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ABSTRACT 0F THE IDISCL0SURE| 
A linear amplifier includes both regenative and degen 

erative feedback paths. A power-sensitive element in the 
degenerative path stabilizes the normal oscillation of the 
amplifier. A resonant microphone is coupled to the re 
generative path and radiates the oscillatory energy out 
wardly with Some of the same energy being received back 
by the microphone. Movement of an intruder in the field 
of the microphone causes a perturbation of the oscillations 
with a resultant burst-like increase in the oscillatory am 
plitude. That effect is utilized to actuate an alarm indi 
catOI. 

?ratrodttction 

The present invention pertains to detection systems. 
More particularly, the invention relates to a system ap 
plicable to the detection of an intruder within an enclo 
Sure in Order to sound an alarm or otherwise Signal Such 
intrusion. 
Numerous Systems have been proposed for utilizing 

radiated electromagnetic or acoustic energy in the de 
tection of intruders. Typically in Such systems, the ap 
paratus radiates the energy from a transmitting element 
So as to create a pattern of standing waves within the 
enclosure, Such as the room of a building, and a receiver 
in the apparatus monitors energy present at a point in 
the enclosure. Upon entry into the enclosure of an in 
truder, the pattern of standing waves therein is disturbed 
and the receiver senses that disturbance in one way or 
another to develop an alarm signal. For example, move 
ment through the enclosure reflects signals back to the 
receiver with a frequency shifted from the transmitted 
frequency in correspondence with the Doppler effect. Cor 
respondingly, in some prior systems the receiver circuitry 
includes a filter which rejects the transmitted frequency 
but responds to signals at a different Doppler-shifted fre 
quency within a range corresponding to normal move 
ment by the intruder. Another typical prior approach 
seeks to balance the transmitted signal amplitude against 
the amplitude of the received signals under normal con 
ditions. Movement of the intruder changes or modulateS 
the signal energy returned to the receiver, throwing the 
System out of balance and resulting in the development 
of the alarm signal. 

While certain of these prior systems have found a de 
gree of success, they nevertheless suffer either from lack 
of sensitivity or undue criticality of adjustment. Usually, 
attempts to increase the sensitivity result in a correspond 
ing increase in the criticality of adjustment with the over 
all result that the systems tend to be unduly influenced by 
spurious effects such as heating-System noise, movement 
of air through the enclosure or the operation of appli 
ances or machines in the area. 

It is a general object of the present invention to prO 
vide a new and improved intruder detection System. 

Another object of the present invention is to provide a 
new and improved detector system which exhibits sub 
stantial stability in normal operation but which developS 
a strong control signal in response to ordinary mOVement 
of an intruder within the encloSure, 
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2 
A further object of the present invention is to provide 

Such a System which is capable of being used in part as 
a plurality of units monitoring a corresponding plurality 
of different encloSures and which is responsive to the 
presence of an intruder within any one of the enclosures 
in order to Sound a common alarm. 
A detection System in accordance with the present in 

Wention comprises a linear amplifier together with means 
defining a regenerative feedback path to effect oscillation 
of the amplifier and means defining a degenerative feed 
back path for normally stabilizing the amplitude of the 
Oscillations in the amplifier to a predetermined level. 
Means coupled into the amplifier to radiate oscillatory 
energy therefrom and also receive back and deliver a 
portion of that energy to the amplifier. A perturbation 
in the received energy effects a transient increase in the 
amplitude of the Oscillations to a level substantially great 
er than the predetermined level. Finally, the system in 
cludes means responsive to that transient increase for de 
Weloping a control effect that is used to energize an alarm 
Or other means to signify the presence of an intruder in 
an enclosure into which the oscillatory energy is radiated. 
The features of the present invention which are be 

lieved to be movel are set forth with particularity in the 
appended claims. The organization and manner of opera 
tion of the invention, together with further objects and 
advantages thereof, may best be understood by reference 
to the following description taken in connection with the 
accompanying drawing, in the several figures of which like 
reference numerals identify like elements, and in which: 
FIGURE 1 is a schematic diagram of one embodiment 

of the present invention; 
FIGURE 2 illustrates a waveform of oscillatory energy 

developed by the circuitry of FIGURE 1; and 
FiGURE 3 is a schematic diagram of a modified por 

tion of FIGURE 1 
FIGURE 1 illustrates a two-stage linear amplifier com 

posed of a first amplifying valve 10 which drives a sec 
ond amplifying walve 11. The amplifier supplies operat 
ing energy to an indicator 12 which may simply be a 
Warning buZZer or signal light. Coupled from the output 
of the amplifier back to its · input is a regenerating or 
positive feedback path 14 and a degenerative or negative 
feedback path 15. As shown, the amplifier preferably is 
of the differential kind having a first input terminal of 
walve 10 in the form of a control grid 16 and a second 
input terminal of that valve in the form of a cathode 17. 
Regenerative feedback path 14 is coupled to deliver ener 
gy from the output circuit of walwe 11 to control grid 16 
while degenerative feedback path 15 feeds the Oscillatory 
energy from the same output circuit back to cathode 17. 

Coupled into the amplifier for radiating oscillatory en 
ergy therefrom is a resonant transducer device 19 which 
as preferably embodied not only transmits oscillatory en 
ergy outwardly into the adjacent space within an enclo 
sure but also is receptive to that energy to receive back 
and deliver the same into the amplifier. Moreover, the 
oscillatory energy developed in the amplifier preferably is 
of an ultrasonic frequency and transducer 19 is a micro 
phone which launches acOustic waves at that frequency 
into the Surrounding space. 
A suitable microphone for this purpose is disclosed by 

Robert Adler in United States Patent No. 3,058,539, 
issued October 16, 1962, and assigned to the Same assignee 
as the present application. Briefly, it comprises a pieZO 
electric element coupled to a vibratory element flexurally 
resonant at the frequency of the signals exciting the piezo 
electric element; it constitutes a sharply-tuned transducer 
which exhibits a high Q. As shown in FIGURE 1, the 
equivalent circuit of such a resonant tranSducer is com 
posed of the series combination of an inductor 20, a 
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capacitor 21 and a resistor 22, representing the piezO 
electric element, in parallel with a capacitor 23 repre 
senting the shunt capacitance across the terminals of the 
device. Microphone 19 as employed herein is coupled 
between control grid 16 and a point of reference potential, 
here shown as ground, so as in effect to be in parallel 
with regenerative feedback 14 which also delivers energy 
to the control grid. 

Coupled to degenerative feedback path 15 by virtue of 
connection between cathode 17 and ground is a power 
sensitive element which regulates the normal amplitude 
of the oscillatory energy developed in the amplifier. Ele 
ment 25 preferably is a thermally-sensitive resistance 
which exhibits a positive temperature-coefficient of re 
sistance and is coupled effectively in parallel or Shunt rela 
tive to degenerative path 15. Alternatively, element 25 
may be selected to exhibit a negative temperature-coefii 
cient of resistance in which case it is connected in Series 
with degenerative feedback path 15. 

Completing a more detailed description of the particu 
lar embodiment illustrated in FIGURE 1, valwes 10 and 
11 each are pentodes although it will be apparent that 
equivalent operation is obtainable through the analogous 
incorporation of solid-state transistor devices. With re 
spect to walve 10, its anode 26 is connected through a 
load resistor 27 and a dropping resistor 28 to a source B-+- 
of positive potential. A screen electrode 29 is connected 
to the midpoint of a voltage divider composed of resis 
tors 30 and 3I connected between ground and a point 
intermediate resistors 27 and 28. A coupling capacitor 32 
likewise is connected between ground and that point in 
termediate resistors 27 and 28. A blocking capacitor 33 
is connected between anode 26 and one end of a potenti 
ometer 34 the other end of which is connected to. ground. 
A variable tap on potentiometer 34 connects to the 

control grid 35 of valve 11. The suppressor electrode 36 
of valwe 10 is connected to its cathode 17, and similarly 
the SuppreSSor electrode 37 of valve 11 is connected to 
its cathode 38. Cathode 38 is returned to ground through 
a degenerative bias resistor 39 bypassed by a capacitor 
40. The screen grid 41 of valve 11 is connected to poten 
tial Source B+ through a dropping resistor 42, the screen 
also being bypassed to ground through a capacitor 43. 
The anode 44 of valve 11 is connected to potential source 
B-+ through the parallel combination of an adjustable 
inductor 45 and a capacitor 46, the inductance walue of 
inductor 45 being adjusted to be parallel resonant with 
capacitor 46 at the oscillatory signal frequency. Anode 44 
is coupled to indicator 12 through a blocking capacitor 
47, the other terminal of the indicator being returned to : 
ground. Feedback paths 14 and 15 are both connected 
to the Output circuit at a point intermediate capacitor 47 
and indicator 12. Feedback path 15 includes an adjust 
able resistor 48, while feedback path 14 includes an ad 
justable resistor 49 in series with a capacitor 50, 
By way of illustration and in no sense by way of limita 

tion, a Successful wersion of the FIGURE 1 apparatus 
included components of the following values: 
Valve 10-6SJ7 
Valve 11-6K6GT 
Element25-7-watt, 120-volt tungsten lamp 
Resistor 27-68 kilo-ohms 
Resistor30-33kilo-ohms 
Resistor 31-15 kilo-ohms 
Resistor 28-10 kilo-ohms 
Capacitor 32-40 microfarads 
Capacitor 33-0.001 microfarad 
Potentiometer 34-0.5 megohm 
Resistor 39-820 ohms 
Capacitor 40-0.001 microfarad 
Resistor 42-12 kilo-ohms 
Capacitor 43-0.01 microfarad 
Inductor 45-2.4 millihenries 
Capacitor 46-0.0068 microfarad 
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4 
Capacitor 47-0.015 microfarad 
Resistor 48-2.2 kilo-ohms 
Resistor 49-1 megohm 
Capacitor 509-0.001 microfarad 
The frequency of operation is 40 kilocycles and micrO 

phone 19 is tuned to resonance at that frequency. Simi 
larly, the combination of inductor 45 and capacitor 46 
also are tuned to 40 kilocycles. The potential developed 
by a source B-+ is 250 VoltS. 

In operation, potentiometer 34 operates as an Overall 
amplifier system gain control and during Set up is ad 
justed to afford the sensitivity found to be necessary in a 
given enclosure. Potentiometer 49 in regenerative feed 
back path 14 is adjusted so that the output-signal Wave 
form, the signal being fed to indicator 12 as observed for 
example on an oscilloscope, has an amplitude represent 
ing operation safely within the normal operating condi 
tions for valves 10 and 11. At the same time, potentiom 
eter 48 in the negative feedback path is adjusted to a point 
intermediate its range where, absent mowement within the 
enclosure, the output waveform remainS of a wery steady 
amplitude. With the component values above Set forth, 
normal operation is found to occur with gain control 34 
and resistor 48 adjusted so that, under Stable conditionS, 
the output signal exhibits a potential of approximately 
3.2 volts RMS. Next during set up, the hand Of the 
operator is moved back and forth slowly in front of micrO 
phone 19 while resistor 48 in the negative feedback path 
is adjusted so that this movement effects the initiation 
of a transient which is found to result in an expansion 
of the output waveform to an amplitude many times that 
previously observed under stable operation. This occurS 
because the microphone is coupled into the regenerative 
feedback path. Such action is illustrated by the Wave 
form depicted in FIGURE 2 which represents an oScillo 
scope trace of the signal fed to indicator 12. Prior to the 
introduction of movement within the Space beyond micrO 
phone 19, the output waveform is very uniform and stable 
as shown toward the left of the pattern in FHGURE 2. 
Upon the introduction of movement by an object in that 
space, however, the illustrated high-amplitude transient 
occurs. The transient decays comparatively quickly upon 
termination of the movement, as shown in the inter 
mediate portion of the FIGURE 2 waveform. This tran 
sient has been found to result in a very large increase of 
oscillatory amplitude, representing a ratio of modulated 
oscillator power to input signal power greater than 100 
db. That is, the envelope gives the impression of Sort of 
bursting apart. It is this dramatic increase in the OScilla 
tory level which enables but a small perturbation in the 
signal received by microphone 19 to cause a production 
of an exceedingly large control effect. 

Ordinary movement of an intruder results in amplitude 
modulation of the oscillator, since the returned signal 
is Doppler shifted by the motion of the intruder. The am 
plitude-modulation frequency is of the value 21y/A where 
y is the welocity of mowing object, the intruder, and A 
is the wavelength of the oscillatory energy. With the op 
erating frequency at 40 kilocycles, an ordinarily-mowing 
target modulates the Oscillatory energy, and hence the 
Oscillator circuitry itself upon receipt back by way of 
microphone 19, at a rate of 1 cycle-per-econd for each 
%2-centimeter-per-second of motion. Consequently, it is 
necessary to be able to detect only a range of a few 
cycleS-per-Second at the bottom of the spectrum in order 
adequately to detect the presence of a human person 
walking into an enclosed space. 
For these reasons, the output circuitry of valve 11 

feeding indicator 12 may include a detector for deriving 
from the Oscillatory energy only the low-frequency am 
plitude modulation with the output of that detector feed 
ing indicator 12 through a low-pass filter unit having a 
cut-off frequency of only a few cycles-per-second. This 
aids in discriminating against spurious reaction to higher 
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frequency perturbations such as those caused by wind 
noise and machinery operation. Such a low-pass filter is 
shown in FIGURE 3 wherein the detector is in the form 
of a diode 51 coupled to the output end of capacitor 47 
and the low-pass filter takes the form of a shunt capacitor 
52 followed by a series resistor 53. Its cut-off prefer 
ably is below 10 cycles-per-second to avoid response to 
Spurious effects of hum, for example, and is greater than 
1 cycle-per-second to permit response to typical intruder 
imOWeInent. 
The illustrated type of amplifier, as such and exclusive 

of indicator 12 and microphone 19, is described in the 
Hewlett-Packard Journal for April-à une 1960, vol. 11, 
Nos. 8-10, pages 1-8, published by the Hewlett-Packard 
Company, 1501 Page Hill Road, Palo Alto, Calif, in 
an article entitled *The Effect of |¢-Circuit Non-Linearity 
on the Amplitude Stability of RC Oscillators' by B. M. 
Oliver. As noted in that article, element 25 is operated 
at a temperature high enough to be on the sloping por 
tion of its resistance-power characteristic and yet low 
enough so that its cut-off frequency is well below the 
frequency of operation. As a result, its normal time con 
stant prevents appreciable resistance changes during an 
Oscillation cycle. The authors noted that, with the circuit 
so designed and the amount of negative feedback selected 
to achieve linear operation of the amplifier, the amplifier 
exhibits poor phase margin and a highly oscillatory tran 
sient response. 

In the environment there considered, such a response 
was undesirable and therefore was purposely avoided by 
introducing a non-linearity into the amplification char 
acteristic in order to obtain unconditionally stable wave 
form envelope amplitude. In the environment of the pres 
ent application, that same transient response characteristic 
is just as purposely obtained and, in combination with 
microphone 19 serwing to propagate the oscillatory en 
ergy into an enclosed space and at the same time to 
monitor that Oscillatory energy, the result is a system 
particularly advantageous as an intruder alarm. That is, 
the system herein disclosed takes advantage of a hereto 
fore unwanted characteristic of a known amplifier by 
combining such an amplifier with other elements so as to 
create a detection system capable of operating with high 
sensitivity while yet developing a very large control ef 
fect in response to but a small perturbation of the re 
ceived signal energy. Because of the very narrow and 
low-frequency range of the signal modulation which is 
to be detected, the system is capable of rejecting all 
other frequency components throughout the spectrum and 
hence of being essentially nonresponsive to spurious 
signals. 

While particular embodiments of the invention have 
been shown and described, it will be obvious to those 
skilled in the art that changes and modifications may be 
made without departing from the invention in its broader 
aspects, and therefore, the aim in the appended claims 
is to cover all such changes and modifications as fall 
within the true spirit and scope of the invention. 
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I claim: 
1. A detection System comprising: 
a linear amplifier; 
means defining a regenerative feedback path for effect 

ing Oscillation of said amplifier; 
means defining a degenerative feedback path for nor 

mally stabilizing the amplitude of the oscillations in 
said amplifier to a predetermined level; 

means, including a device coupled into said amplifier 
to radiate OScillatory energy therefrom and receive 
back and deliver a portion of said energy to said 
amplifier for effecting a transient increase in the 
'amplitude of said Oscillations to a level substan 
tially greater than said predetermined level in re 
Sponse to a perturbation in the received energy; 

and means responsive to said transient increase for 
deweloping a control effect. 

2. ?A System as defined in claim 1 in which said re 
sponsive means responds only to components of said 
transient having frequencies below approximately 10 
cycles-per-Second. 

3. A System as defined in claim 1 in which said ampli 
fier is of the differential type with said regenerative path 
delivering signal energy to a first input terminal thereof 
and Said degenerative path delivering signal energy to 
a second input terminal thereof differentially related to 
the first, 

4. A System as defined in claim 1 in which said de 
generative path includes a power-sensitive element regu 
latory of said oscillation amplitude. 

5. A System as defined in claim 4 in which said ele 
ment is a thermally-sensitive resistance. 

6. A System as defined in claim 5 in which said ele 
ment exhibits a positive temperature coefficient of re 
sistance and is coupled in shunt with said degenerative 
path. · 

7. A System as defined in claim 1 in which said radi 
ated and received Oscillatory energy is in the form of 
acoustic Wawes. 

8. A System as defined in claim 1 in which said device 
is a transducer resonant at Substantially the frequency 
of said oscillations. 

9. A system as defined in claim 8 in which said device 
is coupled into said regenerative feedback path. 

10. A system as defined in claim 1 in which said re 
SpOnsive means includes a unit for detecting only wery 
loW-frequency amplitude modulation signal energy modu 
lated upon the higher-frequency oscillatory energy. 

11. 'A System as defined in claim 10 which includes 
a low-paSS filter transmissive of the signal energy de 
tected by said unit. 

No references cited. 
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