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Company, Jer-

“sey City, N. J., a corporation of New Jers_ey
Application January 5, 1944, Serial No. 517,041
"6 Claims. (ClL 177—-352.2)

This invention relates to capacity alarm sys-
tems, and more particularly to burglar alarm or
intrusion detection systems wherein variations
of the electrostatic capacity between the protect-
ing conductors or antennae, and ground, are used
for the purpose of varying the normal signal
strength in an amplifying system to create an
alarm signal. i '

Heretofore various capacity systems have been
designed for use as burglar or intrusion detection
purposes, but all of such systems have possessed
some objectionable features or weaknesses. It
has been customary to utilize an oscillator in con-
Junction with a tuning circuit associated with an
amplifiér; and to employ one antenna either con-
nected to the oscillator to cause a change in os-
clllator frequency upon the approach of an in-
truder to the antennas, or connected to the tuning
circuit to cause a change in resonant tuning upon
such approach. : :

If the only capacity change in these aforemen-
tioned systems was due to the capacity introduced
‘through the intruder’s approach, the frequency
or the tuning, as the case may be, probably could
be adjusted for all time to insure that the change
could be detected. However, whenever an oscil-
lating and tuning or “tank” circuit are critically
related; there is always a relative “drift” in fre-
quency between them, caused by certain changes
In vacuum tube capacities, amplification, tem-
perature,. operating voltage, etc. To make such
a system effective, an antenna must be connected
as previously explained to provide means of
detecting ;the intruder, and that antenna rep-
resents a. certain, but by no means constant, elec-
trostatic . capacity. Such an antenna must be
supported, and since temperature and humidity
changes ‘ajter the relative positions of the an-
tenna and ground, capacity changes result merely
from the alterations in the geometry of the sys-
tem. Furthermore, between such an antenna and
ground there exists both a dielectric displacement
current ax}d a leakage current which vary with
ambieny} dtmospheric conditions. Ground con-
ductivity in the vicinity of the antenna also varies
with the weather, and sunlight influences the de-
gree of ionization of the intervening air dielec-
tric. .

It will thus be apparent that no fixed output
can be obtained from any such capacity detecting
system, especially where a single extended pro-
tecting antenna is employed. . Means must be pro-
vided, therefore, to compensate for the undesired
changes, and yet these means must not impair the
ability of the circuit to remain sensitive and ca-
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pable of detecting with extreme accuracy the de-
sired capacity change caused by human approach
or intrusion, .

For this purpose some expedients have been
devised and described in the aforementioned sys-
tems which attempt to compensate slowly and
automatically for these -deleterious effects by
either restoring the frequency of the oscillator
or restoring the tuning of the resonant ecircuit or
providing a long time constant in the detecting
and amplifying portion of the eircuit so that some
slow wandering of the operating point can oc-
cur and only rapid changes in tuning cause g
variation in the direct current output. Unfor-
tunately, in practice the first two methods,
whether electromechanical or electronic, have
their limitations, for in general they cannot com-
pensate completely and sooner or later g point
Is reached where the required relationship be-
tween the oscillator and the resonant circuit to
detect the desired change is destroyed; while, if
the third method is utilized, the compensating
feature may not be .called upon to operate over
its full length, but it may be that the speed of
the change for which it has to compensate would
exceed its capabilities, Under any of these condi-
tions the system will fail. -

Accordingly, an object of the present invention
is to provide a capacity alarm system of such
character as to overcome the defects hereinbe-
fore set forth. )

Another object of the invention is to provide
8 capacity alarm system of such character as to
compensate automatically for capacity changes
that normally occur or may be expected.

Another object of the invention is to provide
& capacity alarm system employing separate an-
tennae connected respectively to an oscillator and
to a tuning circuit associated with an amplifier,
the arrangement being so balanced that capacity

. changes occurring simultaneously and uniformly

45

50

55

in connection with each antenna will not inter-
fere with the balance of the system.

Another object of the invention is to provide
& system as before described in which change of
capacity in either antenna above a predetermined
rate of change creates conditions setting up an
alarm or the like. ’ :

A further object of the invention is to provide
8 system as aforesaid incorporating means for
compensating for capacity. changes in either an-
tenna which may occur below a predetermined
rate automstically without disturbing the con-
ditions generating an alarm.

An additional object of the invention is to
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provide a
the antennae and inductances associated respec-
tively therewith can be of such values as to pro-
vide oscillator and tuning frequencies of substan-

tially equal value with the result that a change

in capacity in either antenna system creates an
alarm condition. .

In carrying .out the foregoing and other ob-
jects of the invention, use is made of two an-
tenna having substantially equal capacities to
ground and connected respectively to an oscil-
lator and to a tuning circuit. The oscillator Is
linked to the tuning circuit, which in turn is con-

nected to a rectifier feeding or controlling an.

amplifier or power tube which is so connected
that changes in: the normal operation thereof
create an alarm. The oscillator and tuning cir-
cuit are so regulated that the frequencies there-
of are substantially equal so that a change in the
capacity to ground of the two antenna simul-
taneously maintains the system in balance and
prevents the creation-of an alarm, while a change
in the capacity to ground of either antenna in-
dividually so unbalances the system as to create
an alarm. Provision is made for compensating
for any change in capacity of either antenna of
a character not warranting the creation of an
alarm,

Other features, objects and advantages of the

invention will become apparent by reference to
the following detailed description of the accom-
panying drawings, wherein: :

Fig. 1 is a pictorial representation of a capacity
type intrusion detecting system arranged to sur-
round and protect an industrial plant; -

Pig. 2 is an enlarged representation, partially
fragmentary, of a part of one of the detection
systems shown in Fig.1;and v

Fig. 3 is a circuit diagram of one of the systems
employed in this invention.

Referring now to the drawings, and particu-
larly to Fig. 1, it will be seen that the four sides
of the boundary surrounding an industrial plant
have associated respectively with each thereof
a system involving the present invention, such

‘system being made up of. antennae 10 and it
with detecting equipment mounted in a cabinet
12 located substantially midway between the ends
of each side of the boundary. Since each system
appearing at the respective boundary sides is
“similar to thaf appearing at the other sides, &
single description will suffice.

Refetring now to Fig, 2, fragments of an an-
tenna (0 are shown leading to a cabinet 12, which
also has the antenna |1 extending from the op-
posite side thereof. Under some conditions two
antenna wires, one above the other, may be used
on each side of the cabinet to improve the sen-
sitivity of the system and raise the height of

~'the protecting barrier. The operating parts of
the system are enclosed within the cabinet 12,
~the power supply and the like being introduced
thereinto through the conduit I4 which is nor-
mally extended to a central office, or the like.
"Referring now to Fig. 3, it will be seen that
the antenna 10, which has a capacity-to-ground
of variable character represented by the variable
capacitor 20, is connected to & tuning or resonant
circult composed of tuning inductance 3( through
blocking .condensers 32 and 34. Antenna (1
having a variable capacity-to-ground, represented
by the variable capacitor 22, is conhected through

a similar blocking or isolating condenser 24 to the

system as before described lnbwhlch ‘
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grid inductance 21, while the capacitor 28 and
resistor 28 serve to supply “C” bias to the os-
cillator tube 26, Inductance 28 has associated
therewith a link circuit 30 connecting _the os-
cillator circult to the tuning or resonant circuit.

The radio frequency voltage in the tuning cir-

cuit is detected by the diode rectifler tube 21,
which is provided with & load resistor 38, and
a connection is providéd between the rectifler
circuit and the grid of power tube 386, through
the coupling condenser 37. A leak resistor 38 is
included in the grid circuit of the power tube 36.
Included in the plate circuit of power tube 36
is one winding 38 of a relay R, while the second
winding 40 of relay R is wound to oppose the
first winding 39 and has included in its circuit
a rheostat 41. Power for the oscillator 26 and
the power tube 36 is supplied by a power source
with such ancillary equipment as may be neces-
sary for proper regulation of the parts being
shown, but not described in detail. Relay R 1Is
provided with contacts 42 adapted to be closed
under certain conditions, such closing resulting
in the energization of an alarm member 44 sup-
plied with energy from a local battery or other
suitable source of current 45.

The operation and use of a system as described
briefly above is substantially as follows. In in-
stalling a number of such systems around an
object to be protected, care is taken to so sup-
port the antenna Il of each system a suitable
distance above ground as to insulate them from
ground and to isolate the antennae of one sec-
tion of the boundary from those of other sections
of the boundary. Under normal conditions, the
respective antennae 10 and Il of a system are
made physically equal in length, if all other con-
ditions are equal, but if ground or atmospheric
conditions affect one more than the other then
the relative lengths are adjusted to equalizé such

- inequality.

With the antenna il connected as shown, the

_tube 26 will oscillate, since its plate circuif is in-

. ductively coupled to the grid inductance 27 by

. the inductance. 25, and the frequency of oscilla-

tions will be determined by the value of the in-
ductance 26 and the antenna-to-ground capacity
22. The series effect of the capacity 24 can be
neglected. The radio frequency oscillations so
generated are conducted by means of the link

_ circuit 30 to the tuning or resonant circuit com-
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posed of the tuning inductance 31 and the an-
tenna-to-ground capacity 20. Again assuming
that the capacities 32 and 34 are large and the
inductance of 30 is small, the resonant frequency
of this tuning. circuit is determined by the value

"of the elements 20 and 31. If the inductances 25

and 31 are substantially equal and the capacities

"22 and 20 substantially equal, the oscillator will

have substantially the same frequency as the
resonant frequency of the tuning circuit. Fur-
thermore, if the frequency of oscillations is sub-
stantially equal to the resonant frequency of the

tuning circuit, a radio frequency voltage will ap-

pear across the inductance 38{ which, when ap-

~plied to the diode rectifying tube 21, will produce

a direct current voltage across its load resistor 38.
Under normal conditions, the coupling condenser
37 isolates the grid of the power tube 36 from the
rectified’ voltage so that the plate current fiow
through the winding 89 of relay R has a normal
fixed value depending upon the bias voltage

" through the grid leak 38. - The rheostat 41 can

Plate inductance 28 of the oscillator tube 26. -

Inductance 28 is inductively connected to the

be adjusted-to cause the winding 40 to have the

, same current flow therethrough as occurs through
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the winding 39 so that normally this relay is
deenergized. But upon a slight increase or de-
crease in current flow through winding 88, as
controlled by the tube 36, the relay will be ener-
gized, closing contacts 42 to actuate the alarm 44,
Such slight changes in current flow through the

winding 38 will occur upon the approach or de--
parture under certain conditions of an intruder

with relation to elther antenna in the following
_ manner. ‘ o

In actual operation the oscillator frequency is
adjusted to be slightly lower than the resonant
frequency of the tuning circuit including ele-
ments 20 and 31 so that the rectified current flow
through thé diode load resistor 35, if plotted on
the response curve:of the tuning circuit, will be
found to be approximately one-half of the peak
‘value at resonance. Consequently, when capac-
ity Is added to antenna { {, the frequency of oscil-
lations is decreased in proportion to the Increase
in capacity, causing radio frequency voltage and
[Mence the diode current to decrease by a propor-
tionate decrement: Similarly, the addition of
capacity to antenna 10 likewise decreases the fre-
quency of the tuning circuit, improving the tuning
. thereof so that the diode current increases by a
proportionate increment.
approach of an intruder to either antenns intro-
duces additional capacity to change the diode cur-
rent in either of the manners just described, . The
comparatively rapid changes in the voltage drop
across the diode load resistor 85 are transmitted
as negative or positive pulses to the grid of the
output amplifier tube 36 through the large con-
~ denser 37 and the leak 38, causing either a de-
crease or increase, in current flow through wind-
ing 39 of relay R and s consequent production
of an alarm by device 44. By adjusting fre-
quency characteristics as before described, oper-

atlon occurs on the straight part of the tuning

circult response curve, with equal capacity
changes in either direction causing substantially
"equal change in diode current flow in either
direction. ’
Should the alarm device be activated by the
approach of an intruder to either.of the antennae
10 or {1, and the capacity of such antennae re-

mained in this changed condition for a predeter--

In this manner the -

10

15

20

" of the present device exceeds
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-mined length of time, the system will again be-

come balanced due to the time constant of the
Input control circuit of tube 36, which time con-
stant is of at least several seconds duration, de-
pending upon the values of the condenser 37 and
the resistor 38 which are normally large values.
‘Thus, within the time limit set by the time con-
stant of the input circuit of tube 36, the system
will become again balanced with normal current
flow throigh the winding 89 of relay R. Should
the intruder depart from this antenna, thereby
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reducing the capacity-to-ground thereof, the op- -

posite effect will occur, again creating an alarm
in the manner before described. The time con-
stant of the input circuit can be varied in any of
several conventional manners, and if desired,

condenser 31 can -be made adjustable, or even the .

resistor 88 be made adjustable, so that the time
required for a response initiating an alarm can
be shortened as desired, or the interval required
for the system to assume a balanced condition
can be shortened or lengthened as conditions may
warrant. ’

The present arrangement, moreover, possesses
superiority over prior devices for the reason that
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any change in capacity affecting both antennae i

simultaneously and uniformly‘wm not cause the
creation of an alarm, but. compensation will be

[ ]

made automatically in the system for such
changes. ' If it be assumed that the inductances
28 and 31 are of equal value and the capacities 22
and 20 are also of equal value, then the oscillator
frequency will be equal to the resonant frequency
of the tuning circuit. Consequently, any equal
change in the capacities 22 and 20 will create
equal changes in oscillator and tuning frequen-
cles so.that the balance of the system is undis-
turbed. However, as before pointed out, in prac-
tice the: oscillator frequency is adjusted to be
slightly lower than the resonant frequency of the
tuning circuit, but even with such slight vari-
ations the differential change in frequencies
caused by equal capacity changes in the two parts
of the system will be negligible for all practical
purposes. Thus, the present system, instead. of
opposing an adjustable or variable frequency such
as an antenna against a fixed capacity as in prior
devices, opposes two adjustable capacities or an-
tennae, with the result that the operating range
materially the pos-
sible operating range of any prior device.

" While theoretically an intruder might approach
a system as shown in Pigs. 1 and 2 in such a man-
ner as to cause a simultaneous equal change in

. capacities in the two-antennae 10 and {{, such

as by approaching the cabinet 2 at right angles
to the run of the antennas, in practice it would
be for all purposes impossible to cause such si~
multaneous change. However, even this possibil-
ity can be avoided by extending a portion of an-
ténna 10, as shown at 10’ in Fig. 2, whereby this
extended portion is located above the cabinet
so that even approach thereto would cause a
more marked capacity change in antenna 10
than in antenna (1. '

+The relay R with opposed windings as disclosed
operates in & manner suficient for ordinary bur-
glar or intruder alarm putposes, but if the in-
vention is to be used for “controlling” purposes,
then use may be made of a galvanometer relay
sq that distinctive signals can result from ap-
proach to the respective antenna, The relay
contacts of such a galvanometer relay, each cor-
reésponding to one antenna, could then be In-
corporated into its own Independent controlling
c{?cuit to operate a motor, valve, and so forth,
for counteraction purposes. - :

;' The use -of such a galvanometer relay will be
pp,rtlcularly advantageous where the present in-

‘vention is employed for detecting capacity

changes in industrial systems such as, for ex-
ample, in installations wherein it may be desired
ta; control the path of motion of any object such
as a vehicle, or to measure the degree of unbal-
ance of chemical or other weighing seales, or -
for many other purposes for which' the system is
particularly adapted. In addition, this inven-
tion can be readily used for controlling the lev-
eling of an airplane as it approaches the ground,
since if one of the systems having the dual an-
tennae arrangement be fastened to the under-
side of the fuselage from fore to aft and an-
other system fastened to the wings from side
to side, the pilot of the plane could readily notice
any declination of the plane’s position from the
desired position. Other uses of the system will
be obvious to those skilled in the art. .

From the foregoing it will be seen that the
bresent invention provides a capacity alarm or
control system of such nature as to compensate
automatically for normal capacity changes which
may occur due to atmospheric or other condi-
tions and which can be operated to provide a

~
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meximum of lineal protection {ntrusion detec-
tion with & minimum of equipment. It is to be
understood that the invention is capable of mod-
{fication. beyond the illustrated embodiment, and
accordingly any limitations to be imposed there-.
upon are only those set forth in the following

‘ claims,

What is claimed is: . :

1, In a system of the type -described, the com-
bination of an oscillator, an antenns, ‘connec-
tions whereby & change in capacity of the an-
~ tenna varies the frequency of the oscillator, &
tuning circuit linked to the output of said os-
cillator and being tuned substantially to the fre-
quency of the oscillator, a second antenna, con-
nections whereby a change in capacity of the.
. second antenna changes the tuning of said tun-
ing circuit, s control circuit path and means
whereby the changes above & predetermined rate
of change in either the frequency of the oscil-
iator or the tuning of the tuning circuit causes
a change from normal in the current flow in said
path, current flow in said path remeaining nor-
mal upon simultaneous corresponding capacity
changes of sald antennae and means intermedi- '
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ate said linked oscillator and tuning circuit and -

said control current path for varying the rate

-4, In a system of the type described, the com-
bination of an oscillator, an antenna, connections
whereby o change in capacity of the antenna
variés the frequency of the oscillator, & tuning
circuit linked to the output of said oscillator and
being tuned substantially to the frequency of the
oscillator, & second antenna, connections where-
by & change in capacity of the second antenns
changes the tuning of sald tuning circuit, a con- .
trol current path, and means whereby change of
capacity of either of said antennae above. & pre-
determined rate of change causes g change from
normal in current flow in said path, current fiow .
in said path remaining normel upon simultane- -

= ous uniform capscity change in seid antennae,

said. oscillator being adjusted to a frequency
slightly lower than the -resonant frequency of
said : tuned = circult whereby equal capacity
changes in either direction in either antenna
cause substantially equal change in current flow
in said path in either direction.

5. In & system of the type described, the com-
bination of an oscillator, an antenna, connections
whereby ‘2 change in capacity of the antenna
varies the frequency of the oscillator, a tuning:
circuit linked. to the output of sald oscillator and

_ being tuned substantially to the frequency of the

of capacity change required to cause a change

from normal in current fiow in said path.

2. In a system of the type described, the com-
bination of a source of oscillations, an antenns,
connections whereby a change in the capacity:
of the antenna varies the frequency of the os-
cillations generated by said source, a rectifier
for said oscillations, a tuning circuit linked to the
output of sald source between said source and
said rectifier and being tuned substantially to the
frequency of said source, & second antenna, con-
nections whereby a change in capacity of -the
second antenna changes the tuning of sald tun-
ing circuit, an amplifier responsive to rapid volt-
age changes- in the circuit of said rectifier caused
~ by change of capacity in either of sald antennaé
above a variable predetermined rate of change,
signal means activated by variations from nor-

- normal in current flow in said path, current flow = -
_in said ‘path remaining normal upon simultane-
" ous' uniformcapacity change in said antennag,

oscillator, a second antenna, connections where-
by a change in capacity of the seconql‘_'antenna
changes the tuning of ‘sgid tuningcircuit, a con-

“trol‘currént path, and ‘means whereby change of '

¢capacity of elther of said antennae above & pre--
‘determined rate of change causes & change from

" said ; means including apparatus: for restoring

40

current flow in said path to normal within a
predetermined time after cessation of capacity
change. - ' : S

6. In a system of the type described, the com-

. bination of an oscillator, an antenna, connections

mal in the output of said amplifier, and variable -
means for preventing response of said amplifier -

to voltage changes resulting from capacity
change in either antenna within said predeter-
. mined rate of change, said variable means op-
“erating to restore the output of said amplifier

whereby a change in capacity of the antenna
varies the frequency, of the oscillator, said an-
tenna extending in one direction from a central
point, a tuning circuit linked to the output of
said ‘oscillator and being tuned substantially to

_ the frequency of the oscillator, a second antenna,

50

to normal within & predetermined time after

ces:ation of capacity change affecting said out-
- put. ‘ : ’

3. In a system of the type described, the com-
bination of an oscillator, an antenna, connections
whereby a change in capacity ‘of the antenna
varies the frequency of the oscillator, a tuning
circuit linked to the output of said oscillator and
being tuned substantially to the frequency of the
oscillator, a second antenna, connections where-
by a change in capacity of the second antenna
changes the tuning of said tuning eircuit, a con-
trol current path, and means whereby change of
capacity of either of said antennae ahove & pre-
determined rate of change causes a change from
normal in current flow in said path, current flow
in said path remaining normal upon simultane-
ous uniform capacity change in said antennae,
said oscillator being adjusted to such a frequency
other than the resonant frequency of said tuned
circuit that equal capacity changes in either -
direction in either antenna. cause substantially
equal change in current flow in said path in
either direction.
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. connections whereby a change in capacity of the

seconid antenna changes the tuning of seid tun~
ircuit, said second antenna extending in
er direction from said central point, a con-
trol ¢urrent path, and means whereby change of
capagtity of either of said antennae above a pre- -
determined rate of change causes a change from
normal in current flow in said path, current flow
in said path remaining normal upon simultane-
ous uniform capacity change in said antennae,
one of said antennae being so arranged relative
to said central point as to prevent- approach to
said system in a manner to effect equally the
capacities of the two antennae. :

MAXWELL H. A. LINDSAY. -
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