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[57] ABSTRACT 
An ionization smoke detector having two ionization 
chambers with one of said chambers having an elec-
trode at least partially surrounded by a conductive 
mesh constituting an intermediate electrode and thc 
other of said chambers being formed between thc in-
termediate electrode and an outer surrounding elec-
trode of conductive mesh and a radioactive source 
carried by said outer electrode. The volume defined 
by the outer and intermediate electrodes is greater 
than the volume defined by the intermediate 
electrode. 

4 Claims, 3 Drawing Figures 
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IONIZATION SMOKE DETECTOR 

This application is a continuation of application Ser. 
No. 89.417 filed Nov. 13, 1970 entitled Ionization 
Smoke Detector, now abandoned.' ' 

This invention relates to an ionization smoke detec-
tor and especially to ah improved ionization smoke 
detector having a simplified structure. 

Throughout the drawings, same reference numerals 
are given to like structural elements. 

Referring riow to FIG: 1, a detector which is gener-
ally denoted by the numeral 10 includes three elec-
trodes, that is, a cylindrical outer electrode 2, a cylin-
drical intermediate electrode 3 and a rod-like inner 
electrode 5, which are coaxially supported by insulator 
disc members 1 and 4 consisting of acryl resin or the 
like. The outer electrode 2 and the intermediate elec-

Ionization smokt detectors according to prior art 10 trode 3 are composed of metal wire netting and define 
include a pair of ionization chambers connected in 
series between the terminals of a voltage 'source and 
each having a pair of electrodes and a radioactive 
source respectively therein. One of thc ionization 
chambers is closed to the air and referred to as a 
"closed ionization chafriber," while the other is open to 
the air so as to allow smoke to come in and is referred 
to as an "open ionization chamber." A field effect 
transistor having a gate electrode bonnected to the 
junction';betwfeen the both ionization chambers and a 
source-drain conduction path connected through a 
load resistor between the both terminals of the voltage 
source is provided for; detecting, a potential change at 
the junction of the both ionization chambers. When 2 5 
smoke enters in the open ionization chamber, the ioni-
zation current in the open ionization chamber varies, 
and this results in a change of impedance of the open 
ionization chamber arid a change of a potential at the 
junction between the both ionization chambers, that is, 3 0 
at the: gate electrode of the field effect transistor which 
in turn drives an alarm device to give ap alarm. 

In the foregoing types of ionization smoke detectors 
having open and closed ionization chambers, at least 

respectively an outer ionization chamber 8 and an 
inner ionization chamber 9 in which the external air 
Can enter freely. A single radioactive source 7 is dis-
posed in the center of the bottom of the outer electrode 

15 2 so that the inner ionization chamber 9 as well as the 
outer ionization chamber 8 are irradiated by the radi-
ant ray from the radioactive source 7. 

A field effect transistor 11 is embedded in the insula-
tor disc 1 and has a gate electrode G connected to the 

2 0 intermediate electrode 3, a source electrode S con-
nected through a load resistor 14 to the outer electrode 
2 and a drain electrode D connected to the inner elec-
trode Si The field effect transistor 11 and the load 
resistor 14 are covered by a suitable cover 6 so as not 
to be affected by the external atmosphere and the radi-
ant rays. The detector 10 has three terminals A, B, and 
C respectively connected to the outer electrode 2, the 
inner electrode 5, and. the junction between the load 
resistor. 14 and the source electrode of the field effect 
transistor 11. 

FIG. 2 shows another embodiment of the ionization 
sfnoke detector according to this invention. This detec-
tor 10 has hemispherical outer, intermediate and inner 
electrodes 2, 3, and 5 which are arranged concentri-two radioactive sources aire heeded for the both ioniza- -jc ,, . ' J' .. , j - . ..' . V V • • . v * ? ? ^ • •• • ., 3 5 cally on an insulator disc 1. The outer and intermediate t m n n h o m h a r i < I Hit? m ' n l r ac> t n a r i a \ n r t a I m n o p a c c i f i » _ _ tion chambers. This makes the device unnecessarily 

complicated and costly. 
Therefore, an object of the invention is to provide an 

ionization smoke detector which needs only one radio-
active source but exhibits high degree of sensitivity. 

According to this invention, the ionization smoke 
detector has three electrodes concentrically or coaxi-
ally disposed, that is, an outermost electrode, an inter-
mediate electrode and an innermost electrode. The 

electrodes. 2 and 3 are: composed of metal wire netting 
and. the inner electrode 5 is. composed of a metallic 
shell. A radioactive source 7 is disposed in the center of 
the inner face of the outer electrode 2. A field effect 

4 0 transistor 11 embedded in the insulator disc 1 and 
covered by the inner electrode shell 5 is connected 
similarly to the case of the device of FIG. 1 in that the 
gate G is connected to electrode 3, drain D is con-
nected to electrode 5 and source S is connected 

outermost electrode surrounds the intermediate elec- 45 through the load resistor 14 to electrode 7, but the load 
trode to form an outer ionization chamber therebe- resistor 14 is embedded also in the insulator disc 1. 
tween and the intermediate electrode surrounds the Three terminals A, B, and C are similarly provided, 
innermost electrode to form an inner ionization cham- [ n the both devices of FIGS. 1 and 2, the outer ioniza-
ber therebetween. The outermost electrode and the tion chamber 8 is greater in volume than the inner 
intermediate electrode are made of a material, such as 50 ionization chamber 9, and the atmospheres in the both 
metal wire netting, which allows an entrance of the ionization chambers 8 and 9 are always irradiated and 
external air and penetration of radiant rays. A single 
radioactive source is disposed so that the both outer 
and inner ionization chambers are commonly irradi-
ated by the single radioactive source. 

Other objects and features of this invention will be 
best understood from the following description with 
reference to the accompanying drawings. 

In the drawings: 

ionized by the radiant ray from the radioactive source 
7. 

Referring next of FIG. 3, there shown is a circuit 
5 5 configuration of a fire detecting device including an 

ionization smoke detector 10 of the type described in 
conjunction with FIGS. 1 and 2, which is enclosed by a 
broken line. Same reference numerals indicate the 
corresponding structural elements of the devices in 

FIG. 1 is a schematic view representing an embodi- 60 FIGS. 1 and 2. Capacitors C8 and C9 indicate respec-
ment of the ionization smoke detector according to this 
invention; 

FIG. 2 is a schematic view representing another em-
bodiment of ionization smoke detector according to 
this invention; and 

FIG. 3 is a schematic circuit diagram representing a 
fire detecting device which embodies an ionization 
smoke detector according to this invention. 

tively the inherent capacitances between the outer and 
intermediate electrodes and between the intermediate 
and inner electrodes. 

The terminals A and B of the detector 10 are respec-
6 5 tively connected to the negative and positive conduc-

tors 21 and 22 from a receiver unit 20 including a 
power supply 17 which supplies an operation voltage 
through the conductors 21 and 22 to the detector 10. 
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The terminal C is connected through a zener diode 15 
to the control electrode of a silicon controlled rectifier 
16 having its conduction path connected between the 
conductors 21 and 22. 

In the receiver unit 20, the power supply 17 is con-
nected in series with the electromagnet coil of a relay 
18 betwen the both conductors 21 and 22 and an alarm 
device 19 is connected in series with the contact of the 
relay 18 between the both terminals of the power sup-
ply 17. 

In operation, if smoke enters the outer ionization 
chamber 8, a part thereof also enters the inner ioniza-
tion chamber 9. However, since the outer ionization 
chamber 8 is greater in volume than the inner ioniza-
tion chamber 9, the resultant impedance change is very 
little in the inner ionization chamber 9 but is very large 
in the outef ionization chamber 8. This results in a 
significant change in a potential at the intermediate 
electrode 3, that is, at the gate electrode of the field 
effect transistor 11, which results in turn in an increase 
of the source-drain current of the field effect transistor 
11 and a voltage increase at the source electrode 
thereof. When the source voltage exceeds the zener 
voltage of the zener diode 15, the voltage is applied to 
the control electrode of the silicon controlled rectifier 
16 to drive it into conduction. Thus the conductors 21 
and 22 are short-circuited to energize the relay 18 and 
the alarm device 19 in the receiver unit 20. The. zener 
diode 15 serves the function of preventing the smoke 
detector 10 from being operated by small quantities of 
smoke or noise. 

Electrostatic capacitances C8 and C9 exist between 
the electrodes 2 and 3 and between the electrodes 3 
and 5, respectively. If C8 is less than C9, the source 
voltage of the field effect transistor 11 rises instanta-
neously to drive the silicon controlled rectifier 16 into 
conduction when the power supply is energized. There-
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fore, C8 must be maintained always greater than C9. 
For this purpose, the thickness or dielectric constant or 
the insulator disc members 1 and 4 may be selected 
appropriately. 

5 Since the currents flowing between the respective 
electrodes 2, 3, and 5 and through the field effect tran-
sistor 11 are very low, the relay 18 in the receiver unit 
20 is never energized unless the silicon controlled recti-
fier 16 is driven into conduction. Once energized, how-

1 0 ever, it can energize the alarm device continuously 
according to the holding effect of the silicon controlled 
rectifier 16 until the power supply is turned off. 

What is claimed is: 
1. An ionization smoke detector comprising an inner 

15 electrode, means including an air permeable intermedi-
ate electrode enclosing said inner electrode, means 
including an air permeable outer electrode enclosing 
said inner and intermediate electrodes, said intermedi-

2 0 ate electrode defining an inner chamber which includes 
said inner electrode and said intermediate and outer 
electrodes defining an outer chamber of substantially 
greater volume than said inner chamber and a radioac-
tive source disposed within one of said chambers to 

2 5 ionize the gas within the last said chamber, the radioac-
tive emission from said source penetrating said inter-
mediate electrode to ionize the gas within the other of 
said chambers. 

2. An ionization smoke detector according to claim 1 
3 0 wherein said radioactive source is disposed within the 

outer chamber. 
3. An ionization smoke detector according to claim 1 

wherein said inner, intermediate and outer electrodes 
are of rectangular configuration. 

3 5 4. An ionization smoke detector according to claim 1 
wherein said inner, intermediate and outer electrodes 
are of semicircular configuration. 

* * * * * 
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