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(57) ABSTRACT 

Acommunications system in Which a communications chan 
nel is de?ned at least in part by an electromagnetic Wave 
having a carrier frequency and an electric ?eld vector, the 
extremity or terminus of Which traces a non-linear periodic 
path at a rotation frequency less than the carrier frequency 
and greater than Zero from the perspective of an observer 
looking into the axis of propagation of the Wave. The 
transmitter of the communications system launches a Wave 
having such characteristics and modulated With information 
in a suitable manner. The receiver of the communications 
system is sensitive to the periodic path and rotation fre 
quency. The combination of the periodic path and the carrier 
frequency provides selectivity that can be used to de?ne 
multiple communications channels. 
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COMMUNICATION SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This is a continuation-in-part of application Ser. 
No. 08/853,833, ?led May 9, 1997, the entire contents of 
Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to commu 
nications systems. More speci?cally, the present invention 
relates to a communication system in Which an information 
modulated electromagnetic Wave has a carrier frequency and 
an electric ?eld corresponding to a rotation vector tracing a 
nonlinear predictable path at a second frequency that is less 
than the carrier frequency of the Wave. 

[0004] 2. Description of the Related Art 

[0005] An electromagnetic Wave can be de?ned by an 
electric ?eld and a magnetic ?eld that are orthogonal to one 
another along an aXis of propagation. The behavior of the 
Wave can be described With respect to the orientation of the 
?eld vector of the electric ?eld. 

[0006] Polarization is a term that can be used to charac 
teriZe the orientation of the ?eld vector of an E ?eld of some 
electromagnetic Waves. Different types of polariZation 
include: linear (also referred to as plane), circular, and 
elliptical polariZation. 
[0007] Where the ?eld vector of an E ?eld propagates 
Within a plane as the Wave propagates along an aXis, the 
polariZation of the Wave is referred to as linear or plane 
polariZation. Where the terminus of the E ?eld, i.e., the 
extremity of the ?eld vector, in a given plane perpendicular 
to the aXis of propagation traces a circular path rotating 
about the aXis of propagation at a frequency equal to the 
frequency of the Wave, the polariZation is referred to as 
circular polariZation. Similarly, Where the terminus of the E 
?eld, in a given plane perpendicular to the aXis of propaga 
tion, traces an elliptical path rotating about the aXis of 
propagation at a frequency equal to the frequency of the 
Wave, the polariZation is referred to as elliptical polariZation, 
a general case of circular polariZation. 

[0008] PolariZed Waves can be transmitted or received in 
a number of different Ways. For eXample, an antenna itself 
can impose a certain polariZation upon a transmitted Wave or 
be sensitive to received Waves of a certain polariZation. A 
dipole antenna oriented horiZontally With respect to the earth 
is suited to receive and/or transmit linearly polariZed Waves 
Where the plane of polariZation is parallel to the earth. 
Similarly, a dipole antenna oriented vertically With respect to 
the earth is suited to receive and/or transmit linearly polar 
iZed Waves Where the plane of polariZation is perpendicular 
to the earth’s surface. A helical antenna is suited to receive 
and/or transmit circularly polariZed Waves. 

[0009] Communications systems transmitting and receiv 
ing polariZed Waves can be adversely affected by apparent 
prolonged fading of transmitted/received Waves having only 
one type of polariZation. To minimize fading of the ampli 
tude of the received Wave having the one type of polariZa 
tion, communication systems can be designed to transmit 
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and receive multiple Waves each having a different polar 
iZation. This method can be characteriZed as polariZation 
diversity. 

[0010] PolariZation has also been used to avoid inter 
channel interference in, for eXample, satellite communica 
tions systems. A satellite can communicate With a ground 
station using right-hand (i.e., clockWise circular 
polariZed Waves at a given carrier frequency, While an 
adjacent satellite can communicate With another ground 
station at the same carrier frequency using left-hand (i.e., 
counterclockwise (CCW)) circular polariZed Waves. Helical 
antennas having opposite tWists can be used to receive 
and/or transmit left-hand and right-hand circular polariZed 
Waves. 

[0011] PolariZation can be used to encode information in 
a communications system. US. Pat. No. 4,084,137, issued to 
Welti, describes a communications system that encodes a 
horiZontally polariZed Wave and a vertically polariZed Wave 
in accordance With information. U.S. Statutory Invention 
Registration H484 describes a similar system that addresses 
a sidelobe problem in a radar system. 

[0012] The polariZation encoding concept addressed in the 
references described above can also be used to minimiZe the 
likelihood of unauthoriZed interception of a message. US. 
Pat. No. 5,592,177, issued to Barrett, describes a commu 
nications system that sequentially changes the polariZation 
of a signal-carrying Wave in a pseudorandom manner. The 
Barrett system provides broad polariZation bandWidth for 
transmitting and/or receiving signals While minimiZing the 
required frequency bandWidth of the transmitter and receiver 
systems. The selected polariZations include linear polariZa 
tion With a variable polariZation plane orientation, right 
hand and left-hand circular polariZations, and right-hand and 
left-hand elliptical polariZations With a variable ellipse 
major aXis orientation. By changing the speci?c polariZa 
tion, the signal is spread in polariZation in a manner analo 
gous to the spreading of a signal over a continuous range of 
frequencies in spread spectrum communications systems. 
Note that When the signal-carrying Wave is circularly or 
elliptically polariZed, the ?eld vector of the generated E ?eld 
is rotating a frequency equal to the carrier frequency. 

[0013] The concept of transmitting separately encoded 
horiZontally polariZed Waves and encoded vertically polar 
iZed Waves can also be used for channel discrimination in a 
tWo-channel communications system in Which the channels 
have the same carrier frequency. US. Pat. No. 4,521,878, 
issued to Toyonaga, describes a communications system that 
encodes a horiZontally polariZed Wave and a vertically 
polariZed Wave in accordance With a ?rst code to form a 
signal corresponding to a ?rst channel, and encodes a 
horiZontally polariZed Wave and a vertically polariZed Wave 
in accordance With a second code to form a signal corre 
sponding to a second channel. The system thus improves 
cross-polariZation discrimination over knoWn systems that 
attempt to simply transmit a ?rst channel using horiZontal 
polariZation and a second channel using vertical polariZa 
tion. 

[0014] These knoWn communications systems, hoWever, 
suffer shortcomings. Regardless of the type of polariZation 
used by the knoWn communications systems, the E-?eld 
vector of an electromagnetic Wave is either linearly polar 
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iZed or elliptically polarized and consequently rotates about 
the axis of propagation at a frequency that equals the carrier 
frequency of the Wave. 

SUMMARY OF THE INVENTION 

[0015] The present invention can increase the amount of 
information carried by a communications system for a given 
carrier frequency. The present invention increases the 
amount of information carried by a communications system 
Within a discrete carrier in an appropriate medium by 
producing more than one information channel for each 
carrier frequency Within the frequency allocation. 

[0016] The selectivity of the present invention results in 
loWer noise and therefore creates a higher signal-to-noise 
ratio for an information channel. The present invention 
provides an information channel Where the noise is limited 
to characteristics of the channel. 

[0017] The present invention relates to a communications 
system in Which a communications channel is de?ned at 
least in part by an electromagnetic Wave having a carrier 
frequency and an electric ?eld vector the extremity of 
Which traces a non-linear periodic path (or a predictable path 
Whose rate of change about the aXis of propagation is at a 
frequency less than the carrier frequency) at a second 
frequency less than the carrier frequency from the perspec 
tive of an observer located at a plane perpendicular to the 
aXis of propagation of the Wave. The transmitter of the 
communications system creates an electromagnetic Wave 
having such characteristics and Which is modulated With 
information in a suitable manner. The receiver of the com 
munications system is sensitive to the periodic path and 
carrier frequency of the E-?eld vector. The combination of 
E-?eld vector path and the carrier frequency provides selec 
tivity that can be used to de?ne a communications channel. 

[0018] In certain eXemplary embodiments of the inven 
tion, a communications channel is de?ned at least in part by 
an electromagnetic Wave With an E-?eld vector, as projected 
onto or from the perspective of a plane transverse to the aXis 
of propagation, rotating at a selected angular velocity that is 
less than and independent of the carrier frequency. The 
transmitter and receiver of the system are each synchroniZed 
to a rotation frequency that de?nes the angular velocity. 

[0019] Although in certain embodiments the E-?eld vector 
can remain at a selected second frequency for an inde?nite 
time interval, such as that Which is suf?cient to communicate 
an entire message, in other embodiments the E-?eld vector 
can change from one second frequency to another at any 
suitable predictable manner Whereby the system can com 
municate some amount of information betWeen changes, 
hoWever large or small that amount of information may be. 
Frequency hopping and sequencing constitute a class of 
communications techniques that can readily be applied to 
the present invention in vieW of these teachings Whether to 
the carrier frequency or to the rate of rotation of the E ?eld 
vector about the aXis of propagation. 

[0020] In another embodiment of the present invention, a 
transmitter using a single carrier frequency produces a Wave 
having an E-?eld vector that rotates at an angular velocity 
less than the carrier frequency. The transmitter can produce 
the Wave by providing a rotation frequency signal source, an 
antenna system having tWo or more elements, and tWo or 
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more phase systems, each corresponding to one of the 
antenna elements. In such an embodiment, each phase 
system includes a suitable time-delay, such as a delay line or 
a phase shifter, that delays the rotation frequency signal by 
a ?Xed amount such that the sum of the delays becomes a 
constant value. Each phase system also includes a suitable 
amplitude modulator, such as a voltage-variable attenuator, 
a balanced modulator, or other device, that amplitude modu 
lates the information-modulated carrier signal With the time 
delayed rotation frequency signal. Each antenna element 
receives the amplitude-modulated output of one of the phase 
systems. In one embodiment of the present invention, the 
antenna elements are dipoles aligned at different angular 
orientations. 

[0021] In another embodiment of the present invention, a 
receiver using a single carrier frequency can recover the 
information signal from a Wave having an E-?eld vector 
rotating at an angular velocity less than the carrier fre 
quency. The receiver can recover the information signal by 
providing a rotation frequency signal source, an antenna 
system having tWo or more elements, tWo or more phase 
systems, each corresponding to one of the antenna elements, 
and a combiner. Although the Wave impinges upon each 
antenna element, each antenna element produces a corre 
sponding received signal that represents only one projection 
component of the Wave. Each phase system is essentially the 
inverse of that provided in the transmitter described above. 
As in the transmitter, each phase system includes a suitable 
time-delay, such as a delay line or a phase shifter, that delays 
the rotation frequency signal by a different but knoWn 
amount. Each phase system also includes a suitable ampli 
tude modulator, such as a voltage-variable attenuator, a 
balanced modulator, a single balanced miXer, a double 
balanced miXer, or other device, that gates the received 
signal provided by the corresponding antenna element in 
accordance With the time-delayed rotation frequency signal. 
Because the rotation frequency signal de?nes a channel 
characteristic, signals outside the channel are attenuated. 
The combiner sums the detected amplitude-modulated sig 
nals produced by the phase systems. In one embodiment of 
the present invention, the antenna elements are dipoles 
aligned at different angular orientations. 

[0022] In another embodiment of the present invention, a 
transmitter sends tWo Waves each having a different carrier 
frequency and having opposite circular polariZations to 
produce a resulting superposed Wave having its oWn carrier 
frequency and an E-?eld vector that rotates about the 
propagation aXis at a frequency less than the neW carrier 
frequency. The transmitter can produce the Wave by provid 
ing a compound antenna system, a loWer differential carrier 
frequency source, an upper differential carrier frequency 
source, and tWo synchroniZed amplitude modulators. The 
upper and loWer differential carrier frequency sources pro 
duce upper and loWer differential signals, respectively. The 
upper differential signal has a frequency equal to the carrier 
frequency plus the rotation frequency, and the loWer differ 
ential signal has a frequency equal to the carrier frequency 
minus the rotation frequency. The average of the differential 
signals corresponds to the neW carrier frequency of resultant 
Wave. One of the amplitude modulators modulates the upper 
differential signal With an information signal, and the other 
modulates the loWer differential signal With the same infor 
mation signal. Each of the information-modulated differen 
tial signals is coupled to one of the antenna elements. 


















































