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ABSTRACT OF THE DISCLOSURE 

An improved smoke detector enclosed in a cylindrical 
housing having an air smoke inlet at one end thereof in 
proximity to an internal air pump which causes any arn 
bient smoke present to pass into a path of collimated 
light reflections of which are detected by a photo cell and 
an auxiliary lamp for cancelling out any ambient light 

. reñections. The auxiliary lamp and collirnated light “source 
being pulsed out of phase from a pulse generator. 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application is a continuation-in-part, of an appli 
cation filed Oct. 23, 1965, Ser. No. 503, 421 for a Fire 
Detector by Julian E. Hansen, Sr., and Julian E. Hansen, 
Jr. now issued, Pat No. 3,417,392. 

BACKGROUND OF THE INVENTION 

The present invention relates to a smoke detector and 
more particularly to an improved smoke detector for de 
tecting extremely small changes in ambient smoke level. 
The prior art smoke detectors which utilize the applica 

tion of solid state photo-conductors to the measurement of 
small changes in back scattered or reñected light as dis 
closed in the above-referenced co-pending application, 
have the disadvantage that Where the difference in con 
ductivity of the photo-conductor brought about by the 
change of light is of the same order of magnitude as the 
direct current changes in conductivity of the photo-con 
ductor, overall sensitivity is necessarily limited. These 
changes in conductivity are the result of the slow and 
almost continuous re-combination of the carriers in the 
photo-conductor which is particularly true of the cad 
mium sullide photo-conductors at low light levels and 
also temperature changes. This instability limits the sensi 
tivity of these devices in lstrictly D_C. circuits quite ser 
iously. 

According to the invention, a pulsed light is utilized 
to illuminate the media, resulting in a signal from the 
photo-conductor which consists of a train of pulses of an 
an amplitude determined by the amount of reñected light 
reaching the photo cell. Utilizing this pulse light method, 
the bandpass of the system can be set to eliminate any di 
rect current component as well as those changes occurring 
at a different frequency from that of the pulsing light. 
Hence, changes in the D.C. conductivity of the photo cell 
which may result from temperature or re-combination of 
carriers as outlined above, will have very little effect on the 
sensitivity since this component will not be seen. 
Although this pulsed light received by the photo-con 

ductor is principally from light scatter produced by smoke 
particles in the light beam, there will be some reflection 
from the walls of the housing containing the light source 
and the photo cell. The light reaching the photo-conductor 
from these surfaces cannot be distinguished from that 
produced by the smoke which, again, tends to place a 
limit on the sensitivity of the device. This second limitation 
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is largely eliminated by the use of a second light which is 
placed within the housings so that its illumination will fall 
directly on the photo-conductor. This light is also pulsed, 
but it is pulsed 180° out of phase with respect to the light 
forming the columinated beam. The illumination reachingg 
the photo cell from this light is adjusted to the same 
intensity as the desired reflections reaching the photo cell 
from the inner surfaces of the housing of the device. The 
net result is essentially a constant low-level of _illumina 
tion on the photo-conductor and therefore, essentially a 
zero output signal. Smoke in the system causing reñections 
from the collimated light beam will not appreciably affect 
the light received from the second or auxiliary light and 
can, for practical purposes, be ignored. Hence, the sensi 
tivity of this type of smoke detector has been increased 
in Atwo steps, the first being from the utilization of a pulsed 
light which largely eliminates the effect of the D.C. 
changes in conductivity of the photo-conductor and the 
second being utilization of a second pulsed light which is 
pulsed out of phase with the íirst to substantially eliminate 
the eifects of scattered ambient light reaching the photo 
cell under quiescent conditions. 

Actually, the system will detect very minute changes 
in reflected light regardless of cause. Hence, it could be' 
utilized to detect a change in ambient light levelor color 
spectrum changes as well as foreign particles such as 
smoke. 
An object of the present invention is the provision of an 

improved smoke detector for detecting changes in ambient 
levels of smoke. 
Another object is to provide an improved smoke de 

tector in which drift, in the sensing elements, does not 
limit sensitivity. 
A further object of the invention is the provision of an 

improved smoke detector utilizing a photo cell sensing 
element in which ambient reilected light is cancelled. 

Yet another object of the invention is the provision of 
an improved smo-ke detector which is simple to construct, 
relatively inexpensive, and requires a minimum of main 
tenance and adjustment. 

Other objects and many of the attendant advantages 
of this invention will readily be appreciated as the same 
becomes better understood by reference to the following 
detailed description when considered in connection with 
the accompanying drawing in which the sole figure is a 
schematic representation of the preferred embodiment of 
the present invention. 

Referring to the drawing, a cylindrical housing 11 has a 
dust filter 12 at one end and a smoke outlet aperture 13 
at another end. A mounting member 14 having a passage 
16 is positioned within cylindrical housing 11 and carries 
mounting members 17 and 18 to which are mounted a fan 
coil 19 and vibrating reed 21, respectively. 'Fan coil 19 
has a pair of leads 22 passing through cylindrical housing 
11. A mounting means 23 having an air passage 24 is also 
carried within cylindrical housing 11. Mounting means 23 
carries a main lamp 26 and light baffles 27 and 28 having 
apertures 29 and 31, respectively. Mounting means 23 also 
carries photo cell 25. Auxiliary lamp 30 is mounted in 
cylindrical housing 11. Mounting plug 32 having a smoke 
outlet aperture therein, carries a 4light-absorbing baille 33. 

Multi-vibrator 34 has one output connected to auxiliary 
lamp 30 and another output connected to main lamp 26. 
Photo cell 25 is connected to the input of passband ampli 
fier 36, the output of which is connected to the indicator 
37. 

f' 

ICC 

OPERATION 

In operation an A.C. current is supplied to fan coil 19 
which vibrates vibrating reed >21 which pulls air in through 
dust filter 12 and passageways 16 and 24 in mounting 
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means 14 and 23, respectively, through light aperture 31 in 
bañie 28, around light-absorbing bañle 33 and out through 
smoke outlet 13. At the same time, multi-vibrator 34 sup 
plies a current to main lamp 26 and auxiliary lamp 30, but 
as can be seen, the two supplies are out of phase with each 
other. Hence, during the time the auxiliary lamp is receiv 
ing a pulse from multi-vibrator 34, main lamp 26 is not, 
resulting in their being excited out of phase, i.e., when one 
lamp is lighted, the other lam pis out. Quiescently, when 
there is no smoke in the system, reflected light from main 
lamp 26 will be seen by photo cell 25 resulting in a small 
output from photo cell 25 When there is no smoke to be 
detected. This is OIT-set by adjusting the variable resistance 
31 to supply an output from auxiliary lamp 30 which is 
equal in magnitude but opposite in phase. This will, in 
effect, cancel the input seen to passband amplifier 36 when 
there is no smoke in the system. ' 
When smoke enters through dust filter 12 and hence, 

throughout the length of cylindrical housing 11, a portion 
of it is passed in the light lbeam from main lamp 26 
resulting in an additional reflected light on photo cell 25. 
Since this smoke will have very little eiîect on the direct 
light from auxiliary lamp 30, an output will be seen from 
photo cell 25 at the frequency of multi-vibrator 34. This 
output is passed through passband amplifier 3-6 and in 
dicated in indicator 37. It has been found in the case of 
cadmium sulfide types of photo cells that a frequency on 
the order of one half of a cycle per second from multi 
vibrator 34 yields excellent results. This frequency would 
be varied to an optimum frequency for any particular 
type of photo cell utilized. 

It should be understood, of course, that the foregoing 
disclosure relates to only a preferred embodiment of the 
invention and that it is intended to cover all changes 
and modifications of the example of the invention herein 
chosen for the purposes of the disclosure which do not 
constitute departures from the spirit and scope of the 
invention. 
What is claimed is: 
1. A reñected light detector comprising: 
a sample chamber through which a test sample ñows; 
a primary pulsating light source of a predetermined 

frequency, said primary pulsating light source gen 
erating a predetermined pulsating light beam which 
is directed into said sample chamber; 

a light sensitive means positioned in proximity to said 
primary pulsating light beam and out of said pre 
determined light beam for detecting ambient reflected 
light in said sample chamber from said primary pul 
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sating light source when no test sample is in said 
sample chamber and light scattered by a test sample 
in said sample chamber; 

indicating means connected tosaid light sensitive means 
for indicating relative intensity of pulsating light im 
pinging thereon, said indicating means including pass 
band means for eliminating substantially all fre 
quencies outside of said predetermined frequency; 
and 

an auxiliary pulsating light source positioned in il 
luminating proximity to said light sensitive means, 
said auxiliary pulsating light source being pulsed at 
said predetermined frequency in anti-phase with said 
primary pulsating light source and having an intensity 
substantially equal to said ambient reñected light 
reaching said light sensitive means from said primary 
pulsating light source. 

2. The reilected light detector of claim 1 and further 
including: electrical pulse generating means having íirst 
and second outputs out of phase with each other, said 
first and second outputs being connected to said primary 
pulsating light source and said auxiliary pulsating light 
source, respectively, for pulsating said primary pulsating 
light source and said auxiliary pulsating light source in 
anti-phase with each other. 

3. The reñected light detector of claim 2 and further 
including: adjustment means for adjusting the relative 
amplitudes of said primary pulsating light source and 
said auxiliary pulsating light source. 
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