
PATENT SPECIFICATION <>» l 557 187 
(21) Application No. 21258/76 (22) Filed 22 May 1976 

H (23) Complete Specification Filed 19 May 1977 
^ (44) Complete Specification Published 5 December 1979 
IT) (51) INT. CL.2 H01J 39/28 

(52) Index at Acceptance 
HID 12B47Y 12B6 17D I7E 38 7D 7X 8G 

" 8R 9C1A 9C1Y 9CY 9L 9Y 
(72) Inventor: ERIC MACDONALD 

(54) SMOKE DETECTORS 

(71) We, CHUBB FIRE SECURITY 
LLMFTED, a British company of Pyrene House, 
Sunbury-on-Thames, Middlesex, do hereby 
declare the invention, for which we pray that 

5 a patent may be granted to us and the method 
by which it is to be performed, to be particularly 
described in and by the following statement: 

A known form of smoke detector consists of 
a ventilated ionisation chamber. The air in the 

10 chamber is normally ionised by radiation emitted 
from a radioactive source, and the resulting 
ionisation current is detected electronically. 
When smoke enters the chamber, the ionisation 
current is reduced and there is a consequent 

15 increase in the impedance of the chamber which 
can be used to trigger an alarm circuit. 

The radioactive source is advantageously 
constructed in the form of a foil which is 
supported by one of a pair of electrodes in the 

20 chamber. A problem which occurs with this 
type of detector is that, although the detector 
is normally located within a building, it may 
still be subject to the effect of ambient temp-
erature changes with consequent production 

25 of condensation. The effect of condensation 
on the radioactive source is to inhibit the ion-
isation process, which can lead to a false alarm. 

We first attempted to overcome this problem 
by constructing the electrode supporting the 

30 radioactive source from a plastics material which 
had a low thermal mass. We rendered this 
plastics material conductive by chemical tinning 
followed by gold electroplating. This proved to 
be very satisfactory in normal use but we have 

35 found that in the presence of large quantities 
of sulphur dioxide some corrosion of the metal 
substrate can still take place because a gold 
coating thin enough to be economic is porous. 
It would have been possible to deposit gold 

40 directly on to the plastics material by vacuum 
sputtering but this would have been expensive. 

In accordance with the present invention a 
smoke detector includes a ventilated ionisation 
chamber having a number of electrodes and 

45 containing a radioactive source in the form of a 

foil supported on the surface of one of the said 
number of electrodes, the electrode supporting 
the radioactive source consisting of a plastics 
material treated with graphite to render it 
electrically conductive. Usually the chamber will 50 
contain only the pair of electrodes providing 
the control signal for a detector circuit and one 
of these will support the radio-active foil. 

The graphite may be in the form of a dust 
impregnated into the plastics material or it may 55 
be in the form of a coating or may surround the 
resin particles of the plastics material. Such an 
electrode support greatly reduces the possibility 
of condensation problems and avoids the prob-
lem of corrosion. The reduction of condensation 60 
arises from two factors. When such a detector 
has become cold over-night and then warm 
moist air falls upon it, because of the poor 
thermal conductivity of the graphite and plastics 
material, the mass of the electrode does not 65 
hinder the temperature rise of the foil; 
furthermore, because it has low thermal mass, 
the electrode too will warm up rapidly. Because 
of this, even when the detector as a whole is 
below the temperature of the surrounding air, 70 
the radio-active source and the supporting 
electrode adapt rapidly to the prevailing temp-
erature, thereby reducing the possibility of 
condensation occurring either on the radio-active 
source or on the electrode. 75 

In order that the invention may be more 
clearly understood, one example of a smoke 
detector arrangement embodying the invention 
will now be described with reference to the 
accompanying drawings, in which: - 80 

Figure 1 shows diagrammatically the construc-
tion of the smoke detector, and 

Figure 2 is a circuit diagram of a detection 
circuit incorporating the smoke detector. 

The smoke detector illustrated in Figure 1 85 
consists of a first ventilated smoke chamber 10 
and a second sealed reference chamber 11. The 
chamber 10 includes a radioactive source 12 in 
the form of a foil and the reference chamber 11 
includes a similar radioactive foil 13. It will be 90 



3 
1,558,188 

3 

understood that no condensation or corrosion 
problems arise in respect of the foil source 13 
in the reference chamber 11, which is sealed 
from the ventilated chamber by an intermediate 

5 electrode 14 in the form of an inverted cup. 
The foil source 12 is mounted on one side 

of the intermediate electrode 14, which is 
common to both chambers. The other electrode 
for the outer ventilated chamber 10 is an outer 

10 electrode 15 in the form of a stainless steel 
gauze. The other electrode for the inner sealed 
reference chamber 11 is the rod 16 which 
supports the radioactive foil source 13. 
Ionisation current flows between the electrodes 

15 14 and 15 and between the electrodes 16 and 
14. The ratio of the voltages across the two 
chambers is monitored by means of the circuit 
shown in Figure 2. Electrodes 16,14 and 15 of 
Figure 1 constitute terminals A, B and C, shown I 

20 in Figures 1 and 2. Electrodes A and C are 
connected to the terminals of a DC power 
supply. Terminal B (the intermediate electrode) I 
is connected to the gate of a field effect trans- 1 

istor 17, the source and drain electrodes of which 
25 are connected in series with a resistor across the 

power supply. 

If smoke enters the ventilated chamber 10, 
the impedance between the terminals B and C 
increases. As the impedance between terminals 

30 A and B remains constant, the effect of the 
increase between terminals B and C is to increase 
the voltage applied to the gate electrode ofthe 
field effect transistor 17. The resulting change in 
the output voltage at the junction of the resistor 

35 and field effect transistor is used to trigger an 
alarm circuit in a conventional manner. 

The intermediate electrode 14 in the shape of 
an inverted cup is formed of a plastics material 
coated with graphite. The foil electrode 12 lies 

40 flat on the electrode 14. Because of the low 
thermal conductivity of the electrode 14, the 
foil 12 can quickly take up the temperature of 
the surrounding air, regardless of the temperature 
of the electrode 14. Also, because of the low 

45 thermal mass of the electrode 14, this electrode 
also takes up the temperature of the surrounding 
air quite quickly. Consequently the chances of 
condensation on the foil 12 or on the electrode 
14 are greatly reduced. 

50 It will be appreciated that if for any reason an 
auxiliary electrode is incorporated in the venti-
lated chamber the radioactive foil may be 
supported on this auxiliary electrode instead of 
on one of the pair of electrodes connected across 

the detector circuit. 55 
WHAT WE CLAIM IS: 

1. A smoke detector including a ventilated 
ionisation chamber having a number of electrodes 
and containing a radio-active source in the form 
of a foil supported on the surface of one of the 60 
said number of electrodes, the electrode sup-
porting the radio-active source consisting of a 
plastics material treated with graphite to render 
it electrically conductive. 

2. A smoke detector including a ventilated 65 
ionisation chamber having a pair of electrodes 
for connection to a detector circuit, the 
chamber containing a radio-active source in the 
form of a foil supported on the surface of one 
of the pair of electrodes, the electrode supporting 70 
the radio-active source consisting of a plastics 
material treated with graphite to render it 
electrically conductive. 

3. A smoke detector in accordance with 
Claim 1 or 2, in which the plastics material of 75 
the electrode supporting the radio-active source 
is impregnated with graphite. 

4. A smoke detector in accordance with 
Claim 3, in which the graphite of the said elec-
trode surrounds the resin particles of the plas- 80 
tics material. 

5. A smoke detector in accordance with 
Claim 1, in which the plastics material of the 
electrode supporting the radio-active source 
has a graphite coating. 85 

6. A smoke detector in accordance with 
any one of Claims 1 to 5, additionally com-
prising a non-ventilated chamber having a 
radio-active source and a cylindrical casing, the 
cylindrical casing serving as an electrode for the 90 
inner non-ventilated chamber and also as an 
electrode for an outer chamber constituting the 
ventilated ionisation chamber, the said cylindrical 
casing supporting the said foil radio-active source 
in the outer ventilated chamber. 95 

7. A smoke detector arrangement including 
a smoke detector in accordance with Claim 6, 
in which the said common electrode for the 
two chambers is connected to the gate of a i 
field effect transistor. 100 

8. A smoke detector, substantially as herein 
described with reference to Fipre 1 of the 
accompanying drawing. 

GILL, JENNINGS & EVERY, 
Chartered Patent Agents, 105 
53 to 64 Chancery Lane, 

London WC2N 1HN 
Agents for the Applicants 
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COMPLETE SPECIFICATION 
This drawing is a reproduction of 
the Original on a reduced scale 

FIG .1. 

1557187 

I SHEET 

FI6.2. 

16 

, 4 
i fun i 
i 1 

.7-
17 

F.E.T. 

//HI «/p 

-Ov. 


