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electrode, an inner ionization chamber dis-

20 posed between said intermediate electrode 
and inner electrode, said outer electrode 
and intermediate electrode enabling the 
entrance of air and the penetration of 
radiation, a single radioactive source being 

25 disposed in one of said outer and inner 
ionization chambers so as to irradiate not 
only said one chamber directly but also the 
other chamber through said intermediate 
electrode and said outer and inner ionization 

30 chambers being arranged so that the external 
air enters the inner chamber through the 
outer chamber. 

In order that the invention may be clearly 
understood and readily carried into effect, 

5 examples thereof will now be described with 
reference to the accompanying drawings in 
which:— 

Figure 1 is a schematic view representing 
an embodiment of ionization smoke detector 

40 according to this invention; 
Figure 2 is a schematic view representing 

another embodiment of ionization smoke 
detector according to this invention; and 

Figure 3 is a schematic circuit diagram 
45 representing a fire detecting device which 

rPrice 25p] 

ambient air can enter freely. A single radio-
active source 7 is disposed in the centre of 
the bottom of the outer electrode 2 so that 65 
the inner ionization chamber 9 as well as 
the outer ionization chamber 8 is irradiated 
by the radiation from the radioactive source 
7. 

A field effect transistor 11 is embedded in 70 
the insulator disc 1 and has a gate electrode 
connected to the intermediate electrode 3, 
a source electrode connected through a load 
resistor 14 to the outer electrode 2 and a 
drain electrode connected to the inner 75 
electrode 5. 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 
ambient atmosphere and the radiation. The 
detector 10 has three terminals A, B and C 80 
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. 

Figure 2 shows another embodiment of 85 
ionization smoke detector according to this 
invention. This detector, 10, has hemi-
spherical outer, intermediate and inner 
electrode 2, 3 and 5 which are arranged 
concentrically on an insulator disc 1. The 90 
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(54) IONIZATION SMOKE DETECTOR 

(71) W e , NITTAN COMPANY, LIMITED, 
a Japanese Company, of 1-11-6, Hatagaya, 
Shibuya-ku, Tokyo, Japan, do hereby declare 
the invention, for which we pray that a 

5 patent may be granted to us, and the method 
by which it is to be performed, to be par-
ticularly described in and by the following 
statement: — 

This invention relates to an ionization 
10 smoke detector, and seeks to provide an 

improved ionization smoke detector having 
a simpler structure than heretofore. 

According to this invention an ionization 
smoke detector comprises an outer electrode, 

15 an intermediate electrode and an inner 
electrode which are arranged in this order, 
an outer ionization chamber disposed 
between said outer electrode and intermediate 
electrode, an inner ionization chamber dis-

20 posed between said intermediate electrode 
and inner electrode, said outer electrode 
and intermediate electrode enabling the 
entrance of air and the penetration of 
radiation, a single radioactive source being 

-5 disposed in one of said outer and inner 
ionization chambers so as to irradiate not 
only said one chamber directly but also the 
other chamber through said intermediate 
electrode and said outer and inner ionization 

30 chambers being arranged so that the external 
air enters the inner chamber through the 
outer chamber. 

In order that the invention may be clearly 
understood and readily carried into effect, 

5 examples thereof will now be described with 
reference to the accompanying drawings in 
which: — 

Figure 1 is a schematic view representing 
an embodiment of ionization smoke detector 

40 according to this invention; 
Figure 2 is a schematic view representing 

another embodiment of ionization smoke 
detector according to this invention; and 

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

Throughout the several Figures of the 
drawings, same reference numerals are given 
to like or similar structural elements. 50 

Referring now to Figure 1, the ionization 
smoke detector, indicated by a numeral 10, 
includes three electrodes, that is, a cylindrical 
outer electrode 2, a cylindrical intermediate 
electrode 3 and a rod-like inner electrode 5, 55 
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 electrode 3 are composed 
of metal wire netting and surround respec- 60 
tively an outer ionization chamber 8 and 
an inner ionization chamber 9 in which 
ambient air can enter freely. A single radio-
active source 7 is disposed in the centre of 
the bottom of the outer electrode 2 so that 65 
the inner ionization chamber 9 as well as 
the outer ionization chamber 8 is irradiated 
by the radiation from the radioactive source 
7. 

A field effect transistor 11 is embedded in 70 
the insulator disc 1 and has a gate electrode 
connected to the intermediate electrode 3, 
a source electrode connected through a load 
resistor 14 to the outer electrode 2 and a 
drain electrode connected to the inner 75 
electrode 5, 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 
ambient atmosphere and the radiation. The 
detector 10 has three terminals A, B and C 80 
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. 

Figure 2 shows another embodiment of 85 
ionization smoke detector according to this 
invention. This detector, 10, has hemi-
spherical outer, intermediate and inner 
electrode 2, 3 and 5 which are arranged 
concentrically on an insulator disc 1. The 90 
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outer and intermediate 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 

5 in the centre of the inner face of the outer 
electrode 2. A field effect 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 Figure 

10 1 but the load resistor 14 is embedded also 
in the insulator disc 1. Three terminals A, 
B and C are provided similarly to Figure 1. 

In both devices of Figures 1 and 2, the 
outer ionization chamber 8 is greater in 

15 volume than the inner ionization chamber 
9, and the atmospheres in both ionization 
chambers 8 and 9 are always irradiated and 
ionized by the radiation from the radio-
active source 7. 

20 Figure 3 shows a circuit configuration of 
a fire detecting device including an ioniz-
ation smoke detector of the type of Figures 
1 and 2 and which is indicated by block 10 
in chain dotted line; like reference numerals 

25 indicate corresponding structural elements 
of the devices in Figures 1 and 2. Imaginary 
capacitors C8 and C9 indicate respectively 
the capacitances between the outer and 
intermediate electrodes and between the 

30 intermediate and inner electrodes. 
The terminals A and B of the detector 10 

are respectively connected to the negative 
and positive conductors 21 and 22 from 
a receiver unit 20 including a power supply 

35 17 which supplies an operation voltage 
through the conductors 21 and 22 to the 
detector 10. The terminal C is connected 
through a Zener diode 15 to the control 
electrode of a silicon controlled rectifier 16 

40 the conduction path of which is connected 
between both conductors 21 and 22. 

In the receiver unit 20, the power supply 
17 is connected in series with the electro-
magnet coil of a relay 18 between both 

45 conductors 21 and 22 and an alarm device 
19 is connected in series with the contact 
of the relay 18 between both terminals of 
the power supply 17. 

In operation, if smoke enters the outer 
50 ionization chamber 8, a part thereof also 

enters the inner ionization chamber 9. How-
ever, since the outer ionization chamber 8 
is greater in volume than the inner ionization 
chamber 9, the resultant impedance change 

55 is very little in the inner ionization chamber 
9 but is very large in the outer ionization 
chamber 8. This results in a significant 
change in a potential at the intermediate 
electrode 3, that is, at the gate electrode 

60 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 

65 Zener voltage of the Zener diode 15, the 

voltage is applied to the control electrode 
of tire silicon controlled rectifier 16 to drive 
it into conduction. Thus, the conductors 21 
and 22 are short-circuited to energise the 
relay 18 and the^ alarm device 19 in the 70 
receiver unit 20. lhe Zener diode 15 serves 
to prevent the smoke detector 10 from being 
operated by a small amount of smoke or 
noise. 

Electrostatic capacitances C8 and C9 exist 75 
between the electrodes 2 and 3 between the 
electrodes 3 and 5, respectively. If C8 is 
less than C9, the source voltage of the field 
effect transistor 11 rises instantaneously to 
drive the silicon controlled rectifier 16 into 80 
conduction when the power supply is con-
nected in circuit. Therefore, C8 must be 
maintained always greater than C9. For 
this purpose, thickness or dielectric constant 
of the insulator disc members 1 and 4 are 85 
selected appropriately. 

Since the currents flowing between the 
respective electrodes 2, 3 and 5 and through 
the field effect transistor 11 are very low, 
the relay 18 in the receiver unit 20 is never 90 
energised unless the silicon controlled 
rectifier 16 is driven into conduction. Once 
energised, however, it can energize the alarm 
device continuously according to the holding 
effect of the silicon controlled rectifier 16 95 
until the power supply is shut off. 

WHAT WE CLAIM IS.— 
1. An ionization smoke detector, com-

prising an outer electrode, an intermediate 100 
electrode and an inner electrode which are 
arranged in this order, an outer ionization 
chamber disposed between said outer 
electrode and intermediate electrode, an 
inner ionization chamber disposed between 105 
said intermediate electrode and inner 
electrode, said outer electrode and inter-
mediate electrode enabling the entrance of 
air and the penetration of radiation, a single 
radioactive source being disposed in one 110 
of said outer and inner ionization chambers 
so as to irradiate not only said one chamber 
directly but also the other chamber through 
said intermediate electrode, and said outer 
and inner ionizaztion chambers being ar-
ranged so that the external air enters the 
inner chamber through the outer chamber. 

2. An ionization smoke detector accord-
ing to Claim 1 wherein said outer ionization 
chamber is greater in volume than said 120 
inner ionization chamber. 

3. An ionization smoke detector accord-
ing to Claim 1 or Claim 2, wherein said 
inner ionization chamber is surrounded by 
said outer ionization chamber and said 125 
radioactive source is disposed on the inner 
face of said outer electrode. 

4. An ionization smoke detector accord-
ing to any one of Claims 1 to 3 wherein the 
electrostatic capacitance between said outer 130 
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electrode and said intermediate electrode is 
greater than the electrostatic capacitance 
between said intermediate electrode and said 
inner electrode. 

5 5. An ionization smoke detector substan-
tially as hereinabove described with reference 
to and as illustrated in Figure 1 of the 
accompanying drawings. 

6. An ionization smoke detector sub-

stantially as hereinabove described with 10 
reference to and as illustrated in Figure 2 of 
the accompanying drawings. 
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