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2,877,453 
SMOKE DETECTING DEVICE 

Alfred L. MendenhalL'JL, Chicago, Ill. 
_ Application January”, 1956, Serial No. 559,656 

» I 20 Claims’. (Cl. 340-237) 

My invention relates to 
detector devices and more‘ particularly’ to -a system for 
continuously monitoring the operation of the components 
of a smoke detector ‘device. This application is a con— 
tinuation in part of copending application Serial No. 
221,831, ?led April 19, 1951, now Patent 2,783,390. 

' Smoke detector devices as presently used operate on 
the principle of projecting a beam of light into an at 
mosphere such as the atmosphere which passes through 
a ventilating duct which is shielded from extraneous 
light} Upon the presence‘ of foreign particles such as 
smoke or dust in an amount exceeding a predetermined 
amount, the initial light beam is su?iciently altered to‘ 
activate a light sensitive device which could be a photo 
multiplier. Since the smoke or dust can be rapidly 
circulated, it is clear that a single'detector will quickly 
cause the alarm even though the foreign particles are 
initiated at a point remote from the smoke detector. 

> In an obscuration type of smoke detector, a light beam 
can be continuously‘ projected through an atmosphere 
and into a light sensing device. 3 The presence of smoke 
or dust in the atmosphere, however, will decrease the 
amount of light which reaches the light sensing device 
and thereby change'the'output of the light sensing de 
vice to subsequently ‘activate an indicating device or 
alamL : v, _ i . ' 

Similarly, in a re?ective ‘type of smoke detecting de 
vice, a light sensing ‘device is’ remotely situated to be 
impinged upon only by light which is re?ected or scat 
tered from foreign particles in the atmosphere. 

It should be noted that the re?ective type of smoke 
detector is much more sensitive than the obscuration type 
since the output -'of ‘the'rlight sensing device, which could 
be a photomultiplier to achieve freedom‘ from micro 
phonics, goes 'from'anessentially zero value to a ?nite 
value, and this difference is easily sensed in commercially 
available amplifying devices for the subsequent opera 
tion of indicating devices. ‘ - 

Until the- present time, a major disadvantage of the 
above type units has been the lack of a simple monitor 
ing system'which' will monitor the operativeness of the 
smoke detector elements. That is, since the unit will 
probably be inoperative over long periods of time (since 
it may operate only upon the outbreak of a ?re), it has 
been a major problem to assure that the light beam, 
light sensing device, ampli?er and power supply are in 
an operative condition and that none of the components 
of the system are burned ‘out or disabled. It is obvious 
that to assure operativeness, of the detecting system is 
of utmost importance since a failure of a smoke detector 
may result in an uncontrolled ?re and all of its conse 
quences. , ' ~ ' I 

It is to be noted that monitoring. of smoke detector 
devices has been, attempted but has always been directed 
to, systems for assuring operativeness of tube ?laments 
and the bulb ?lament. _ 

Clearly this type of monitoring is undesirable in that 
the other GOmPQnents. of the device; can fail although 

an’ improvement for ‘smoke 

2 
the various ?laments are operative and the system would 
be incapable of activating alarms responsive to the 'pres 
ence of smoke. ’ "’ 

The principle of my invention is to continuously "moni 
tor the operation of the components of a smoke detecting 
device by producing a second light beam which is pro 

”duced in a manner to make it distinguishable from the 
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‘ be conceivable to utilize the modes of 

?rst light beam, the ?rst light beam being used for the, 
actual smoke detection, and to continuously impinge the 
second or monitoring light beam upon the light sensing 
device of the smoke detector whereupon the output vsigs 
nal of the ampli?er associated with the light» sensing 
device will selectively operate (since the output signal 
due to the second light beam_ is distinguishable from 
that due to the ?rst light beam) an indicating device to 
indicate normal operation. - ~ - - 

' Hence, upon the presence of foreign particles in the" 
atmosphere being protected, the ?rst light beam will be 
impinged upon the light sensing device which could be 
a photomultiplier, and the ampli?er output signal which 
is distinguished from that due to the monitoring light 
beam can be used to activate an alarm or second-in 
dicating device. I ' 

Since the second or monitoring light beam can be initi 
ated from the source of the ?rst light beam and there 

beam, my novel monitoring system will therefore con 
tinuously monitor the operation of each of the light 
source, photocell, ampli?er,‘ ampli?er output ?lter~(if 
used), and the power supply-Which normallyren'ergizes' 

‘the above components. A’ 
-system or the components of the smoke detector will 
therefore be substantiallyinstantaneously indicated by 
theindicating device which can indicate normal or ab; 
normal operation of the complete system; ' ' 

More speci?cally, I can make the ?rst or particle. de 
- tecting light beam distinguishable from the second or? 
monitoring light beam by dividing the light from a light _ 
source into two beams and thereafter interrupt the I'?rst 
light beam a ?rst predetermined number vof times'per 
second, and interrupt the second light beam a second 
predetermined and 
Obviously, this is only one of many acceptable ways of 
varying the ?rst and second light beam in such a way 
as to produce electrical signals responsive theretofor 
selectively operating indicating devices. That is, it would 

polarization or 
?rst and second 
principle of my 

frequencies to distinguish between’ the 
light beams without departing from the 
invention. . - 

The use of a chopped light beam for at least the ?rst 
. , or smoke monitoring beam, however, provides certain 

55 

advantages which allow a high level of sensitivity for 
the smoke detecting device. As was previously men 
tioned, the second or monitoring light beam is so di 
verted that it is‘continuously impinged upon a light sens 
ing device such as .a photomultiplier whereas the ?rst 
or smoke detecting beam is so directed that (in a re?ec 
tive type smoke detector) it will impinge upon the photo 
multiplier only when re?ected or scattered by foreign 
particles. Therefore, the intensity of re?ected light in 

p the presence of a few foreign particles will be very 
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low. ~However, by ‘providing a chopped light beam for 
the smoke detection beam the ‘output of the photomul 
tiplier due to the low intensity of re?ected light willbe 
in the form of a pulse, the frequency of which is the 

a frequency at which the light beam is being'interrupted. 

70 

Hence the photocell output can be appliedto an A. C. 
ampli?er or if desired can be directly applied to circuits 
which are resonant toythis frequency. As a typical ex 
ample the phototube output can be applied to anyA. C. 

, v ampli?er and the output (of the A. C. ampli?er can be 
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passed through narrow band circuits which in turn are 
connected to the resonant devices. Obviously this sys 
tem will result in a very high signal-to-noise ratio. 

Similarly,,when the second or monitoring light beam‘ 
isv of. the. chopped type,‘ the. resultant photomultiplier out 
put will once again be an A. C. current which di?ers. in 
frequency from' that due to the. ?rst or smoke detecting 
light beam and if 
pli?er, the narrow band circuits and subsequently to. de 
vices which. are resonant to the frequency of the A. C. 
current, dueito the second light, beam. Once again, the 
desired high signal-.to-noise ratio is provided. 

It is 'now clear that the signal due to the second or 
monitoringv light beam continuously monitors the opera 
tion of the ampli?er which. is also used toamplify the 
signal due. to the ?rst or smoke detecting lightv beam upon 
the detection of foreign particles in the atmosphere being 
protected. The output of the ampli?er will normally be 
of the frequency determined by ;the~monitoring. light 
beam. and it is. obvious, that this output can be used to 
activate an indicating device which is responsive to that 
particular frequency or, if desired, to its recti?ed output 
to. allow~the use of D. C. activated indicating devices. 

Similarly upon: the occurrence of. foreign particles in 
the atmosphere being protected, the A. C. output of the 
ampli?er will be at the characteristic frequency of the 
smoke detecting lightbeam and this frequency may then 
be; used to operateI an indicating device which is oper 
able only' by: that. particular frequency. 

Thisv indicating device could in itself be an alarm, 
if desired could trigger alarms which are placed at 
points remote from the area being protected. As an 
alternative, or in additionv to the indicating devices used 
in the immediate vicinity of the smoke detecting device, 
both the. monitoring output signal and the particle detect 
ing signal could be fed. through the lines of an organiza 
tion such as the American District Telegraph and to 
their control of?ce alarm station where the monitoring 
signal will perform the additional function of monitor 
ing the. A. D. T. lines; 
signal is. received at the. A. D. T. ot?ce, 
to. initiate their. function. 

Accordingl , a primary object of my invention is to‘ 
provide a system for continuously monitoring the opera 
tion of each component of a smoke detecting device. 

Still another object. of my invention is to provide a 
second. light beam which is. distinguishable from the light 
beam which is used for smoke detection and to impinge 
the. second light beam upon the lightv sensitive device of 
a smoke detecting system. whereupon continuous opera 
tion of the excited light. sensing device, its associated 
ampli?er, power supply and indicating. device will be 
assured. 

Still. another object of my invention is. to. provide. a 
monitoring lightbeam for a smoke detector. device. which 
is distinguishable from the smoke. detecting light beam. 
and is initiated from the same. source which initiates 
the smoke detecting light beam. 

Still another object of my, invention is. to provide. a 
?rst and second light beam for a, smokedetector device 
wherein these beams are interrupted a different number 
of times per second, one of the light beams beingused 
for smoke detection and the other light beam being used 
to assure continuous operation of the smoke detection 

device. 
Still another object of my invention is to provide a 

smoke detector having a monitoring light- beam which 
continuously energizes operation of a light sensitive de 
vice such as a photomultiplier and its associated amplify 
ing and indicating devices. 
A still further object of; my invention is to provide a 

smoke detecting device wherein a‘ photomultiplier will 
have a continuous A. 0'. output signal of one frequency 
and’ the occurrence of foreign particles’will initiate an 
A: 6. signal of a-secondfrequency; ‘ 
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desired can be passed‘ through the am¢ ‘ 

When, however, the alarm. 
it will serve‘ 
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4 
A still further object of my invention is to use a 

?rst or smoke detecting light beam and a second or 
monitoring light beam, each‘. of which is interrupted at 
a different frequency to subsequently impart an A. C. 
output for their associated photomultiplier wherein the 
output frequencies are distinguishable from one another 
and circuits responsive to these frequencies are provided 
to actuate indicating devices. 
My invention also contemplates'a systemv whereby a 

constant smoke or particle detection level is maintained. 
it has been found that with presently used devices that 
the system sensitivity or detection. level. changed due to 
ampli?er drift and changes in intensity in the detecting 
light beam. Hence, due tov the accumulation of dust on 
the various re?ecting surfaces or a decrease in the light 
intensity of the light source or the like, a given particle 
density will re?ect less light into the light sensitive 
device. - 

I have overcome this disadvantage by providing an 
ampli?er which delivers a constant output for a wide.v 
range of input signals. One method- by. which this can 
be done is by using an ampli?er. having. an automatic 
gain control circuit of well known design. 

It is to be clearly noted that‘ this. type of. system 
can now be used to great advantage in view of the 
additional monitoring light beam of my invention. That 
is, the intensity level of the. monitoring beam can. be 
compared to the intensity of the detecting beam which 
is re?ected from a predetermined density of foreign 
particles. 

Clearly, therefore,- if‘ the monitoring. light beam in.-. 
tensity is cut down or if the ampli?er drifts, signals due 
to the monitoring light beam (as well as the‘ signal due 
to the light which would be re?ected by- foreign par 
ticles) will be ampli?ed by‘ av greater ampli?cation factor. 
Hence, upon the re?ection of light‘ by foreign particles, 
the ampli?cation factor of the- ampli?er will. be. pre 
adjusted to give a predetermined. output. for the decreased 
smoke detection signal. . 

It is therefore seen that. the. sensitivity- of my novel 
unit can be controlled by adjusting the intensity of 
monitoring light since it is. this value-that adjusts the 
ampli?cation factor of the ampli?er. If, for example, 
this intensity is small, then the ampli?cation factor of. the 
ampli?er will be high and a 
light will be detected. Conversely, if the monitoring 
light is made more intense,1 the ampli?er ampli?cation 
factor will be decreased to decrease the level of sen 
sitivity of. the unit re?ected light. 

Accordingly, an ancillary object- o?-my‘. invention isv 
to provide a smoke’ detector of the type. having‘ a moni-' 
toring light beam wherein: the- intensity; of.-'themonitoring 
light beam varies: theampli?cation-factor of? the amplir 
?er; 

Still another object of my invention is tOwPlIOVld?'). a 
smokedetector whereby the intensity: of; the monitoring 
light‘. beam. is. adjusted to. the intensity of. light. which: is. 
re?ected from a minimum‘; predetermined‘ amount of. 
foreign particles. 

Another object of my invention‘. is. to'providc a. smoke 
detector whereby the intensity; of. a monitoring light: 
beam varies the ampli?cation". factor-of the‘ ampli?er 
to thereby assure a signal due to‘. the‘ smoke ‘detecting. 
beam. being re?ected from a predetermined? density? of 
foreign particles even though the1 intensity? of‘ the. smoke 
detecting beam is'decreased. ' 
These and other‘objectsfof my invention will: become 

apparent from the following descriptioni taken in; con‘ 
nection with the drawings in which: - 

Figure 1 shows aperspective-view of smokeldetector 
which, containsv vmy novel” monitor ‘system. ' 

Figure 2' shows a- top view:v of.’ Figure I; and further 
locates many of the associated componentsioft the-smoke 
detector. ' i . ‘ 

Figure 31is a-block‘ diagram which; indicates howtlie 

small amount of re?ected. 



amass 1 ; 

?rst'andi'second'signals; onev'being the-monitoring signal _ 
and-the 0ther:being-:the alarmisignalptareetaken from‘. 

their subsequent indicating: devices; f ‘ 
Figure 4 shows a detailed diagramof an_-;;ampli?er-. 

and associated components which mayv beused. for the. 

the ' photocell to 

block diagram of Figure 3. v v . 

Figure 5 shows a detailed diagram of a photomulti 
plier which'is used in accordance with my inventiom: ~ »: 

Figure 6 shows a detailed diagram of an annuncia~ 
tor panel which can be activated‘j-byv the smoke. detector 
of/.my'r.device- ' ‘ 

:Figure 7'shows a typical :power supply .whichwgcansbe, 
used to energize the components of the, smoke detector. 
device of my invention. 

Referring now to Figures 1 and 2, an air duct 10 con-" 
ducts an air ?ow which is generally shown'by the ar 
rows. vThe duct entrance 11 can if. desired. contain a 
sail switch to indicate air ?ow and a device such a's‘the 

' fan 12 causes this air ?own Obviously this is only-to in-. 
dicate-"that-my smoke detector device willbe applied-in 
an environment wherein a changing atmosphere is avail- 
able and the construction‘shown herein is for'illustra-_‘ 
tive purposes only. . , , 

vThe smoke detecting apparatus is shown as being 
generally‘ housed'within the housings 13 and. 14 and' 
the top of these housings 13 and 14 as well as a portion 
of the ‘top of ‘the duct 10 is shown in a cut awayuview 
to aiford ‘observation of the essential smoke detector 
‘components. > _ ‘ _ ' ~ 7 r Y i » 

Within the housing 13 there is shown a light source 
15 which is‘ illuminated by means of the electricalitermi 
nals ‘1'6=and 17. These'terminals are of vcourse energized 
inwiia'nyidesirable manner and the energizing meansis 
no'w 'shownyherein. The‘ light of the’lig'ht source 15 of 
course radiates in all directions but interest is directed 
here i‘ only in the directions indicated by'qthe dot~dash 
line's. " That is‘, a ?rst'light beam" 18 is ‘directed towards 
an outer series of holes 

such as a mirror 22 and then passed through‘a lens 23 
which can'be used to adjust the ‘light intensity] and'is 
thereafter directed upon a second series ,of"holés 24: 
which are inwardly positioned with‘respect ‘to the‘ holes 
19 of'the disk‘ 20. As will be shown'hereinafter, the 
smoke‘ detector of Figures 1- and 2_is further constructed‘ 
to allow the light beams 18 and 21 access't'o duct '10 in a, 
manner to exclude extraneous light; It is ‘also to be noted 
that light beams due to source 15 which are in a random 
directionf‘are prevented from ‘having access to the disk 
20 by means of theiwall 13a which has apertures 18" 
and 21' therein. Clearly, the apertures 18'v and ‘21' 
are then positioned to allow only the'light ‘beams 18 and 
21 to be impinged upon thesdisk 20. _ ' "I ' 

vThe disk 20 is then rotated at a predetermined speed. 
by means‘ of a motor and associated gear'boxlwhich 
is shown schematically. as the motor 25.‘ The output 
shaft 26 of motor and gear box 25 is fastened in any; 
desired manner to the center of the disk 20 at the point 
27.‘ For illustrative purposes only, it is ,seenfin Figure, 
1 that ‘this fastening is accomplished by means of a plate 
28 which isattached to shaftv 26, this plate being main 
tained on the disk 20: by means of screwsv 29. , 

' It is clear, however, that is is only desirable to rotate 
the disk 20 in such a manner as to allow the outer holes 
19 and the .inner holes 24,to interrupt the ?rst light 
beam 18 and the second light beam 21 and this could 
be accomplished in any number of ways. Obviously, 
the interruption frequencies will be determined by the 
rotational velocity imparted to disk 20'by means-of the 
motor 25 and by the number of holes 19 which interrupt 
the light beam '18 and the number‘ of 'holes 24 which 
interrupt the light beam 21. ~ __ _ ‘ p _ 

As an example, in a commercial embodiment it has 
been found practical to construct theseassociated ele 
ments- in such a manner as to provide van interrupted 

19 of disk 20 and: a second'llight‘ 
beam'21 is ‘re?ected by means of a re?ecting device 
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frequency of 210' cycles per second for the monitoring 
light beam 
cycles, pergsecond for the smoke detectingbeam' 18. 
Clearly, 

vention. 
Thef?rstlight beam,>18 as is‘ further shown in Fig- 

ures 1 and 2 is impinged upon a collimator 30 after! 
the rotated apertures 19.; I Collima-g 

tor 30‘is fastenedinsuch a‘ manner as toidirect the light 
being interrupted by 

beam 18 through the wall -of the housing 13and into 
the .air .duct 10; this light beam 
parallel bearnof light. 

collimator v30. is further vprovided'with battles 30a;w_l'1ich 
are so positioned -3S.'tO_ enhance. the con?ning of light; 

ba?les .300 are more, 
each preceding .battlev 

beam 18 to a parallel beam. -, The 
particularly constructed; so.‘ that 
“shadows” the'next to therebyvdecrea'se. the secondary 
source" re?ection and assure a more-parallel light beam 
at the' output- of the collimator. Clearly,- however, the‘ 
collimator 30? is but one example of many acceptable 
systems whichicould be used to parallel'the light beam 

the air duct'l0 which is so constructed as-to perform a 
blackbox - like* function. "That is, by providing bat?es 

' 31 in a suitable manner, the-parallel light beam ‘18, which 
can now'be recognized as the light beam'which will de-' 
tect the presence of foreign particles in the- air ?owing 
through the duct, will normally 'not be re?ected from‘v 
the w'all‘ofithe air duct>10. 
The second-light beam 21, which. can Y be shown as. 

forming the “monitoring light beam of my novel 'inven-~ 
tion, is impinged upon a light conducting tube such as 
the tube 32'('which maybe constructed‘ of Lucite) .after 
Passing through-apertures 24. > ~ I '1‘ *1‘ ‘ 

Then the ‘light beam 21 will v‘be conducted-.through‘the 
Lucite tube' 32 which is constructediito pass from the. 
housing hand .into :the air duct 10" to' subsequently 
direct the beam 21‘ 'at a substantial: rightangle tovthes 
particle detecting beam 18 and. into' a mirror.,-33Iwhi'ch¢ 
projects "into. the air duct: 10 from'the housing 14.- J 
A light'sensitive device ‘34~-is positioned within‘ the 

housing‘ 14. Although device 34 'could be‘axph'otoé 
electric cell or phototube or any'bf such- light sensitive‘ 
devices, I will arbitrarily refer to the device 34.as 1a 
photomultiplier. Hence, it is seen-that'sthelight beam; 
21, which is the light beam to monitorv the operation of: 
the smoke detecting device, is continuously impinged 

upon the‘photomultiplier 34.7. - x ' ' t ' ' 1 Clearly, ‘the? light beam .21 couldhave been brought 

to‘ continuously impingerupon?-the photomultiplier 34' 
or any other similar light sensing device in'manyacs 
ceptable ways‘ such as by using. re?ective. type devices" to; 
guide the light beam and-the system‘sho'wn herein‘ isv 
merely an" example of one of thesemany ways. '_ ' 

It has been notedthat under normal operating con 
ditions" the light beam 18- is conducted; into the air duct 
1'0‘where it is impinged upon a light baffle device 31 to 
prevent any re?ection.‘ Assuming now that aforeign 
particle such asjthe particle 35 enters: the 'air ductlt], 
it is clear that a portion of light beam 18jwhich im 
pinges, upon this particle, can be re?ected or scattered 
as is shown ,bydhe re?ected beam 18aintofthe mirror 33, 
and subsequently into the photomultiplier 34. t There-' 
t'ore, if the light beam 18a is interrupted at a frequency 
which is different fromthat oftbe frequency at whiclr'the 
lightv beam 21'is‘interrupted,»~the outputof the photo 
multiplier 34 will notonly hex-at ‘thetinterrupted: he 
quency of the monitoring ‘light beam‘21but "Willi also’te' 
at the interruptedtrequency 10f 1 the‘ light beam ‘18a which 

21 and an interrupted frequency ,of [289i 

however, these are merely two illustrative val-, 
'1 nos and they need not be used to practice my novel‘ in-v 

18 ;now.being made ‘a. 
-As‘is shown,‘ the two vvlenses.v 

ofthe collimator are positioned toa?ord a, minimum 
amount of aberration in theparalleledlight beam; . The: 

'After passing through the .wall-cofjthel-nduct '10,.th'e 
light beam 18 is'then impinged upon the; other side of I 



enemas“ 
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ofcourseY-is" thesame' ‘as/the frequency of the light 
b'eam 18. - 4 

"It has'now'been shown that the photomultiplier 34 of 
Figures -1 and‘ 2 will, during'normal ‘operation of each 
05 the component's'mentioned heretofore (light source, 
motor, power supply, etc.) have an output of a frequency 
given by the interrupted frequency‘ of the monitoring 
light beam 21'. However, upon- the/occurrence of a 
foreign particle such as 35 which could be smoke or dust, 
the interrupted frequency‘ of» the'light beam 18 will then 
be ‘superimposed upon the ‘output of the ‘photomultiplier 
34.’ Clearly, however, failure of any‘ of the components 
which operate'on the light beam 18 will result in a loss 
ofthe: signal due to the monitoring light'beams 21 which 
will subsequently’ indicate 'inoperativeness of the device. 

Figure 3 indicates howi‘theroutp'ut of the photo-mul 
tiplier 34 canbe taken from the photo-multiplier and to 
the subsequent indicating devices. Asv is'shown in the 
block. diagram of Figure. 3,v the'photoemultiplier 34 feeds 
its. signal totheinput of an A. C. ampli?er 37. The 
output of. the ampli?er is then taken 'to a ?lter 38 and 
from. the ?lter the‘ signalsbranch otf to a device” which 
could be a relay which is operable only by‘ the inter; 
rupted frequencyof the smoke detecting. light beam 18 
and to a rectifying device 40. The ?lter 38 contains 
narrow band circuits which, as was previously mentioned, 
operate to improve the signaltolnoise ratio of the system. 

Hence, the rectifyingdevice 40 which is always opera 
tive in view of the continuous impingementv of the mon 
itoring light beam 21 upon the photo-multiplier 34 can 
be usedv to activate a D. C. relay 41 which in turn can 
be used to operatean indicating device 42 which will 
indicate normal operation of the system. 

Similarly, the relay 39 which is operable only in 
response to the detection‘ of foreign particles within the 
duct 10 is then operable to energize a device 43 which 
can be ‘an alarm device. 

Therefore, during. normal operation, a light beam 21 
initiated by the light source 15 ofv Figures 1 and 2, is 
interrupted at. a predetermined frequency by means of 
holes 24 of disk 20 and is subsequently lead by means 
of a Lucite tube 32 to impinge upon a mirror‘ 33 and to 
thereafter activate’ the photomultiplier 34. This char» 
acteristic frequency is then asis shown in-Figure 3 ap 
plied by the photomultiplier 34 to the ampli?er 37, ?lter 
or narrow band pass circuits 38,. recti?er 40, relay 41 and 
the indicating device 42 which indicates normal opera 
tion. Since the relay 39 is responsive only to the char- 
acteristic interrupted frequency of the smoke detecting 
beam‘ 18, this relay will not be operated and the alarm 
device-.43 similarly will not be operated. 

However, upon failure in either the light source 15, 
motor 25 which rotates the disk 20, photomultiplier 34, 
ampli?er 37,?lter. and narrow band circuits 38, recti?er 
40, relay 41 or the power supply energizing the above 
devices, then. the indicating device 42~will lose its signal 
to‘ thereby indicate to operating personnel that the smoke 
detecting device is inoperative. 
Upon the presence of foreign particles in the duct 10, 

the light beam 18 which uses all of the above mentioned 
components which are continuously monitored by the 
monitoringbeam 21 will immediately cause the operation 
of the relay device 39 of Figure 3 which is responsive only 
to the characteristic interrupted frequency of the light 
beam 18 to thereby cause an alarm or indicating device 
43' to be energized. ‘ 

Therefore, it i's'seen that in using my novel monitoring 
system, all of the components of the" smoke detector must 
be operable to avoid the‘ operation of a monitoring in 
dicating" device. It is‘ to be. noted, however, that the 
smoke alarm indicators are not’. (due to their inherent 
nature) mointored. ‘However, it‘v is‘ feasible to assure 
operativenessof even these componentstby purposely ac 
tuatingthem tit-predetermined intervals. 

It is to lie-emphasized at. this pointYthat the preceding 
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heavy dot. dash lines. 
which the various voltages created by the power supply‘ 

explanation?’ involves'o‘nly‘ one» of- the many ‘ possible em-vv ‘ 
Hence‘, ' 

it is possible t'o'use' di?erent' colored light'beams, one. for ' 
bodirnents. which my noveliprinciple' can assume. 

detecting- a-change' in color of av medium and the other 
' for monitoring the operation of. the system. Similarly, ' 
the density of a gas beyond predetermined limits may be 
detectedby are?ected or refracted light beam and a 
secondlilight' beam could monitor the operationv 'of the - 

system. / 
Clearly, there are applications which would'not neces 

sitate the use of a housing such as the housing 10 for. 
an air duct wherein ‘the particle detector could'be'pre'set 
to give alarm when the density 

mined amount; 
The components referred to in the block diagramofv 

Figure 3 are more speci?cally shown inv conjunction with 
the Figures 4, 5, v6 and 7 where Figure 4 containsthe 
ampli?er',-:narrow band circuits and indicating. devices, 
Figure" 5 shows the motor, lamp and photomultiplier, 
Figure 6 shows the 'annunicator panel and Figure 7‘ is the 
power~ supply. 
?gures are mutually interwired and that‘ the ?gures are 
clearly set apart from- one another by. means of. the 

Hence, the terminal block- 50 to 

of Figure->7 are applied are similarly applied to terminal 
block 51 of Figure 5. In a like manner, the voltages 
appearing on the terminal block 52 of Figure v5 also ap 
pear on terminal block 53v of Figure 4'. ‘ " 
The‘ output of photomultiplier 54 of Figure 5' is shown 

as being applied to the ampli?er proper which in Figure-4 
may be generally seen as comprising the tubes 57, 58'and 
S9. Theoutput‘of:the-ampli?er shown in Figure 4 is then 
applied to the narrow band pass circuits or ?lter shown 
generally at 60,.the output'of ?lter 60 being recti?ed in 
the recti?er 61- and‘being supplied to the relay 62 which 
is responsive only to‘thefrequency of the signal obtained 
under smoke detection conditions. Other relays shown 
as relays 63, 64, 65' and 66 as will be shown hereafter 
contribute to the selective-function of the system proper 
for indicating normal, operation of the signal due to 
foreign. particles. 

It is to be noted. that the ampli?er of Figure 4'is pro 
vided with automatic grid control circuits. This has 
been found desirable in practical‘ applications since the 
intensity of light impinging upon photomultiplier 54 of 
Figure 5 is‘ variable in view of dust accumulation on 
re?ector surfaces etc. Therefore, the provision ‘of the 
automatic grid control circuits in the ampli?er allows an 
output signal, (with respect to the monitoring light beam) 
of constant magnitude. 

This feature also allows the adjustment and main 
tenance of‘ a constant sensitivity line. That is, by ad~ 
justing the intensity ofrnonitoring light, the ampli?cation 
factor of the ampli?er is determined and the signal due 
to reflection of scattering of the detecting beam required 
to operate its indicating device is similarly determined‘ 
If it is desired to increase this intensity it is only required 
thatv the intensity of the monitoring light beam be de 
creased to thereby increase the ampli?cation factor of 
the ampli?er. Similarly, the sensitivity can be decreased 
by increasing the intensity of the monitoring light beam. 
Inorder to maintain a desired sensitivity level, even 

though the intensity of the beams will be changed due 
to dust accumulation etc., it is only necessary that the 
monitoring light beam be adjusted to the intensity of 
light which would be re?ected from a predetermined’ 
density of foreign particles, this level being constantly‘ 
maintained by automatic grid control circuits even though 
the intensity of the light beam is varied. . 
As a further feature of' the'complete smoke detector, 

Figure 5 alsoshowshow electrical connections may be 
made- to'a detector service connector ‘whereinsthe vital 

I: parts of the ampli?er andtherelaysystem may be moni~ 

of foreign particles in the - 
surrounding medium is dilferent. from some predeter-t 

It‘ is seen that. the components of the‘ 
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tored-from'outside means at any. time. > 

put circuits of Figure 4, these output signals being sub 
sequently applied to the annunciator shownspeci?cally 
in Figure 6 at the terminal strip 68‘ whereupon various 
indicating devices may be operated in accordance to pre 
determined conditions. 

It is to be clearly noted that the components shown 
in Figure 4 through Figure 7 are intendedto merely in 
dicate the type of units which could be used in the block 

a In FigureS a 
detector terminal strip 67 is connected to the various out-. 

diagram of Figure 3 and many variations could result in - 
substantially the same operation. A detailed description‘ 
is not deemed necessary here since all of the components 
are old and well known. , I 

The sequence of operation, however, entailedin the 
use of components such as those in Figure’4 through 7 
is as follows: To initiate operation, theymain switch 
shown as switch 69 of Figure 6 is closed to thereby light 
the power on lamp 70, the trouble signal lamp 71, trouble 
buzzer 72 and relay 73 of Figure 7. Upon‘ operation of 
relay 73 the motor shown generally at 74 (which rotates 
disk 20 of Figure 1) begins to operate and the transformer 
75 of Figure 7 is energized. Transformer 75 then sup 
plies power to the ampli?er shown generally in Figure 4, 
the photomultiplier 54 of Figure 5, and the light‘source 
76 of Figure 5 (which will subsequently send out the 
?rst and second light beams or the monitoring and smoke 
detector light beams). Photomultiplier 54 therefore will 
be impinged upon by the monitoring light beam. as was 
shown in Figures 1 and 2 to thereby supply a predeter 
mined signal to the ampli?er of Figure 4. 
Upon ampli?er operation, it‘, is clear that the relay 66 

will be energized but since the frequency of the ampli 
?er output is that due to the monitoring light beam and 
relay 64 will not operate. Operation of relay 66 sub~ 
sequently causes the relay 65 to operate and also causes 
the relay 77 of Figure 7 to operate which thereby par 
allels contact 78a and 78b of relay 78 to subsequently 
operate relay 79 of Figure 
Upon operation of relay 79 of Figure 6 it isv apparent 
that the normal operation lamp 80 will operate and the 
trouble lamp 71 and trouble buzzer 72 will be de-en 
ergized. After a predetermined time'which-begins with 
the operation of the manual switch 69, the relay v'78 
(which has a time delay) will operate to thereby ground 
the cathode of the photomultiplier tube 54 and take the 
parallel circuit off the contacts 78a and 78b of the relay 
78. Hence, the system is now operating accordingly in 
a normal manner. 

Assume now that the beam of light which is the smoke 
detecting beamof light (light beam 18 of Figure l) 
detects a particle in the duct through which the atmos—v 
phere being protected is ?owing. Clearly then the photo 
multiplier 34 will be energizedvto have an output‘fre 
quency di?erent from that from which it normally de 
livers due to the impingement thereon of the monitoring 
light beam. Hence, the second detecting signal will be 
ampli?ed in the ampli?er of Figure 4 to thereafter’op 
erate the relay 62 which is so constructed as to be en 
ergized for operation responsive only to the particular 
frequency which is characteristic of 
light'beam. By providing the narrow band pass circuits 

6 in the annunciator panel. I 

the vsmoke detecting 
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60, this selective e?iect ‘is enhanced since the signal to , 
noise ratio is considerably increased. Operation of the 
relay 62 causes the subsequent operation of relay 63. 
which in turn operates the‘ relay 64. 
after causes the smoke alarm light and bell 81 andg82, 
respectively, in Figure 6 to operate ‘and also causes the 
relays 83 and 84 to allow energization of their external 
circuits which can be attached to other alarm or indicat 
ing devices at terminal block 85. 

Relay 64 .there 65. 

70. 
If desired, the relays 83 and 84 may be latching re- I 

lays. If this is the case, a push button 86 can be pro 
vided to allow clearing of the relays 83 and 84,‘ and a ‘ 
switch 87 can be similarly provided to‘. allow manual 

.75. , 

U obvious. Accordingly, 

"'structed to be operative 

recycling. to achieve the alarm a secondtimeto-thereby ;; 
testthe operation of the circuit. 
vIn the preceding explanation it was‘ apparent hat the. 

use of my novel monitoring system assured that the . 
,_ power supply, the photo-multiplier, amplifier, relays, and , 
‘the ?lter were in operating condition ‘prior tothe ,oc—v 
currence of an alarm. As a further addition to my novel 
system, it is apparent that the annunciator. devices/can 
be of the normally on type, and the. currents of the:v 
‘monitoring signal maintaining these normally on de~ . 

Therefore, upon, failure of. vices in their off position. 
the annunciator device, it will go to its on positionvwhich 
may be energized- by battery‘means to thereby be in—, 
dependent of a power sourcefor indication of inoperative‘ _. 

guess in the indicating devices or system. > i H In the foregoing,‘I have described my invention only: 

in connection with preferred .embodiments thereof. Many . 
variations and modi?cations of the principles of my in: 

scope of the description hereingare __ 
I‘ prefer to be bound ‘not by the 

vention Within the 

speci?c disclosure herein but only byathe appending 
claims. 1, - - . v 

I claim: i I i ' . 

l. A smoke detecting device for detecting the presence 
of foreign particles in a volume of air which is to be - 

duct wherein the smoke detecting . 
device has access to the air passing throughgsaid ‘vent in > 
a manner to exclude extraneous light from the duct, said. - 

circulated through ‘a 

smoke detecting device comprising a light source for 
projecting a ?rst and second light beam, an interrupting, 
means to interrupt said ?rst light beam a ?rst predeter- _ 
mined number of times per second and to interrupt said 
second light beam a second 
times per second, a photomultiplier, an ampli?er, a nar-‘ 
row band pass circuit, a ?rst and second indicating de 
vice and energizing means being connected to energize _' 

photomultiplier and 3111-; 
pli?er; said ?rst light beam being directed with-respectv 
operation of said light source, 

to the position of said photomultiplier to be impinged 
upon said photomultiplier only upon re?ection and scat 
tering from foreign particles 

put contains at least the 

tains at least the interrupted frequency of said second 
light beam, said second light beam being a monitoring 
light beam for assuring continuous operation of at least 
said light source, photomultiplier, ampli?er and energizj 
ing means. 

2. ' A smoke detecting device for ‘detecting the presence _ 
particles in a volume of air which passes. of I oreign / 

through ‘a'duct; the said smoke 
access to the air vpassing through 
to exclude extraneous light; said smoke detecting device 
comprising a light source for projecting a ?rst and_.sec 
0nd light beam, an interrupting means to interrupt said 
?rst light beam a-?rst predetermined number of times per 

detecting device having 

second and to interrupt said second light beam a second 
predetermined number of times per second, a photo-multb 
plier, an ‘ampli?er, 
and means for energizing said light source, photo-multie 
plier and ampli?er; said ?rst light beam being directedi 
with respect to the position of said 

tion' from foreign particles 
second light beam being directed to continuously impinge 
upon said photo-multiplier; the. output of said photo-.1 

the input of said ampli?er-,4‘ ‘multiplier being connected to 

predetermined number of - 

in said atmosphere, said, 
second light beam being directed to continuously imw 
pinge upon said photomultiplier; the output ofsaid photo~ ‘ 
multiplier, being connected to the'input of said ampli~ 1,, 
?er, the’ output of said ampli?er being passed through .v 

"said narrow band circuits and thereafter to said ?rst and 
second indicating devices; said ?rst indicating device be_ . 
ing constructed to be operative when said ampli?er out~ ._ 

interrupted frequency of said; 
?rst light beam, said second indicating device being con~ ' 

when said ampli?er output con- 1 

said ductin a manner, 

a ?rst and second indicating device. ' 

photo-multiplier to- - 

be impinged upon said photo-multiplier only upon re?ec-I. in .said atmosphere, said , 
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the output" of'sa'id ampli?er being connected to said ?rst 
and second indicating devices; said ?rst indicating device 
being constructed to be operative when said ampli?er 
output contains at least the interrupted frequency of said 
?rst light beam, said second indicating device being con 
structed to' be operative when said ampli?er output con 
tains at least the interrupted frequency of said second 
light beam, said second light beam being a monitoring 
light" beam for assuring continuous operation of at least 
said- light source, photo-multiplier, ampli?er and ener 
gizing means. 

3. A smoke detecting device for detecting the presence 
of foreign particles in a volume of air, means being pro 
vided to‘ circulate the‘ said volume of air through a vent; 
the said smoke detecting device having access to the air 
passing through said vent, said smoke detecting device 
comprising a light source for projecting a ?rst and sec 
ond light beam, an interrupting means to interrupt said 
?rst light beam a ?rst predetermined number of times 
per second and to interrupt said second light beam a 
second predetermined number of times per second, a light 
sensing device, an ampli?er, and a ?rst and second indi~ 
cating device; said ?rst light beam being directed with 
respect to the position‘ of said light sensing device to be 
impinged upon said light sensing device only upon the 
presence of foreign particles in said air, said second light 
beam being directed to continuously impinge upon said 
light sensing device; the outputv of said light sensing device 
being connected to the input of said ampli?er, the output 
of said’ampli?er being connected to said ?rst and second 
indicating devices; said ?rst indicating device being con 
structed to be operative when said ampli?er output con 
tains at least the interrupted frequency of said ?rst light 
beam, said second indicating device being constructed 
to be operative when said ampli?er output contains at 
least the interrupted frequency of said second light beam, 
said second light beam being a monitoring light beam 
for assuringv continuous operation of at least said light 
source, light sensing device and ampli?er. 

4. A'smoke detecting device for detecting the presence 
of foreign particles in a volume of air which is circulated 
through a duct; the said smoke detecting device having 
access‘ to the air passing through said duct, said smoke 
detecting device comprising a light source for projecting 
a ?rst and second light beam, means to vary vsaid ?rst 
and second light beam according to a ?rst and a second 
mode, a light sensing device, an ampli?er, and a ?rst 
and second indicating device; 
directed with respect to the position of said light sensing 
device to be impinged upon said light sensing device 
only upon its re?ection from foreign particles in said air, 
said second light beam being directed to continuously 
impinge upon said light sensing device; the output of said 
light sensing device being connected to said ?rst and sec 
ond indicating devices; said ?rst indicating device being 
constructed to be operative when said ampli?er output 
contains at least‘ the mode of variation‘ of said ?rst light 
beamg'said second indicating device‘ being constructed to 
be operative when said ampli?er output contains at least 
the mode of‘ variation of said second light beam, said 
second light beam being a monitoring light‘ beam for 
assuring continuous operation of at least said light source, 
light sensing‘ device and‘ ampli?er. 

5. A smoke detecting device for detecting foreign par 
ticles in‘ air; said‘ smoke‘ detecting device comprising a 
light source for‘ projecting a ?rst and second light'bcam, 
means‘ to vary said ?rst and second light beam according 
to‘ a ?rst and a second mode, a light sensing device, an 
ampli?er, and a ?rst and second indicating device; said 
?rst light beam‘ being’ directed with respect to theposi 
tion of said light‘ sensing 
light sensing device only upon the presence‘ of‘ foreign 
particles insaid‘air; said second light‘ beamv beingv directed‘ 
to‘ continuously impinge upon saidlight sensing“ device; 
the'output- of said‘ light’ sensing" device ‘being connected‘ to 

said ?rst light beam beingv 

device to be impinged uponsaid - 
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12 
the input of said ampli?er, the output of said ampli?er 
being connected'to said ?rst and second indicating de 
vices; said ?rst indicating device being constructed to be 
operative when said ampli?er output contains at least 
the mode of variation of said ?rst light beam, said second 
indicating device ‘being constructed to be operative when 
said ampli?er output contains at least the mode of vari 
ation of said second light ‘beam, said second light beam 
being a monitoring light beam for assuring continuous 
operation of at least said light source, light sensing device 
and ampli?er. - ~ 

6. A smoke detecting device for detecting the presence 
of smoke in air which is drawn‘ through a duct comprising 
a synchronous motor, a disk having apertures therein 
being driven said synchronous motor, a light source, a 
photomultiplier, means to amplify the output of said 
photomultiplier and a ?rst and second indicating device 
connected to said ampli?er, said light source being con 
structed to provide a ?rst and a second beam of light, 
said motor driven disk apertures being positioned rela 
tive to said ?rst and second beam of light to synchronously 
interrupt said ?rst beam of light in a ?rst predetermined 
manner and to synchronously interrupt said second beam 
of light in a second predetermined manner upon rota 
tion of said disk; ‘said ?rst interrupted beam of light being 
introduced into said duct in such a direction as to be 
re?ected into said photomultiplier when smoke is drawn 
through said duct, said second interrupted beam of light 
being constantly‘ impinged upon said photomultiplier; said 
?rst indicating device constructed to be operatedwhen 
the ampli?ed output of said photomultiplier is due to 
said ?rst interrupted beam of light, said second indicating 
device constructed to be' operated when the ampli?ed out 
put of said photomultiplier is due to said second inter 
rupted beam of light. 

7. A smoke detecting device for detecting the presence 
of smoke in air comprising a motor, a disk having aper 
tures therein being‘ driven by said motor, a light source, 
a photo-multiplier, means to amplify the output of said 
photo-multiplier and a ?rst and second indicating device 
connected to said ampli?er; said light source being con 
structed to provide a ?rst and a second beam of light, 
said motor driven‘ disk apertures being positioned relative 
to said ?rst and second beam. of light to synchronously 
interrupt said ?rst‘ beam ofv light in a ?rst predetermined 
manner and to synchronously interrupt said second beam 
of light in a secondtpredeterm'ined manner upon rotation 
of said disk; said ?rst‘ interrupted beam of light being 
directed to be re?ected into said photo-multiplier when 
smoke is present in the air, said second interrupted beam 
of light being constantly‘ impinged upon said photo-multi 
plier; said ?rst‘ indicating device being constructed to be 
operated when'the ampli?ed output of said photo-multi 
plier‘ is' 'due to said. ?rst interrupted beam of light, said 
second indicating‘ device being constructed to be operated 
when the ampli?ed output of said photo-multiplier is due 
to said second interrupted beam of light. 

8. A smoke detecting device for detecting the presence 
of smoke in air comprising. a motor, a disc being driven 
by said motor, a light source, a light sensing device, means 
to amplify the output of said light sensing device and 
a ?rst and second indicating device connected to said 
ampli?er; said light source being constructed to provide 
a ?rst and a second beam. of light, said motor driven 
disc being connected to synchronously interrupt said ?rst 
beam of light in a ?rst predetermined manner and to syn 
chronously interrupt said. second beam, of light- in a sec 
ond predetermined manner; said ?rst interrupted beam 
of light being dire'ctedto impinge upon said light sensing 
device responsive to the presence ofv smoke in the air, 
said second interrupted beam of. light being constantly 
impinged upon said light sensing device; said ?rst indicat 
ing device being constructed. to be operated when the? 
ampli?ed‘ output of said'light sensing- device is due to said 
?rst interrupted beam of light, said second indicating de 
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vice being constructed to be operated when the ampli?ed 
output of said light sensing device is due to said second 
interrupted beam of light. . 

9. A_ smoke detecting device‘for detecting the presence 
of smoke in air comprising a motor, a disk being driven 
by said motor, a light source, a light sensing device, means 
to amplify the output of said light sensing device and a 
?rst and second indicating device connected to said ampli 
?er; said light source being constructed to provide a ?rst 
and second beam of light, said disk being constructed to 
synchronously interrupt said ?rst beam of light according 
to a ?rstfrequency and to synchronously interrupt said 
second beam of light according to a second frequency 
upon rotation of said motor; said ?rst interrupted beam 
of light being directed to be re?ected into said light sensing 
device when smoke is present in the air, said second in 
ter'rupted beam of light being constantly impinged upon 
said light sensing device; said ?rst indicating device con 
structed to be operated when the ampli?ed output of said 
light sensing device is due to said ?rst interrupted beam 
of light, said second indicating device constructed to be 
operated'when the ampli?ed output of said light sensing 
device is due to said second interrupted beam of light. 

10. In a device for detecting particles in an atmosphere 
comprising a lightv source, means to vary the light of 
said“ light sourceaccording to a ?rst and second mode, a 
light sensing device and alarm means, the light of said 
light source being varied according to said ?rst mode being 
directed to continuously impinge upon said light sensing 
device and the light of said light source being varied ac 
cording to said second mode being directed to be impinged 
upon said light sensing device by re?ection from said 
particles to be detected, said alarm means being con 
structed to be actuated upon the loss of the signal due 
to said light being varied according to said ?rst mode, 
said alarm means being further constructed to be actuated 
when the output of said light sensing device is partially 
due to said light means being varied according to said 
second mode. . 

11. In a device for detecting changes in the re?ectivity 
of a gaseous medium comprising a light source, means 
to vary the light of said light source according to a ?rst 
and second mode, a light sensing device and alarm means, 
the light of. said ‘light source being varied according to 
said ?rst mode being directed to continuously impinge 
upon said light sensing device and the light of said light 
source being varied according to said second mode being 
directed to be impinged upon said light sensing device by 
re?ection from said gaseous medium, said alarm means 
being constructed to be actuated upon the loss of the signal 
due to said light being varied according to said ?rst mode, 
said alarm means being further constructed to. be actuated 
when said light sensing device is impinged upon by said 
light varying according to said second mode of an amount 
greater than a predetermined amount. 

12. A means to monitor the operation of a smoke 
detecting device which has a light source for projecting 
light into an area which is shielded from outside light; a 
light sensing device and ampli?er therefor, said light sens 
ing device being positioned to receive light of said light 
source which is re?ected by foreign particles in said 
shielded area and a ?rst indicating device connected to 
said ampli?er and constructed to operate responsive to 
the reception of light re?ected from said shielded area; 
said monitoring means comprising a ?rst means for pro 
ducing a monitoring light beam and a second indicating 
device; said monitoring light beam being continuously, 
impinged upon said light sensing device, the ampli?ed 
output of said light indicating device due to said monitor 
ing light beam being incapable of operating said ?rst 
indicating device, said second indicating device being con 
structed to be operated responsive to the ampli?ed out 
put of said light indicating device due to said monitoring 
light beam. 

13. A smoke detecting device for detecting the presence 

—— 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

:14 
of foreign particles in a 
circulated through a duct wherein the smoke detecting 
device has access to the. air- passing through said~vent 
in a manner to exclude extraneous light from the duct, 
said smoke detecting device‘ comprising a light source for 
projecting a ?rst and second light beam, an interrupting 
means to interrupt said ?rst light beam a ?rst predeter 
mined number of times per second and toy interrupt said 
second light beam a second predetermined number of 
times per second, a'photomultiplier, an A. C. ampli?er, 
a narrow band pass circuit, a ?rst and second indicating 
device and energizing means being connected to energize 
operation of said light source, photomultiplier and am_ 
pli?er; ‘said ?rst light beam being directed with respect 
to the position of said photomultiplier to be impinged . 
upon said photomultiplier only upon re?ection and scat- , 
tering from foreign particles in said air, said second light 
beam being directed to continuously impinge upon said 
photomultiplier; the output of said photomultiplier, being 
connected to the input of said A. C. ampli?er, the out 
put of said A. C. ampli?er being passed through said 
narrow band pass circuit and thereafter to said ?rst and 
second indicating devices; said ?rstindicating device being 
constructed to be operative when said ampli?er output’ 
contains at least theinterrupted frequency of said ?rst 
light beam, said ‘second indicating device being con 
structed to be operative when said ampli?er output con 
tains at least the interrupted frequency of said second 
light beam, said second light beam being a monitoring 
‘light beam for assuring continuous operation of at least 
said light source, photomultiplier, ampli?er and ener 
gizing means, said ampli?er containing automatic gain 
control means for varying the ampli?cation factor of 
said ampli?er to maintain a substantially constant output 
of said ampli?er. , 

14. A means to monitor'the operation of a smoke de 
tecting device which has a light source for projecting 
light into an area which is shielded from outside light; a 
light sensing device and ampli?er therefor, said light 
sensing device being positioned to receive light of said 
light source which is re?ected by foreign particles in said 
shielded area and a ?rst indicating device connected to 
said ampli?er and constructed to operate responsive to the 
reception of light re?ected from said shielded area; said 
monitoring means comprising a ?rst means for producing 
a monitoring light beam and a second indicating device; 
said monitoring light beam being continuously impinged 
upon said light sensing device, the ampli?ed output of 
said light indicating device due to said monitoring light 
beam being incapable of operating said ?rst indicating 
device, said second indicating device being constructed to 
be operated responsive to the ampli?ed output of said 
light indicating device due to said monitoring light beam, 
said ampli?er being constructed to maintain a substan 
tially constant output signal responsive to the input signal 
due to said monitoring light beam. 

15. A smoke detecting device for detecting the pres 
ence of smoke in air comprising a motor, a disk having 
apertures therein being driven by said motor, a light 
source, a photomultiplier, means to amplify the output 
of said photomultiplier and a ?rst and second indicating 
device connected to said ampli?er; said light source being 
constructed to provide a ?rst and a second beam of light, 
said motor driven disk apertures being positioned relative 
to said ?rst and second beam of light to synchronously 
interrupt said ?rst beam of light in a ?rst predetermined 
manner and to synchronously interrupt said second beam 
of light in a second predetermined manner upon rotation 
of said disk; said ?rst interrupted beam of light being 
directed to be re?ected into said photomultiplier when 
smoke is present in the air, said second interrupted beam 
of light being constantly impinged upon said photomulti 
plier; said ?rst indicating device constructed to be operated 
when the ampli?ed output of said photomultiplier is 
due to said ?rst interrupted beam of light, said second 

volume of air which is to be > 
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indicating’ device constructed to‘ be operated when the 
ampli?ed output of said photomultiplier is due to said 
second interrupted beam of light, said amplifying means 
being constructed to maintain a substantially constant 
output signal responsive to' the input signal due to said 
monitoring light beam. 

16. A means to monitor the operation of a smoke de 
tecting device which has a light source for projecting 
light into an area which is shielded from outside light; a 
light sensing device and ampli?er therefor, said light 
sensing device being positioned to receive light of said 
light source which is re?ected by foreign particles in said 
shielded area and a ?rst indicating device connected to 
said ampli?er and constructed to operate responsive to 
the reception of light re?ected from said shielded area; 
said monitoring means comprising a ?rst means for pro 
ducing a monitoring light beam and a second indicating 
device; said monitoring" light beam being continuously 
impinged upon said light sensing device, the ampli?ed 
output of said light indicating device due to said monitor 
ing light beam being incapable of operating said ?rst indi 
cating device, said second indicating device being con 
structed to be operated responsive to the ampli?ed output 
of said light indicating device due to said monitoring light 
beam, said ampli?er being constructed to maintain a sub 
stantially constant output signal responsive to the input 
signal due to said monitoring light beam; the sensitivity 
of said smoke detector being varied by varying the in 
tensity of said monitoring light beam. 

17. ‘in a smoke detecting device having a light source 
for projecting a ?rst and second beam of light into an area 
which is shielded from extraneous light; said ?rst and 
second beams of light' being varied according to a ?rst 
and second mode; said ?rst beam of light being directed 
to impinge directly upon a light sensitive device, said 
second beam of light being impinged upon said light 
sensitive device upon re?ection from foreign particles in 
said shielded area; an ampli?er being connected to amplify 
the output of said light sensitive device, the ampli?ed out 
put ‘of said ampli?er being connected to indicating de 
vices operable in response to reception of signals being 
varied according to said ?rst and second modes; and 
means for maintaining the output signal of said ampli?er 
at a constant value when the input of said ampli?er is 

varied. 
18. In a smoke detecting device having a light source 

for projecting a ?rst and second beam of light into an area 
which is shielded from extraneous light; said ?rst and 
second beams of light being varied according to a ?rst 
and second mode; said ?rst beam of light being directed 
to impinge directly upon a light sensitive device, said 
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second beam of vlight being impinged upon said light 

' sensitive device upon re?ection from foreign particles in 
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said shielded area; an ampli?er being connected to amplify 
the output of saidylight sensitive device, the ampli?ed out 
put of said ampli?er being connected to indicating de 
vices operable in response to reception of signals being 
varied according to said ?rst and second modes; and 
means for maintaining the output signal of said ampli?er 
at a constant value when the input of said ampli?er is 
varied, adjusting means being provided to vary the in 
tensity of said monitoring light beam to thereby vary 
the ampli?cation factor of said ampli?er to a predeter 
mined sensitivity. ' ' 

19. In a device for detecting particles in an" atmos 
phere comprising a light source, a light responsive means,‘ 
an ampli?er having two output devices, one of said out 
put rdevices being a particle alarm device, the second 
being a supervising device, a light circuit from saidlight 
source for impinging light on said light responsive means, 
means whereby said light circuit generates a predeter 
mined signal in said ampli?er circuit, means whereby said 
supervisory device is controlled by said predetermined 
signal, a second light circuit from‘said'source to said 
light responsive means, means whereby said second light 
circuit generates a second predetermined signal in said 
ampli?er and means 
is controlled by said second predetermined signal. 

20. In a device for detecting particles in an atmosphere 
comprising a light source, means for synchronously 
interrupting said light source, a photo-multiplier tube, an 
A.-C. ampli?er, a narrow band ?lter and an indicating 
device; said photomultiplierf being. ‘positioned to receive 
the light pulses of said interrupted light- beam by re?ec 
tion of said light pulses from particle's appearing in said 
atmosphere to thereby impart a pulse output to‘ said 
photomultiplier; said A.-C. ampli?er being connected to 
amplify the pulse output of said photomultiplier; said 
narrow band circuit being connected to the output of said 
ampli?er and constructed to pass the pulse frequency im 
parted thereto by the frequency of interruption of said 
light source; 
output of said narrow band ?lter. 
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said indicating device being operated by the ' 


