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This invention relates to electrical conductors and more 
Specifically to those types of conductors comprising a 
non-electrically conductive material impregnated with 
magnetically oriented conductive particles. The inven 
tion also relates to a method of producing such electrical 
conductors. 
There are many applications where a conductor is 

needed which has many of the properties of certain non 
conductors. One of the most important of such needs 
arises in connection with electric heating panels or blan 
kets which can be connected to a current source to heat 
a space, where such panels must have an attractive 
finish, a low conductivity in order not to burn persons 
who accidentally contact the panel, and other charac 
teristics which are typical of many non-conducting mate 
rials. Such panels have been made by embedding heat 
ing wires of a resistive material, such as Nichrome, in a 
non-conducting matrix and providing external electrical 
leads to the wires. To allow the Nichrome wires to heat 
the Surrounding matrix, they must be raised to a high 
temperature level and the material of the matrix im 
mediately adjacent to the wires must be able to with 
stand Such high temperatures. Many non-conducting 
materials, such as certain plastics with desirable proper 
ties including light weight, low cost, easy formability, 
flexibility, and attractive finish, will melt or otherwise 
deteriorate at high temperatures and cannot be used in 
connection with the highly concentrated conductors as 
defined by individual wires. The temperature of the 
Nichrome wire can be reduced if it is laid in a close zig 
Zag fashion so that the wires are close to all areas of the 
panel; however, if the panel is to yield considerable heat, 
the non-conducting material adjacent to each wire must 
still be able to withstand moderately high temperatures, 
higher than many otherwise suitable materials can with 
stand, and the cost of producing such a panel with closely 
spaced wires is considerable. 

This invention provides conductors having the desired 
properties by adding conductive particles to a high re 
sistance fluid or granular matrix material, usually with 
a resistance approaching infinity (i.e., non-conducting), 
orienting the particles into conductive chains by apply 
ing a magnetic field while the high resistance or non 
conductive matrix material hardens, and providing elec 
trical leads which make physical contact with the con 
ductive particle webs. 
By forming the matrix as a flat sheet or panel, with 

the magnetic field applied parallel to the plane of the 
panel, and providing conductive strips at opposite ends 
of the panel, a heater panel is obtained whose entire 
Surface is heated upon the application of current. 

Magnetic particles have been heretofore introduced 
into liquid plastic and oriented in a magnetic field. The 
structures created by these techniques have exhibited 
magnetic and resistive characteristics favorable for use 
as transformer and inductor cores and in other electrical 
apparatus, to minimize eddy current and hysteresis losses 
therein. However, these prior devices were not suitable 
for the present purposes, and in no instance have the 
magnetically oriented particle chains been provided with 
physical electrical connections between the particle 
chains and external electrical leads to enable direct appli 
cation of currents thereto. As will be described in detail 
hereinafter, conductors with magnetically oriented par 
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ticles are not only useful as heating panels or blankets, 
but it has been discovered that by varying the contents 
and/or treatment of such conductors, additional useful 
properties are achieved which allow for the use of the 
conductors in many additional and varied applications. 

In accordance with one aspect of the invention, during 
manufacture of the present conductors pressure is ap 
plied to the particle impregnated non-conductive base 
material or matrix as it is cured and solidifies. This re 
Sults in a conductor having a resistance substantially 
lower than that of a similar conductor cured without such 
pressure. The need for a low resistance conductor arises 
when a conductor is used as a heating element or a heat 
ing blanket and considerable current must be directed 
therethrough to obtain a reasonably large heat output. 
In instances where a thin heating blanket is used so 
as to obtain a blanket of low cost, light weight, and 
other desirable characteristics, the resistance will normal 
ly be high and it is difficult to cause a large current to 
flow. The application of pressure to the non-conductive 
matrix before it solidifies results in the described con 
ductor of much lower resistance, and such a conductor ai 
lows for the conduction of considerable current from a 
reasonably low voltage source. 

In accordance with another aspect of the invention, the 
particles disposed in the matrix are constructed from 
small pieces of paramagnetic material which form cores, 
and these paramagnetic cores are coated with a highly 
conductive material. Such composite particles are 
utilized to obtain a conductor of lower resistance than 
can be obtained with uncoated particles. 

In accordance with still another aspect of the inven 
tion, a non-conductive matrix with a much higher co 
efficient of expansion than that of the impregnating par 
ticles is used to obtain a heater blanket whose resistance 
increases greatly with the temperature of the conductor. 
When the resulting structure is used as a heater blanket, 
it is self temperature regulating in that, as temperature 
increases the heating currents decrease, and this eliminates 
any need for external control of the current source. 

In accordance with a further aspect of the invention, 
a compressible base or matrix material is used, and a con 
ductor is obtained whose resistance decreases with the 
application of pressure to the conductor. Such a con 
ductor is useful as the measuring element of a pressure 
transducer used to measure the pressure of a chamber 
or the like. For this purpose, one side of the conductor 
is maintained rigid while the other side is exposed to 
the environment whose pressure is to be measured. An 
ohmmeter connected across the terminals of the con 
ductor may then serve as a pressure indicating device. 
The conductors of the various types described above are 

readily manufactured by adding paramagnetic particles to 
the highly resistive or non-conducting base material or 
matriX, magnetically orienting the particles to form con 
ductive chains and providing external electrical leads 
which make physical electrical connection with the con 
ductive particle chains. 
A more complete understanding of the invention and of 

the aforementioned and additional features may be had by 
reference to the following description and claims taken in 
conjunction with the accompanying drawings, in which: 
FIGURE 1 is a partially cutaway pictorial view, show 

ing one embodiment of the present invention in the form 
of a conductive panel; 

FIG. 2 is a partially diagrammatic, sectional view illus 
trating one means and System for producing the conduc 
tive panels of the present invention; 

FIG. 3 is a greatly enlarged, fragmentary, sectional view 
of a low resistance conductor comprising particles having 
paramagnetic cores and highly conductive coatings; 
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FIG. 4 is an enlarged, fragmentary, sectional view of a 
self-temperature regulating conductor at a low tempera 
ture; 

FIG. 5 is a sectional view similar to FIG. 4 but which 
shows the self-temperature regulating conductor of FIG. 4 
at a high temperature; 

FIG. 6 is an enlarged, fragmentary, sectional view of a 
pressure sensitive conductor under low pressure; and 

FIG. 7 is a sectional view of the pressure sensitive con 
ductor of FIG. 6 under high pressure. 

Referring to FIG. 1, one form of the electrical con 
ductor of the present invention includes a non-conductive 
matrix material 12 such as polyester, numerous paramag 
netic particles 4 (shown greatly enlarged for clarity) 
Such as iron particles which have been magnetically 
oriented to form interconnecting conducting chains, and 
electrical leads 6 for conducting electricity to the particle 
chains in the matrix. For some applications such as heat 
ing panels, it is desirable to form the matrix 12 as a sheet, 
this form being as shown in FIG. 1. Obviously, conduc 
tors may be constructed in other physical forms without 
departing from the spirit and scope of the invention. 
The matrix 12 may be constructed from most available 

types of non-conducting or very high resistance materials 
which have the properties desired in the final conductor, 
Such as attractive finish, light weight and the like. For 
easier production, it is desirable that the matrix be liquid 
or of low viscosity at temperatures of less than about 400° 
F. (unless the conductor is to be used at high tempera 
tures). This allows the matrix to be formed to the desired 
shape and the particles to be magnetically oriented in the 
unhardened matrix material at relatively low production 
temperatures. Most of the presently known rubbers and 
plastics fulfill these requirements. 
The paramagnetic particles 14 may be particles of al 

most any paramagnetic material; however, it is desirable 
that the material be capable of great influence by magnetic 
fields, i.e., ferromagnetic, so that the particles may be 
oriented to form conductive chains under the influence of 
a magnetic field of reasonable intensity. It is also impor 
tant that these particles be electrically conductive. Ac 
cordingly, one very satisfactory material for the present 
purposes is iron or one of its alloys, inasmuch as such 
materials are of low cost, high magnetic permeability, and 
pOSSeSS reasonably good electrical conductivity. In the 
event the conductor is to be exposed to a corrosive or other 
adverse environment, stainless steel particles constructed 
from stainless types of steel alloys may be used to prevent 
any possible corrosion blemishing on the material. 
As will be pointed out in detail hereinafter, the particles 

14 are oriented so that they physically touch one another 
to form conducting chains which interconnect and gen 
erally display a web-like structure. It is contemplated 
that one means of orienting the particles includes the appli 
cation of a magnetic field to a mixture of the matrix mate 
rial and the particles (or to the matrix material simultane 
ous with the addition of particles) while the non-conduct 
ing matrix material is in a fluid state. This allows the 
particles to move within the matrix material under the 
influence of the magnetic field. The influence of the mag 
netic field causes the particles to be attracted to one 
another, and to rotate and move until contact is estab 
lished. Since the particles physically touch one another, 
they form conducting chains to create the desired conduc 
tive paths. The conducting particle chains are perma 
nently established by solidification of the matrix while the 
particles are in physical conducting relationship to each 
other. 

in order to use the conducting particle webs as direct 
conductors of electricity, physical electrical connections 
must be provided between the conductive particle chains 
or WebS and external conductors or leads. These con 
nections may be established through use of any good 
electrical conductor having a large surface area, the con 
ductor with large surface area being embedded in the 
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4. 
matrix or disposed against a surface thereof and con 
nected to the external leads. One method for disposing 
the conductors in contact with the particle chains includes 
the embedding of a length of wire material in the matrix. 
For matrixes formed into a sheet at least two alternate 
ethods are, first, to embed a strip of wire screen or foil 

in the matrix or, secondly, to attach a strip of foil to the 
matrix by any suitable means such as an electrically con 
ductive paste. In both of these latter instances, an elec 
trical wire or other suitable type of lead is preliminarily 
connected to the strip or foil, as by welding or soldering. 
A very important characteristic of plastics, rubbers, and 

many other non-conducting materials is the ease with 
which they may be formed into sheets or panels. There 
are important uses for electrically conductive sheets, espe 
cially as heater panels or blankets. Such sheets may be 
formed by applying a magnetic field parallel to the plane 
of the sheet while the matrix or particle impregnated 
material is solidifying. The composite sheets will thus 
be made to conduct in directions parallel to the surface 
thereof and, if conducting strips are placed along oppo 
site edges of the sheet, electricity may be directed through 
the sheet, producing heat which radiates therefrom to 
Warm the atmosphere surrounding the sheet. Since the 
conducting chains are produced to extend through the en 
tire area of the sheet, the entire sheet becomes warm and 
may be used to warm an area without being more than 
a few degrees warmer than that area. 
The resistance of the conductors described hereinbefore 

tends to be relatively high. This resistance may be 
lowered by applying pressure to the matrix after the par 
ticles have been magnetically oriented and during a time 
when the material of the matrix is plastic or deformable. 
Application of pressure serves to compress the matrix 
material and to move the particles into more intimate 
contact with each other. Thin sheets suitable for use as 
wall paper may thus be produced by coating a sheet of 
paper material or the like with a mixture containing 50% 
of a dispersion of neoprene in toluene, 40% iron powder 
and 10% graphite (the graphite being employed to lower 
resistance further, as will be explained hereinafter), all 
quantities by volume; then drying the sheet while in a 
strong magnetic field having a direction parallel to the 
plane of the paper; placing foil strips with wire leads near 
opposite edges of the sheet; placing a second sheet on top 
of the first; and vulcanizing the sandwich thus formed. 
A one foot square sheet of wallpaper having a thickness 
of 0.010 inch which was thus produced, without appre 
ciable pressure having been applied, exhibited a resistance 
between ends of approximately 2000 ohms. By vulcaniz 
ing a similar sandwich under pressure of approximately 
2000 lb./in.?, a similar sheet having a thickness of 0.002 
inch was obtained which exhibited a resistance of ap 
proximately 14 ohms. A noticeable lowering of resist 
ance is usually obtained by applying pressures of at least 
about 50 lb./in... Very great decreases in resistance are 
usually obtained by applying pressures of at least about 
500 lb./in2. 
A method of producing particle filled conductors is 

shown in FIG. 2, which illustrates an intermittent pro 
duction line for producing conductive panels. The typi 
cally illustrated line type apparatus includes a conveyor 
belt 20 which advances the materials through various 
stages of the process. The conveyor belt 20 first moves 
over the top of a table 21 to allow the belt to be precisely 
positioned below a spreading knife 22 supported above the 
upper exposed surface of the belt. The belt 20 moves 
under a dispensing nozzle 24 connected to a suitable con 
tainer Such as a tank 25 which supplies a paste contain 
ing the constituents of the final conducting material, such 
as a dispersion of neoprene in toluene, iron powder, and 
graphite. The belt 20 further carries this mixture to the 
spreading knife 22 which spreads the paste into a sheet of 
uniform thickness as indicated generally at 23. The thick 
ness of the sheet 23 may be controlled by adjusting a 
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thickness wheel 26 to move the knife 22 relative to the 
surface of the belt 20, the knife 22 and the wheel ad 
justing mechanism being carried by a bracket 27 disposed 
over the belt and mounted on a side of the table 2. 
A layer of paste indicated at 23 is thereafter carried 

on the belt 20 into an oven indicated generally at 28 
which supplies heat which helps to cure the neoprene, and 
which is also equipped to supply the magnetic field re 
quired to orient the paramagnetic particles. The oven 28 
is provided with insulation walls 38 which define a rec 
tangular oven chamber 32 through which the belt 20 and 
the sheet 23 pass. A heating plate 34 positioned in the 
bottom of the chamber 32 carries current from a current 
Supply 36 and produces most of the heat necessary to 
cure the neoprene. A magnet coil 38, also connected to 
the current Supply 36, produces a magnetic field along the 
length of the chamber 32 and also adds some additional 
heat. Thus, while the neoprene is being cured, the iron 
particles are maintained in an oriented chain-like con 
dition. Before the sheet 23 on the conveyor belt 26 is 
fully cured, it is moved between platens 39 of a suitable 
press 40. Foil strips 42 with wire leads 43 are placed 
on the sheet at each end of the press 40 and the platens 
39 of the press are then forced together to apply pressure 
to the sheet while curing is completed. 

After the pressure is applied to the sheet, the platens 
39 are separated and the conveyor belt 20 moves the 
sheet 23 to a stripped knife 44 which separates the sheet 
from the conveyor belt 20. The sheet then moves under 
a cutter 46 which is suitably supported above the sheet 23 
and which is operated to cut the sheet along the lines 
situated just before the first foil strip and just after the 
second foil strip. The end product is a conductive panel 
with wire leads at opposite edges. 
The process, as carried out by the equipment illustrated 

diagrammatically in FIG. 2, is intermittent, that is, the 
conveyor belt 20 does not run continuously, but for a 
short period every few minutes. This intermittent action 
allows pressure to be applied by a simple press 40, the 
sheet 23 being rapidly moved from a center portion of 
the oven 28, where the magnetic field is horizontal, to 
the press 40 for final curing. As shown, the oven 28 is 
about 20% longer than the press 40 or the final panel in 
as much as the magnetic field in the oven is distorted and 
not of the desired horizontal nature at the ends of the 
oven and for about 10% of the length thereof adjacent 
each end. The portions of sheet lying in these regions 
have particle webs which do not extend parallel to the 
plane of the sheet and therefore do not conduct well along 
the plane of the sheet. Accordingly, after being cut off 
from the balance of the sheets, these ends are discarded. 
In this connection, it is to be understood that advanced 
techniques are more elaborate equipment may obviate 
the present need to discard portions of the sheets without 
departing from the spirit and Scope of the invention. 
When the conveyor belt is moved, it is moved a distance 
sufficient to carry the sheet portion lying at the center of 
the oven 28 to a point at the center of the press 40. The 
belt 20 may be driven by Suitable machinery (not shown) 
disposed in the cabinet 48, over rollers, one of which is 
shown at 50, and through the path of the processes 
described hereinbefore. 
Though panels of fairly low resistance can be ob 

tained by means of the above process, panels of even 
lower resistance can be obtained by vibrating the para 
magnetic particles while they are being aligned by the 
magnetic field, such vibrating preferably starting while 
the matrix material is in its most fluid condition. The 
vibration of particles allows them to come into closer 
contact by pushing through any film of matrix material 
which separates them. 
One way of vibrating the particles is by placing a 

mechanical buzzer similar to a large doorbell buzzer on 
the oven 28. A better way is to send alternating currents 
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to opposite sides of the panel. The currents are prefer 
ably of a high frequency on the order of ten thousand 
cycies per second, because the tiny particles can vibrate 
at this rate and the rapid vibration allows the particles to 
move into close contact. A high voltage on the order of 
ten thousand volts for panels having a length of several 
feet is generally required to provide sufficient electrostatic 
forces to cause vibration. The high voltage also in 
creases conductivity if applied after the matrix is at 
least partially solidified, by causing arcing between par 
ticles, which turns some matrix materials into carbon 
and provides a conductive path between adjacent particles. 
In order to prevent overheating, the current is generally 
applied as a series of several bursts, each burst lasting a 
fraction of a second. 
The basic ingredients of the particle filled conductors 

are a matrix material and paramagnetic particles, and, if 
preSSure is applied to Such a combination during curing, 
a conductor of moderate electrical resistance is obtained. 
The resistance of the conductor may be lowered even 
further by adding a powdered material which produces 
a lower contact resistance between adjacent paramagnetic 
particles. Materials suitable for this purpose are pow 
dered graphite, aluminum, silver and the like. A one 
foot square, 0.025 inch thick panel that was constructed 
using approximately 50% iron powder and 50% of a 
dispersion of neoprene in toluene by volume, had a resist 
ance of approximately 10,000 ohms. A similar panel 
constructed using approximately 40% iron, 10% graphite, 
and 50% of a dispersion of neoprene in toluene by vol 
ume, had a resistance in the order of 100 ohms. The use 
of /2% silver powder in place of 10% graphite resulted 
in about the same reduction of resistance. 
The resistance of a conductor made in accordance with 

the present invention is maintained at a low level through 
use of paramagnetic particles composed of materials 
having high elecrical conductivity, and especially of those 
materials having low contact resistance. In general, 
particles composed of the most conductive metallic ma 
terials Such as copper and silver are most desired, but 
these materials are not magnetic. However, such par 
ticles may be magnetically oriented to form conducting 
chains if they are combined, alloyed or coated onto mag 
netic material. FIG. 3 shows particles of a magnetic 
material such as iron 60, coated with a highly conductive 
material 62. Such as silver and embedded in a matrix ma 
terial 64. If the coating 62 is made relatively thin, most 
of any current will flow through the iron core 60. How 
ever, the thin silver coating Serves to lower the resistance 
of the particle chain by reducing the contact resistance 
below that normally encountered with uncoated iron 
particles, inasmuch as the contact resistance of adjacent 
silver shells is low. The large area of contact of the 
silver coating 62 with the iron core 60 provides a silver 
iron interface of low resistance. The relatively large 
cross-sections of the iron cores allows the cores to con 
duct current easily. Particles of iron coated with copper 
and silver may be used to achieve a lowering of resist 
ance to 1% of the value obtained for uncoated iron 
particles. 

In accordance with a further aspect of the invention, a 
conductor is produced whose resistance increases greatly 
with temperature by the use of a matrix material having 
a high coefficient of expansion together with paramag 
netic particles having a low coefficient of expansion. 
Such a conductor is useful as a self-regulating heating 
panel which tends to maintain a predetermined tempera 
ture in a manner similar to that of a heater with thermo 
Static controls. A sectional view of a panel of this type 
is shown in its cold state in FIG. 4 and in its hot state 
in FIG. 5. When current is applied across the panel 
and the panel is heated, the thermal expansion of a 
matrix 70 moves paramagnetic particles 72 in a direction 
to separate at least a portion of the particles and to 

through the panel as by placing electrical probes adjacent 75 interrupt the flow of current along paths defined by the 
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conductive chains of particles. For this purpose, many 
matrix materials such as silicone, epoxy, rubber and the 
like have sufficiently high coefficients of expansion, while 
materials such as polyesters dô not: Exämples of mag 
netic particles having low coefficients of expansión are 
iron, nickel, chromium and stainless steel. 
The use of simply a base material and paramagnetic 

particles (no contact resistance lowering particles such 
as graphite) results in a panel having a fairly high re 
sistance, and the resistance vs. temperature character 
istics display a sudden and large increase in resistance 
when a predetermined temperature is exceeded. The 
temperature at which the resistance suddenly increases 
may be regulated by applying pressure to the panel while 
it is hardening. A panel may be constructed of 50% 
iron powder and 50% silicone by volume, which has a 
resistance of approximately 10,000 ohms at tempera 
tures below 90 F., and whose resistance rapidly increases 
to over 10 megohms at 95 F. A sheet with these char 
acteristics is useful to control the temperature of a cham 
ber, for example, or as an element of a heat sensitive 
relay. A conductor with a lower cold resistance may 
be obtained by using particles having a core of para 
magnetic material such as iron and coated with a good 
conductor such as silver, and such a conductor displays 
the same sharp increase in resistance at a certain tem 
perature as do conductors which employ uncoated par 
ticles, 
The addition of graphite powder to a temperature 

sensitive panel which contains uncoated magnetic par 
ticles results in a panel with lower resistance, and with 
a reduced rate of resistance change. For small per 
centages of graphite such as 5% of the total volume, 
the resistance still increases rapidly at a certain tem 
perature, but not as rapidly or to such a high value 
as without graphite. The addition of graphite amount 
ing tõ about 15% of the total volume of the sheet re 
sults in a sheet whose resistance vs. temperature char 
acteristic is approximately a straight line function, the 
slope of the line becoming smaller with increasing 
amounts of graphite. 
The use of a compressible material such as foam rub 

ber as the non-conductive base material results in a con 
ductor whose resistance decreases with application of 
pressure. As may be seen in the representation of FIG. 
6, which shows such a conductor under no pressure, 
and FIG. 7, which shows the same conductor under 
pressure, the compression of a matrix material 80 serves 
to move paramagnetic particles 82 closer together and 
into better contact with each other, thereby lowering 
the resistance of the conducting chains. Pressure sen 
sitive conductors may be made containing, for example, 
50% iron, 10% graphite, and 40% polyurethane foam 
by volume, no pressure being applied during curing. 
The free spaces within many types of foam are airtight 
and conductors using such foams are useful as sensing 
elements of devices used to measure the pressure with 
in a chamber. Through use of a light foam rubber which 
is very easily compressed, a conductor is obtained which 
serves as a sensing element to measure slight pressure 
changes and is useful in connection with an electrical 
barometer. 

Compressible sheets made in accordance with this 
invention are also useful in connection with such ap 
plications as microphones, the change in resistance with 
pressure allowing the material to be used in a manner 
similar to that of a carbon button in a carbon micro 
phone. Still further, the pressure sensitive material 
changes dimensions when it is subjected to a magnetic 
field, and is useful as the movable member of a loud 
speaker or ultrasonic generator. 

Conductors made from a compressible matrix not only 
change resistance with pressure, but also change re 
sistance with temperature, if the matrix material has a 
çoefficient of expansion different from that of the para 
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magnetic particles. A thermistor (temperature sensitive 
resistor), whose resistance at any given temperature is 
adjustable, is obtained by providing a simple adjustable 
pressure applying mechanism such as a screw, which can 
act on the matrix. 

It may thus be seen that the present particle-filled 
conductors may be made in a variety of shapes and 
sizes and may exhibit a large number of different and 
varying characteristics, depending primarily upon the 
types of material employed in the base or matrix and the 
types of particles employed, as well as the material of the 
particles. Furthermore, Such conductors may be con 
structed to exhibit various characteristics depending upon 
action or work performed on the matrix material or the 
particles during fabrication of thereafter. 

Having thus described th? ínvention and the several 
embodiments thereof, it is desired to emphasize the fact 
that many further modifications may be resorted to in 
a manner limited only by a just interpretation of the 
following claims. 

I claim: 
i. A particle filled conductor comprising: 
a high resistance, substantially solid, matrix material; 
electrically conductive particles situated within said 
matrix material and arranged in electrically con 
ductive paths, said paths having the form of multiple 
interconnected chains forming a web-like structure; 

at least two electrical leads, said leads being disposed 
in physical electrical contact with said particles 
at spaced locations; and 

said electrically conductive particles comprised of para 
magnetic cores coated with a non-magnetic metal 
of high conductivity. 

2. A heating blanket comprising: 
a compressed non-conductive matrix material in the 

form of a sheet, said material being a curable 
material which, before curing, is viscous at tempera 
tures of less than approximately 400 F.; 

electrically conductive particles within said base ma 
terial and positioned in contact with each other; 

electrically conductive strips positioned in physical con 
tact with a plurality of said paramagnetic particles; 
and 

Said electrically conductive particles comprising para 
magnetic cores coated with a non-magnetic metal of 
high conductivity. 

3. A particle filled conductor comprising: 
a high resistance matrix material; 
electrically conductive particles distributed throughout 

Said matrix material and arranged in numerous in 
terconnected chains; 

said electrically conductive particles comprise para 
magnetic cores coated with a non-magnetic metal 
of high conductivity; and 

graphite amounting to about 15% or more of the 
volume of said conductor dispersed in said con 
ductor, whereby the electrical resistance of said con 
ductor varies substantially linearly with temperature 
over at least limited temperature ranges. 

4. A particle filled conductor comprising: 
a high resistance matrix material; 
first particles of electrically conductive paramagnetic 

material disposed in said matrix material and ar 
ranged in numerous interconnected chains; and 

Second particles of metal having substantially lesser 
paramagnetivity and greater electrical conductivity 
than said first particles, said second particles dis 
persed in Said matrix in random orientation. 

5. A particle filled conductor comprising: 
a matrix of high electrical resistance material formed 

in a sheet configuration having first and second op 
posite edges; 

electrically conductive particles disposed in said matrix 
in multiple electrically conductive chains, forming 
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conductive paths between said first and Second op 
posite edges; 

second particles of metal having a lesser para 
magnetivity and greater electrical conductivity than 
said electrically conductive particles, said second 
particles being randomly dispersed in said matrix; 
and 

first and second strip-like electrical conductors dis 
posed along each of said first and second oppoosite 
edges. 
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