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This invention relates to an improved dielectric mate 
rial, and, more specifically, to a dielectric material con 
sisting essentially of small metal particles dispersed in 
a polymerized plastic matrix. 

Polystyrene-metal compositions having the electric 
properties required for such diverse uses as special capaci 
tors or resistors for high frequency transmission lines, 
and lenses used in microwave beam transmission work, 
have heretobefore been produced. For example, U. S. 
Patent 2,403,657 issued to Harvey on July 9, 1946, teaches 
a dielectric material consisting of copper particles em 
bedded in polystyrene. Such a material is said to be dis 
tinguished from polystyrene in that the ratio of reactance 
to resistance is constant or increases slightly with increase 
of frequency in the range from 5 to 400 megacycles. As 
a result, it is suitable for use in capacitors or resistors 
designed to operate over Such a range. Another type 
of special dielectric material has been produced by plac 
ing metal strips in a predetermined pattern in slotted 
foamed polystyrene sheets. The sheets so fitted with 
metallic strips are then stacked to form a solid foamed 
polystyrene body having metal strips embedded therein 
in a desired pattern. Lenses used in microwave trans 
mission have been produced in this way. A further dis 
cussion of this latter special dielectric material can be 
found in The Bell System Technical Journal, vol. XXVil, 
No. 2, page 210 (1948). 
The present invention is based upon the discovery of 

a simple, inexpensive dielectric material having a high 
dielectric constant and a low power factor so that it is 
suitable for the manufacture of microwave lenses. 
The principal object of the present invention is to pro 

vide an improved dielectric material. 
A further object is to provide an improved microwave 

lens that can be produced at a fraction of the cost of 
previous lenses. 

Still another object of the invention is to provide an 
improved microwave transmission system. 
More specific objects and advantages are apparent from 

the description and drawings, which illustrate and dis 
close, but are not to be construed as limiting the inven 
tion. 

According to the invention an improved dielectric ma 
terial is provided. This dielectric consists essentially of 
metal particles of size smaller than 100 mesh, U. S. Sieve 
Series, dispersed in a polymerized matrix of polyethylene, 
a silicone rubber, of a polymerized 2-aryl alkene. The 
metal particles are aluminum or magnesium, atomic num 
bers 12 and 13, and must have an electric-insulating sur 
face coating. If the matrix is a polymerized 2-aryl alkene, 
the alkene has not more than three carbon atoms, and 
the aryl radical is mononuclear, contains not more than 
ten carbon atoms, has not more than two substituents, 
and has no substituent other than chlorine and alkyl. 
The matrix of dielectric materials of the invention can 
be either a solid matrix of the type produced by ordinary 
molding techniques, or can be an expanded matrix of 
the type produced according to the teachings of U. S. 
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Patent 2,450,436 to McIntire. The term "silicone rub 
ber' is used in its usual sense, namely to include vulcan 
ized silicone resins, usually comprising methyl and phenyl 
silicones. All mesh sizes refer to the U. S. Sieve Series. 
The magnesium or aluminum particles that are used 

to produce the compositions of the invention should be 
in the shape of rods, spheres or plates, the two first-named 
shapes being preferred, and in the order named. When 
the particles are rods it is ordinarily preferred that they 
have a maximum length not greater than about 0.1 inch 
and a diameter not greater than about 0.01 inch, and 
the smaller the diameter thereof the better are the elec 
tric characteristics of the composition; this latter is true 
so long as the rods are of sufficient size that they are not 
deformed in processing. When the particles are spheres 
or plates it is usually preferred that substantially all of 
them be finer than 100 mesh, and that at least a sub 
stantial portion thereof be finer than 200 mesh. Particles 
as fine as can be produced are effective, e. g., even par 
ticles smaller than 325 mesh. 
When the particles are magnesium no particular treat 

ment is required to form the electric-insulating coating. 
The action of air on magnesium particles, even at room 
temperature, is sufficient to produce an oxide film satis 
factory as an insulation. The oxide coating that forms 
on aluminum exposed to air is not sufficient to effect the 
required insulation. Accordingly, when the particles are 
aluminum it is advantageous that the insulating surface 
coating be applied artificially, by some such method as 
anodizing the aluminum, or coating the particles with 
such an insulating material as a silicone. It will be read 
ily seen from the foregoing remarks that the preferred 
electric-insulating coating is an oxide of the coated metal, 
and that magnesium is the preferred metal for use in pro 
ducing compositions of the invention because special treat 
ment thereof is not required. 

it is usually preferred that the volume ratio of metal 
particles to total volume of dielectric material be from 
0.5:100 to 40: 100. The exact proportion of metal par 
ticles used is determined by the characteristics required of 
the dielectric material. For example, when a non-ex 
panded dielectric material is used to produce a micro 
wave lens, it is desired that the material have a high di 
electric constant. Such a characteristic is achieved by 
using a large ratio of metal particles, e.g., from 30 to 40 
volumes per 100 volumes of dielectric. When the di 
electric material consists of metallic particles dispersed 
in a foamed matrix it is usually preferred that the volume 
ratio of metallic particles to dielectric material be from 
0.5:100 to 10:100. A larger proportion of metallic par 
ticles can be employed to produce a dielectric with a 
foamed matrix or a smaller proportion than 30 volumes 
per 100 volumes of dielectric with a non-expanded ma 
trix, if desired. 

Preferred dielectric materials of the invention have 
matrices of a polymerized 2-aryl alkene of the genus here 
inbefore defined. Most desirably, the matrix is poly 
styrene, polyalphamethyl styrene, or a copolymer of 
styrene and alphamethyl styrene. 

Improved dielectric materials of the invention are 
readily produced by conventional methods. The metal 
particles and the polyethylene, silicone rubber, or poly 
merized 2-aryl alkene are mixed. A dielectric having a 
non-expanded matrix can then be produced from the 
mixture by any of the conventional molding techniques, 
or by extrusion. A dielectric material having a foamed 
matrix is readily produced from such a mixture by add 
ing a normally gaseous substance to a vessel containing 
the mixture and processing as described in U. S. Patent 
2,450,436 to McIntire. 
The invention may be more fully understood by refer 

ence to the drawings, in which 
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Fig. 1 is a front view of a microwave lens of the inven 
tion; 

Fig. 2 is a side view of the microwave lens of Fig. 1; 
Fig. 3 is a front view of an alternative shape of a 

microwave lens of the invention; 
Fig. 4 is a side view of the microwave lens of Fig. 3, 

in section along the line 4-4 in Fig. 3; 
Fig. 5 is a schematic diagram showing a transmission 

system with which microwave lenses according to the in 
vention are used; and 

Fig. 6 is a cross-section, similar to Fig. 4, of an alter 
native form of lens according to the invention. 

Figs. 1 and 2 illustrate a lens constituting a frustum 
of a cube. Such a lens is effective by virtue of vari 
ations in dielectric constant throughout the lens. These 
variations can be achieved by compression molding the 
lens from a composite preform made from various samples 
of polystyrene containing differing proportions of alumi 
num or magnesium, for example, a series of nesting an 
nular disks in which the proportion of aluminum or 
magnesium increases with increasing ring diameter. This 
is practicable only for lenses having a non-expanded 
matrix. 

Figs. 3 and 4 illustrate a double convex lens of the 
invention. Such a lens converges microwaves by virtue 
of variations in angle of incidence, and can be produced 
with an expanded or non-expanded matrix. In Some in 
stances when a foamed matrix is produced, it may be 
advantageous to mold the foamed composition to approxi 
mately its final form before it sets. This can readily be 
accomplished by forming a gel from a styrene-magnesium 
composition in the manner described by McIntire in a 
vessel that will serve as a mold of approximately the de 
sired lens shape, and, after the desired cure, releasing the 
pressure therein. The lenses so produced affect micro 
waves in a manner analogous to that in which optical 
lenses affect light waves, dielectric constant being the 
counterpart of refractive index, so that microwave lens 
shapes are similar to optical lens shapes. 

Fig. 5 illustrates schematically the transmission system 
with which microwave lenses of the invention are used. 
The system consists essentially of a transmitter 11, and a 
microwave receiver 12, with two microwave lenses 13 
interposed between the transmitter and the receiver. The 
transmitter is essentially a point source of microwaves, 
and is located at the focal point of the first lens, which 
then converts the waves to a beam. The second lens 
converges the microwaves of the beam on the receiver, 
which is located at the focal point of the second lens. 
A horn, not shown, is frequently employed to concen 
trate the signals on the first lens. The transmitter, the 
lenses, and the receiver are usually mounted in towers. 
One lens is mounted close to the transmitter to form a 
beam; the other is mounted to converge the beam on the 
receiver, which may be as many as 25 miles from the 
transmitter. 
A particularly advantageous dielectric material of the 

invention is produced when aluminum or magnesium rods 
are mixed with the desired matrix material, and the 
dielectric is produced by compression molding or ex 
trusion of the resulting composition. Either of these two 
methods of production results in the orientation of the 
rods in the matrix so that their long dimension is parallel 
to one surface of the dielectric material. This orienta 
tion causes the resulting dielectric material to be Selec 
tive in that its dielectric constant is much higher when 
an applied E. M. F. has an electric vector parallel to the 
surface of the material than when an applied E. M. F. 
has no such vector. In practice, imcrowaves are so 
polarized before they pass through a lens that their prin 
cipal electric vector lies in a plane perpendicular to the 
direction of wave transmission. Accordingly, dielectric 
materials of the invention having rods oriented in a plane 
parallel to the flat surfaces of the material are par 
ticularly effective materials for the production of micro 
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4 
wave lenses, and lenses produced from Such a dielectric 
can be substantially thinner for a given focal length 
than can microwave lenses having a foamed or solid 
matrix containing unoriented aluminum or magnesium 
particles. 

Because the dielectric constant of dielectric materials 
of the invention can be varied by changing the propor 
tion of aluminum or magnesium incorporated therein, 
it is possible to minimize wave reflection on the surface 
of lenses of the invention by applying to the surface there 
of a film of a dielectric material of the invention having a 
dielectric constant about one-half that of the main body 
of the lens. An especially advantageous technique in this 
Connection involves the application of a film having a 
thickness of about one-half of the wave length of the 
microwave with which the lens is to be employed. In 
this way, reflection is minimized, and reflection from the 
Surface of the coating tends to cancel reflection from the 
Surface of the lens itself so that interference with wave 
transmission is minimized (see Fig. 6). 
The following examples illustrate and disclose, but 

are not to be construted as limiting, the invention: 
EXAMPLE 1. 

Different magnesium powders were incorporated in 
polystyrene to produce new dielectric materials. The 
Samples of magnesium were produced as follows: 

Sample No. 1.-Magnesium metal, atomized by the 
method described in U. S. Patent 1,351,865, to Nicol, is 
Sued September 7, 1920, screened to remove all material 
coarser than 100 mesh; 

Sample No. 2.-Same material, screened to remove 
everything coarser than 200 mesh; 
Sample No. 3.-Fines not collected in the atomization 

process, but removed from the exhaust gases from this 
process in a cyclone separator, screened to remove every 
thing coarser than 200 mesh; 
Sample No. 4.-Magnesium metal filings, mostly 50 to 

100 mesh; and 
Saraple No. 5.--Smaller than 200 mesh ground mag 

nesium metal. 
Dielectric materials were produced from each of the 

above magnesium samples by milling from one to three 
parts by weight of the appropriate magnesium metal sam 
pie with three parts by weight of polystyrene to disperse 
the magnesium in the polystyrene, and compression mold 
ing a disc from the resulting mixture. This resulted in a 
material containing 16.9 to 33.8 volume per cent of mag 
nesium. The dielectric materials so produced had the 
properties set forth in Table 1 below. 

Table I 

WSS: Poy Eactor eignto ercent 
Magnesium 2:left 

Sample No. Metalto. 66 
y 5ts Cycles 102 Cy- 103 Cy 
styrene cles cles 

4.5 <0.1 <0. 
4, 8 KO. KO. 1 
6.8 <0. <0.1 
4. 0.4 0, 2 
5.8 0.19 0.02 
6.6 0.2 0.08 
2.5 0.2 0.08 

If, for purposes of comparison, but not in accordance 
with the invention, copper powder is mixed with poly 
styrene, and small discs are molded from the resulting 
mixture, dielectric materials are produced which have 
higher dielectric constants than polystyrene itself, but 
are far inferior to dielectrics of the invention. For ex 
ample, if a composition containing 20 weight per cent 
of copper powder is produced, it is found that the dielec 
tric constant in the range from 102 to 108 cycles per sec 
ond is only about 3, although the per cent power factor 
is a maximum of 0.2 at 108 cycles per second. 
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EXAMPLE 2. 

Four samples of a dielectric material of the invention 
having an expanded polystyrene matrix were prepared 
from a mixture of fine rod-like magnesium particles, and 
polystyrene, to which liquid propylene was added as the 
foaming agent. The resulting mixture was cured in a 
closed vessel at a predetermined temperature, and the 
autogenous pressure which developed was then released 
to allow expansion. Table 2, below, lists the identifica 

s 

6 
3. A microwave lens composed of a low-density di 

electric material consisting essentially of substantially 
rod-shaped particles of metal of atomic number 12 to 
13 having an electric-insulating oxide surface coating 
and having a length not greater than 0.1 inch and a 
diameter not greater than 0.01 inch dispersed in a 
foamed matrix of a polymerized 2-aryl alkene in which 
the alkene radical has not more than three carbon atoms 
and the aryl radical is mononuclear, contains not more 
than ten carbon atoms, has not more than two sub 0 ti tion number, the grams of polystyrene, grams of mag Stituents, and has no substitutent other than chlorine 

nesium rods, c. c. of liquid propylene, temperature and and alkyl 
empE. f E. their nati 4. A microwave lens composed of a dielectric ma t E. g G. co t le E. terial consisting essentially of substantially rod-shaped 

ST e power actO O. the laterial WaS eSS is particles of metal of atomic number 12 to 13 having 
per cent, an electrically insulating oxide surface coating and hav 

Table 2 

G C. C. of Curing Cycle 
Granas rams of 9 O 

Run No. of Poly- Magne- Propy Best 
styrene sium 1 lene o C Time, C Time, 

days days 

5 6 9 90 3 100 3 1.946 
5 9 6 90 3 OO 3 2.522 
5 12 7 90 3 100 3. 2.582 
5 9 9 85 6------------ 2. 664 

1 The magnesium rods used were produced by grinding in a Wiley mill magnesium wool 
produced by the procedure described in U. S. patent application Ser. No. 116,214, filed 
September 6, 1949, by Leontis and Pashak. 

Expanded polystyrene itself has a dielectric constant of 
1.1 to 1.2. 

EXAMPLE 3 

Other samples of dielectric materials were produced 35 
by the procedure of Example 1, except that the mag 
nesium was merely stirred into powdered polystyrene, 
without milling, using rod-like magnesium particles pro 
duced as described in Example 2. The weight per cent 
of magnesium used, and the electrical properties of the 40 
final materials are set forth in Table 3, below. 

Table 3 

Power Factor 
E. Best (Percent) ercent OStal 

Run. No. of Mag- at 102-108 
Ilesiun Cycles 102 Cy- 108 Cy 

cles cles 

10-- 5 2,77 0.05 <0.05 
1l-- 10 3.2-3. 3 0.3 K0.3 
12- 20 6.5 -------- 1 <0.3 

1 At 106 cycles. 

Microscopic examination of a sample of the dielectric 
material showed the orientation of the magnesium rocis 
in planes parallel to the surface of the dielectric. It is 
noted that dielectric constant was measured with the elec 
tric vector of the applied voltage at right angles to the 
surface of the dielectric material in the tests reported 
above. As is discussed herein the dielectric constant is 
at a maximum toward an applied voltage having an elec 
tric vector in a plane parallel to the surface of such a di 
electric material. 

I claim: 
1. A microwave lens composed of a low-density di 

electric material consisting essentially of substantially 
rod-shaped magnesium particles having a length not 
greater than 0.1 inch and a diameter not greater than 
0.01 inch dispersed in a foamed polystyrene matrix. 

2. A microwave lens composed of a low-density di 
electric material consisting essentially of Substantially 
rod-shaped magnesium particles having a length not 
greater than 0.1 inch and a diameter not greater than 
0.01 inch dispersed in a foamed polyalphamethyl styrene 
matrix. 
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ing a length not greater than 0.1 inch and a diameter 
not greater than 0.01 inch dispersed in a matrix of a 
polymerized 2-aryl alkene in which the alkene radical 
has not more than three carbon atoms and the aryl rad 
ical is mononuclear, contains not more than ten carbon 
atoms, has not more than two substituents, and has no 
Substituents other than chlorine and alkyl, the particles 
being oriented so that their long dimension is parallel to 
one Surface of the dielectric material. 

5. A microwave lens composed of a dielectric ma 
terial consisting essentially of substantially rod-shaped 
particles of magnesium having a length not greater than 
0.1 inch and a diameter not greater than 0.01 inch 
dispersed in a polystyrene matrix, the particles being 
oriented so that their long dimension is parallel to one 
Surface of the dielectric material. 

6. A microwave lens composed of a dielectric ma 
terial consisting essentially of substantially rod-shaped 
particles of magnesium having a length not greater than 
0.1 inch and a diameter not greater than 0.01 inch dis 
persed in a polystyrene matrix, the particles being 
oriented so that their long dimension is parallel to one 
Surface of the dielectric material, said lens having a 
surface coating of dielectric material formed of the 
same components as aforesaid but having a dielectric 
constant about one-half that of the body of the lens, 
the thickness of the coating being about one-half the 
wavelength for which the lens is designed. 
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