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FIRE DETECTING SYSTEM AND TESTING MEANS 
THEREFOR 

This invention relates to ?re detection systems and 
more speci?cally to a novel and improved system em‘ 
bodying a plurality of ionization smoke detectors and 
means for testing the detectors without introducing 
smoke into each of the detectors. 

Ionization smoke detectors utilized in this system 
each include a pair of ionization chambers connected 
in series across a voltage source. Each of the chambers 
includes a pair of electrodes and a radioactive source. 
One of the chambers in each detector is closed to am 
bient air while the other chamber is open to permit 
smoke to enter the chamber. A field effect transistor is 
utilized and the gate electrode is connected to the junc 
tion between the two chambers. The source-drain path 
of the transistor is connected in series with a load re 
sistor and across said voltage source. A relay element 
such as a silicon controlled recti?er or the like has its 
conduction path also connected across the voltage 
source and the control electrode is connnected to the 
transistor and is responsive to an increase in current in 
the source-drain path ‘and effectively short-circuits the 
voltage source when it is ?red. 

In prior fire detecting systems a plurality of ioniza 
tion smoke detectors were connected in parallel across 
the terminals of a receiving unit which included a volt 
age source for applying a voltage to the series con 
nected chambers, the transistor, and the relay element. 
The unit also included an alarm device for detecting an 
increase in current caused by the relay element and 
thereby produced an alarm. More speci?cally when 
smoke entered the open ionization chamber of at least 
one of the detectors, the ionization current in the open 
chamber varied and produced a change in impedance 
with a resultant change of potential at the junction of 
both of the chambers. This change was sensed by the 
gate electrode of the transistor and caused an increase 
in the source-drain current path which in turn caused 
the relay element to conduct and thereby produce an 
alarm. 

In such prior ?re detecting, systems, the individual 
detectors were tested or checked by introducing smoke 
into the open chamber of each detector. Such a 
procedure, however, was difficult and time consuming 
and involved considerable time and money. 
One object of the invention resides in the provision 

of a novel and improved ?re detecting system having a 
plurality of ionizationsmoke detectors and a receiving 
unit and wherein the receiving unit is constructed and 
arranged to test the ionization smoke detectors simul 
taneously without the need for introducing smoke into 
any of the detectors. 

BRIEF SUMMARY OF THE INVENTION 

In accordance with the invention, the fire detecting 
system includes a receiving unit which supplies both 
operating voltages as well as test voltages to the ioniza 
tion chambers. In addition, the voltage across each of 
the relay elements of the detectors is fed through a 
diode to the receiving unit so that the erroneous opera 
tion of any detector can be immediately detected in the 
receiving unit. 
The above and other objects of the invention will 

become more apparent from the following description 
and accompanying drawings forming part of this appli 
cation. 
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2 
In the drawings: 
FIG. 1 is a circuit diagram of an ionization smoke de 

tector for use in a ?re detecting system in accordance 
with the invention; and 

FIG. 2 is a schematic diagram of one embodiment of 
a complete ?re detecting system in accordance with the 
invention. 

In the drawings like reference numerals have been 
used to denote corresponding components of the two 
?gures. 

DETAILED DESCRIPTION 

Referring to FIG. 1, the ionization smoke detector in 
accordance with the invention includes a closed 
chamber 10 having a pair of electrodes 11 and 12 and a 
radioactive source 13. The detector further includes an 
open ionization chamber 20 having electrodes 21 and 
22 and a radioactive source 23. The chambers are con 
nected in series across voltage supplying conductors 1 
and 3 with the electrode 11 of the chamber 10 being 
connected to conductor 1, the electrodes .12 and 21 
being connected to the junction 7 and the electrode 22 
being connected to the conductor 3. A ?eld effect 
transistor 4 has a gate electrode G connected to the 
junction 7, a drain electrode D connected to conductor 
1 and a source electrode S connected through a load 
resistor 8 to a third conductor 2. The source electrode 
is also connected through a zener diode 9 to the control 
electrode of a silicon controlled recti?er 6. The anode 
of the rectifier 6 is connected through an indicating 
lamp 5 to the conductor 1 while the cathode is con 
nected to the conductor 3. The anode of the recti?er 6 
is also connected through a?serics resistor 14 and a 
diode 15 to the conductor 3. 

During normal operation of the fire detection 
system, the conductors 2 and 3 are connected, together 
and a predetermined voltage is applied across the con 
ductors 1 and 2 so that a constant ionization current 
flows through the ionization chambers 10 and 20. 
When smoke enters the ionization chamber 20, the 
potential at junction 7 and therefore the gate electrode 
increases. This decreases the impedance of the source 
drain path of the transistor 4 and produces a cor 
responding increase in current and an increase of the 
potential of the source electrode S. When the voltage 
of the source electrode exceeds the critical voltage of 
the diode 9, the latter conducts and applies a voltage to 
the control electrode of the recti?er 6 causing it to con 
duct, illuminating the lamp 5 and actuating the alarm 
device in a receiving unit supplying energy to the con 
ductors l, 2, and 3. 

FIG. 2 shows a complete ?re detecting system in ac 
cordance with the invention and includes a plurality of 
ionization detectors 101, 102, 103, 104, . . . , con 

nected in parallel across conductors denoted by the nu 
merals 100, 200, and 300, which correspond to the 
conductors l, 2, and 3 of FIG. 1. For simplicity, only 
the detector 101 has been illustrated in detail while the 
other similar detectors have been merely shown in 
block form. The three conductors 100, 200, and 300 
are connected to the receiving unit generally denoted 
by the numeral 40 which is constructed in accordance 
with the invention. 

In the receiving unit 40, the conductor 100 is con 
nected through the coil of relay 33 and a normally 
closed switch 32 to the positive side of a suitable volt 
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age source such as the battery 18. The conductor 200 is 
connected directly to the negative terminal of the volt 
age source 18 while the conductor 300 is connected to 
the movable contactor of switch 31 which is provided 
with ?xed contacts 31-1, 31-2, 31-3, and 31-4. The 
contact 31-1 is connected through a resistor 16 to the 
conductor 200. The contact 31-2 is connected directly 
to the conductor 200. The contacts 31-3 and 31-4 are 
connected to two different potential points on the volt 
age source 18. The potential points on the voltage 
source 18 are selected so that a low positive voltage 
corresponding to a nonoperating voltage is applied to 
the conductor 300 when the movable contactor of 
switch 31 engages contact 31-3 and a high voltage cor 
responding to an operating voltage is applied to the 
conductor 300 when the movable arm engages contact 
314. 
The coil of relay 34 is connected at one end to the 

conductor 100 and at the other end through self-hold 
ing contacts 31-1 to the conductor 200 so that the coil 
34 can only be energized when the switch 32 is in the 
closed position. Contacts 33-1 forming part of relay 33 
are connected in parallel with the contact 34-1 so that 
operation of the relay 33 by an increase in current in 
conductor 100 will close contacts 33-1 which energizes 
relay 34, the'latter remaining in the energized condi 
tion by reason of the closure of contacts 34-1 until such 

4 
Operation of all of the detectors can be determined 

by the magnitude of the voltage indicated by the volt 
_meter 19.‘ More speci?cally, if the movable arm of 
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time as the switch 32 is opened. The relay 34 is further . 
provided with normally open contacts 34-2 which 
short-circuit the coil of relay 33 when the relay 34 is 
energized. A third set of normally open contacts 34-3 
associated with relay 34 are connected in series with an 
alarm 17 and an associated voltage source so that clo 
sure of the contacts by energizing relay 34 will sound 
the alarm. A voltmeter 19 is connected between the 
conductors 200 and 300. The value of resistor 16 is 
selected so that it is equal to the resistors 14 in the 
respective detectors 101, 102, etc. 
Under normal operating conditions the movable arm 

of switch 31 engages contact 31-2 to short-circuit con 
ductors 200 and 300. Should smoke enter any one of 
the detectors and cause the silicon controlled recti?er 
6 to ?re, the associated lamp 5 will be illuminated and 
the increased load current will energize relay 33 which 
in turn will energize relay 34 and thereby sound the 
alarm 17. As pointed out above, the relay 34 will 
remain energized until the switch 32 is open even 
through the detector ceases to indicate the presence of 
smoke. The contact 34-2 which short-circuits the relay 
33 prevents an excessive voltage drop which may occur 
from the simultaneous actuation of a plurality of detec 
tors. 

In order to test the detectors, the presence of smoke 
can be simulated by placing the movable contactor of 
switch 31 in engagement with contactor 31-4 to apply a 
high positive voltage to the conductor 300 which cor 
responds to the voltage across the conductors 100 and 
300 should smoke be present in the vicinity of one or 
more of the detectors. This procedure increases the 
voltage across each open ionization chamber 20 and 
thereby increases the voltage at each junction 7 and the 
associated gate electrode G of the ?eld effect transistor 
4. Thus each detector will react in the same manner as 
if smoke entered its ionization chamber 20 and each of 
the silicon control recti?ers 6 will be driven into con 
duction. 
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switch 31 is moved to contact 31-1 should any one or 
more of the detectors be inoperative, the voltmeter will 
indicate the number of inoperative detectors. The in 
operable detectors can be located by inspecting each 
detector to determine if the lamp 5 has been illu 
minated. 

Should the voltmeter indicate zero voltage, it is un 
necessary to inspect the detectors since it will be 
known that all detectors are operating properly. 

If it is desired to test the detectors to insure that the 
detectors will not be actuated in the presence of minute 
amounts of smoke, the movable contactor of switch 31 
is placed in contact with the contact 31-3 to apply a low 
voltage to the conductor 300 which would correspond 
to a nonoperating voltage. This causes a slight increase 
of the gate voltage of the field effect transistors of each 
detector. The increase in voltage, however, must not 
result in ?ring of the silicon controlled recti?er 6. 
Should one of the recti?ers be ?red, then it will be 
known that the sensitivity of the detector is too high as 
the alarm will be sounded. 
As described above, the ?re detection system in ac 

cordance with the invention affords a high degree of 
convenience and economic savings both in main 
tenance and testing since the testing operation of each 
detector can be readily carried out at the receiving unit 
and without effecting the normal operation of each of 
the ionization smoke detectors. ' 

While only one embodiment of the invention has 
been illustrated and described, it is apparent that al 
terations, modi?cations and changes may be made 
without departing from the true scope and spirit 
thereof as de?ned by the appended claims. 
What is claimed is: . - 

1. A fire detecting system comprising a pair of con 
ductors, a plurality of ionization detectors each having 
a closed ionization chamber and an open ionization 
chamber connected in series across said conductors 
and a circuit including a ?eld effect transistor con 
nected to said chambers to detect an impedance 
change upon the entrance of smoke in said open 
chamber, a receiving unit including a voltage supply 
connected to said conductors and a relay connected in 
series with one of said conductors, a third conductor 
extending from said receiving unit, each of said circuits 
being connected between one of said pairs of conduc 
tors and said third conductor, means in said receiving 
unit including an impedance and switch for selectively 
interconnecting the other of said pair of conductors 
and said third conductor directly and through said im 
pedance, and means for indicating the voltage drop 
across said impedance, each of said circuits upon being 
actuated by its associated ionization chamber produces 
an increase in current in said conductors to actuate said 
relay, said indicating means indicating the number of 
detectors that have been actuated upon the insertion of 
said impedance between said third conductor and the 
other of said pair of conductors. 

2. A ?re detecting system according to claim 1 
wherein said impedance is a resistor. 

3. A ?re detecting system according to claim 2 ' 
wherein each of said circuits includes switching means 
interconnected with said transistor and actuated 



3,717,862 
5 

thereby, said switching means being connected 
between said one of said pair of conductors and said 
third conductor, and a resistor connected between the 
side of said switching means connected to said one of 
said pair of conductors and the other of said pair of 
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6 
conductors. 

4. A ?re detecting system according to claim 1 in» 
cluding means for applying different voltages between 
said pair of conductors. 
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