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This invention relates to a method and means 
for controlling the polarization of radio waves. 
By the term “radio waves” as used in this speci 
?cation and in the claims, I mean radiant energy 
having a wave length of the order of one milli- V 
meter or greater. 
Although it has been long known that radio 

waves are plane-polarized when radiated from 
the usual radiator, very little use has been made 
of this fact. Even less attention has been paid 
to the advantages that may be obtained by con 
trolling the plane of polarization. This has prob 
ably been due in part to the fact that no prac 
tical or simple method or means has been avail 
able for controlling the polarization of such 
waves. ' 

An object of this invention is the provision of 
a method and means for controlling the polariza 
tion of radio waves. 
Another object of the present invention is the 

provision of a means and a method for chang 
ing plane-polarized radio Waves into circularly 
or elliptically polarized radio waves. 

Still another object of the present invention is 
the provision of a means and method for chang 
ing circularly polarized radio waves into plane 
polarized radio waves. 
A further object of the present invention is 

the provision of a method and means for con 
trolling the plane of polarization of radio waves, 
as for example by determining the angle of said 
plane in relation to any other reference plane 
or by continuously rotating the plane of polariza- 7 
tion. 
Other and further objects and advantages of 

the present invention will become apparentand 
the foregoing will be best understood from the 
following description of exempli?cations of my 
invention, reference being had to the drawings 
in which, 

Fig. 1, is a schematic perspective drawing of a 
theoretical plate for changing the polarization of 
a radio wave; ' ' 

Fig. 2 is a schematic diagram of a system for 
controlling the plane of polarization of a radio 
wave; 

Fig. 3 is a perspective drawing of a structure 
embodying my invention; 

Fig. 4 is a perspective drawing of another struc— 
ture embodying my invention; and 

Fig. 5 is a perspective drawing of still another 
structure embodying my invention. 

Variations of the polarization of radio waves 
can be used for many purposes if such variations 
can be readily produced and controlled. For ex 
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2 
ample such variations may be used as a method 
of modulating a wave, and thus a new form of 
modulation in addition to amplitude and. fre 
quency modulation becomes available. This 
form of modulation has certain advantages over 
the others mentioned. 
Radio waves tend to be plane-polarized. One 

way of varying the polarization of such waves is 
to change them into circularly-polarized Waves. 
Therefore, I will now describe a method and 
means for transforming the usual plane-polarized 
radio wave into a circularly-polarized radio wave. 
A circularly polarized wave may be considered 

as having along the azimuth of its direction of 
propagation two equal components at right angles 
to each other and differing in phase by 90°. Al 
though in producing circularly-polarized waves 
two plane-polarized waves may be used to pro 
vide the two equal components, it may be dii?cult 
to match the waves to make them equal in am 
plitude and of. proper phase relation. There 
fore, it is preferable that a wave radiated from a 
single source be used to provide both components. 
The method of separating a single plane~polar 
ized wave into two equal components at right 
angles to each other and differing in phase by 
'90“ will next be described. . 

Referring now to Fig. 1, let us assume that 
the theoretical plane parallel slab of material 
there illustrated is a homogeneous but not iso 
tropic body which presents unequal dielectric 
constants to a radio wave passing through said 
plate normal to the plane of the faces thereof. 
Let y be the direction of minimum dielectric con 
stant and It, at right angles to ii, the direction 
of maximum dielectric constant. Assume fur-' 
ther that a plane-polarized radio wave travels 
through said plate in a direction a normal to the 
faces thereof with its plane of polarization mak 

The electrical 
vectors of this wave, which are under all condi 
tions perpendicular to the direction of propaga 
.-tion of said wave, may be considered as having 
two components, one along the :c axis and one 
valong the y axis. Remembering that the velocity 
of a radio wave or of any of its components is 
dependent upon the dielectric constant of the 
material through which it is propagated and that 
the larger the dielectric constant the less the 
velocity of the wave or of any component thereof 
affected by said dielectric constant, it will be seen 
that the component along the y axis will travel 
faster than the component along the :0 axis be 
cause of the lesser dielectric constant along the 
‘y axis. If the radio wave has its plane polarized 
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so that said plane makes an angle of 45° with 
the an axis, that is if angle 0 is 45°, then each of 
said components is equal. Assuming that the 
plate has the proper thickness, the component 
along the y axis will gain a 1/1. wave length upon 
the component along the x axis when the wave 
leaves the rear face of the plate. ‘The emerging 
wave now consists of two equal components at 
right angles to each other and differing in phase 
by 90°. The resultant wave is therefore circularly 
polarized. 
From the foregoing, it will be seen that a plate 

having the characteristics such as those described 
in relation to Fig. 1 will be capable of changing 
plane polarized radio waves into circularly 
polarized radio waves. 

It will also be apparent that a plate such as 
that in Fig. l is capable of changing circularly 
polarized radio waves into plane-polarized radio 
waves. Assume that a circularly-polarized radio 
wave is passed through a plate similar to that 
shown in Fig. 1. The circularly-polarized radio 
wave may be considered as ‘having two equal com. 
ponents at right angles to each other, one com 
ponent lagging 90° behind the other. One com. 
ponent may be considered as lying valong the x 
axis of Fig. 1, and the other component as ‘lying 
along the y axis of Fig. 1. One of the two com 
ponents of the radio wave entering said plate 
normal to the faces thereof will be shifted 90° 
in relation to the other. Thus, if the component 
along the x axis was the component 90° ahead 
of the other component, said ?rst component will 
be retarded so that it will be in phase with said 
other component. 
ponents will emerge in phase, the resultant wave 
emerging from said ‘plate will be plane-polarized. 
The plane of polarization of said emerging wave 
will make an angle of 45° with the axis of 
maximum dielectric constant, that is the :2: axis. 
‘It will therefore be seen that the direction of the 
:c axis will determine the plane of polarization of 
the emerging wave. By rotating said plate about 
a line normal to its plane, the plane of polariza 
tion of the emerging wave will also be rotated. 

Referring now to Fig. 2, a pair of plates having 
the theoretical characteristics of the plate of 
‘Fig. 1 are shown as arranged in series with each 
other along the path of propagation of a radio 
wave. The radio wave is initially plane-polarized 
in ‘the plane indicated by the arrow R and enters 
the first plate in its path at an angle of 45° to 
the ac axis of said plate. The emerging Wave is 
therefore circularly-polarized. This circularly 
polarized wave is then passed through a second 
plate and emerges therefrom as a plane-polarized 
wave. The ?nally emerging wave has its plane 
in the direction indicated by the arrow S, which 
is at an angle of 45° to the an axis of the second 
plate. Since the :1: axis of the second plate is at 
an angle to the :1: axis of the ?rst plate, it will 
‘be seen that the plane of polarization of the 
?nally emerging wave will be at an angle to the 
plane of polarization of the initial wave. 
From the foregoing it will be apparent that the 

angle of the emerging wave will be varied by 
varying the angular relationship between the :1: 
axis of the ?rst plate and the :1: axis of the 
second plate. Furthermore, it will be seen that 
by rotating the second plate, the plane of polar 
ization of the emerging wave will also be rotated. 

Referring now to Fig. 3, one form of a struc 
ture having the characteristics of the theoretical 
plate of Fig. 1 is illustrated there. This structure 
ismade of a plurality of glass plates I arranged 

Since these two equal com 
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4 
parallel to each other and spaced a. distance 
apart. These glass plates may be held in posi 
tion by providing a cover 2 and a bottom 3- to 
which said plates are secured. The arrow 4 
shows the direction in which the radio wave is 
propagated through said plates. 
The dielectric constant of this structure along 

a horizontal axis is less than the dielectric con 
stant along a vertical axis, as will be clear from 
the following: The dielectric constant of air 
is 1, while the dielectric constant of glass is ap 
proximately 8. The azimuthal components of 
wave 4 which lie along the horizontal axis are 
transverse to the length of the glass plates 1 and 
therefore are only affected by the thickness of 
such plates. The azimuthal components of wave 
4 along the vertical axis are affected by the entire 
length of the glass plates. Therefore, the dielec 
tric constant along the vertical axis is greater 
than the dielectric constant along the horizontal 
axis. In view of the discussion hereinbefore in 
connection with Fig. 1, it will therefore be appar 
ent that the component along the vertical axis 
will travel more slowly than the component along 
the horizontal axis, and if the structure of Fig. 3 
is of proper depth, the vertical component will 
emerge 90° behind the horizontal component. If 
it is desired that the emerging wave be ‘circularly 
polarized, the plane of polarization of wave 4 
as it enters the structure should make an angle 
of 45° with the horizontal plane so that the 
two components are equal. 

It is preferred that the height and width of 
the structure of Fig. 3 should be several times 
the wave length of the radio wave to be con 
trolled thereby. It is further preferred that the 
distancebetween plates I and the thickness of 
suchplates each be considerably smaller than 
the wave length of said radio wave. it is pre 
ferred that the depth of the structure of Fig. 3 
be several times the wave length of either of the 
components of said wave within said structure 
and that the total depth be such that the emerg 
ing components shall be 90° out of phase with 

’ each other. . 

Referring now to Fig. 4 another form of struc 
ture capable of changing plane polarized radio 
waves into circularly-polarized Waves is there 
illustrated. This structure consists of a plurality 
of round glass tubes or rods 5 extending vertically 
and spaced from each other. 
arranged in rows. Each succeeding row may be 
aligned with a prior row, or as shown in the 
?gure may be arranged in staggered relation 
thereto. A top member (not shown) like the bot 
tom member 6 may be used to hold the rods in 
position. From the explanation given herein 
above in connection with the structure of Fig. 3, 
it will be seen that the effective dielectric con 
stant of this structure along a vertical axis will 
be greater than the effective dielectric constant 
along a horizontal axis. If the structure is 
made of the proper depth, a plane-polarized 
wave entering said structure with its plane of 
polarization at an angle of 45° to the horizontal 
axis will leave said structure as a circularly 
polarized wave. 
While in Figs. 3 and 4 I have disclosed the use 

of glass and air in structures presenting two dif 
ferent dielectric constants at right angles to each 
other, it will of course be readily understood 
that other materials might be employed. In Fig. 
5 hereinafter a material other than glass is 
disclosed. ' 

Referring now' to Fig. 5, another structure em 

These rods may be ‘ 
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bodying my invention is there illustrated. This 
structure may be made of sheets of a plastic 
material which has a dielectric constant greater 
than air, such as for example the synthetic resin, 
polymethyl methacrylote. The honeycomb-like 
structure there illustrated may be made as fol 
lows. A sheet ‘I of the above mentioned plastic 
having a width B is bent into a channel formation. 
Under this formation is arranged a ?at sheet 8 of 
a similar material and having the same or a 
different width. Under sheet 8 another sheet 9 
which has been bent into a channel formation 
similar to that of sheet 1 is next arranged. Under 
sheet 9 another ?at sheet If! similar to sheet 8 is 
next placed. In the same manner a large number 
of sheets are stacked, as illustrated, to form a 
box-like structure whose height may be equal to 
its width. These stacked sheets may be secured 
together by any suitable means which will be 
apparent to those versed in this art. 

It is preferred that the height and the length of 
the structure of Fig. 5 be several times the wave 
length of the wave to be propagated therethrough. 
It is further preferred that the cells of this honey 
comb-like structure be at least less than half said 
wave length and preferably much smaller. The 
cells are preferably so small in comparison with 
the wave lengths that the structure may be con 
sidered as homogeneous in respect to waves hav 
ing such a wave length. Unlike the structures of 
Figs. 3 and 4, the structure of Fig. 5 has its greater 
dielectric constant along a horizontal axis rather 
than a vertical axis, and thus the horizontal com 
ponent of any wave propagated in the direction of 
the arrow shown in Fig. 5 would be retarded. 
The dimension of any of the structures of Figs. 

3, 4, and 5 along the direction of propagation of a 
radio wave should be such that, when a Wave of a 
given frequency is propagated through said struc 
ture with its plane of polarization making an 
angle 45° with either of the axes the two com 
ponents of such wave will emerge 90° out of phase 
with each other, that is the emerging wave will be 
circularly polarized. This dimension along the 
direction of propagation of a radio wave through 
any of these structures should preferably be ap 
proximately several times the length of the wave 
length of said wave. 
The foregoing will be best understood after the 

following approximate calculations are considered 
in relation to Fig. 1, with reference to which the 
dielectric constant presented to the wave having 
electrical forces in the direction y is Ey, and in the 
direction a: is Ex. Let C equal the velocity of light, 
and Z equal the direction of propagation of the 
radiation. Considering a radio wave travelling in 
the direction Z with electrical vectors along the y 
and m axes, these vectors Will have different 
velocities. Let Vy equal the velocity of the waves 
along the cc axis and VX equal the velocity of the 
waves along the :1: axis, then 

C 
V = 
y m. 

Likewise 

C Vz==___. w/E¢ 
Hence 

Lia/E Vz_ Eu 
Let Ay=wave length of the radiation whose elec— 
tric vector is in the y direction; ,\y is measured in 
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radiation whose electric vector is in the a: direc 
tion; M is measured in the dielectric along Z. 

Consider a beam of plane-polarized radiation 
propagated along Z with its plane of polarization 
making an angle of 45° with the :1: axis. 
Let 
f=frequency of the radiation. 
>J=C=velocity in free space, where A=wave 
length in air. 

It is desired to make a plate or structure that 
, will change plane-polarized radio waves into 
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the dielectric along Z. Let kx=wave length of the ~76 

circularly-polarized radio waves or the reverse. 
We wish to make a: and 11 components of such 
waves emerge from the plate 90° out of phase; 
that is, one component must fall 1A; Wave length 
behind the other. Assuming that the structure 
has a thickness B along the direction of propaga 
tion thereof, this dimension B may be expressed 
in terms of the dielectric constant of the two 
axes, Ex and. Ey, and in terms of the Wave length 
or A. Let a. equal any arbitrary number, pref 
erably more than 1; let b equal an odd integer. 
Suppose 

Let us assume that the value of the dielectric 
constant along the y axis, El'y, is 1.1, and along the 

:1: axis, Ex, is 1.5 then, 

E 

Utilizing these dielectric constants, then 
b b 

a approx. 

Let 
b=3, an odd integer, 
(1:4.41 
B=a7\y=4.41}\y 

4.41). 4.41 
B or vii * 

B=4.2>. 
From the foregoing it will be seen that the 

thickness of the plate or structure with the par 
ticular dielectric constants here chosen can be 
4.2 times the Wave length of the radiation in air. 
From the foregoing it will be seen how the 

particular thickness of the structure can be ob 
tained by measuring the dielectric constant along 
the axes of such structure and by calculating the 
desired thickness in terms of the wave length of 
the wave to be propagated through such structure. 
While the structures I have described in con 

nection with Figs. 3 through 5 have been made of 
a material such as glass and Lucite having air 
spaces therein, it will of course be understood that 

hence 
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other materials may besubstitutedin-place there 
of, and» furthermore,.instead=of using air spaces, 
the spaces in such structure, might be ?lled with a 
solid, liquid, or a gaseous material. Whatever 
two materials are used to form such a structure, 
they must however have different dielectric con 
stants. Furthermore, it is preferred that the 
dielectric constants of both materials used in 
such a structure be not too great, for if such 
dielectric constants are large they will produce 
too great a reflection of the radio wave entering 
said structure. On the other hand, the larger 
the dielectric constants of the materials, and 
particularly the larger the diiference between the 
dielectric constants of the materials employed, 
the smaller the entire structure may be made in 
depth, that is the dimension along the line of 
propagation. Therefore, in selecting the ma 
ter-ials for such structure and in determining'the 
size thereof, the following are some of the factors 
that must be considered: the wave length of the 
wave to be propagated through said structure, 
the permissible amount of reflection of said wave, 
and the largest dielectric constants of the ma 
terials to be used which will enable the smallest 
structure to be made without causing too great a 
re?ection of the radio wave. 
While the structures I have described may be 

cubical, it will of course be apparent they may 
also be prismatic or spherical or have other con 
?gurations. Furthermore, while I have disclosed 
several different ways of constructing such a 
structure, it will be apparent from the foregoing 
descriptions that numerous other structures 
functioning in a manner indicated with Fig. 1 
can readily be devised. Therefore, it is to'be 
understood that the foregoing descriptions are by 
way of eXemp-li?cation only and are not intended 
to limit the scope of this invention, it being in 
tended that the appended claims be given a broad 
interpretation commensurate with the scope of 
this invention within the art. 
What is claimed is: 
1. A radio wave polarization structure for con 

trolling the polarization of- a radio wave propa 
gated therethrough comprising a plurality of 
plane parallel plates made of a dielectric ma 
terial having a dielectric constant greater than 
air, said plates being arranged parallel to each 
other and spaced a distance apart so as to present 
two eifectively different dielectric constants to a 
radio Wave which is propagated through said 
structure in a directionv parallel to the faces of 
said plates, and which has component electrical 
vectors parallel to the axes of said different 
dielectric constants. 

2. A radio wave polarization structure for con»— 
trolling the polarization of a radio wave propa 
gated therethrough comprising a plurality of 
plane parallel plates made of a dielectric ma 
terial having a dielectric constant greater than 
air, said plates being arranged parallel toeach 
other and spaced a distance apart so as to present 
two e?ectively different dielectric constants toa 
radio wave which is propagated through said 
structure in a direction parallel to the faces- of 
said plates, and which has component electrical 
vectors parallel to the axes of said different 
dielectric constants, the distance between two 
adjacent plates being less than the wave length 
of, the. radio wave. 

3. A radio wave polarization structure for con 
trolling the polarization of a radio wave propa 
gated therethrough comprising a plurality of 
plane parallel, plates. made of a». dielectric 
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terial having a, dielectric constantgreater than: 
air, said plates being arranged parallel to each 
other and spaced a distance apart so as to present: 
two eifectively different dielectric constants to a 
radio wave which is propagated through said 
structure in a direction parallel to the facesofjv 
said plates, and which has component electrical 
vectors parallel to the axes of said different; 
dielectric constants, the length and height of said 
plates being greater than the wave length of said 
radio wave. 

4. A radio ‘wave polarization structure for con 
trolling the polarization of a radio wave propa 
gated therethrough comprising a plurality of 
plane parallel plates made of a dielectric material 

' having a dielectric constant greater than air, 
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said plates being arranged parallel to each other 
and spaced a distance apart so as to present two 
effectively different dielectric constants to a radio: 
wave which is propagated through said structure. 
in a direction parallel to the faces of said plates, 
and which has component electrical vectors 
parallel to the axes of said different dielectricv 
constants, the distance between two adjacent 
plates being less than the wave length of _the_ 
.radio wave, the length and height of said plates 
being greater than said wave length. 

5. A radio wave polarization structure for 
changing a circularly polarized wave into a plane 
polarized wave, comprising a structure presenting 
two di?erent dielectric constants to the electrical 
vectors of a circularly polarized wave propagated 
the-rethrough, the dimension of the structure 
along the direction of propagation being such 
that the electrical vectors of said wave emerge 
in phase. ' 

6. A radio wave polarization structure for 
changing a plane polarized radio wave into a 
circularly polarized wave comprising a structure 
presenting two different dielectric constants, per 
pendicular to each other, to the electrical vectors 
of a. plane polarized wave propagated through 
said structure, with the electric ?eld thereof dis 
posed at an angle to the direction of each of said 
dielectric constants, the dimension of said struc 
ture along the path of propagation being such 
that one of the electrical vectors of said wave 
emerges substantially 90° out of phase with an 
other of said electrical vectors which is perpen 
dicular thereto. 

‘7. A radio wave polarization structure for con 
trolling the plane of polarization of ‘a radio Wave, 
comprising two dielectric mediums each having 
two axes perpendicular to each other, each of said 
axes presenting an e?ectively different dielectric 
constant to an electrical ?eld parallel thereto and 
having a dimension along the direction of prop-a 
gation of a radio wave propagated successively 
through said mediums to cause a, substantially 
90f’ shift in phase between two electrical vectors 
of said wave at right angles to each other, the 
axes of maximum dielectric constants of said 
mediums being at an angle to each other. 

8. A radio wave polarization structure for con 
trolling the polarization of a radio wave propa 
gated therethrough, said structure having two 
axes perpendicular to each other, each of said 
axes presenting an effectively different dielectric 
constant to an electrical ?eld parallel thereto, the 
length of said structure along the line of propa 
gation of the radio wave being substantially 
equal to 
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where b is an odd integer, Ex is the dielectric con 
stant along one of said axes, Ey is the dielectric 
constant along the other of said axes and )\y is 
the wave length in the structure of that com 
ponent of the propagated radio wave having its 
electrical vector lying along the last-named axis. 

9. A radio wave polarization structure for con 
trolling the plane of polarization of the radio 
wave, comprising the dielectric members, each 
having two axes in planes parallel to each other, 
each of said axes presenting an effectively di?er 
ent dielectric constant to an electrical ?eld paral 
lel thereto, and each member having a dimension 
along the direction of propagation of a radio wave 
propagating successively through said members 
substantially equal to 

b 

40/324?” Ev 
where b is an odd integer, Ex is the dielectric con 
stant along one of said axes, Ey is the dielectric 
constant along the other of said axes and Ay is 
the wave length in the structure of that com 
ponent of the propagated radio Wave having its 
electrical vector lying along the last-named axis, 
the axes of maximum dielectric constants of each 
of said members being at an angle to each other. 
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10. A structure for controlling the plane of po 

larization of a radio wave, comprising two dielec 
tric mediums, each having two axes perpendicular 
to each other, each of said axes presenting an 
effectively di?erent dielectric constant to an elec 
tric ?eld parallel thereto and having a dimension 
along the direction of a radio wave propagated 
successively through said mediums to cause a rela 
tive shift in phase between two electrical vectors 
of said wave at right angles to each other, the 
axes of maximum dielectric constants of said 
mediums being at an angle to each other. 

CHARLES G. SMITH. 
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