Fundamentals of
Electrical and Electronic Design

FORTH EDITION

D: A. Zahedi

SWE] The New World Publishing, Melbourne, Australia, 2004




The National Library of Australia Cataloguing - in - Publication
Entry

Zahedi, A. 1950 -
Fundamentals of Electrical and Electronic Design

Third Edition
Bibliography. j
[ncludes index. i

ISBN: § 867 7078 A0
1. Electrical Engincering, 2. Electronics, 1. Title.

621.3

Copyright © 2004 by The New World Publishing

All rights reserved. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any
means, electronic, mechanical, photocopying, recording, or
otherwise, without the prior written permission of the author. Printed
in Australia by Monash Print Services.

Cover Design by Sam

The New World Publishing
Melbourne, Australia
(Fax:+61-3-9891 7795)

v



To: Behjat, Mohammad and Samaneh



Acknowledgments

I gratefully acknowledge the support of my colleagues and students
at Monash University.

I extend my appreciation to Professor Irena Cosic for her strong
encouragement and support.

Very special thanks goes to copy editor Ms. Brenda R. Krenus of
Monash University English Language Centre for her profound
knowledge of the English language, her ability to root out the most
entrenched ervors, and her willingness to make many useful
suggestions concerning organisation and substance.

Finally, but most importantly, I wish to thank my family for their

understanding and patience during those times when [ dedicate too
much of my time to work, when I should really dedicate it to them,

vi



Contents

CHAPTER ONE
Fundamentals of Electric Circuits

CHAPTER TWO
Circuit Analysis: Methods and Techniques

CHAPTER THREE
AC Circuits

CHAPTER FOUR
Semiconductors: Diode and Transistor

CHAPTER FIVE
Operational Amplifier

CHAPTER SIX
Digital and Logic Circuits

CHAPTER SEVEN
AC Power

CHAPTER EIGHT
Step Function Analysis

CHAPTER NINE
Questions and Angwers

Appendix
Glossary
Bibliography

Index

PAGE
1

33

63

77

173

209

vii



Preface

Everyone is aware of the electronics revolution that js taking place
in the industrialised world. Today, electronics pervades all activities.
Not too long ago home electronics meant little more than the radio;
next came television and high fidelity. Then, suddenly, there
appeared calculators, TV games, home computers, electronic
ignitions, computers built into automobiles, and many others.

The electronic revolution is also taking place in the scientific
laboratory and all other workplaces. Today, the preferred method of
making almost any kind of measurement is one that involves the use
of electronic instruments. There are many reasons for this, including
the availability of convenient transducers, the ease of making remote
and automatic measurements electronically and, most importantly,
the general ease of making precise, accurate clectrical
measurements. Moreover the introduction of computer control of
many processes is speeding up the introduction of all-electronic
schemes of measurement into many industrial settings.

This electronic revolution is making it increasingly important for
everyone to have at least some understanding of electronics.

I began teaching an introductory electrical network and electronics
course at tertiary level a number of years ago. It was my opinion that
the advances in modern electrical circuits and solid state electronics
had made it possible for students with a reasonably small amount of
background knowledge to design and build useful electrical and
electronic circuits in modern laboratories.

Over a period of several years, 1 have tanght a tertiary course in
which many people have first learned the basics of electrical circuits
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and electronics and have then continued on to design, build, and use
various circuits in their own research. In the process of teaching this
course, I slowly assembled a collection of my own material to
supplement the textbooks I used. Eventually, I realised that I had
written my own textbook. This is the result.

This book was written to be used in classes designed for students
with no background in electrical circuits and electronics or its
related areas. Students who already have some knowledge of a topic
can quickly skip over what they have already learnt.

1 believe that most individuals cannot really learn electrical circuits
and electronics without hands-on experience. Electrical networks
and electronics are more than just lines on paper; after all, the real
goal of electrical networks and electronics is working circuits that do
things, not just exist as diagrams. A very large amount of learning
takes place while a student is struggling to make a simple circuit
work.

This book is intended as a teaching text for the subjects which are
involved with fundamentals of electrical circuits and electronics. It
therefore contains a structure and is written in a style which is
designed to help students to better understand the basic principles of
those subjects and to design a range of electrical and electronic
circuits.



Introduction

This book is an introduction to advanced electrical circuits and
modern electronics. The main reason for writing this book is to assist
students in learning the basic concepts of advanced electrical circuits
and modern electronics and to do it in such a way that students can
continue to learn additional electrical circuits and electronics on
their own.

Although the field of electrical circuits and electronics is changing,
the fundamental laws describing the operation of electrical circuits
and electronic devices and the methods of analysis used to
understand electrical and electronic circuits, change slowly, if at all.

The purpose of this book is to prepare students to be able to read the
current literature in the field of electrical circuits and electronics and
to be able Lo learn more electrical circuits and electronics on their
own, The goal of teaching students how to learn on their own is.
after all, what higher education is all about.

A good working knowledge of electrical circuits and electronics has
four clements.

The first element is knowledge of the basic physical laws that apply
to the operation of electrical circuits and electronics. This includes
the basic circuit analysis laws as well as the laws that describe solid
state physics.
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The second element is the knowledge of circuit analysis techniques,
which are the mathematical techniques that are used to understand
the operation of circuits.

The third element is knowledge of the state of the art in electrical
circuits and electronics. This includes the answer to questions such
as, “How do I build a power supply or an electronic counter”. The
answers to such questions define what is called the state of the art at
any given time.

The fourth element is a mastery of the vocabulary. Electronic
literature is filled with specialised vocabulary. The literature cannot
be read by someone who does not have a fair mastery of the
vocabulary. This vocabulary does not change very rapidly. New
terms are occasionally introduced, but mainly old ones are used in
new sitnations.

My approach to teaching electrical networks and electronics 1s to
provide a balanced approach to these four elements.

The design of this book

There are two problems that must be solved in the design of a good
electrical circuits and electronics course. First, each of us has a
different set of professional goals, personal interests, and level of
preparation. Thus no single course design will suit everyone.

Second, electrical circuits and electronics is a very complex subject,
we cannot master it in one examination of available material. Even
more importantly, efficient learning requires time, motivation, and
active participation.
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Some Advice on how to study the subject of electr:cai c1rcu1ts5
‘and electronics - : - - §

No one can learn electrical circuits and clectronics all at once.
Gaining a reasonable knowledge of these requires going back over
the material several times. Only time and repetition will give us a
solid knowledge of the material. Of course, this is no different from
anything else we try to fearn. Repetition or review is crucial in any
learning situation.
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