"THIRD EDITION

Antennas

For All Apphcatlons

Jo . Krauds Ronald\J. Ma F- |




‘Antennas
for All Applications

THIRD EDITION

John D. Kraus

Taine G. McDougal Chair Professor of Electrical Engineering
and Astronomy, Emeritus, The Ohio State University

Ronald J. Marhefka

Senior Research Scientist/Adjunct Professor of Electrical Engineering,
The Ohio State University ElectroScience Laboratory

with chapters on:

Frequency Selective Surfaces and Periodic Structures and Baluns Eitc.
by Ben A. Munk

Professor of Electrical Engineering, ElectroScience Laboratory, Ohio State University

and Antenna Measurements
by Arto Lehto and Pertti Vainikainen
Professors of Electrical Engineering, Helsinki Universitiy of Technology

and sections on:

Self-impedance, RCS and Mutaul Impedance of Short Dipoles by the Method of Moments
by Edward H. Newman

Professor of Electrical Engineering, ElectroScience Laboratory, Ohio State University

Terahertz Lens and Waveguide Structures
by Christopher Walker
Professor of Astrononty, University of Arizona

Antennas for Terrestrial Mobile Communicatipn 3ystems
by Pertti Vainikainen !
Professor of Electrical Engineering, Helsinki|University of Technology

l - —

Boston Burr Ridge, IL  Dubuque, IA  Madison, Wl New York San Francisco St. Louis
Bangkok Bogotd Caracas KualaLumpur Lisbon London Madrid Mexico City
Milan Montreal New Delhi Santiago Seoul Singapore Sydney Taipei Toronto



Other books by John D. Kraus:

ELECTROMAGNETICS, 5th ed. with Daniel Fleisch (McGraw-Hill)
RADIO ASTRONOMY, 2nd ed. (Cygnus-Quasar)

BIG EAR II (Cygnus-Quasar)

OUR COSMIC UNIVERSE (Cygnus-Quasar)

McGraw-Hill Higher Education gp

A Division of The McGraw-Hill Companies

ANTENNAS: FOR ALL APPLICATIONS, THIRD EDITION

Published by McGraw-Hill, a business unit of The McGraw-Hill Companies, Inc., 1221 Avenue of the
Americas, New York, NY 10020. Copyright ©) 2002, 1988, 1950 by The McGraw-Hill Companies, Inc. All
rights reserved. No part of this publication may be reproduced or distributed in any form or by any means, or
stored in a database or retrieval system, without the prior written consent of The McGraw-Hill Companies, Inc.,
including, but not limited to, in any network or other electronic storage or transmission, or broadcast for
distance learning.

Some ancillaries, including electronic and print components, may not be available to customers outside the
United States.

This book is printed on acid-free paper.

International 123456789 0QPF/QPF0987654321
Domestic 1234567890QPF/QPF0987654321

ISBN 0-07-232103-2
ISBN 0-07-112240-0 (ISE)

General manager: Thomas E. Casson

Publisher: Elizabeth A. Jones

Developmental editor: Emily J. Lupash

Executive marketing manager: John Wannemacher

Senior project manager: Marilyn Rothenberger

Production supervisor: Kara Kudronowicz

Designer: K. Wayne Harms

Cover/interior designer: Michael Warrell, Design Solutions
Cover illustration: Amie Zorns of Artisan for Hire, Inc., Chicago
Supplement producer: Tammy Juran

Media technology senior producer: Phillip Meek
Compositor: Interactive Composition Corporation
Typeface: 10/12 Times Roman

Printer: Quebecor World Fairfield, PA

Front cover: Composite of Figs. 2—-16 and 6-9a.
Back cover top: Courtesy Deutsche Welle (Fig. 20-15a)
Back cover bottom: Courtesy Christopher Walker (Fig. 22-5)

Library of Congress Cataloging-in-Publication Data

Kraus, John Daniel, 1910-
Antennas : for all applications / John D. Kraus, Ronald J. Marhefka. — 3rd ed.
p. cm. — (McGraw-Hill series in electrical engineering)
Includes index.
ISBN 0-07-232103-2 — ISBN 0-07-112240-0 (ISE)
1. Antennas (Electronics). 1. Marhefka, Ronald. J. II. Title. III. Series.

TK6565.A6 K73 2002
621.382'4—dc21 2001030613
CIP

INTERNATIONAL EDITION ISBN 0-07-112240-0

Copyright © 2002. Exclusive rights by The McGraw-Hill Companies, Inc., for manufacture and export. This
book cannot be re-exported from the country to which it is sold by McGraw-Hill. The International Edition
is not available in North America.

www.mhhe.com



PREFACE

The aim of this new edition is to present the basic essentials of antennas even better than
before while providing extensive coverage of the newest wireless applications. Further, the
book is structured so that it can be easily divided into two courses with the first 12 chapters
suitable for a first course and the last 12 for a second course. There is also flexibility that
allows for a variety of assignment options.

The subtitle “For All Applications” is, of course, presumptuous for it is an unattainable
goal. However, it indicates our objective.

The Introduction (Chapter 1) presents information on symbols and notation along with
useful tables. Chapter 2 (Antenna Basics) covers fundamental antenna concepts and the
language of antennas. In Chapter 3 we meet the Antenna Family with concise descriptions
of two dozen different types of antennas from dipoles to patches.

Chapter 4 treats Point Sources and their field, power and phase patterns. Broadside
and end-fire arrays of point sources are introduced in Chapter 5, Part 1. This is followed
in Chapter 6 by dipoles and linear antennas, both alone and in arrays. All kinds of loop
antennas and their properties are described in Chapter 7. Chapter 8 Part I is an introduction
to axial-mode helical antennas and Yagi-Uda arrays. Part II goes into helical antennas in
more detail.

Chapter 9 is about slot, patch and horn antennas while Chapter 10 explains flat- sheet,
corner and parabolic antennas. Broadband and frequency-independent antennas are dis-
cussed in Chapter 11. Chapter 12 on antenna temperature, remote sensing and radar cross
section completes the material suggested for a first course on antennas.

The chapters suggested for the second course can include sections from Chapter 5
Part II broadening the coverage of arrays of point sources, from Chapter 8 Part II with
more on helical antennas and Chapter 9 with further information on slot and horn antennas.
The sequence can then proceed to self and mutual impedance (Chapter 13), the cylindrical
antenna (Chapter 14) and the important Fourier transform relation between aperture and
far-field pattern (Chapter 15). This is followed by dipoles, apertures and arrays (Chapter 16)
and lens antennas (Chapter 17).

Radomes and frequency-sensitive surfaces are explained in Chapter 18 followed by
design considerations on large antennas in Chapter 19. Chapter 20 showcases some of
the world’s large and unique antennas. Chapter 21 features many important and novel
antenna applications including sections on cell phone antennas, ILS (Instrument Landing
System) antennas, LEO (Low Earth Orbit) satellite antennas and many more. Physically
small antennas are featured in Chapter 22 on Terahertz Antennas. Chapter 23 presents useful
information on transformers, baluns and traps. The last chapter (24) is a very complete, up-
to-date discussion of antenna measurements. The Appendix has many useful tables and
references to computer programs.

xXv
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The book features numerous helpful graphical displays. The problem sets are thorough
and challenging. The references to articles and books are extensive.

Suggested assignment schedules are listed on page vi with several options given where
sections from later chapters are incorporated in the first course schedule. Thus, some topics
from Chapter 21 can add timely practical examples to a first course. We invite you to visit
the book’s web site antennas3.com for special projects.

Although the book is designed as a teaching text, its wealth of information makes it
a veritable “gold mine” for the practicing engineer. Hundreds of worked examples help
translate theory to practice.

We gratefully acknowledge the assistance of many persons including:

Prof. Ben A. Munk, ElectroScience Laboratory, Ohio State University, for his
chapters on Frequency Selective Surfaces and Baluns, etc.

Profs. Arto Lehto and Pertti Vainikainen of the Helsinki University of Technology
Radio Laboratory for their chapter on Measurements.

Prof. Pertti Vainikainen for his section on Antennas for Terrestrial Mobile
Communication.

Dr. Edward H. Newman, ElectroScience Laboratory. Ohio State University for his
section on Self-impedance, Radar Cross Section and Mutual Impedance of Short
Dipoles by the Method of Moments.

Prof. Warren Perger, Michigan Technological University for class testing the new
manuscript.

Dr. Spencer Webb, AntennaSys, Inc. for assistance on patch and other antennas.

Prof. Jonathan Young, ElectroScience Laboratory, Ohio State University, for
assistance on Ultra Wide Band Antennas for Digital Applications.

Dr. Brian Baertlein, ElectroScience Laboratory, Ohio State University, for assistance
on the 600 THz Antenna.

Dr. Steven Ellingson, ElectroScience Laboratory, Ohio State University for assistance
on the Argus Array.

Prof. Richard McFarland, School of Avionics, Ohio University, for assistance on
Instrument Landing System Antennas.

Dr. Fred J. Dietrich, FD Engineering and Globalstar, for assistance on Low Earth
Orbit Satellite Antennas.

Dr. Edward E. Altshuler, Air Force Research Laboratory, for assistance on Genetic
Algorithm Antennas.

Prof. Christopher Walker, Dept. of Astronomy, University of Arizona for sections on
Terahertz Antennas.

Dr. Eric Walton, ElectroScience Laboratory, Ohio State University for assistance on
Instrument Landing System Antennas.

Dr. Richard Mallozzi, General Electric Research Laboratory, Schenectady, N.Y., for
assistance on many topics.

Drs. James C. Logan and John W. Rockway, EM Scientific, for contributing computer
programs available on the book’s web site.
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The reviewers of the book’s manuscript for many helpful suggestions.
The McGraw-Hill team:

Catherine Fields, Editor

Emily Lupash, Developmental Editor

Marilyn Rothenberger, Project Manager

We thank Drs. Jerry Ehman and Erich Pacht for their dedicated editorial assistance.

We also thank our wives Alice Kraus and Deborah Marhefka for their patience and
loving support.

John Kraus and Ronald Marhefka

P.S.1: Although great care has been exercised, errors will inevitably occur. The authors
would greatly appreciate notice of them via e-mail to Ronald Marhefka at Marhefka.1@
osu.edu.

P.S.2: For the statistician, the book has more than 900 pages, over 1200 illustrations, 130
worked examples, 75 tables, over 300 problems, nearly 900 references and an index of more
than 2200 entries providing quick access to topics.
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A CENTURY OF ANTENNAS FROM HERTZ TO HAND-HELD

Induction
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Heinrich Hertz’s end-loaded half-wave dipole
transmitting antenna and resonant half-wave
receiving loop operating at A = 8 m in 1886. The
induction coil produced sparks at the gap in the
dipole, resulting in sparks at the gap in the loop at
a distance of several meters in Hertz’s laboratory
at Karlsruhe, Germany. This was the first radio link
and the dipole and loop the first radio antennas.

Guglielmo Marconi’s square conical antenna at
Poldhu, England, in 1905 for sending transatlantic
signals at wavelengths of 1000s of meters.

Very Large Array (VLA) of 27 steerable parabolic
dish antennas each 25 m in diameter operating at
centimeter wavelengths for observing radio
sources at distances of billions of light-years. The
array is located at the National Radio Astronomy
Observatory near Socorro, New Mexico.

Helix antenna array on one of 24 Global Position
Satellites (GPS) in Medium Earth Orbit (MEO) at
20,000 km. Operating at A = 20 cm, these satellites
provide you on or above the earth with your
position (latitude, longitude and elevation) to an
accuracy of better than 1 meter.

The ubiquitous, hand-held cellphone with half-
wave antenna operating at A = 30 cm, which
connects you to everybody.
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