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Preface

Purpose of This Book

The chief motivation for writing this book was to preserve a body of
knowledge that the author believes is unique and valuable, with respect
to both antenna design and mathematical techniques. Some parts of
it already exist, widely dispersed in the technical literature; however,
many others, if not most, parts are original research. In any case, to the
best of the author’s knowledge, all of the parts have never before been
brought together in a single volume such as this one.

The subject, folded unipole antennas, is still timely. Folded anten-
nas and arrays of folded antennas can be extremely compact. They can
also be broadband compared with other antennas. Conducting obstacles
that cause electromagnetic interference can be reconfigured as folded
unipoles and thus detuned, or rendered electronically invisible. Many
additional applications remain to be explored and developed.

The mathematical techniques, which are mostly analytic and not
numerical, are also still timely. Today’s computers are both powerful
and affordable; however, they are not always the first choice for design
purposes. Sometimes exploring an elegant formula from electromag-
netic theory provides more insight and is otherwise more productive. In
the author’s experience, the folded unipole antenna is an outstanding
example in this respect.

The book is mostly theoretical. That the folded unipole antenna actu-
ally does work has been well established since the 1940s. Thousands
of them have been constructed and are presently operating in the AM
broadcast and military bands. Rigorous theoretical analyses have been
performed for a very few specific configurations. On the other hand, a
comprehensive theory explaining why the general class of folded unipole
antennas works, and how their designs can be systematically modified,
improved, and applied elsewhere, seemed elusive.
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Intended Audience

This book has been written with at least three different readers in mind.
They are: (1) the systems engineer who is seeking new options for antennas
and arrays, especially those that offer extreme compactness and broad-
band performance; (2) the antenna engineer who is not satisfied by sifting
through the mountains of data generated by general purpose, wire antenna,
numerical analysis programs; and (3) the electromagnetic generalist who
is intrigued by the synergy that results when antennas and transmission
lines are integrated into a single radiating device. At one time or another,
the author has identified with each of these prospective readers.

For the systems engineer, this book should fill a void. When seeking
candidate antennas, his first impulse is to consult a handbook or compen-
dium about antennas. At best, he will find a few pages about folded anten-
nas, and they will only touch on the simplest designs. They may not use
the term “folded unipole” at all. The discussion will likely be a section or
subsection within a chapter about VLF antennas or AM broadcast anten-
nas, giving the wrong impression that they are limited to use in those
bands. In fact, the folded unipole embodies design principles that apply
throughout the electromagnetic spectrum from ELF through EHF.

For the antenna engineer, this book should provide some refreshing
insights concerning the physics of antenna operation, harkening back
to the Golden Age of Antenna Analysis before general purpose, numeri-
cal programs were widely available. In the opinion of the author, these
programs have largely displaced antenna design by numerical antenna
analysis. In the case of design, mathematical formulas, often elegant,
can be manipulated to obtain either an optimal configuration, or at least
a well-reasoned starting point. In contrast, numerical analysis involves
subjecting countless combinations of wires to number crunching until an
acceptable configuration is eventually obtained. Why the configuration
happens to work, or if it even approaches an optimum, remains a mys-
tery buried under a mountain of numerical data. To be fair, sometimes
this is the only way to go, but it should not be the only choice, or even
the first choice, in the tool kit of the antenna designer. The elegance of
electromagnetic theory is still an excellent alternative.

For the electromagnetic generalist, this book explores in depth what
happens when linear antennas are merged with transmission lines into
a single device. New formulas and mathematical approaches are devel-
oped as needed. Some of them will have application beyond the folded
unipole antenna. For example, in Chap. 9 we will derive the exact for-
mulas for the electromagnetic fields of traveling waves of current, valid
both in the near and radiation zones. We will also take a critical look at
the definition and calculation of characteristic impedance in Chap.7.1In
the literature, the characteristic impedance of antennas has been a topic
of controversy for decades. We hope to resolve that controversy here.
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Notes Concerning the Examples

The reader will observe that the contour plots in Chaps. 2 through 5, and
in Chap. 9, are in shades of gray; however, the captions and text refer
to colors. The contour plots were in color for the original manuscript,
but they were converted to gray scale to control publication costs. There
should be little or no confusion, however, because the “priority color”
(i.e., the color of the contour corresponding to optimal design values) is
always the darkest gray, nearly black.

The original color contour plots are available at two different websites.
They are the author’s website, www.rainesengineering.com, and the
publisher’s website, www.mhprofessional.com.

Readers may also observe that the frequency for most examples is
984 kHz. This is entirely for numerical convenience. It does not imply
that the folded unipole is primarily intended for the MF band. This
particular frequency was selected simply because a wavelength is 1,000
feet in free space. Thus, it is especially easy to mentally translate linear
dimensions into fractions of a wavelength when reading abcissas and
ordinates from the graphs and plots. For antennas less complicated than
the folded unipole, dimensions are often normalized so that the results
are independent of frequency. Folded unipoles, however, integrate linear
dimensions, lumped impedances, characteristic impedances, and wave-
length into a single electromagnetic device. Therefore, formulating a
dimensionless, universal parameter is impractical, if not impossible.

Readers will likely be curious concerning the software used to create
the examples. They were all generated using a program called GENIPOL
(GENeral unIPOL). GENIPOL incorporates the very same mathemati-
cal equations that appear in the text.

The Brief History of This Book

More often than not, an engineering text is introduced as, “This book
began as notes for a course offered at the University of . This
book is nothing of the kind. It concerns a subject that was at the cut-
ting edge of military communications and commercial broadcasting for
many decades. The folded unipole antenna still has much unrealized
potential and a bright future, in the opinion of the author. He was just
lucky enough to enter the world of antenna design at a time when
interest in the folded unipole was cycling through a peak. He was also
lucky enough to be mentored by some of the eminent contributors to
antenna and electromagnetic theory, and by some of the most colorful
innovators in industry. One goal of this book is to preserve and share
that experience.

The author first encountered folded unipole antenna technology in the
summer of 1966, when he was an engineering intern at Multronics, Inc.,
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Rockville, Maryland, between undergraduate years at M.I.T. The presi-
dent of Multronics was John H. Mullaney, P.E., who was awarded some
of the early patents for the folded unipole. Its surprising capabilities and
the challenge to understand its detailed workings recurred through-
out the years. Somehow the prolonged and concentrated study that the
folded unipole antenna deserved and required was always sidelined by
larger and more urgent projects in communications and radar.

About 35 years later, James F. Pinkham, a colleague from those first
years at Multronics, mentioned in a chance telephone conversation that
someone ought to write a book about the folded unipole antenna. For
several years thereafter, the author dismissed the suggestion out of hand
because he realized it would take twice as long as anyone expected. Also,
engineers are fond of saying, “The Devil is in the details.” Filling in those
theoretical details concerning the folded unipole antenna would require
twice as much formula deriving and computing of examples as anyone
expected. Despite these reservations, the idea eventually took hold, and
the author wrote a sample chapter and shopped it around. To his pleas-
ant surprise, the publisher immediately expressed “intense interest.”

So, the author began writing in earnest. He was correct in the assump-
tion that it would take twice as long as anyone imagined. But it was
a grand learning experience and a rare opportunity to consolidate,
organize, and preserve a worthwhile technology that connects to many
diverse topics in electromagnetic theory. He has no regrets.

That the author embarked on this project at all was perhaps unavoid-
able destiny. His initials are JKR, and jkR is one of the most omnipres-
ent terms in antenna design and electromagnetic theory in general. This
term occurs most frequently in the exressions e’*® and e 7%,
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