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57 AESTRACT 

A battery powered condition responsive device char 
acterized by exceedingly low power drain and a bat 
tery condition indicator. In a preferred embodiment 
the device is responsive to smoke and/or heat and em 
ploys light emitting diodes in the battery indicator and 
smoke detection circuits, 
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BATTERY OPERATED SURVELLANCE DEVICE 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention is directed to providing a 

warning of the existence of an unsafe condition in an 
area under surveillance. More specifically, this inven 
tion is directed to a condition responsive device for 
providing an audible alarm in response to smoke den 
sity and/or temperature in excess of predetermined lev 
els. Accordingly, the general objects of the present in 
vention are to provide novel and improved methods 
and apparatus of such character. 

2. Description of the Prior Art 
While not limited thereto in its utility, the present in 

vention is particularly well suited for use in or as a fire 
alarm system. Accordingly, the invention will be de 
scribed below in the context of such a system and par 
ticularly with respect to an alarm which is responsive 
to smoke density. As is well known, most fatalities suf 
fered in fires result from smoke inhalation. As is also 
well known, in most fatal home fires the smoke density 
reaches a level sufficiently high to incapacitate the vic 
tims before there is sufficient temperature rise to trig 
ger the conventional temperature sensitive alarm sys 
tem. 
While there have previously been smoke responsive 

alarm systems proposed, and in some cases commer 
cialized, these prior art smoke detectors have been 
characterized by complexity and high expense. Addi 
tionally, a successful battery operated alarm device has 
not previously been available; the prior art sensor cir 
cuits being characterized by comparatively high cur 
rent drain and thus unacceptably short battery life. The 
inability to operate from a battery has severely limited 
the utility of prior art alarm devices since house current 
powered alarm systems suffer obvious disadvantages 
including inoperability should there be an electrical 
power failure caused, for example, by a basement fire 
in the vicinity of the switch panel. 

SUMMARY OF THE INVENTION 
The present invention overcomes the above briefly 

discussed and other disadvantages of the prior art by 
providing a novel and improved condition responsive 
alarm device. The device of the present invention is 
characterized by extremely low power requirements 
and thus may be operated with inexpensive dry cell bat 
teries. The present invention is also characterized by 
responsiveness to smoke density and/or temperature 
and by a battery condition indicator which provides a 
warning that the battery or batteries should be re 
placed. - 
The present invention employs a timing circuit which 

provides periodic current pulses to a photon generator 
which, in the disclosed embodiment, is a light emitting 
diode. Flashes provided by the light emitting diode are 
detected by a phototransistor which is included in the 
gate circuit of a silicon controlled rectifier. The SCR is 
connected in series with a suitable alarm device across 
the power supply, and the gate circuit prevents firing of 
the SCR as long as the phototransistor receives the per 
iodic light pulses from the light emitting diode. Should 
smoke obscure the light emitting diode from the photo 
transistor, the gate circuit will cause firing of the SCR 
and energization of the alarm device. 
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A temperature responsive switch may be connected 

in parallel with the phototransistor so as to also cause 
the SCR to fire in response to an increase in tempera 
ture above a predetermined level. 
A built-in battery indicator circuit, comprising a pair 

of series connected Darlington amplifiers, senses the 
condition of the power supply during each output pulse 
of the timing circuit. Should the voltage level sensed by 
the indicator circuit fall below a predetermined value, 
the indicator circuit will cause a second light emitting 
diode to flash simultaneously with the light emitting 
diode of the smoke detector circuit. This second flash 
ing light is visible externally of the unit and provides a 
readily apparent indication of the need for battery re 
placement. 

BRIEF DESCRIPTION OF THE DRAWING 

The present invention may be better understood and 
its numerous objects and advantages will become ap 
parent to those skilled in the art by reference to the ac 
companying drawing which is an electrical schematic 
diagram of a preferred embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

With reference now to the drawing, the battery 
power supply is indicated at 10. In one successful re 
duction to practice of the invention, power supply 10 
comprised three standard 1.5 volt batteries connected 
in series. A normally closed reset switch S1 is con 
nected in series with power supply 10 whereby current 
is delivered from the battery or batteries to the indica 
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tor and alarm circuitry. Insertion of the batteries in the 
power supply will, accordingly, render the device oper 
ative and, as will become apparent from the description 
below, should an alarm be sounded the circuit may be 
reset by the momentary opening of switch S1 to extin 
guish a switching device in the form of silicon con 
trolled rectifier SCR-1. 
A timing circuit 12 comprising transistors Q1 and 

O2, resistor R1 and capacitor C1 is connected across 
power supply 10. Circuit 12 is a negative resistance re 
laxation oscillator which provides periodic pulses for 
the purposes to be described below. The "off" time of 
circuit 12 is determined by the RC time constant of re 
sistor R1 and capacitor C1. The timing circuit "on' 
time is determined by the discharge of capacitor C1 
through transistors Q1 and O2 and the load on timing 
circuit 12; the load comprising the remaining circuitry 
as will be described below. Typically, timing circuit 12 
will provide substantially square wave output pulses of 
20 milliseconds duration with the period between 
pulses being 17 seconds. 
The pulses provided by timing circuit 12 are applied 

to a common bus 14. Restated, during each firing pe 
riod of transistor Q2 the battery voltage, less the IR 
drop of transistor Q2, is applied to bus 14. These posi 
tive pulses are applied to a light emitting diode, LED-2, 
via series connected resistor R11. The light emitting 
diode will accordingly periodically flash and the light 
pulses provided thereby are detected by a phototransis 
tor 15. Phototransistor 15 is connected in series with 
bias resistor R12, and the resistor and phototransistor 
are in parallel with source 10. Each time the phototran 
sistor 15 receives a light pulse it will conduct thereby 
applying a positive pulse to the base of a normally con 
ductive transistor Q7. The timing pulses from circuit 12 
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are applied, via resistor R14, to the collector of transis 
tor Q7. Application of the positive pulses from photo 
transistor 15 to the base of transistor Q7 will, accord 
ingly, keep transistor Q7 in the conductive state. As 
long as transistor O7 conducts its collector will essen 
tially be maintained at ground potential. 
The collector of transistor O7 is connected to the 

gate electrode of a silicon controlled rectifier, SCR-1, 
which is in series with a suitable alarm device 16 across 
power supply 10. SCR-1 will be normally non 
conductive whereby current will not flow through the 
alarm device 16 and the alarm will be deenergized. 
Alarm device 16 may, for example, be a solenoid 
driven mechanical oscillator which provides a loud au 
dible warning signal. A capacitor C4 is connected in 
parallel with alarm device 16 to reduce the voltage rip 
ple thereacross thereby allowing SCR-1 to latch in the 
"on" condition when rendered conductive. As noted, 
the gate electrode of SCR-1 is normally at ground po 
tential due to the conductive state of transistor Q7. 
However, should a timing pulse be received at the col 
lector of Q7 without there being a pulse simultaneously 
being applied to the base of Q7 via phototransistor 15, 
transistor Q7 will be turned off and the timing pulse will 
cause the silicon controlled rectifier SCR-1 to conduct. 
The RC circuit comprising resistor R15 and capacitor 
C3 will hold SCR-1 off during the transient time when 
the timing circuit 12 initially turns on. Resistor R16 is 
a gate clamp for SCR-1 and prevents false triggering 
and provides temperature stability. R16 may, of course, 
be adjustable if desired or necessary. 

In operation, if smoke enters the detector circuit be 
tween phototransistor 15 and light emitting diode 
LED-2, the conduction of the phototransistor will be 
reduced thus reducing the “negative' bias applied to 
the base of transistor Q7 and permitting the transistor 
to be turned off by a positive timing pulse applied to the 
collector of O7 via resistor R14. With transistor O7 in 
the non-conductive state, the positive timing pulses will 
be applied to the now ungrounded gate of SCR-1 via 
the voltage divider defined by resistors R14 and R15 
and the silicon controlled rectifier will be turned on 
thereby permitting current flow through the alarm de 
vice 16. A pair of output terminals 17 are provided 
whereby the voltage drop across the alarm device 16 
may be utilized to trigger a transmitter which will de 
liver a warning signal to a remotely located master 
panel; the master panel for example being located at a 
guards station in a multiple detector installation. In 
such an instance the transmitter will also be battery 
powered. 
A particularly novel feature of the present invention 

is a built-in battery testing circuit which comprises, in 
part, series connected Darlington amplifiers 18 and 20. 
The first Darlington amplifier, comprising transistors 
Q3 and Q4, provides an output signal during each tim 
ing pulse which is applied to the base of transistor Q5 
of the second Darlington amplifier 20. The second Dar 
lington amplifier, comprising transistors Q5 and Q6, is 
normally in the off condition whereby current may not 
flow through a second light emitting diode, LED-1, 
which is connected in series with transistor O6 across 
power supply 10. As previously noted, the timing pulses 
supplied by timing circuit 12 are applied to bus 14 
when transistor O2 of circuit 12 fires. Transistor O3 of 
Darlington amplifier 18 is biased on only when transis 
tor Q2 conducts. When transistor Q3 is biased on, the 
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4. 
base of transistor Q5 will be grounded via transistor 
Q4. Accordingly, application of the timing pulse to bus 
14 will not render transistor Q5 conductive and, ac 
cordingly, transistor Q6 cannot conduct to complete a 
circuit through LED-1. A capacitor C2 connected be 
tween the emitter of transistor Q4 and ground provides 
compensation for the time delay of Darlington ampli 
fier 18. Restated, when transistor Q2 of timing circuit 
12 conducts, there will be a time delay between appli 
cation of the positive pulse to bus 14 and the conduc 
tion of the Darlington amplifier. Capacitor C2 allows 
transistor Q4 to conduct hard thereby “firing" Darling 
ton amplifier 18 before Darlington amplifier 20 can be 
rendered conductive by the timing pulse. A diode D2 
connected in parallel with capacitor C2 provides a volt 
age reference for the “firing" of Darlington amplifier 
18 thereby adding stability to the operation of the cir 
cuit. The "firing" point of Darlington amplifier 18 is 
determined by a voltage divider comprising resistors 
R2 and R3 and diode D1. Diode D1 has been added to 
the circuit to impart a "snap' action to transistor Q3. 
When the battery voltage is above a predetermined 
level, typically 3.9 volts, the Darlington amplifier 20 
will be maintained in a nonconductive state during the 
pulsing of timing circuit 12. However, should the power 
supply voltage drop below the predetermined level, the 
first Darlington amplifier 18 will not conduct in re 
sponse to the application of a timing pulse to bus 14. 
Accordingly, the positive timing pulse will be applied 
to the base of transistor Q5 of Darlington amplifier 20 
via resistors R5 and R8 and the second Darlington am 
plifier will be "fired" thereby completing a current 
path through LED-1. Accordingly, when the battery 
voltage falls below the predetermined level, LED-1 will 
flash in synchronism with the pulsing of timing circuit 
12thus providing a warning that the batteries should be 
replaced. 

It is to be noted that a temperature sensitive device, 
such as bimetallic switch S-2, may be connected be 
tween the positive side of power supply 10 and the gate 
electrode of SCR-1. The use of such an optional tem 
perature sensitive device permits the invention to be 
sensitive to both the presence of smoke and increases 
in temperature; both conditions being indicative of a 
fire. 
While a preferred embodiment has been shown and 

described, various modifications and substitutions may 
be made thereto without departing from the spirit and 
scope of the present invention. Accordingly, it is to be 
understood that the invention has been described by 
way of illustration and not limitation. - 
What is claimed is: 
1. A condition responsive alarm device for generat 

ing a warning signal upon the occurrence of a prese 
lected degree of smoke density including: 
continuously running oscillator means for generating 
timing pulses; 

first light emitting means connected to receive said 
oscillator means timing pulses and to emit light 
pulses in accordance with said timing pulses; 

light responsive means positioned to receive light 
pulses from said first light emitting means and to 
generate electrical signals commensurate in magni 
tude with the intensity of the received light signals 
pulses; 

normally open switch means; 
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control means connected to said switch means and 
connected to receive said timing signals and said 
electric signals from said first light responsive 
means, said control means maintaining said switch 
means in the normally open condition in response 
to substantially simultaneous receipt of one of said 
timing signals and an electric signal of at least a 
preselected magnitude from said light responsive 
means, said control means activating said switch 
means to the closed condition upon substantially 
simultaneous receipt of a timing signal and an elec 
tric signal from said light responsive means having 
a magnitude less than said preselected magnitude; 
and 

alarm means connected to said switch means, said 
alarm means being energized upon the activation 
of said switch means to the closed condition com 
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6 
mensurate with the partial obscuration of the light 
responsive means by a preselected smoke density. 

2. A condition responsive device as in claim 1 includ 

battery means connected to supply power to said 
condition responsive device; and 

means for generating a warning signal in response to 
the power level of said battery means. 

3. A condition responsive device as in claim 2 
wherein said warning signal generating means includes: 

a second light emitting means; and 
means responsive to said timing pulses for operating 
said second light emitting means. 
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