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[57] ABSTRACT 
A smoke detector of the type utilizing photo-electric 
detection of light re?ected from smoke particles, in 
which a light-generating device is energized intermit 

3,917,956 
Nov. 4, 1975 

[11] 

[45] 

tently and a photo-responsive device and an associ 
ated ampli?er produce energy pulses when smoke is 
present. The energy pulses are utilized to actuate an 
alarm. 

To prevent power supply voltage changes from 
affecting the operation of the ampli?er, a capacitor is 
provided across the power leads to the ampli?er, and 
means is provided between the capacitor and the 
power supply for electrically isolating the amplifier 
and capacitor_from the transient voltages from the 
power supply, which are caused by the turning on of 
the light generating device, or from other causes. 
In one embodiment of the invention said means 
comprises a choke coil in the line to the capacitor and 
a second choke coil in the line to the light generating 
device. In another embodiment of the invention the 
isolating means may be Zener diodes in place of choke 
coils. In a thirdv embodiment of the invention the 
means comprises a switch in the power line between 
the capacitor and-the power supply, with means being 
provided to open the switch when the light generating 
device is energized. In each embodiment, the ampli?er 
is isolated from transient voltage changes during the 
time the light generating device is energized, so that 
the pulse of energy required to power the ampli?er is 
provided by the capacitor. 

9' Claims, 3 Drawing Figures 
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SMOKE DETECTOR 

BACKGROUND OF THE INVENTION 

Various types of smoke detectors are known which 
comprise a pulsing light source, a photo-responsive de 
vice to receive light pulses re?ected from smoke parti 
cles and an amplifier for amplifying voltage pulses from 
the photo-responsive device into a magnitude such that 
they can be utilized to actuate an alarm. 

It is often desired ‘for certain installations that such 
devices be powered from a battery, however one diffi 
culty with a battery power source results from the fact 
that when the light source is turned on, the internal 
impedence of the battery causes the voltage at the ter 
minals to drop. If the ampli?er is powered from the 
same battery, the voltage to the ampli?er also drops, 
which creates a transient signal in the ampli?er which 
may produce an output signal many times greater than 
the output signal produced by the photo-responsive de 
vice when smoke is present, and it is difficult or impos 
sible to separate the two signals. 
The same problem may occur when a plurality of 

smoke detectors are connected to a loop from a com 
mon power source at a central control panel. Since de 
tectors of this type draw very little current, one of their 
great advantages is the fact that small wire can be used 
for connecting them to the central control panel. How 
ever since the instantaneous current, on the energiza 
tion of the light emitting device, may be as high as 7 
amperes, a substantial voltage drop at the terminals of 
the smoke detector can occur, which would produce a 
false signal in the amplifier. 
Various means have been used to prevent such tran 

sient changes in the power supply voltage. For exam 
ple, it is possible to power the amplifier and the light 
emitting device from separate batteries. It has also been 
proposed that the amplifier should be normally off, and 
turned on only after the light emitting device is turned 
on. In a loop system powered from a central control 
panel, it is possible to run separate power supply wires 
for the light emitting devices and the amplifiers. All of 
these expedients involve additional expense that is not 
acceptable in the majority of smoke detector applica 
tions. ' 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic drawing of a smoke detector 
circuit embodying the features of the invention, in 
which the ampli?er is isolated from the power supply, 
during the time that the light-emitting device is on, by 
means of a switch which opens when the light emitting 
device is turned, so that during the period when the am 
plifier is likely to receive a signal from the photo 
responsive device, the amplifier, and associated equip 
ment, is being powered solely by the storage capacitor. 
FIG. 2 is a schematic drawing of the detector of FIG. 

1 in which choke coils are utilized to isolate the ampli 
fier from voltage transients created when the light emit 
ting device is turned on. 
FIG. 3 is a schematic drawing of the detector of FIG. 

1 in which Zener diodes are provided in the separate 
power leads to the amplifier and the light emitting de 
vice. 
Referring to the drawing, there is illustrated an elec 

tronic circuit for use in a smoke detector of the type 
operating on the re?ected light principle. The circuit 
includes a light emitting diode LED and a photo-voltaic 
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2 
cell C positioned out of the direct line of the beam of 
light from the LED. In a preferred embodiment of the 
invention the cell C is positioned to view a portion of 
the beam, in front of the LED at an angle of about 120° 
to about l35° to the axis of the beam, to take advantage 
of the well known “forward scatter“ effect. 
The cell C is coupled through capacitor F to an am 

pli?er A, the output of which is fed to a level detector 
L such as a differential comparator. The level detector 
output is fed to the set terminal of a ?ip-flop circuit FF, 
the output of which is fed to an integrator T, which en 
ergizes an alarm actuating device R. k 

In a preferred embodiment of the device, the differ 
ential comparator is normally off with the signal lead 
thereof being clamped to ground by an electronic 
switch 81. 
To energize the LED on an intermittent basis, a pulse 

generator P is provided which, in addition to providing 
an energizing pulse to the LED, also simultaneously ap 
plies a pulse to energize the level detector and applies 
a pulse to the re-set terminal of the ?ip-?op through 
discriminator D, which converts the pulse to a spike of 
voltage applied to the re—set terminal at the beginning 
of the pulse cycle. 
The above described portion of the circuit is dis 

closed and described in more detail in my co—pending 
application Ser. No. 419,206 ?led Nov. 26, 1973, and 
is used here as an example of a smoke detector into 
which the present invention may be incorporated. 

In the modi?cation of the present invention illus 
trated in FIG. I, one lead W2 is provided from the 
power source V1 to the pulse generator, and a second 
lead W1 is provided from the power source to the am 
pli?er, the level detector, and the ?ip-?op. 
The line W1 contains a series connected electronic 

switch S2 between the power source and the compo 
nents energized by said line, and capacitors F1 and F2 
are connected between ground and the lines W1 and 
W2, respectively, at a point between the pulse genera 
tor and the power source. 

In the embodiment of FIG. 1, the pulse generator, in 
addition to the functions previously described, also ap 
plies a pulse to the switch S2 to open said switch and 
thereby disconnect the amplifier and associated equip 
ment on lead W1 from the power source during the 
time that the LED is energized, so that during this per 
iod, the ampli?er and associated equipment operates 
solely from the charge stored in the capacitor F1. 
The operation of the device may be summarized as 

follows: ' 

As in the above identified co-pending application, 
the duration of the pulse which energizes the LED is 
very short, for example, 20 micro~seconds compared to 
the repetition rate, which is 1 or 2 seconds. 
During the time that the pulse generator is off, capac 

itors F1 and F2 are charged from the power source V 1. 
When the pulse generator applies an energizing pulse 
to the LED, it simultaneously applies a pulse to the 
switch S2 to open said switch. The amplifier and other 
equipment on line W1 are therefore, at the instant that 
the LED is turned on, disconnected from the power 
supply, and the energy necessary to operate the ampli 
fier comes only from the capacitor F1. . . 

As described in my co-pending application, if smoke 
is present, pulses of light are reflected therefrom and 
fall on the photo-cell C, causing a series of voltage 
pulses at the input of the amplifier. If the amplified 
pulses are of sufficient magnitude to satisfy the require 
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ments of the level detector, a series of pulses are ap 
plied to the ‘*set" terminal of the ?ip-flop, which ap 
plies a series of pulses (since the flip-flop is re-set at the 
beginning of'each pulse) to the integrator, to actuate 
the alarm. - 

At the end of each pulse to the LED, the switch S2 
closes so that the capacitor can recover the small 
amount of charge used in powering the amplifier and 
associated equipment. 

In the particular illustrated embodiment,'the current 
used to power the LED may be of the order of 7 to 10 
amperes. Although this current is drawn for only 20 mi 
cro-seconds, it would nevertheless cause a sudden and 
substantial drop in the voltage at the ampli?er (unless 
the impedence of the voltage source is so low that it 
would be impractical for a commercial installation). 
Without the presence of the switch S2 and capacitor 
Fl, a substantial drop in supply voltage to the amplifier 
would occur. Such drop in voltage would cause a sud 
den change in bias voltage in the amplifier, which 
would be interpreted by the amplifier as a signal, which 
could either cause or negate an alarm (depending on 

, the phase relationship of the ampli?er being used), 
since the change in supply voltage of such a magnitude 
could cause an output signal from the amplifier which 
is many times the output signal that would be created 
by a signal resulting from light re?ected from smoke 
particles. ‘ 

If the system ‘is being operated from a loop from a 
power supply at a central control panel, the isolation of 
the amplifier from the power supply by the opening of 
switch S2 during the time that the LED is emitting light 
also prevents transient voltages occurring on the loop 
from generating spurious responses in the amplifier.‘ 

Referring now to FIG. 2, there is illustrated a modi 
fied form of smoke detector, with the portion of the cir 
cuit shown therein enclosed in the dashed line being 
substituted for the portion of the circuit enclosed in the 
dashed line'of FIG. '1.~The circuit of FIG. 2 includes a 
choke coil CKl in place of switch S2, and a choke coil 
CK2 in series with the line to the pulse generator. The 
choke coilsCKl and 'CK2 have electrical characteris 
tics‘ such that when the pulse generator turns on the 
LED,.-the choke coils isolate the ampli?er from the high 
frequency negative pulse caused by the sudden drop in 
power supply voltage. Since the power to the ampli?er 
is'itself a high frequency pulse which could not pass 
through the choke coil CKl, the power for the opera 
tion of the ampli?er is supplied substantially entirely by 
capacitor Fl. ‘ 

Referring now to FIG‘. 3, there is illustrated a second 
modi?ed form of smoke detector, with the portion of 
the circuit shown therein enclosed in the dashed line 
being substituted for the portion of the circuit enclosed 
in the dashed line of FIG. 1. 
The circuit of FIG. 3 includes Zener diodes Z1 and 

Z2 connected between lines W1 and W2 respectively 
and ground, with resistors R1 and R2 being in series in 
lines W1 and W2 between the connection to'the Zener 
diodes and the power source V2. In the circuit of FIG. 
3, the power source V2 is higher than necessary to op 
erate the‘ampli?er and the pulse generator, and the 
voltage is regulated to the correct amount by the Zener 
diodes. 7 

When the pulse generator turns on the LED, power is 
drawn from the capacitor F2, and voltage drop at the 
capacitor input is prevented by the regulating effect of 
the Zener diode Z2. Simularly, voltage to the amplifier 
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is regulated by the Zener diode Z1 so that no residual 
voltage change at the power source from the turning on 
of the LED or from other transients on the power line 
can affect the operation of the ampli?er. 

It will be understood that various combinations of the 
illustrated modifications can be used, depending on the 
particular installation. For example, when operated 
from battery power in which the same battery also pow 
ers the alarm device, the system of FIG. 1 may include 
a choke coil in line W2 to the pulse generator to pre 
vent transients on the line resulting from the energizing 
of the alarm unit from affecting the operation of the 
pulse generator. 
The switch S2 may, if desired, be incorporated into 

the modi?cations of FIGS.‘ 2 and 3. 
In any of the modi?cations of the invention or combi 

nations thereof, it is essential that during the period 
that the ampli?er is operative to amplify a pulse from 
the photo-generative device and pass it to the signalling 
device, the voltage on capacitors F1 and F2 be equal, 
except for the minute difference in voltage resulting 
from the fact that during the operative period, the light 
generating device may draw slightly more power from 
capacitor F2 than the ampli?er and associated equip 
ment draws from capacitor F1. However the capacitors 
are sufficiently large in relation to the power needed 
for the operation of the components that the voltage. 
drop thereof is very small in relation to the supply volt 
age, and hence the voltage difference between the ca 
pacitors at the end of a pulse is inappreciable. 
Although in the illustrated embodiment, the ampli 

fier is energized continuously and the level detector is 
normally de-energized and energized only when the 
light emitting diode is emitting light, it will be under 
stood that if desired the ampli?er may be normally off, 
and energized only during some part of the period that 
the I light emitting diode is energized. Hence in the 
claims, when the term amplifier is used, it is intended to 
include the components of FIG. 1 labelled A, L, and 
FF, unless the context clearly indicates otherwise. 
Since certain other changes apparent to one skilled in 

the art may be made in the illustrated embodiments 
without departing from the scope of the invention, it is 
intended that all matter contained herein be inter 
preted in an illustrative and not in a limiting sense. 

I claim: 
1. In a smoke detector of the type utilizing photo 

electric detection of light re?ected from smoke parti 
cles (in which) having a light source which is energized 
intermittently, ?rst means including a photo-responsive 
device (is provided) and an amplifier to produce en 
ergy pulses in response to light pulses refected from 
smoke particles, and second means utilizing said energy 
pulses to control a signalling device, the improvement 
comprising a voltage supply for said ?rst means, a ca 
pacitor connected across the voltage supply, and third 
means between the capacitor and the voltage supply for 
isolating the (amplifier) first means and the capacitor 
from voltage pulses occurring at the power supply at 
least during the time that the light source is emitting 
light. 

2. A smoke detector as set out in claim 1 in which 
said third means allows current flow when the light 
source is not producing light, but effectively prevents 
the passing of voltage pulses in the frequency range to 
which the ampli?er is responsive. 

3. A smoke detector as set out in claim 1 in which‘ 
means is provided for energizing said amplifier only 
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while the light source is emitting light, and said third 
means allows current ?ow to charge the capacitor 
while the amplifier is de-energized but does not allow a 
voltage pulse to pass therethrough during the period 
that the amplifier is energized, whereby the amplifier 
draws power substantially only from the capacitor 
when it is energized. 

4. A smoke detector as set out in claim 1 in which 
said third means is a switch, and means is provided to 
open said switch when the light source‘is energized and 
to close said switch when the light source is de-ener 
gized. 

5. In a smoke detector of the type utilizing photo 
electric detection of light re?ected from smoke parti 
cles, in which a pulse generator pulses a light generat 
ing device, a photo-voltaic cell is positioned to produce 
voltage pulses from the pulsed light re?ected from 
smoke particles, means is provided for amplifying said 
voltage pulses, and means is provided for utilizing said 
amplified pulses to control a signalling device, the im 
provement comprising said pulse generator and said 
amplifier being supplied by separate leads from a com 
mon power source, means rendering said ampli?er op 
erative substantially only during the time the pulse gen~ 
erator is on, a storage capacitor connected across the 
leads to the ampli?er and an impedence device dis 
posed between the storage capacitor and the power 
source, whereby when the ampli?er is turned on, it 
draws power principally from the storage capacitor, 
and the impedence means isolates the ampli?er from 
voltage transients at the power source due to the turn 
ing on of the pulse generator and the light generating 
device. 

6. A smoke detector as set out in claim 5 in which 
said impedence means comprises an inductance having 
electrical characteristics such that it prevents passage 
of voltage pulses in the frequency range to which the 
amplifier is responsive. 
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7. A smoke detector having a light source, means en‘ 

ergizing the light source intermittently, photo-respon 
sive means positioned to receive light re?ected from 
smoke particles illuminated by the light source, and 
amplifier means for amplifying voltage pulses resulting 
therefrom, a power source, means providing power 
therefrom to the light source and to the amplifier by 
first and second power leads, first and second capaci 
tors associated with said ?rst and second power leads 
respectively, and means between each capacitor and so 
as to be charged by said power supply the power supply 
for isolating said capacitors from transient voltages oc 
curing at the power supply during the period that the 
light source is emitting light so that during said period 
the voltages on said ?rst and second capacitors remain 
substantially equal. 

8. A smoke detector as set out in claim 7 in which 
said means for isolating from the power supply the ca 
pacitor associated with the power lead to the ampli?er 
includes a switch in said lead and means for opening 
and closing said switch with energization and de-energ 
ization of the light source. 

9. A smoke detector comprising a light source, a 
photo-responsive device positioned to view light re 
?ected from smoke particles illuminated by the light 
source, a pulse generator for providing energizing 
pulses to the light source, amplifier means for amplify 
ing pulses created by the photoresponsive device, said 
pulse generator providing a pulse to render said ampli 
fier operative only when said light source is energized, 
said pulse generator and said light source being ener 
gized by a first lead from a power source and said am 
plifier being energized by a second lead from said 
power source, a ?rst capacitor connected in parallel 
with said ampli?er and a second capacitor connected in 
parallel with the pulse generator, and means maintain 
ing the voltage on said capacitors substantially equal 
while the light source is energized and the ampli?er is 
operable. 

* * * * =|< 


