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Be it known that I, ROBERT T. HART, having a post office address and a

residence address at 120 Windsor Drive, Eatonton, Georgia 3 1024, a citizen of

30 U.S.A., have invented new and useful improvements in an
E H ANTENNA

for which the following is a specification.
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E H ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to radio frequency communications and, more

specifically, to an antenna system employed in radio frequency communications.

2. Description of the Prior Art

Radio signals usually start with electrical signals that have been modulated onto
a radio frequency carrier wave. The resulting radio signal is transmitted using an
antenna. The antenna is a resonant system that generates an electrical field (E field)
and a magnetic field (H field) that vary in correspondence with the radio signal,
thereby forming radio frequency radiation. At a distance from the antenna, as a result
of transmission effects of the medium through which the radio frequency radiation is
being transmitted, the E field and the H field fall into phase with each other, thereby
generating a Poynting vector, which is given by S = E x H, where S is the Poynting
vector, E is the E field vector and H is the H field vector.

Most conventional antenna systems are resonant systems that take the form of
wire dipoles that run electrically in parallel to the output circuitry of radio frequency
transmitters and receivers. Such antenna systems require that the length of the wires
of the dipoles be at least one fourth of the wavelength of the radiation being
transmitted or received. For example, if the wavelength of the radiation is 1000 ft., the
length of the wire must be 250 ft. Thus, the typical wire antenna requires a substantial

amount of space as a function of the wavelength being transmitted and received.

A crossed field antenna, as disclosed in U.S. Patent No. 6,025,813, employs

two separate sections which independently develop the E and H fields and are
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configured to allow combining the E and H fields to generate radio frequency
radiation. The result is that the antenna is not a resonant structure, thus a single
structure may be used over a wide frequency range. The crossed field antenna is small,
relative to wavelength (typically 1% to 3% of wavelength) and provides high
efficiency. The crossed field antenna has the disadvantage of requiring a complicated

physical structure to develop the E and H fields in separate sections of the antenna.
Therefore, there is a need for a simple and compact antenna.
SUMMARY OF THE INVENTION

The disadvantages of the prior art are overcome by the present invention
which, in one aspect, is an antenna system for transmitting and receiving, in association
with a radio device, electromagnetic radiation having an E-field component and an H-
field component. The electromagnetic radiation corresponds to a radio frequency
power signal having a current and a voltage at a radio frequency. The antenna system
includes a first radiating element and a second radiating element, each comprising a
conductive material. The second radiating element is spaced apart from, and in
alignment with, the first radiating element. A phasing and matching network is in
electrical communication with the first radiating element, the second radiating element
and the radio device. The phasing and matching network aligns the relative phase
between the current and the voltage of the radio frequency power signal so that the H-
field component of the corresponding electromagnetic signal is nominally in time phase

with the E-field component.

In another aspect, the invention is a method of transmitting and receiving, in
association with a radio device, electromagnetic radiation having an E-field component
and an H-field component, wherein the electromagnetic radiation corresponds to a
radio frequency power signal having a current and a voltage at a radio frequency. In

the method, the relative phase between the current and the voltage of the radio
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frequency power signal is aligned so that the H-field component of the corresponding

electromagnetic signal is nominally in time phase with the E-field component.

These and other aspects of the invention will become apparent from the
following description of the preferred embodiments taken in conjunction with the
following drawings. As would be obvious to one skilled in the art, many variations and
modifications of the invention may be effected without departing from the spirit and

scope of the novel concepts of the disclosure.
BRIEF DESCRIPTION OF THE FIGURES OF THE DRAWINGS
FIG. 1 is a schematic diagram of one illustrative embodiment of the invention.

FIG. 2 is a schematic diagram of a second illustrative embodiment of the

invention.

FIG. 3 is a schematic diagram of the embodiment of FIG. 2 with covers added

to the conic sections of the antenna.

FIG. 4 is a schematic diagram of a third illustrative embodiment of the
invention adapted for generating a substantially directed beam of

radiation.

DETAILED DESCRIPTION OF THE INVENTION

A preferred embodiment of the invention is now described in detail. Referring
to the drawings, like numbers indicate like parts throughout the views. As used in the
description herein and throughout the claims, the following terms take the meanings
explicitly associated herein, unless the context clearly dictates otherwise: the meaning

of “a,” “an,” and “the” includes plural reference, the meaning of “in” includes “in” and
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“on.” As used herein, the term “in alignment with” includes both coaxial and slightly

off coaxial.

A general discussion of Poynting vector theory may be found in the disclosure
of U.S. Patent Nos. 5,155,495 and 6,025,813, which are incorporated herein by

reference.

As shown in FIG. 1, one embodiment of the invention is illustrated as an
antenna system 100 for transmitting and receiving, in association with a radio device
102 (such as a transmitter or a receiver), electromagnetic radiation having an E-field
component and an H-field component. The electromagnetic radiation corresponds to a

radio frequency power signal having a current and a voltage at a radio frequency.

The antenna system 100 includes an antenna unit 110 and a phasing/matching
network 120. The antenna unit 110 includes a first radiating element 112 made of a
conductive material such as a metal (for example, aluminum) and a spaced-apart
second radiating element 114, also made of a conductive material such as a metal. The
first radiating element 112 and the second radiating element 114 are substantially in
alignment with each other, so that both tend to be disposed along a common axis 116.
While the first radiating element is ideally coaxial with the second radiating element,
they may be off coaxial without departing from the scope of the invention. However,
performance of the antenna may degrade as the radiating elements get further off
coaxial. Typically, the height of the antenna unit 110 need only be about 1.5% of the

wavelength. Thus, the invention allows for relatively compact antenna designs.

In the embodiment of FIG. 1, the first radiating element 112 and the second
radiating element 114 each comprise a cylinder. As will be shown below, the radiating
elements could include conic sections as well, or many other shapes (or combinations

thereof), as will be readily understood by those of skill in the art of antenna design.
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The phasing and matching network 120 is in electrical communication with the
first radiating element 112, the second radiating element 114 and the radio device 102.
The phasing and matching network 120 aligns the relative phase between the current
and the voltage of the radio frequency power signal so that the H-field component of
the corresponding electromagnetic signal is nominally in time phase with the E-field
component. The wires connecting the phasing and matching network 120 to the
antenna unit 110 should be as short as practical so as to minimize transmission line
effects. Because the E field and the H field are substantially in phase with each other
near antenna unit 110 a Poynting vector is created almost immediately near the antenna

unit 110.

In one illustrative embodiment, the phasing and matching network 120 includes
a first inductor 122 that electrically couples a first terminal 104 of the radio device 102
to the first radiating element 112 and a first capacitor 124 electrically couples a second
terminal 106 of the radio device 102 to the first radiating element 112. A second
inductor 126 electrically couples the second terminal 106 of the radio device 102 to the
second radiating element 114 and a second capacitor 128 is electrically in parallel with
the second inductor 126. While one example of a reactive element circuit
configuration embodying a phasing and matching network 120 is shown in FIG. 1, it is
understood that many other circuit configurations may be used without departing from

the scope of the invention.

An important feature of the phasing and matching network 120 is that it
performs the step of aligning the relative phase between the current and the voltage of
the radio frequency power signal so that the H-field component of the corresponding
electromagnetic signal is nominally in time phase with the E-field component. As will
be readily appreciated by those of skill in the art, the specific circuit elements and
configuration used are unimportant so long as the result is proper performance of the

phase alignment function.
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In one specific example used to communicate with a signal having an operating
frequency of 7 MHz with a bandwidth of 500 KHz, the first inductor 122 has an
inductance of 17 pH, the first capacitor 124 has a capacitance of 30 pf, the second
inductor has an inductance of 19 uH and the second capacitor has a capacitance of 42
pf. The phasing and matching network 120 is connected to the transmitter/receiver
102 by a coaxial cable (not shown). The first radiating element 112 and the second
radiating element 114 are each aluminum cylinders having a height of 12 in. and a
diameter of 4.5 in. and are spaced apart by 4.5 in. It was observed that this
embodiment resulted in a system Q of (+/- 3 dB bandwidth) of approximately 7.5.

In one embodiment of the antenna unit 210, as shown in FIG. 2, the first
radiating element 212 and the second radiating element 214 each comprise conic
sections that are supported by an axial non-conducting pipe (such as a PVC pipe). In
this embodiment, the electromagnetic radiation 232 forms between the radiating
elements 212 and 214 and is directed radially away from the antenna unit 210. The
angle of the conic sections of the radiating elements 212 and 214 depends on many
factors and can vary depending on the specific application. The angle between the
operative surfaces 218 of the radiating elements 212 and 214 can be selected in a range
from nearly zero degrees (forming extremely wide diameter cones) to 180° (forming
coaxial cylinders, as shown in FIG. 1). Theoretically, if the operative surfaces are
exactly parallel (such that they form parallel disks) then the electromagnetic radiation

would not escape the disks.

In one specific embodiment, used to transmit or receive a radiation having a
wave length of 934 feet at 1 MHz, the wide ends of the conic sections have a diameter
of 14.49 feet and a height of 1.95 feet each, with a 30° angle between the operative
surfaces 218. In this embodiment, the radiating elements 212 and 214 are supported
by a coaxial 8 in. PVC pipe.

As shown in FIG. 3, a first cover 316 may be added to the first radiating

element 312 to keep rain, snow and bird nests, etc., out of the first radiating element
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312. Similarly, a second cover 318 may be added to the second radiating element 314

to keep out similar such debris.

As shown in FIG. 4, the antenna unit 410 may be placed in a reflective shape
430. Such an embodiment could be used in directing a beam 432 at a selected object.
Such a shape 430 could be a parabolic reflector or some other shape (such as an
inverted cone). When the beam is directed upward by the reflective shape 430 so that
the beam 432 follows a near vertical profile, the embodiment of FIG. 4 could be used

in near vertical incidence communications.

One advantage of the antenna system of the invention is that it responds only to
true radiated signals, not to electrical noise. Therefore, the invention increases the

signal-to-noise ratio compared to prior art systems.

The above described embodiments are given as illustrative examples only. It
will be readily appreciated that many deviations may be made from the specific
embodiments disclosed in this specification without departing from the invention.
Accordingly, the scope of the invention is to be determined by the claims below rather

than being limited to the specifically described embodiments above.
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CLAIMS

What is claimed is:

1. An antenna system for transmitting and receiving, in association with a radio
device, electromagnetic radiation having an E-field component and an H-field
component, the electromagnetic radiation corresponding to a radio frequency
power signal having a current and a voltage at a radio frequency, the current
and the voltage each having a phase, the antenna system comprising:

a. a first radiating element comprising a conductive material,

b. a second radiating element comprising a conductive material, the
second radiating element spaced apart from, and in alignment with, the
first radiating element;

C. a phasing and matching network, in electrical communication with the
first radiating element, the second radiating element and the radio
device, that aligns the relative phase between the current and the
voltage of the radio frequency power signal so that the H-field
component of the corresponding electromagnetic signal is nominally in

time phase with the E-field component.

2. The antenna system of Claim 1, wherein the radio device is a transmitter.

3. The antenna system of Claim 1, wherein the radio device is a receiver.

4. The antenna system of Claim 1, wherein the phasing and matching network
comprises:
a. a first reactive element of a first type that electrically couples a first

terminal of the radio device to the first radiating element;
b. a second reactive element of a second type that electrically couples a

second terminal of the radio device to the first radiating element,
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11.

12.

13.

14.

16.

The antenna system of Claim 1, further comprising a reflective shape disposed
around the first radiating element and the second radiating element so as to
reflect a portion of any electromagnetic radiation emanating from between the
first radiating element and the second radiating element along a preselected

direction.

A method of transmitting and receiving, in association with a radio device,
electromagnetic radiation having an E-field component and an H-field
component, the electromagnetic radiation corresponding to a radio frequency
power signal having a current and a voltage at a radio frequency, the current
and the voltage each having a phase, comprising the step of aligning the relative
phase between current and the voltage of the radio frequency power signal so
that the H-field component of the corresponding electromagnetic signal is

nominally in time phase with the E-field component.

The method of Claim 12, further comprising the step of directing the radio
frequency power signal from a transmitter to an antenna having a first radiating
element and a second radiating element, thereby generating the electromagnetic

radiation between the first radiating element and the second radiating element.

The method of Claim 13, further comprising the step of disposing the first

radiating element so as to be in alignment with the second radiating element.

The method of Claim 13, further comprising disposing the first radiating
element and the second radiating element in a reflective shape so as to direct an

electromagnetic beam substantially along a selected direction.

The method of Claim 15, further comprising the step of choosing a reflective

shape so that the beam follows a near vertical incidence profile.
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17.

18.

19.

20.

The method of Claim 12, further comprising the step of directing the radio
frequency power signal from an antenna having a first radiating element and a

second radiating element to a receiver.

The method of Claim 17, further comprising the step of disposing the first

radiating element so as to be in alignment with the second radiating element.

The method of Claim 17, further comprising disposing the first radiating
element and the second radiating element in a reflective shape so as to direct an

electromagnetic beam substantially along a selected direction.

The method of Claim 19, further comprising the step of choosing a reflective

shape so that the beam follows a near vertical incidence profile.
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ABSTRACT

In an antenna system for transmitting and receiving, in association with a radio
device, electromagnetic radiation has an E-field component and an H-field component.
The electromagnetic radiation corresponds to a radio frequency power signal having a
current and a voltage at a radio frequency. The antenna system includes a first
radiating element and a second radiating element, each comprising a conductive
material. The second radiating element is spaced apart from, and in alignment with,
the first radiating element. A phasing and matching network is in electrical
communication with the first radiating element, the second radiating element and the
radio device. The phasing and matching network aligns the relative phase between the
current and the voltage of the radio frequency power signal so that the H-field
component of the corresponding electromagnetic signal is nominally in time phase with

the E-field component.




102

106

210
M2 e ¥

218 220 202+

232 PHASING/ TRANSMITTER
T — MATCHING |e>
T S NETWORK ¢| OR RECEIVER
' 218
214 FIG. 2
204
310\‘
302 320
A N
PHASING/ 312

TRANSMITTER
OR RECEIVER “Aé%ﬁ%

FIG. 3

A
Y

314




420
PHASING/

MATCHING

NETWORK

¥

TRANSMITTER
OR RECEIVER




