
PREFACE

This book is written for the undergraduate or graduate student who wishes to
pursue a career in radio-frequency (RF) and microwave engineering. Today's
engineer must use the computer as a design tool to be competitive. This text
presumes that the student has access to a computer and network simulation
software, but the book can be used without them. In either event, this text will
prepare the student for the modern engineering environment in which the
computer is a tool of daily use.

The computer is used in two ways. First, it performs laborious calculations
based on a defined procedure and a set of circuit element values. This is the
major use of network simulation, and it is employed throughout this book to
show how each network that is described performs over a frequency range. The
second way is like the first except that the computer varies the element values
either to approach a desired performance goal (optimization) or to show the
variation in performance when a quantity of circuits is built using parts whose
values vary from piece to piece (yield prediction).

In the second use, the computer is like a thousand monkeys who, it was once
postulated, if taught to type, would eventually type all of the world's great lit-
erature including an index to the work. But, it was further postulated, they also
would type every possible wrong version, incorrect indices included. Today, the
engineer's task is to obtain the useful outputs of the computer based on a fun-
damental understanding of the underlying principles. Within this text, the
computer is used as a tool of, not a substitute for, design. This book empha-
sizes fundamental concepts, engineering techniques, and the regular and intel-
ligent use of the computer as a computational aid.

Within this presentation of theoretical material, computer-generated exam-
ples provide insight into the basic performance, bandwidth, and manufacturing
yield of RF and microwave networks. This facilitates the evaluation of classical
circuit designs and their limitations. However, in modern engineering, rarely is
a classical circuit design used in its standard form, although that was necessar-
ily the practice before the availability of personal computers and simulation
software. Rather, today the classical design is a point of embarkation from
which a specific design is tailored to immediate design needs. The presence of
the classical design remains important because it serves as a starting point to
define what specifications might reasonably be expected as optimizer goals for
the simulation. Effectively, it "gets the thousand monkeys started on the right
page."

xv



XVi PREFACE

This book contains a review of wireless history and engineering funda-
mentals including complex numbers, alternating-current theory, and the loga-
rithmic basis of decibels. All of the text is written in a simple and informal
manner so that the presentation of concepts is easy to follow. Many derivations
show intermediate steps not usually included in textbooks because the intent
is to enlighten, not test, more than need be, the mathematical prowess of the
reader. This book also contains exercises that do not have a black or white
answer. Exercise questions are asked that require consideration beyond what is
covered in the text. This is intentional. It is done to introduce the reader to
what happens in the practical realm of engineering.

The reader is cautioned not to interpret the review material and easy read-
ability of this text for a lack of conceptual rigor or thoroughness. As the reader
will soon determine, the chapters of this book actually are more encompassing
of theoretical concepts and advanced engineering techniques than those of most
introductory microwave texts. But the emphasis is on practical technique. For
example, the reader will be surprised that, based merely on Q and the complex
number conversion between impedance and admittance, a technique called Q
matching is developed that is familiar to few engineering professionals.

The emphasis of this book is how design challenges would be attacked in a
real engineering environment. Some designs, such as distributed filters, are best
performed either with proprietary software programs or with the thousand-
monkey approach (optimization), but the emphasis is in providing the monkeys
with a promising start.

The style of this textbook is derived from a hands-on industrial course that
the author has been teaching for some time. In it the student builds on the
computer the circuits that are presented, designing them to specifications and
verifying how they perform with frequency. This approach quickly builds de-
sign confidence in the student. The exercises presented draw from this experi-
ence, and they employ the network simulator to reveal both circuit perfor-
mance and the student's mastery of it. The following paragraphs summarize the
major subjects covered.

Chapter 1 contains a review of the origins of wireless transmission. The early
and persistent efforts of Guglielmo Marconi in developing radio is an inspira-
tion to engineers today.

Chapter 2 is an engineering review of alternating-current analysis using
complex notation (in Appendix B), impedances and decibel, dBm, and dBW
measures with the aim of solidifying these basic concepts. Intuitive level profi-
ciency in these fundamentals is as important to microwave and RF engineering
as touch typewriting is to efficient writing. Practical realizations of circuit ele-
ments are described, including resistors, inductors, and capacitors and their
equivalent circuits with parasitic elements. The parasitic reactances of these
elements seriously limit their use at high frequencies, and the engineer does well
to know these limits and how they come about.

Chapter 3 treats resonators and how their bandwidth is influenced by Q.
Based upon the Q ratio of reactance to resistance and the conversion between


