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This invention relates to methods and systems 
for conveying intelligence. More particularly, 
this invention relates to communication systems. 

Heretofore communication has been accom 
plished by radio beams that are modulated either 
in amplitude or frequency. The present inven 
tion is directed towards communicating by utiliz 
ing modulation of the state of polarization of the 
radio bean. 
An object of the present invention is the pro 

vision of a communication System utilizing modu 
lation of the state of polarization of the radio 
beam. 
Another object of the present invention is the 

provision of a communication system in which a 
non-circularly polarized radio beam has its elec 
trical vectors continuously rotated. 
A further object of the present invention is the 

provision of a System of communication in which 
a non-circularly polarized radio beam is rotated, 
and in which modulation may be accomplished by 
Varying the rate of rotation, 
A feature of this invention is the diminution 

of Static and other forms of interference. An 
other feature of this invention is that only a 
very minute modulating power is required to 
obtain a controllable output modulated to any 
desired degree, and modulated so as to produce 
high fidelity in the resulting communication. 
Other and further objects, advantages, and 

features inherent in this invention will become 
apparent from the following description of an 
embodiment thereof, reference being had to the 
drawing in which, 

Fig. 1 is a schematic diagram of a communi 
cation System embodying my invention; and 

Fig. 2 is a perspective view of one type of plate 
or structure adapted to change plane polarized 
Waves into circularly polarized waves. 

Referring now to Fig. 1, a pair of transmitters 
A and B are each provided with an oscillator , 
which may be of the ultra-high frequency type, 
and are adapted to develop oscillations of a given 
frequency. One of these transmitters, such as, 
for example, transmitter A, may be controlled by 
a modulator 2 adapted to modulate the frequency 
of its associated oscillator. Modulator 2 may 
be controlled by any signal input device, such as, 
for example, a microphone. The oscillations gen 
erated in transmitters A and B are fed to radiant 
dipoles 3 and are propagated therefrom as radio 
beams. For directing the radio beams and con 
Centrating them, a suitable parabolic reflector 4 
may be arranged behind each of the dipoles 3 
With Said dipoles at the foci of the reflectors. The 
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waves projected from the dipoles 3 are plane po 
larized or substantially so. In order to change 
each of said plane polarized waves into circu 
larly polarized waves, a structure or plate may 
be used, such as that disclosed in my copend 
ing application for a Method and means for con 
trolling the polarization of radiant energy, Se 
rial No. 446,847, filed June 12, 1942, now Patent 
No. 2,464,269 granted March 15, 1949. One type 
of such structure is illustrated in Fig. 2. 

Referring now to Figure 2, the structure there 
illustrated consists of a plurality of plates of 
glass 5 arranged parallel to each other and Spaced 
a distance apart. These glass plates may be held 
in position by providing a cover 6 and a bottom 
7 to which said plates 5 are secured. The arrow 
8 shows the direction in which a radio Wave is 
propagated through said structure. The dielec 
tric constant of this structure along a hori 
Zontal axis is less than its dielectric constant 
along a vertical axis. Therefore, if the radio 
wave 8 has its plane of polarization arranged 
at an angle of 45° to the vertical, then the two 
equal vectorial components into which the elec 
trical field of said radio wave may be resolved 
will lie respectively along a horizontal axis and 
a vertical axis. The component along the verti 
cal axis Will have presented to it a greater di 
electric Constant and as a result this component 
will be retarded relative to the other component. 
If the structure of Fig. 2 is made of proper depth, 
the energing Wave Will consist of a vertical corn 
ponent which is 90° out of phase with the hori 
Zontal component, but is otherwise equal to said 
component. The emerging wave will therefore be 
circularly polarized. - 
The structure of Fig. 2 is preferably of Sub 

stantially greater height and width than the wave 
length of the Wave to be propagated therethrough 
and preferably also is of greater depth than one 
wave length. . The distances between the glass 
plates in said structure are preferably Small in 
relation to the Wave length of the Wave. The 
structure described in Fig. 2 is but one of many 
possible forms of such structure as is explained 
in my hereinabove mentioned copending appli 
cation. The structure of Fig.2 and similar struc 
tures will be referred to hereinafter as “ortho 
phase plates.' 

Referring back to Fig. 1, each of the trans 
mitters A and B has an orthophase plate 9 ar 
ranged in front of its dipole 3 in the path of 
propagation of the waves radiated therefrom. 
Transmitter A is arranged relative to its plate 
9 So that the wave 0 emerging from its plate 9 

  



3 
is circularly polarized in one sense, whereas trans 
mitter B is arranged in relation to its plate 9 
so that its emerging wave if is circularly polar 
ized in the opposite sense. This may be accom 
plished by arranging the orthophase plate 9 of 5 
transmitter A with its axis of maximum dielec 
tric constant at right angles to the axis of maxi 
mum dielectric constant of the orthophase plate 
9 of transmitter B. When orthophase plates 9 
are arranged in this manner and the dipoles 
3 of both transmitters are arranged to propagate 
waves whose planes of polarization are parallel 
to each other and make an angle of 45 with the 
axis of maximum dielectric constant of the Ortho 
phase plates 9, then the circularly polarized 15 
waves O and will be circularly polarized in 
opposite senses. Another way of accomplishing 
this is by arranging orthophase plates 9 so that 
their axes of maximum dielectric constant are 
parallel. With this arrangement the dipole 3 
of transmitter A is arranged at right angles to 
the dipole 3 of transmitter B. The resultant 
waves to and f f are thereby circularly polarized 
in opposite senses. 
In order that the transmitters A and B should 

not undesirably interfere with each other, a suit 
able shielding means may be employed. For this 
purpose transmitter A and transmitter B. With 
their associated elements each may be complete 
ly enclosed within a container f2 made of a Suit- 30 
able shielding material. The containers 2 may 
be grounded. The containers 2 are preferably 
provided with openings at the forward end there 
of, adjacent the plate 9, so as to permit the radio 
waves to pass outwardly therethrough in the de- 35 
sired direction. 

Transmitter A and transmitter B are prefer 
ably arranged so as to propagate their radio 
waves close to and parallel with each other. 
Their circularly polarized waves 0 and will 
spread and interfere with each other. Since these 
two waves are circularly polarized in opposite 
sense, the resultant of these two waves may be 
considered as being a plane polarized Wave 4, 
or as a wave whose electrical vectors have Sub- 45 
stantially planar characteristics. If the frequen 
cies of waves to and if are alike, the resultant 
Waves will be plane polarized in a fixed plane, 
the particular plane being determined by the 
phase relationship between waves í0 and l l. If, í 
however, there is a difference in frequency be 
tween waves f and f f, the resultant will be a 
plane polarized wave which will rotate at a fre 
quency equal to the difference between the fre 
quency of waves 0 and . The direction of 
rotation of the resultant Wave will be determined 
by which of the two waves 0 or has the great 
er frequency. It will therefore be seen that a 
simple way of modulating the resultant wave f4 
is to change the frequency of either wave or 
wave f l to thereby cause a change in the state 
of polarization of wave 14. 

In Systems in which modulation is accom 
plished by varying the frequency, Waves ?o and 

may have the same or different frequencies 
in their unmodulated condition. Where waves 
0 and f have the same frequency in their un 

modulated condition, the resultant plane of po 
larization is fixed; where waves O and if have 
different frequencies in their unmodulated con- 70 
dition, the resultantº plane of polarization con 
tinuously rotates at a ºfrequency equal to the dif 
ference in frequency between waves O and f. 
In the first of these systems modulation by vary 
ing the frequency of either wave 0 or Will 
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4 
cause the resultant fixed plane of polarization 
to rotate, whereas in the second of these Systems 
modulation will vary the rate of rotation of the 
resultant continuously rotating plane of polali 
Zation. 

It Will also be seen that another Way of modu 
lating the resultant wave is to have the two 
Waves it and f at the same frequency, but to 
shift the phase of one wave relative to the other. 
In the latter systen the resultant angular po - 
sition of the plane of the Wave is changed, but it 
is not continuously rotated. 

If the Orthophase plates 9 are not of the here 
inbefore described depth, or if the plane polarized 
Waves ennitted from the dipoles 3 enter the plates 
at an angle other than 45 to the axis of maxi 
inum dielectric constant of Said plates, the Waves 
emerging from said plates may be elliptically, in 
stead of circularly, polarized. If Waves 8 and 
A are elliptically polarized, the resultant wave 
produced by their interference may also be ellip 
tically polarized with the major axis. of the el 
lipse rotating at the difference of frequency be 
tween said waves. Said rotating elliptically po 
larized resultant Wave may be treated as if it 
Were a rotating plane-polarized wave in the Sys 
ten here described and will behave Similarly. 

in the Specification and claims I use the term 
'circularly-polarized Wave' to designate a Wave 
in which the electrical vector at a point in Space 
rotates Substantially at the basic frequency of 
Said Wave and is essentially constant in absolute 
magnitude during a single rotation. I use the 
term "elliptically-polarized wave' to designate a 
Wave in which the electrical vector at a point 
in Space rotates at substantially the basic fre 
quency of Said WaVe and Waries in absolute mag 
nitude cyclically substantially at said basic fre 
quency. I use the term “polyphase wave' to 
designate a Wave in which the electrical vector 
at a point in space rotates at substantially the 
basic frequency of said wave, whether or not the 
absolute magnitude of said vector remains con 
Stant during Such rotation. The term “polyphase 
wave' is therefore a generic term which includes 
both circularly-polarized and elliptically-polar 
ized waves. I use the term “plane-polarized 
Wave' to designate a wave in which the electri 
cal Vector at a point in Space lies in a prede 
termined plane and said plane remains substan 
tially fixed or rotates or oscillates at a frequency 
of a substantially lower order of magnitude than 
that of the basic frequency of said wave. As 
already pointed out, an elliptically-polarized wave 
having the major axis of the ellipse predomi 
nating substantially over the minor axis may be 
treated as a plane-polarized Wave having its plane 
of polarization determined by said major axis, 
and the term "plane-polarized wave' will be used 
to include such an elliptically-polarized wave. 

It will be seen that if the difference in fre 
quency in the unmodulated state between wave 
0 and wave f is one megacycle per Second, 

then the resultant Wave Will have its plane of 
polarization rotating at a frequency of one mega 
cycle per second. Thus, if wave to had a fre 
quency of one thousand megacycles and the wave 

had a frequency of one thousand megacycles 
plus One megacycle per Second, then the re 
Sultant Wave 4 would have its plane of polari 
zation rotating at the rate of one megacycle per 
second. It will therefore be seen that very mi 
nute differences between wave 10 and wave í í 
Will produce appreciable, and, as will be seen 
from the following, readily detectable effects, 
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thereby providing a system of considerable sensi 
tivity and Wide range of modulation. If the 
difference of frequency is even a single cycle per 
Second, or a fraction of a cycle, this difference 
can also be readily detected. 
Warious systems responsive to the changing 

state of polarization of wave 4 may be em 
ployed. One such system is illustrated in Fig. 1. 
Agrid i 5 consisting of a plurality of parallel con 
ducting Wires may be arranged in front of a re 
ceiving dipole 6 which has a parabolic reflector 

arranged adjacent thereto, which reflector co 
operates with said dipole 6 by directing the 
radio wave thereto. The grid 5 which is ar 
ranged in the path of Wave 4 acts as a Selective 
reflector as will readily be understood by those 
versed in this art. When the electric field of 
Wave is parallel to the wires of grid 5, the 
radio wave is reflected. When the electric field 
of Wave 4 is perpendicular to the wires of grid 
5, the wave passes through said grid and in 
pinges on the dipole 6. It will therefore be 
seen that for every complete cycle of rotation 
of the plane of polarization of wave 4, two in 
pulses will pass through the grid 5. Thus, the 
wave reaching dipole 6 Will consist of two dif 
ferent frequencies, one frequency being the mean 
of the basic frequencies imparted to said wave 
by the transmitters and 2, and the other fre 
quency being twice the frequency of rotation of 
the plane of polarization of the resultant wave 
4. The dipole is is tuned to said mean basic 

frequency. 
The energy received by the dipole 6 is fed 

to a first detector 8. The detector 8 eliminates 
the basic frequency from Said wave, leaving a 
wave having twice the frequency of the rate of 
rotation of wave 4, said Wave being modulated 
in frequency according to the modulation of the 
rotation of the plane of polarization of Wave 4. 
Assuming the wave 4 rotates at a frequency of 
one mega-cycle per second in its unmodulated 
condition, if the signal being sent is, for exam 
ple, the note c which has 256 Wibrations per Sec 
ond, the rate of rotation of the plane of polari 
zation of wave a is greater than one megacycle 
for 1/512 of a second and less for /512 of a sec 
ond. This signal is then transmitted to ampli 
fier 9. The amplifier 9 would in the instant 
case here described be tuned to a comparative 
ly narrow band near two megacycles. This is 
twice the frequency of the rate of rotation of the 
plane of polarization of wave 4 when said wave 
is unmodulated. When said wave is modulated, 
however, it will be seen that, due to the tuning of 
the amplifier to a comparatively narrow band 
near two megacycles, the received and amplified 
energy will rise and fall accordingly as it ap 
proaches or deviates from the two negacycle 
range. Thus, the amplitude of reception of the 
note c would vary with the amplitude of the 
deviation from the unmodulated rate of rotation 
of the plane of polarization of wave f4. The 
amplified signal, which is now amplitude modu 
lated, is fed through a second detector 20 and 
from thence to any suitable utilization device, 
preferably through another amplifier. Such uti 
lization device may be, for example, a loud Speak 
er 2 as shown, or a cathode ray tube, a gal 
variometer, an oscillograph, etc. 

In a system in which the frequencies of Waves 
i 8 and if I are the same and modulation is ac 
complished by shifting the phase of one of said 
waves with respect to the other, the angular 
position of the plane of polarization of the re 
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6 
sultant waWe will be varied in accordance', with 
the modulation. It will be seen when such a 
resultant wave is propagated through the grat 
ing 5 that the strength of the signal received 
by the receiving dipole 6 Will depend on whether 
the plane of polarization of said resultant wave 
is at right angles to the wires forming grating 
f5, or is parallel to said wires. The maximum 
signal strength received will occur when the re 
Sultant wave is propagated through the grating 
f5 with its plane of polarization, or electrical 
vectors, at right angles to the wires of the grat 
ing 5, and the strength of this signal will di 
minish in proportion to the variation from this 
angular position. Thus, it will be seen that by 
shifting the phase of waves or the received 
signal Will correspondingly be modulated in am 
plitude aid this modulation will be thereafter 
impressed upon any suitable utilization device 
through the first detector f8, amplifier 9, and 
second detector 2 as aforedescribed, 
While I have hereinbefore described by way 

of exemplification a comparatively simple receiv 
ing system utilized in my invention, numerous 
other receiving Systems responsive to the state 
of polarization of a wave and utilizing the in 
herent advantages of my invention will become 
apparent from the foregoing description. 
While in the foregoing embodiment I have de 

scribed a system in which the rate of rotation of 
the plane of polarization of a Wave is varied to 
modulate said wave, it will also be seen that 
modulation may be accomplished by varying the 
direction of rotation of the plane of polarization 
of wave 5. The direction of rotation of plane 
polarized wave 4 depends upon whether the 
circularly polarized wave í 0 or the circularly po 
larized wave has the higher frequency. 
While I have mentioned a plane polarized re 

Sultant wave 4, as has been pointed out here 
in above, any non-circularly polarized wave may 
be utilized. Furthermore, While I have described 
waves !6 and í í as being circularly polarized, 
these Waves may be elliptically polarized and still 
produce a Wave adapted to being modulated in 
the mainer hereinabove described. Numerous 
changes and refinements upon the System herein 
disucssed will readily suggest themselves to those 
versed in the art from the suggestions and ideas 
contained herein. It is accordingly desired that 
the appended claims be given a broad scope com 
menSurate with the state of this invention within 
the art. 
What is claimed is: 
1. The method of communication which com 

prises producing a plurality of circularly-po 
larized waves, the polarization of each of said 
waves being in the opposite sense to the polariza 
tion of another of Said Waves, propagating said . 
circularly-polarized radio Waves to a common 
point in space whereby they interfere in space 
to produce a resultant plane polarized wave, 
causing the frequency of said circularly-polarized 
waves to differ from each other whereby the 
plane of polarization of the resultant wave is 
continuously rotating, and signaling by varying 
the frequency of said circularly polarized waves 
relative to each other to thereby vary the rate of 
rotation of the plane of polarization of the result 
ant WaVe. 

2. The method of signalling which comprises 
producing a plurality of polyphase Waves, the 
polarization of each of Said Waves being in the 
opposite sense to the polarization of another of 
said Waves, propagating Said polyphase Waves to:   



7 
a common point in space. Whereby they interfere 
in space to produce a resultant plane-polarized 
wave, and signalling by varying the phase rela 
tions of Said polyphase Waves With respect to 
each other to produce a rotation in the plane of 
polarization of said plane-polarized Wave in ac 
cordance with a desired signal variation. 

3. The method of signalling which comprises 
producing a plurality of polyphase waves, the 
polarization of each of said waves being in the 
opposite sense to the polarization of another of 
said waves, propagating said poylphase Waves to 
a common point in Space whereby they interfere 
in space to produce a resultant plane-polarized 
wave, and signalling by varying the frequency of 
said polyphase waves with respect to each other 
to produce a rotation in the plane of polarization 
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of Said plane-polarized:wave in accordance with 
:a, desired signal variation. 

CHARLES G. SMITTEHI. 

REFERENCES CEO 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Number :Name Date 
1841?654 Won Korschenewsky - Jan. 19, 1932 
1915,786 :EHa,minnOntd; ?Jr. ----------- June 27, 1933 

1933 ,14 .Nov ----??-?------------ HeintZ : 1,934924 
1958,886 "Chuibbº ------------- May 15, 1934 
2,051,537 "Wdliff:et; ;ali?----- ?------- Aug. 18, 1936 

1937 ,12 .THT4: ""Taylor.------------------------- Oct?095?2. 
2.273911 USSëlman ---------- Feb. 24, 1942 

  


