and a current limiting resistor 65 which is 
connected between the resistors 12 and i3 on the high 
voltage input. The neon bulb 6i), cooperating with the 
resistors 61, 62 and the capacitor 64, forms a neon bulb 
relaxation oscillator circuit adapted to impress a low fre 
quency monitor signal onto the bias of the cells 2 of in 
sufficient magnitude but within the correct frequency 
range to de-energize the fire signal relay 55, for example, 
15 to 2() cps. A coupling capacitor 66 connects the out 
put of the neon bulb relaxation oscillator to the line d. 
A predetermined decrease in resistance across the cells 2, 
for example, due to a ydetector circuit short, will shunt 
the monitor pulse to ground through the cell so that it 
no longer appears across the trouble signal relay (de 
scribed hereinafter) and causes a trouble alarm. A 
monitoring circuit for indicating excessively increased re 
sistance across the cells 2 comprises a neon bulb 67 hav 
ing one side thereof connected to the high voltage lead 
4 and the other side in series with a resistor dil com 
municating with the emitter-base connection of the ampli 
fier stage â. A predetermined increase in the resistance 
across the cells 2, for example, caused by the opening of 
a cell increases the potential across the neon bulb o7 due 
to a voltage vdividing action between the resistor 13 and 
the cells or detectors 2. This potential increase causes 
the neon bulb 67 to ñre permitting current to flow through 
the transistor 7 and the resistor 19 to ground, whereby 
the transistor 7 is biased to saturation. Satura'ting the 
transistor '7 kills the gain of the ampliñer stage 8 and 
thus prevents the monitor signal from passing through the 
remainder of the circuit causing the cle-energizing of the 
trouble signal relay (described hereinafter). 
The monitor signal generated by the neon bulb titi is 

normally amplified by the amplifier stage S, passes through 
the filter 31 and is further amplified by the amplifier 
stage di. Due to D.C. conversion by the diode ed and 
ñltering by resistor 49 and capacitor 49’ the monitor sig 
nal is dimcult to pass through the resistor 49 to the ampli 
fier stage 52. Therefore, a portion of the output signal 
from the amplifier stage ¿S1 is coupled through a capacitor 
69 directly to the input of the amplifier stage 52, bypass 
ing the rectifying and filtering circuits. ` 
A fire signal from the cells 2 drives the DI). amplifier 

stage 52 toward cutoff. However, if this stage were al 
lowed to reach cutoff the A.C. gain therethrough would 
be zero and under such conditions, the monitor signal 
would be blocked from reaching the trouble signal relay 
(described hereinafter), causing a false trouble alarm. 
In order to overcome this problem, a clamping circuit 
comprising voltage dividing resistors 70 and 71 are con 
nected between the bus line 23 and ground. A diode ‘.72 is 
tapped between the resistors F[il and ’71 and forward biased 
to a terminal 73 located between the resistor 49 and the 
filtering capacitor 49’. When the bias voltage across the 
capacitor 49' reaches a slightly lower magnitude than 
across the resistor 7l, the diode 72 starts to conduct and 
“clamps” the capacitor 49’ to the voltage across the re,` 



3,156,908 
5 

sistor 71. The amplifier stage 52 is thus not permitted to 
go completely to cut-off and sufficient A.C. gain is re 
tained to transmit the monitor signal therethrough. 
A diode 74 is connected between the respective col 

lectors of the transistors 50 and 51 to provide a shorted 
path for the reversed polarity transient developed across 
the relay coil Sá upon cle-energizing. A coupling capacitor 
75 is connected between the collector of the transistor 51 
and the base of a transistor ‘76 which forms, with a tran 
-sistor '77, a third A.C. amplifier stage 78 adapted to ampli 
fy the monitor signal developed across the capacitor ’75. 
Series connected resistors 79 and Si) provide self-biasing 
for the amplifier stage 78 to obtain a stable operating 
point. A grounded capacitor 81 is tapped between the 
resistors 79 and titl to reduce the A.C. ldegenerative feed 
back caused by the self-biasing. An emitter swamping 
resistor 82 provides additional operating point stability 
to the amplifier stage 73. 
A coupling capacitor 83 connects the output of the 

amplifier stage 78 to a grounded reverse-biased diode 84 
adapted to rectify the signal. A terminal 85 is located 
intermediate the coupling capacitor 83 and vdiode 84, 
and a resistor S6 is connected thereto. The other end 
of the resistor 36 is connected to a grounded capacitor 
87 to form a low pass filter circuit for the D.C. pulsating 
signal developed at the terminal S5. l 
The base of a transistor S8 is tapped between the re 

sistor 86 and capacitor 87 and forms, with a transistor 
89, a second DC. compound connected transistor ampli 
fier stage 913. The emitter of the transistor 89 is con 
nected to ground through a lead 91. A diode 92 offers 
a shorting path for reversed polarity transients developed 
across the coil 93 of a trouble signal relay 94 constituting 
the output load of the amplifier stage 90. 

Resistors 9S, 96 and 97 are respectively connected be 
tween the common collectors of the A.C. amplifier stages 
S, 41 and 73 to provide output loads for obtaining the 
output signals thereof. 
The coil 9S of a relay 99 is connected across the l1() 

Volt A.C. supply 99', maintaining a normally energized 
condition thereof and holding a set of contacts 1% closed 
for monitoring the availability of commercial power for 
the amplifier circuit in a manner disclosed hereinafter. 
A suitable battery lill provides standby 24 Volt D.C. po 
tential for emergency use in case of commercial power 
failure. 

In order to detect component failure in the amplifier 
circuit, an A.C. signal not large enough to produce the 
tie-energizing or drop-out of the fire signal relay 5S is 
passed through the entire circuit. Upon reaching the out 
put of the amplifier stage 52 (which feeds the fire signal 
relay 55), the monitor signal is further amplified by the 
amplifier stage 73 and changed to a positive D.C. voltage 
for biasing the amplifier stage 90 into saturation, ener 
gizing the normally energized trouble signal relay 94. 
lf any component fails which interrupts the monitor sig 
nal or materially decreases the A_C. gain through the en 
tire amplifier, the normally energized trouble signal relay 
94 will drop out and initiate a trouble alarm, as described 
hereinafter. 
A transistor when used as a comon emitter for voltage 

amplification has a low input impedance, but the cells 2 
are high impedance devices and must be coupled into a 
high impedance or severe signal attenuation will result. 
Coupling between amplifier stages also presents a` problem 
because of the high reactance of a practically sized cou 
pling capacitor at the low frequencies. In order to pre 
vent severe attenuation of the signal between the cells 
and the amplifier input and also between the respective 
amplifier stages, the transistors, as noted above, are com 
pound connected in pairs per stage with the common 
collector input for each amplifier Stage directly coupled 
to the common emitter. In this manner, one transistor in 
each stage provides the required high input impedance, 
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while the other provides the necessary signal amplifica 
tion. 

Control Circuit 

FIGURE 2 schematically illustrates a control circuit 
generally indicated at 162 which embodies additional 
features of this invention. The operation of the control 
circuit iti?. is generally initiated by the condition of the 
fire signal relay 55 and the trouble signal relay 9e which 
are the final operating units in the amplifier circuit sche 
matically illustrated in FIGURE l. 
A time delay relay 163 is preferably of the thermal type 

wherein a filament (not shown) or the like is heated by 
current passing therethrough. The filament heats a bi 
metal switch or the like, (not shown) and causes same 
to complete a circuit through the relay after a delay 
period, for example, of from 5 to 18() seconds. A nor 
mally energized monitor relay 104 has the coil 105 there 
of connected in series with a current limiting resistor 
1% and the power input of the thermal time delay relay 
1113. The monitor relay 1fl4 and resistor 166 draw an 
insufiicient current to cause an actuation of the thermal 
time delay relay 163 but continually monitor the con 
tinuity thereof so as to demonstrate present operability. 
The normally energized condition of the monitor relay 
164 maintains a set of contacts 166’ in a closed condition, 
the contacts 166’ opening when current to the monitor 
relay 104 is interrupted. 
The fire signal relay 55 has a set of contacts 1il7 there 

on which is maintained in a normally open position dur 
ing the normal or stand-by period in which the fire signal 
relay S5 is energized. ïhe contacts 1li? are adapted to 
bypass the monitor relay 164 to provide a high current 
path for energizing the thermal time delay relay 103 upon 
de-energizing the fire signal relay S5. 
The trouble signal relay 94 has a set of contacts 1% 

thereon which is maintained in a closed position during 
the normal period of relay energization. The set of con 
tacts 1Gb’ is connected in series with the power input of 
the thermal time delay relay 133 for de-energizing the 
relay 193 when the trouble signal relay @fr is de-energized. 
The set of contacts 1&8 is adapted to prevent a fire alarm 
or operation, described more fully hereinafter, if trouble 
has occurred in the fire signal amplifier circuit prior to 
the time the delay period has elapsed in the thermal time 
delay relay 1613. This circuitry is used to anticipate the 
possibility that a failure of certain components in the am 
plifier circuit may result in the de-energizing of both 
the fire signaL relay 55 and trouble signal relay 9d. 
A time delay relay 199 is preferably of the pneumatic 

type which is adapted to close a plurality of normally open 
sets of contacts instantaneously upon the energizing there 
of and open said contacts after a preset time delay oc 
curing after the cle-energizing thereof. A second nor 
mally energized monitor relay 116 has the. coil 111 there 
of connected in series with a current limiting resistor 112 
and the power input of the time delay relay 109. Suffi 
cient current passes through the resistor 112 and relay 
11b to monitor the continuity of the time delay relay 1&9, 
but this current is insufiîcient in amount to cause an actu 
ation thereof. The normally energized condition of the 
relay 11b maintains a set of contacts 113 in a closed 
condition, said contacts 113 opening in case of current 
interruption to the monitor relay 11b, for example caused 
by an opening of the time delay relay 1li?. 
The thermal time delay relay 1113 has a normally open 

set of contacts 114 thereon adapted to bypass the moni 
tor relay 110 and energize the pneumatic time delay relay 
189 upon the completion Vof the thermal time delay 
relay cycle. The trouble signal relay 94» has a second 
set of contacts 115 thereon which is maintained in an 
open condition when the trouble signal relay 9e is ener 
gized. The contacts 115 are positioned in the control 
circuit 162 for bypassing the thermal time delay relay 
contacts 114 to permit a sealing or locking-on of the 
pneumatic time delay relay 169 in the event that the 
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trouble signal relay 11i-’ri is energized, for example, by 
fire damage to the amplilier circuit. The time delay 
relay 1139 has a set of contacts 116 thereon which is cv.. 

Y adapted to close instantaneously with the energizing of 
the relay 1d?. The set of contacts 116 is thus in a posi 
tion to cooperate with the normally open tronble signal 
relay contacts 115 to seal or lock-on the pneumatic time 
delay relay 1139. A diode or rectifier 117 is connected into 
the circuit so as to bypass the pneumatic time delay 
relay 16?", but is biased in a direction whereby current 
does not normally rlow therethrough. Upon the deactu 
ation of the pneumatic time delay relay 1119, high voltage 
transients oí opposite polarity are up which are harm 
lessly shorten’. out through the diode 117 rather than 
producing a possible interference 'with circuit or ap 
paratus operation. 
A pair of iire extinguishing flow solenoid valves 113 

and 119 are respectively adapted to control the now of a 
fire extinguishing liquid, for example, water in a iire 
control sprinkler' system (not shown). rïhe solenoid 

set 

i valves 11S and 11%* permit flow only when energized. A 
set of contacts 12% and a set of contacts 121 are con~ 
nected in series respectively with the valves 113 and 119. 
The sets of contacts 12'@ and 121 form portions of the 
pneumatic 'time delay relay lo? and, as noted, are adapted 
to close when the time delay relay 1119 is actuated and 
open after the completion or" a pre~set time delay be 
ginning after the fle-energizing of the time delay relay 
1119. Thus, the solenoid valves 113 and 119 are adapted 
to remain energized for a pre-set period, for example ten 
to lifteen minutes, after the cells 2 have signaled that 
the liames have been extinguished to cool the combustible 
materials. The cells 2 signal that the flames are extin 
guished by re-energizing the fire signal relay 55 which re 
opens the set of contacts 1157 for de-actuating the thermal 
time delay relay 1&3 and thereby opening the set of con 
tacts 1111. 
A third monitor relay 122 has the coil 123 thereof 

series connected between the solenoid valves 113 and 119 
and a current limiting resistor 124 for monitoring elec 
trical continuity through the solenoid valves 11S and 119 
Without permitting enough current to flow therethrough 
to cause the actuation thereof. The relay 112 has a set 
of contacts 125 thereon which is normally maintained in a 
closed condition due to the current liow through the relay 
122, but is adapted to open upon an interruption of the 
current through the relay 122. A pair of single pole 
double throw switches 126 and 127 are adapted to be 
hand actuated and collectively complete the respective 
circuits to the solenoid Valves 118 and 119. During 
periods of servicing when it is desired to check the oper 
ability of the ñre detecting apparatus without actually 
permitting ñow through the solenoid valves 118 and 119, 
t'ne switches 126 and 127 are actuated for directing cur 
rent llow through respective pilot lights 128 and 129 and 
respective resistors 1311 and 131 to substitute the same 
load in the circuit which would otherwise be drawn by the 
solenoid valves 11S and 119. The pilot lights 128 and 
129 provide a Visual indication of satisfactory operation 
under test conditions. 
The solenoid valves 113 and 119 are connected in 

parallel to increase the reliability of the valve operation 

UI 

25 

since it is contemplatedV that either the valve 118 or the y 
valve 119 are of suñicient capacity to completely actuate 
the sprinkler system (not shown). 
The switches 126 and 127 are mechanically intercon 

nected whereby they operate simultaneously with a switch 
132. The switch 132 is connected in series with a pilot 
light 133. The pilot light 133 thus indicates when the 
switches 126 and 127 are in test position and also presents 
a Warning signal to the ellect that the system cannot op-l 
eratethe solenoid valves While the switches 126 and 127 
are maintained in the test position. 
A normally energized auxiliary tire signal relay 134 has 

the coil 135 thereof connected in series with a current 75 
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limiting resistor 136 which is connected through the con 
tacts 113 of the monitor relay 11G to ground. When the 
thermal time delay relay 163 closes the set of contacts 
114 to actuate the pneumatic time delay relay 109, the 
monitor relay 110 is bypassed and thus de-energized, 
opening the set of contacts 113 and de-actuating the auxil 
iary lire signal relay 134. The de-actuation of the auxil 
iary fire signal relay 134 causes normally open sets of 
contacts 137 and 138 to close energizing auxiliary equip 
ment 139, for example, audible warning alarms, a lire 
department signalling device and/orga police department 
signalling device. A pilot light 1410 in series with a cur 
rent limiting resistor »141 is connected in parallel with the 
monitor relay 134 and resistor 136 whereby a visual indi 
cation of a fire condition is provided. 
The trouble signal relay l94 has a third set of contacts 

142 thereon maintained in the closed position while the 
trouble signal relay 94 is in an energized condition. An 
auxiliary trouble signal relay 143 has the coil 144 thereof 
connected in series with a current limiting resistor 145 
and the sets of contacts 119i), 125, 106', 142 and 113. The 
auxiliary trouble signal relay 143 is normally maintained 
in the energized condition, however, it is apparent that'the 
opening of any one of the sets of contacts 10i), 125, 106', 
142 or 113 will de-energize the relay. A pilot light 146 
is connected in series with a current limiting resistor 147 
and the combination connected in parallel with the auxil 
iary trouble signal relay 143 and resistor 145, whereby the 
die-energizing of the relay 143 will be accompanied by 
the extinguishing of the pilot light 146. Sets of contacts 
148 and 149 are maintained in the open condition While 
the auxiliary trouble signal relay 143 is energized, how 
ever, upon the de-energizing thereof the sets of contacts 
148 and 149 close to initiate the actuation of auxiliary 
equipment, such as an audible alarm 150 to signal a mal 
function in the lire monitoring apparatus. 
The fire signal relay 55 has a normally open second set 

of contacts 151 thereon which is adapted to bypass the 
set of contacts 1116’ on the ñrst monitor relay 104. If a 
transient signal momentarily causes the fire signal relay 
55 to de-energize so as to bypass the relay 104 and open 
the set of contacts 106', the auxiliary trouble signal relay 
143 will remain energized so as not to initiate a false 
momentary trouble signal alarm. 
The thermal time delay relay 1113, in addition to pre 

venting a Íire alarm during transient signal conditions 
such as Vthe striking of a match or the sudden entrance of 
daylight through a doorway or the like, provides integra 
tion of intermittent signals from marginal fires. During 
marginal fire conditions, an intermittent signal is received 
from the fire which must be integrated until suñicient 
energy is obtained to actuate the thermal time delay relay 
103. Under such conditions, the normal delay time 
thereof will be extended. It is noted that during fire 
conditions the monitor relay 110 will be deenergized open 
ing the set of contacts 113 and de-energizing the auxiliary 
trouble signal relay 143 and pilot light 146, in a sense 
providing a secondary lire signal should other ñre signal 
circuits fail. The auxiliary trouble signal relay 143 will 
be automatically energized upon the loss of a ñre signal 
if the system is working properly. It is also noted that 
the entire system, where practicable maintains relays in a 
normally energized condition to provide a fail-safe feature. 

Fire Operation 

1n operation, a flickering flame produces an alternating 
voltage across one or more of the cells 2 due to the resist 
ance change ot the infrared sensitive detectors. The 
signal is amplilied through two AC. Vand one D_C. am 
pliñer stages causing the fire signal relay 55 to drop out 
from its normally energized state. The relay 55 energizes 
the thermal time delay relay 103 which provides a signal 
integrating delay. After the initial delay, the pneumatic 
time delay relay 1119 is actuated which in turn instanta 
neously energizes the solenoid valves 118 and 119, for 
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example, to turn on a sprinkler system (not shown). 
When the flame ceases to exist, all relays return to their 
normal energized condition, except the pneumatic time 
delay relay 109 which continues the actuation of the sole 
noid valves 118 and 119 for a predetermined period to 
insure the cooling of the combustible materials. 

It is to be understood that while we have illustrated 
and described one formv of our invention it is not to be 
limited to the specific form or arrangement of parts herein 
described and shown except insofar as such limitations 
are included in the claims. 
What we claim and desire to secure by Letters Patent is: 
l. In fire detecting apparatus of the type having photo 

resistive cells adapted to provide a fluctuating signal in re 
sponse to low frequency fluctuating infrared radiation iin 
pinging thereon, said signal being of a magnitude to in 
duce a fire signal, a circuit monitoring network compris 
ing, an oscillator adapted to continuously impress a low 
frequency monitor signal onto the cell output of smaller 
magnitude than said first named magnitude but within the 
correct frequency range to induce a fire signal, and means 
adapted to produce a signal in response to the interrup~ 
tion of monitor signal transmission through said apparatus. 

2. In fire detecting apparatus of the type having photo 
resistive cells adapted to provide a fluctuating signal in 
response to low frequency fluctuating infrared radiation 
impinging thereon, an amplifier adapted to amplify the 
output of said cells, a circuit monitoring network com 
prising an oscillator adapted to impress a low frequency 
monitor signal onto the output of said cells, said monitor 
signal being connected to ground through said cells where 
by an excessive decrease in resistance across said cells 
will attenuate said monitor signal, a cell resistance moni 
toring circuit connected between the output of said cells 
and said amplifier and adapted to conduct current with a 
predetermined increase in resistance across said cells, the 
conduction through said cell resistance monitoring circuit 
biasing said amplifier to saturation and destroying the gain 
thereof whereby the monitor signal is either blocked or 
attenuated respectively upon an excessive decrease or pre 
determined increase in the resistance thereof, and means 
adapted to produce a signal in response to the interrup 
tion or excessive attenuation of said monitor signal 
through said apparatus. 

3. Fire detecting apparatus comprising, a photo-re 
sistive cell adapted to provide a fluctuating signal in re 
sponse to low frequency fluctuating infrared radiation im 
pinging thereon, a first supply of D.C. voltage, said first 
supply of voltage being adapted to bias said cell, a first 
amplifier stage coupled to said cell whereby a fluctuating 
signal is developed at the input of said first amplifier stage 
in response to said fluctuating radiation, a rectifying cir 
cuit adapted to convert a portion of said signal to DC., 
a D.C. amplifier stage adapted to provide increased out 
put current in response to an increased input bias, said 
D.C. amplifier stage being adapted to receive said DC. 
signal, a second supply of D_C. voltage, said second supply 
of voltage being of opposite polarity than said signal and 
adapted to impress a selected bias on the input of said 
D.C. amplifier stage in opposition to said DC. signal, and 
a fire signal relay normally energized by the output of 
said D.C. amplifier stage acting in response to said bias 
on the input thereof, whereby said fire signal relay is de 
energized when said D.C. signal becomes great enough to 
decrease said bias on the input of said D.C. amplifier stage 
a predetermined amount. 

4. The apparatus of claim 3 including a trouble alarm 
circuit comprising, signal generating means adapted to 
impress a monitor signal onto the cell bias of smaller mag 
nitude than said first named magnitude but within the 
correct frequency range to de-energize said first signal 
relay, and means responsive to the transmission of said 
monitor signal through said apparatus, said latter means 
being adapted to produce a signal in response to the in 
terruption of monitor signal transmission or a predeter 
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10 
mined decrease in the strength of the transmitted monitor 
signal. 

5. Fire detecting apparatus comprising, a plurality of 
spaced series interconnected photo-resistive cells adapted 
to provide a fluctuating resistance in response to low audio 
and sub-audio frequency fluctuating infrared radiation irn 
pinging thereon, a supply of positive relatively high volt 
age, said high voltage supply being adapted to bias said 
cells, a first compound connected transistor A.C. ampli 
fier stage particularly sensitive to the low audio and sub 
audio frequency range, said first A.C. amplifier stage be 
ing capacitively coupled to said cells whereby a fluctuating 
signal is developed at the input of said first A.C. amplifier 
stage in response to said fluctuating radiation, a second 
compound connected transistor A_C. amplifier stage, a fil 
ter network connected to the output of said first A.C. 
amplifier stage for attenuating noise in said signal, the out 
put of said filter network being capacitively coupled to 
the input of said second A.C. amplifier stage, a rcctifying 
circuit connected to the output of said second A.C. ampli 
fier stage whereby a portion of the A.C. signal therefrom 
is converted to a DC. signal of negative polarity, a corn 
pound connected transistor DC. amplifier stage adapted 
to provide increased output current in response to an in 
creased positive input bias, said DC. amplifier stage be 
ing connected at the input thereof to said first rectifying 
circuit for receiving said DC. negative signal, a supply 
of positive relatively low voltage, said low voltage supply 
being adapted to impress a selected positive bias on the 
input of said DC. amplifier stage in opposition to said 
DC. negative signal, and a fire signal relay normally en 
ergized by the output of said DC. amplifier stage acting 
in response to said positive bias on the input thereof, 
whereby said fire signal relay is deenergized when said 
DC. negative signal becomes great enough to decrease 
the positive bias on the input of said DC. amplifier stage 
a predetermined amount. 

6. Fire detecting apparatus comprising, a plurality of 
spaced series interconnected photo-resistive cells adapted 
to provide a fluctuating resistance in response to low fre 
quency fluctuating infrared radiation impinging thereon, 
means for biasing said cells whereby a fluctuating signal 
is developed in response to said fluctuating radiation, 
means for amplifying said signal, fire alarm signalling 

~ means responsive to the presence and absence of the 
amplified signal, fire extinguishing means, and a time de 
lay relay adapted to actuate said fire extinguishing means 
instantaneously upon the actuation of said time delay re 
lay and deactuate said fire extinguishing means after a 
pre-set time delay beginning at the deactuation of said 
time delay relay, said time delay ,relay being actuated and 
deactuated by said fire alarm signalling means. 

7. The apparatus of claim 6 including means for moni 
toring the operability of said amplifying means and the 
resistance of said cells, said monitoring means being 
adapted to lock-on said time delay relay in the event that 
a malfunction of said cells or amplifying means occurs 
after said time delay relay is actuated. 

8. Fire detecting apparatus comprising, a photo-resis 
tive cell adapted to provide a fluctuating resistance in 
response to low frequency fluctuating infrared radiation 
impinging thereon, a first supply of D.C. voltage, said 
first supply of voltage being adapted to bias said cell, a 
ñrst amplifier stage coupled to said cell whereby a fluc 
tuating signal is developed at the input of said first am 
plilier stage in response to said fluctuatinU radiation, a 
rectifying circuit adapted to convert a portion of said 
signal to DC., a D.C. amplifier stage adapted to provide 
increased output current in response to an increased in 
put bias, said D.C. amplifier stage being adapted to re 
ceive said D.C. signal, a second supply of D.C. voltage, 
said second supply of voltage being of opposite polarity 
than said signal and adapted to impress a selected bias 
on the input of said D.C. amplifier stage in opposition to 
said D_C. signal, a fire signal relay normally energized 
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by the output of said D.C. amplifier stage acting in re 
sponse to said bias on the input thereof whereby said 
fire signal relay is de-energized when said D.C. signal 
becomes great enough to decrease said bias on the input 
of said D.C. amplifier stage a predetermined amount, a 
trouble alarm circuit comprising signal generating means 
adapted to impress a monitor signal onto the cell bias 
of insufficient magnitude but within the correct frequency 
range to de-energize said fire signal relay, means respon 
sive to the transmission of said monitor signal through 
said apparatus, said latter means being adapted to pro 
duce a signal in response to the interruption of monitor 
signal transmission or a predetermined decrease in the 
strength of the transmitted monitor signal and an elec 
trical interlock between said fire signal relay and said 
monitor' signal transmission responsive means, said in 
terlock being operative to prevent said fire signal relay 
from producing a fire signal upon the de-energizing there 
of in the event that the monitor signal transmission 
responsive means is actuated therewith in response to 
the interruption of or a predetermined decrease in the 
>rength of the transmitted monitor signal. 
9. Fire detecting apparatus comprising, a photo-resis 

tive cell adapted to provide a fluctuating resistance in re 
sponse to low frequency fluctuating infrared radiation 
impinging thereon, a first supply or" D.C. voltage, said 
first supply of voltage being adapted to bias said cell, 
a first ampliñer stage coupled to said cell whereby a 
fluctuating signal is developed at the input of said first 
amplifier stage in response to said fluctuating radiation, 
a rectifying circuit adapted to convert a portion of said 
signal to D.C., a D.C. amplifier stage adapted to pro 
vide increased output current in response to an increased 
input bias, said DC. amplifier stage being adapted to 
receive said D.C. signal, a second supply of D.C. volt 
age, said second supply of voltage being of opposite 
.polarity than said signal and adapted to impress a se 
lected bias on the input of said D.C. amplifier stage in 
opposition to said D.C. signal, and a fire signal relay 
normally energized by the output of said D.C. amplifier 
stage acting in response to said bias on the input thereof 
whereby said fire signal relay is de-energized when said 
D.C. signal becomes great enough to decrease said bias 
von the input of said D.C. amplifier stage a predetermined 
amount, a trouble alarm circuit comprising, signal gen 
erating means adapted to impress a monitor signal onto 
the cell bias of insufficient magnitude but within the 
correct frequency range to de-energize said fire signal 
relay, means responsive to the transmission of said monitor 
signal through said apparatus, said latter means being 
adapted to produce a signal in response to the interrup 
tion of monitor signal transmission or a predetermined 
decrease in the strength of the transmitted monitor sig 
nal, said monitor signal being connected to ground through 
said cell whereby a decrease in resistance across said 
cell will attenuate said monitor signal, and a cell resist 
ance monitoring circuit connected between the output of 
said cell and said A.C. amplifier stage, said resistance 
monitoring circuit being adapted to conduct current with 
a predetermined increase in resistance across said cell 
and bias the A_C. amplifier stage to saturation to destroy 
the gain thereof whereby the monitor signal is blocked 
or attenuated in response to a decrease or increase re 
spectively in the resistance of said cell. 

10. Fire detecting apparatus comprising, a plurality 
of spaced series interconnected photo-resistive cells adapted 
to provide a fluctuating resistance in response to low 
audio and sub-audio frequency fluctuating infrared radia 
tion impinging thereon, a supply of positive relatively 
high voltage, said high voltage Supply being adapted to 
bias said cells, a first compound connected transistor AJC. 
amplifier stage particularly sensitive to the low audio 
and sub-audio frequency range, said first AiC. amplifier 
stage being capacitively coupled to said cells whereby a 
fluctuating signal is developed at the input of said first 
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A.C. amplifier stage ¿in response to said fluctuating radia 
tion, a second compound connected transistor A.C. am 
plifier stage, a filter network connected to the output of 
said first A.C. amplifier stage for attenuating noise in 
said signal, the output of said filter network being ca 
pacitively coupled to the input of said second A.C. am 
plifier stage, a rectifying circuit connected to the output 
of said second A_C. amplifier stage whereby a portion 
of the A.C. signal therefrom is converted to a D.C. sig 
nal of negative polarity, a compound connected tran 
sistor D.C. amplifier stage adapted to provide increased 
output current in response to an increased positive input 
bias, said D.C. amplifier stage being connected at the 
input thereof to said first rectifying circuit for receiving 
said D.C. negative signal, a supply of positive relatively 
low voltage, said low voltage supply being adapted to 
impress a selected positive bias on the input of said D.C. 
amplifier stage in opposition to said D.C. negative sig 
nal, and a Vfire signal relay normally energized by the 
output of said D.C. amplifier stage acting in response to 
said positive bias on the input thereof whereby said fire 
signal relay is de-energized when said D.C. negative sig 
nal becomes great enough to decrease the positive bias 
on the input of said D.C. amplifier stage a predetermined 
amount, a circuit monitoring network comprising, a neon 
bulb relaxation oscillator circuit adapted to impress a 
low frequency A.C. monitor signal onto said cell bias 
of insufficient magnitude but within the correct frequency 
range to .de-energize said fire signal relay, said monitor 
signal being connected to ground through said cells Vwhere 
by a decrease in resistance across said cell will cause an 
attenuation of said monitor signal, a neon bulb cell re 
sistance monitoring circuit connected between the out 
put of said cells and the emitter-base connection of Vsaid 
first A.C. amplifier stage and adapted to ̀ conduct current 
with a predetermined increase in resistance across said 
cells, the current conduction through said cell resistance 
monitoring circuit biasing said first A_C. amplifier stage 
into saturation whereby the monitor signal is blocked, 
a capacitance coupled connected to the output of said 
second AC. amplifier stage for bypassing a portion of 
the A.C. output signal therefrom around said rectifying 
circuit to the input of said D.C. amplifier stage, a clamp 
ing circuit adapted to maintain a pre-selected positive 
bias voltage on said D.C. amplifier stage to retain the 
A.C. gain therethrough under conditions of large D.C. 
negative output from said rectifying circuit, the output 
of said D.C. amplifier stage being capacitively coupled 
to a third compound connected transistor A.C. amplifier 
stage for amplifying said A.C. monitor signal, a second 
recîifying circuit capacitively coupled to the output of 
said third A.C. amplifier stage for changing the amplified 
A.C. monitor signal to a D.C. positive monitor signal, 
a second compound connected transistor D.C. amplifier 
stage connected at the input thereof to said second recti 
fying circuit, and a trouble signal relay normally ener 
gized by the output of said second D.C. amplifier stage 
during biasing by said DC, positive monitor signal, 
whereby the interruption or attenuation of the monitor 
signal in the fire detecting apparatus causes a de-energiz 
ing of said trouble relay. 

ll. Fire detecting apparatus comprising, a photo-resis 
tive cell adapted to provide a fluctuating resistance in re 
sponse to low frequency fluctuating infrared radiation 
impinging thereon, a first supply of D.C. voltage, said 
first supply of voltage being adapted to bias said cell, 
a first amplifier stage coupled to said cell whereby a 
fluctuating signal is developed at the input of said first 
amplifier stage in response to said fiuctuating radiation, a 
rectifying circuit adapted to convert a portion of said 
signal to D.C., a D.C. amplifier stage adapted-to ̀ provide 
increased output current in response to an increased in 
put bias, said D.C. amplifier stage being adapted to re 
ceive said D.C. signal, a second supply of D.C. voltage, 
said second supply of voltage being of opposite polarity 
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than said signal and adapted to impress a selected bias 
on the input of said D.C. amplifier stage in opposition to 
said DC. signal, and a fire signal relay normaily ener 
gized by the output of said D_C. ampliñer stage acting 
in response to said bias on the input thereof whereby sai-«ii 
iire signal relay is cle-energized when said DC. signal 
becomes great enough to decrease said bias on the input 
of said D.C. amplifier stage a predetermined amount, a 
lirst time delay relay, said first time delay relay being 
adapted to integrate multiple input signals impressed 
thereon, a normally open first set of contacts on said 
fire signal relay adapted to energize said lirst time delay 
relay upon the rie-energizing of said ñre signal relay, a 
second time delay relay adapted to close a normally open 
set of contacts upon the energizing thereof and open same 
after a pre-set time delay occurring after the fle-energizing 
thereof a normally open set of contacts on said first 
time delay relay and adapted to close and thereby ener 
gize second time delay relay upon the completion of the 
iirst time delay relay cycle, and at least one tire ex 
tinguishing flow control adapted to permit tire extinguish 
ing iiow only when said set of second time delay relay 
contacts are closed whereby fire extinguishing commences 
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upon the actuation of said second time delay relay and 
continues until the completion of a pre-set time delay 
beginning after the cie-energizing of said second time de 
lay relay. 

12. The apparatus of claim 11 including means for 
monitoring the continuity of said first and second time 
delay relays and said lire extinguishing flow control. 
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