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(57) ABSTRACT 

A coaxial cable with a dielectric filler comprising a ra 
dially polarized electret develops and transmits a signal 
along the cable in response to deformation of the cable 
at any point along its length. Such a cable, when. 
clamped to chain link, barbed wire, or similar fences, 
generates an electrical signal in response to attempts of 
intruders to climb or cut the fence and transmits that 
signal to remote alarm equipment. Standard coaxial 
cable is modified to form such a transducer by heating 
the entire cable, applying a dc potential across the ends 
of the outer and inner conductors while the dielectric 
filler is heat-softened, cooling the cable while maintain 
ing the electrical stress on it, and finally removing the 
bias voltage. Signal amplification and processing ele 
tronics, which are connected to the cable, detect intru 
sions and discriminate against false alarm signals. 

9 Claims, 7 Drawing Figures 
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COAXAL CABLE TRANSOUCER 

BACKGROUND OF THE INVENTION 
The invention herein described was made under a 

contract with the Department of the Army. 
This invention relates to transducers, and more par 

ticularly to a coaxial cable transducer and its method 
of fabrication. 
The chain link or barbed wire fence is a commonly 

used barrier to prevent unauthorized intrusions into a 
secured or protected area. The effectiveness of such a 
fence, however, is limited when security of the pro 
tected area requires that an alarm or warning be given 
whenever any compromise of the fence is attempted. 
Various techniques have been proposed for providing 
sensitized barriers or fences but these have proven to 
be either ineffectual or costly or both. Moreover, the 
complexity and cost of modifying existing fences to 
provide intrusion detection capability have not pro 
duced satisfactory results. 
An object of this invention is the provision of a sim 

ple low-cost transducer for sensitizing fences to pro 
duce an alarm when an intrusion or compromise of the 
fence is attempted. 
Another object is the provision of a process for con 

verting standard coaxial cable into a continuous trans 
ducer capable of converting disturbances into electric 
signals and for transmitting the signals to a remote loca 
tion. 
A further object is the provision of an inexpensive 

transducer which may be readily mounted on existing 
chain link fences or the like for sensitizing them to dis 
turbances caused by intruders. 

SUMMARY OF THE INVENTION 

The dielectric filler in a coaxial cable is conditioned 
in such a manner that it becomes an electret "polar 
ized' in the direction of a unidirectional (dc) electric 
field applied across the inner and outer conductors, 
i.e., radially. The entire cable is conditioned in this 
manner. The sensitized cable is so mounted or de 
ployed that the condition to be detected causes a local 
ized radial deformation of the outer conductor, which 
produces a signal voltage on the cable capable of being 
detected at the end of the cable by appropriate elec 
tronic apparatus. The transducer responds to rate of 
change of diameter of the outer conductor in produc 
ing the signal which then may be processed by a band 
pass amplifier, integrator, and threshold circuitry to 
discriminate against false alarms. The process of sensi 
tizing the cable consists of applying a dc electric field 
across the outer and inner conductors when the dielec 
tric filler is heat-softened and maintaining this bias volt 
age until the filler cools and hardens thereby making it 
an electret. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a side elevation of a portion of a chain link 
fence to which a coaxial cable embodying the invention 
has been connected; 
FIG. 2 is an enlarged cut-away portion of the coaxial 

cable of FIG. showing the fence mounted clamp ring; 
FIG. 3 is a transverse section taken on line 3-3 of 

FIG. 2; 
FIG. 4 is a schematic diagram of the signal processing 

and alarm circuits to which the transducer is con 
nected; 
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2 
FIG. 5 is a schematic view of the interior of a coaxial 

cable illustrating the technique of sensitizing it; 
FIG. 6 is a greatly enlarged partially schematic longi 

tudinal section of the cable illustrating the theory of op 
eration of the transducer; and 
FIG. 7 is a schematic view of the equivalent circuit 

of the sensitized coaxial cable. 
The phenomenon of electrets or polarized dielectric 

substances has been the subject of investigation and 
study for many years. In 1925 M. Eguchi demonstrated 
that cooling carnauba wax in an applied electric field 
produced permanent polarization charges, see Philo 
sophical Magazine, Vol. 49, page 178 (Taylor and 
Francis, London, 1925). British Pat. No. 966,018, is 
sued in 1965, and U.S. Pat. No. 3,316,620 disclose 
processes for producing electrets from thermosetting 
materials. The present invention is concerned with a 
specific adaptation of the electret phenomenon in co 
axial cables such that this conventional low-cost trans 
mission line is converted into an extremely sensitive 
transducer capable of translating slight mechanical de 
formations of the cable into detectable electrical sig 
nals. A specific application for such coaxial cable trans 
ducer is as an anti-intrusion sensor for chain link fences 
described below as a preferred embodiment of the in 
vention. Other embodiments include using the trans 
ducer on barbed wire and other types of fences, bury 
ing it below the ground to detect seismic vibrations, in 
tegrating it with concrete floors and vaults as a sensor 
for a security system, stringing it with a chain barrier 
across a passageway, or any combination of these and 
other applications wherein the condition to be detected 
directly or indirectly changes the spacing of the outer 
and inner conductors. A particularly important feature 
of the coaxial cable transducer is that it may readily be 
adapted to include a continuity monitor so that at 
tempts to sever the cable also generate an alarm signal. 
DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring now to the drawings, FIG. 1 shows a chain 
link fence 10 comprising vertical posts 11 secured in 
the ground G and supporting wire mesh fencing mate 
rial 12. In accordance with this invention, a coaxial 
cable 14, described in greater detail below, is secured 
by clamping rings 15 to the fencing material 12 
throughout the entire length of the fence. Cable 14 is 
connected to a signal processor 6 preferably buried 
adjacent to the fence, and an output line 17 from the 
processor transmits an alarm signal to a remote control 
and alarm station 18 preferably by an underground 
route for security reasons. 
Clamp rings 15 tightly grip the outer surface of cable 

14 and hold it against the fencing material so as to cou 
ple vibrations from the fence to the cable in such a 
manner as to produce an electrical signal within the 
cable as explained below. Processor 16 has a predeter 
mined passband preferably of 200 Hz to 4 kHz so that 
low frequency disturbances such as wind-induced fence 
movements which typically generate within the cable 
signals having a frequency characteristic below 200 Hz 
do not produce an alarm signal on output line 17. The 
system therefore is capable of discriminating against 
false alarms from such conditions. Disturbances which 
produce signals having frequencies within the passband 
such as severing offence strands with a wire cutter (ap 
proximately 4 kHz), the climbing of the fence by a hu 
man, or snagging of clothing by the barbed wire strands 
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do produce an output from processor 16 and provide 
an indication at station 18 that such compromises of 
the fence have been attempted. 
Cable 4 initially is a conventional commercial prod 

uct having a braided sleeve-type outer conductor 19, 
see FIGS. 2 and 3, covered by an insulating sheath 20 
made of polyvinylchloride or the like, an inner conduc 
tor 21 and a dielectric filler 22 in the space between the 
inner and outer conductors. These coaxial layers are 
tightly formed around the inner conductor and nor 
mally are flexible and radially resilient. By way of ex 
ample, a coaxial cable used in the practice of the inven 
tion with satisfactory results had an outside diameter of 
about 6 inch, a dielectric filler made of tetrafluor 
oethylene (sold under the trademark Teflon by E. I. du 
Pont de Nemeurs & Co.) and is currently available on 
the commercial market. Clamping rings 15 tightly en 
gage the periphery of the cable and lock it to strands 
12a of fencing 12 so that no play exists between the 
cable and the fence strands at the point of connection. 
This insures that vibrations induced in the fence are 
coupled directly to the cable so as to move the outer 
conductor relative to the inner conductor. 

Signal processor 16 comprises an ac amplifier 24, see 
FIG. 4, which places a resistive load between outer and 
inner conductors, an integrator 25, and a threshold cir 
cuit 26 connected in series. Amplifier 24 has a high 
gain, preferably about 100 db, and has a predetermined 
passband which may be and preferably is about 
200-4000 Hz. The threshold level of circuit 26 is ad 
justable by a variable resistor 27 to provide further dis 
crimination against unwanted or spurious signals. The 
output of circuit 26 is an alarm signal transmitted by 
line 17 to remote station 18 containing an alarm gener 
ator such as a bell or flashing light. 
Referring now to FIG. 5, the technique for convert 

ing standard coaxial cable into a sensitive transducer 
will be explained. Cable 14 is heated in an oven 30 hav 
ing a heating element 3A to a temperature sufficient to 
heat-soften dielectric filler 22, i.e., to the critical tem 
perature below its melting temperature. While in this 
state, the filler is subjected to a strong unidirectional 
electric field from a high voltage source 32 connected 
by leads 33 and 34 to outer conductor 19 and inner 
conductor 2, respectively. In other words, bias voltage 
leads 33 and 34 are so connected to the outer and inner 
conductors that the entire cable is electrically stressed. 
The effect of this electrical bias on the entire body of 
heat-softened dielectric filler is to convert it into an 
electret as indicated in the drawings by the positive and 
negative charges at the outer and inner boundaries 
thereof. The cable including the electret filler are then 
cooled so that the latter again hardens and the bias 
voltage is maintained on the cable throughout this cool 
ing period and for some time thereafter. This permits 
the polarization of the electret filler to "freeze' and as 
sume a permanent set. The bias voltage is then re 
moved and the cable is and remains substantially per 
manently sensitized. 
The principle of operation of the cable transducer is 

believed to be based on the rate of change of position 
of the outer conductor relative to the cable interior 
which produces a transient though detectable signal 
across the inner and outer conductors. This will be bet 
ter understood by reference to FIG. 6 which shows an 
effective air gap 36 between outer conductor 19 and 
the outer surface 22a of filler electret 22. This air gap 
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4. 
36 is believed to exist as a result of normal manufactur 
ing tolerances and/or the use of a braided form of outer 
conductor wherein discontinuous contact is made be 
tween that conductor and the outer surface of the elec 
tret. As a consequence, the effective air gap 36 func 
tions as a dielectric layer between adjacent faces of the 
outer conductor 19 and electret 22 forming there with 
a capacitor C shown in broken lines. Outer and inner 
conductors 19 and 21, respectively, separated by the 
electret also function as plates of a larger capacitor CE 
in parallel with capacitor CA. When a portion of the 
outer conductor is moved inwardly toward electret sur 
face 22a as indicated in broken lines at D, the capaci 
tance of capacitor CA changes at that point causing a 
transient signal to be generated between outer and 
inner conductors which appears as a voltage across 
load resistor R at the end of the cable measurable by 
meter M. 
The equivalent circuit for the cable transducer is 

shown in FIG. 7 wherein capacitor CA is depicted as a 
variable capacitor in parallel with capacitor Ce and in 
series with a battery B representing the static charge on 
the electret. Thus the variation in capacitance caused 
by the deformation essentially "modulates' the static 
charge on the line and produces a detectable signal 
which is transmitted by the line to the load resistance. 
The attenuation of this signal as it is transmitted along 
the cable is negligible. It should be noted that the trans 
ducer is responsive to the rate of change of position of 
the outer conductor toward the inner conductor to gen 
erate a transient signal or series of such signals. The 
characteristic frequency of such a signal is indicative of 
the nature of the disturbance or condition which gener 
ates it and enables discrimination against false alarms 
by filtering and integration techniques. 
An important factor in the practical application of 

the coaxial cable transducer is the charge life of the 
filler, i.e., the length of time required for the charge to 
leak off the electret filler. The time rate of loss of 
charge or the “decay time' varies with different mate 
rials, the longest charge life having been observed in 
polycarbonates and tetrafluoroethylene (Teflon). The 
charge life of these materials is estimated to exceed 100 
years at room temperature. The commercial availabil 
ity of coaxial cable with a Teflon filler, therefore, 
makes this cable highly desirable as a microphonic de 
tector. 
By way of example, a coaxial cable 150 feet long hav 

ing a Teflon filler 22 was heated to a temperature of 
500 F and subjected to a bias voltage of 10 kV while 
at that temperature for 2 hours. Thereafter the oven 
was allowed to cool to room temperature with the bias 
voltage maintained for an additional period of one 
hour. This resulted in a transducer capable of develop 
ing a signal of 50 millivolts in response to application 
of a radial impact force of 50 grams. A pulsating or vi 
brating force having a frequency of 400 Hz applied to 
the exterior of the cable and having a peak-to-peak am 
plitude of less than 0.1 inch produced an ac signal of 
5 millivolts at the same frequency taken at the end of 
the cable approximately 50 feet from the application of 
the force to the cable. 
While satisfactory results have been obtained by 

heating the entire length of cable at one time in an oven 
during the sensitizing process, it is possible that certain 
non-uniformities in the formation of electrets might re 
sult from uneven heating of the cable. This possibility 
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is obviated by passing increments of the length of the 
uncoiled cable progressively and continuously through 
an oven while electrically stressing it and similarly al 
lowing it to cool. The cable is thus sensitized progres 

6 
4. The transducer according to claim 1 in which said 

electret is polarized in the direction of a unidirectional 
field applied across said conductors. 

5. A system for detecting intrusion of a protected 
sively in a manner that insures uniform electrical char- 5 area comprising in combination, 
acteristics and also better adapts the process to mass 
production techniques. 
The availability and low cost of the type of coaxial 

cable shown in FIGS. 1-3 and the optimum charge 
retaining lifetime of its Teflon filler make it an ideal 
transducer for sensitizing existing chain link fences and 
the like or for being integrated into the fence material 
at the time of manufacture or installation. Tests have 
been made on chain link fences equipped with this sen 
sitized coaxial cable and vibrations resulting from cut 
ting of the fence material as well as those generated by 
climbing of the fence have been detected. The severing 
of a chain link fence strand with wire cutters typically 
generates a vibration having a frequency of 4 kHz 
which is transmitted through the fence material to the 
cable for ultimate detection. Attempts to cut the coax 
ial cable transducer slowly may be detected by a conti 
nuity check circuit in which a direct current is passed 
through the cable and an indication given when it is in 
terrupted. 
What is claimed is: 
1. A transducer comprising 
a coaxial cable having an inner conductor and an 
outer conductor and a dielectric filler between said 
conductors, 

said filler comprising an electret. 
2. The transducer according to claim 1 in which said 

filler is tetrafluoroethylene. 
3. The transducer according to claim 1 in combina 

tion with means mechanically coupled to the exterior 
of said cable and responsive to a condition to be de 
tected for changing the spacing of conductors, and 
detector means electrically connected across said 
conductors for detecting an electrical signal gener 
ated by said changed conductor spacing. 
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a coaxial cable disposed across said area, 
said cable having inner and outer conductors and 
an intermediate dielectric filler comprising an 
electret formed by a pre-applied unidirectional 
electric field across said conductors, 

inducer means for changing the relative radial spac 
ing of said conductors in at least one point along 
the length of the cable in response to a condition 
of attempted intrusion of said area whereby to gen 
erate an electrical signal across said conductors, 
and 

detector means responsive to said electrical signal re 
mote from said one point for producing an output 
indicative of the attempted intrusion. 

6. The system according to claim 5 in which said de 
tector means has a bandpass circuit whereby to pro 
duce said output only in response to signals generated 
by intruders. 

7. The system according to claim 5 including a fence 
comprising wire strands, said inducer means compris 
ing clamping rings tightly mechanically connecting said 
cable to said wire strands whereby vibrations in said 
strands are converted by said cable into electrical sig 
nals. 

8. The system according to claim 5 in which said 
cable is buried under the earth's surface, said inducer 
means comprising earth material surrounding the ca 
ble. 

9. The system according to claim 7 which includes a 
station located remote from said fence and having an 
alarm generator, said detector means being disposed 
adjacent to said fence and being electrically connected 
to said station whereby said output activates said alarm 
generator. 

k x: ck sk k 
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