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Preface

Intended Audience

This text is intended for students in two-, three-, and four-year programs in elec-
tronics technology and electronics engineering technology. It includes both tradi-
tional analog communication—amplitude and frequency modulation and their
variations—and modern developments in digital and data communications
and networks. Radio and optical transmission systems are also given extensive
coverage.

There is enough material in this text for a four-course sequence. For example,
a basic analog communication course could include chapters 1 through 6. Chap-
ters 7 through 13 could comprise a basic digital communication course. Chapters
14 through 17 could be the basis of a course in radio-frequency fundamentals.
The chapters from 19 through 25 would be suitable for a senior-level course in the
application of theory to actual systems. Of course the material can be divided in
many different ways to suit the individual school.

Prerequisites

This text assumes a basic knowledge of analog and digital electronics. It is
expected that students may need to be reminded of the ways in which high-
frequency circuits differ from those operating at audio frequencies, so these dif-
ferences are reviewed. Class C and other tuned amplifiers are also explained be-
cause students may not have covered them in previous courses. The text does not
assume that students are familiar with mixing and modulation or with techniques
for making measurements at radio frequencies, so these topics are covered in the
text. Phase-locked loops are explained at a basic level, and no prior knowledge of
these devices is assumed.

Frequency-domain analysis is essential in any book of this type, and Fourier
analysis is introduced in the text. No prior knowledge is assumed.

It is assumed that the student’s mathematical background includes algebra
and basic trigonometry. Calculus is not required, but knowledge of logarithms
and decibels is assumed in the text; these topics are reviewed in an appendix.

Organization of the Text

The text is organized according to topic, with fundamentals discussed earlier
in the book and more advanced theory and applications coming later.

Chapter 1, Introduction to Communication Systems, is a general introduction
to communication theory, especially the concepts of modulation, noise and
bandwidth. Chapter 2, Radio-Frequency Circuits, is devoted to a review of
radio-frequency circuits that will be used throughout the book. In general this
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book is systems-, rather than circuits-oriented, but systems are, after all, com-
posed of circuits, and Chapter 2 builds on the material usually found in college
circuits courses, extending it into the radio-frequency field. Some of the examples
in this chapter have been analyzed with MultiSIM software; the circuit files are
available on the Online Companion web site.

Chapters 3 to 6 deal with analog modulation schemes and the radio transmit-
ters and receivers associated with these techniques. Chapter 7, Digital Communi-
cation, introduces the digital transmission of analog signals, followed by Chapter
8, The Telephone System, a major application of analog and digital voice commu-
nication: Next, digital communication of data is discussed in Chapter 9, followed
by a discussion of networking techniques in Chapters 10 through 13.

Chapters 14 through 16 are concemed with the propagation of radio-
frequency waves, covering transmission lines, antennas, and wave propagation.

Chapter 17, Microwave Devices, prepares the student for the study of mi-
crowave systems in much the same way that Chapter 2 prepares for the study of
radio frequencies. The design challenges presented by higher frequencies are dis-
cussed, along with the specialized devices used in microwave systems. Chapter
18, Terrestrial Microwave Communication Systems, describes applications of mi-
crowaves in terrestrial communication.

Chapters 19 through 23 explore many practical systems that use the theory
discussed so far. These are television, satellite communication, cellular telephony
and personal communication systems, paging, and wireless networks.

The final two chapters cover fiber-optic communication. Chapter 24, Fiber
Optics, introduces the theory and components, and Chapter 25, Optical Commu-
nication Systems, describes practical systems.

Chapter Format

* Each chapter begins with a list of Objectives and an Outline of the chapter top-
ics.

* Interest Boxes are included at the beginning and end of each chapter. Elec-
tronics . . . Rewind introduces each chapter and gives a glimpse into the past
of communications. Electronics . . . Fast Forward concludes the chapter and
highlights a current or future application.

* Section Review Questions are included at the end of each chapter section, and
their answers are found at the end of each chapter.

« Examples providing step-by-step guidance in solving problems are found
throughout the chapters.

¢ MultiSIM and RealAudio Icons placed throughout the text indicate the pres-
ence of additional online resources. Selected pre-created MultiSIM circuits di-
rectly tied to figures from the text can be used for troubleshooting. RealAudio
sound clips present more in-depth discussions of difficult topics.

End-of-Chapter Materials include:

» MATLAB Examples

* Summary of the chapter contents

+ Important Equations list

¢ Glossary

* End-of-Chapter Questions and Problems



Major Features

Thorough coverage of fundamental communications with comprehensive
treatment of data and advanced communications.

Advanced Communication Technologies. Discussion of traditional analog
communications is followed by modern developments in digital, data, and net-
work communications. There is extensive treatment of recent developments in
such areas as personal communication systems (PCS), wireless networking, the
Internet, and fiber-optic systems.

Balance between theory and practice. Practical applications, with many
worked-out examples, are integrated throughout. Modem applications include
digital television, LEO and MEO satellites, cellular, PCS and wireless tech-
nologies. Relevant topics, such as LANs and WANS are discussed. Fiber-optic
and optical systems chapters reinforce basic wave theories in a new envi-
ronment.

Systems-oriented approach helps students transfer fundamental knowledge to
contemporary systems. The emphasis is more on signals and systems than on
circuits that quickly become obsolete and do not enhance student’s overall un-
derstanding of the communication process.

New full-color art program using latest full-color manufacturer’s photos,
along with newly rendered schematics, block diagrams, and illustrations to en-
hance understanding.

Use of modern computer tools is introduced through the use of MultiSIM and
MATLAB. MultiSIM pre-created circuits are available in the Online Com-
panion. Using MATLAB, a new feature that is placed at the end of most chap-
ters, provides information on how to use software tools to solve electronic
communications-related problems, as well as to illustrate concepts relevant to
each chapter. Specialized software for antenna and transmission-line analysis is
also discussed.

Electronics . . . Rewind and Electronics . . . Fast Forward interest boxes

Online Companion includes RealAudio clips, MultiSIM files, and MATLAB
examples. These additional resources are available for download at

www.electronictech.com.

RealAudio. <P multisim
Answers to Odd-Numbered Problems are included at the back of the book.
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Chapter Outline and
Objectives introduce

. each chapter

ELECTRONICS . .. REWIND
and ELECTRONICS . .. FAST
FORWARD interest boxes

A\

Anu-ol"- of data by com-
paring conventional compact-disc audio with the MP3 format popular
on the internet. CDs use sampling at 44.1 kHz 1o allow a maximum informa-
tion-signal frequency of 20 kHz. The coding s finear PCM using 16 bits per

sample. Since there are two stereo channels, the raw data rate, before emor  Cls mnd MP3s

‘comection, is
fo =2 % 441 X 10° X 16 = 1.41 Mu/s
Compact discs tend to have quits a few emors due to the manufacturing

process, so a robust ermor comection scheme is used which further increases
the bit rate.

By
RealAudo, , Many people
have difficulty distinguishing MP3 at 128 kb/s from CD audio. This result is
redundant cata from the 1.41 Mb/s data stream de-

scribad earfier, and by Ignoring any components that would be Inaudible to a
human ear. For instance, very quiet sounds can be masked by louder sounds.

Y

to reproduce all kinds of sounds and not just the human voice.

¥

- 3L
e FAST FORMARD

output of this filter is a signal that, when applied to the receiver filter, will repro-
duce the original signal exactly. Figure 7,25 shows bow this process works at the
transmitier. The residual signal is 100 complex to transmit exactly with the avail-
able bit rate, 50 it must be represented in a more economical way. One method is
to compare it with values in a table, called a codebook, and transmit the number
of the closest codebook entry. The recriver looks up the codebook entry, gener-
aics the conrospendinng signal, and uscs |t insicad of the pulsc and noise generators
shown in Figure 3.13. Many other vocoder variations are possible as well,

Reasonsble quality can be achieved with vocoders using data rates much
lower than those required for PCM. So far, the quality is not quite s good as for
straightforward PCM, however.

It should be obvious that vocoders arc intended for use with voice oaly;
whereas. the PCM system described sbove can be used to send any 64 kb/s
data stream, including music, fax, or computer files. None of these will work
properly with 2 vocoder. Vocoders even tend to give a somewhat unnatural
quality to human speech. Still, the gain in bit rate and hence bandwidth, com-
pared 1o PCM, is 50 great that vocodsrs are very common in digital wireless
Voice communication.

Explain the difference between data compression and the use of vocoders for
voice signals.

P
s T
Veico Signal | |

Figure 78S Generation of excitation sgnal using codebook

Section 7.3 » Pulse-Code Modation

Pulse-position modulation (PPM), shown in Figure 7.11(d), is closely
related to PDM. Al pulses have the same amplitude and duration, but their timing
varies with the amplitude of the orignal signal. PPM also sees some use in

| Section Review
Question tests
. understanding of

telemetry systems.
Why is there always a definite upper limit 0 the baseband frequeacy that can be SECTION 7.8 REVIEW
transmitied in s digital communication system? QUESTION

7.3 Pulse-Code Modulation

Pulse-code modulation (PCM) is the most commonly used digital modulation  RealAudio
scheme. In PCM the available range of signal voltages is divided into levels,

and each is assigned a binary number. Each sample is then represeated by the

binary number mpresenting the level closest to its amplitude, and this number is

transmiticd in serial form. In linear PCM, levels arc separated by equal voltage

gradations.

“The numbses of levels available depends on the number of bits used to express.
the sample value. The number of levels is given by

N=2" 9

where N = number of levels
m = mumber of bits per sample

EXAMPLE 7.3 Calculate the number of levels if the number of bits per
sample is: y

(8) 8 Cas in telephony)
(b) 16 (as in compact disc audio systems)
Sohution
{a) The number of levels with 8 bits per sample is, from Equation (7,9),
N=7"
-
=256
(b) The number of levels with 16 bits per sample is, from the same equation,
N=2"
=it
= 65,536

| each section

flcons indicate
- additional online
- resources

| Worked-out Examples
¢ provide guidance in
' solving problems

SECTION 7.7 REVIEW
QUESTION
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Major Features

e Thorough coverage of fundamental communications with comprehensive
treatment of data and advanced communications.

« Advanced Communication Technologies. Discussion of traditional analog
communications is followed by modern developments in digital, data, and net-
work communications. There is extensive treatment of recent developments in
such areas as personal communication systems (PCS), wireless networking, the
Internet, and fiber-optic systems.

* Balance between theory and practice. Practical applications, with many
worked-out examples, are integrated throughout. Modern applications include
digital television, LEO and MEQO satellites, cellular, PCS and wireless tech-
nologies. Relevant topics, such as LANs and WANSs are discussed. Fiber-optic
and optical systems chapters reinforce basic wave theories in a new envi-
ronment.

+ Systems-oriented approach helps students transfer fundamental knowledge to
contemporary systems. The emphasis is more on signals and systems than on
circuits that quickly become obsolete and do not enhance student’s overall un-
derstanding of the communication process.

* New full-color art program using latest full-color manufacturer’s photos,
along with newly rendered schematics, block diagrams, and illustrations to en-
hance understanding.

* Use of modern computer tools is introduced through the use of MultiSIM and
MATLAB. MuliiSIM pre-created circuits are available in the Online Com-
panion. Using MATLAB, a new feature that is placed at the end of most chap-
ters, provides information on how to use software tools to solve electronic
communications-related problems, as well as to illustrate concepts relevant to
each chapter. Specialized software for antenna and transmission-line analysis is
also discussed.

* Electronics . . . Rewind and Electronics . . . Fast Forward interest boxes

* Online Companion includes RealAudio clips, MultiSIM files, and MATLAB
examples. These additional resources are available for download at

RealAudio. < Multisim
* Answers to Odd-Numbered Problems are included at the back of the book.




Using MATLAB
introduces computer
tools to illustrate

Select the created modet by using the File-> Open menu
option to sclect and open the file “codec.mdl”.

3 3 . Run the simulation by selecting the Siulation->
communications Start menu option in the model window.
concepts « Doublo-click on the scope 1o view the input,

| Backeround: . . compressed and expanded signals.

In this section, SIMULINK is used to iltustrate the non-

.~ * { linear sampling that occurs when a mu-law coder is Experiment with other input wave types and frequencies
’;{uud.uwellumcmupmdhgmvmemm- from the function generator.

~.Z] quired to restore 2 mu-law compressed signal.

Implementation:
« | Start MATLAB and then type sinmiok at the command
T & ~] prompt to start the SIMULINK program. 3

- >> simulink

MU_LAW CODER DECODER SIMULATION

Compressor Expandar

used for unvoiced sounds, and 2 variable-frequency pulse generator produces the
voiced sounds. The pulsc generator creates a tone rich in harmonics, as is the
sound produced by human vocal cords. Both sources have variable amplitudes.
Figure 7.24 illustrates the process at the receiver.

Residual excited linear predictive (RELP) vocoders, on: the other hand, apply
the inverse of the filter that will be used at the receiver to the voice signal. The

' nwmmmmmmwwmm
et slactronically. First, the measege to bo sent is operated on by &
AT FEIRUARS  ratheraiicsl nction thet procuoes 8 short bit sequance, typically 129 bits,

thet is called “tuen.*
Cigieat Signatures Prockics the same fash, in practios this i very uillkely. The hesh s encrypéed
Uaing the sander's privets ks, and trmermitied slong with the mesoage.

The recenving Station recromios the hash rom B recehved message, wd
R0 decrypts the tranemitied hash wing the sander's pubi; key. ¥ the two
hashes match, It Is aimost thet the message is
nd thet the sencer's idenity is xs clsimed.

L3 =E

BUMMARY Here are the main peints 10 remember from this chapeey.

1. Dam that consists of alphanumeric characters must first be encoded using &

mm:mhnmwmm

2 300 acoally invok ing the transmitter

mdmuvuclnﬁum:mofuchcmlmnmphmlmeﬁaun

than in which the

are coatinucusly locked together.

3. Compurter dats must be couversed from paralled o serial form before being

tranceminied and back £o paraliel form as the receiver.

A.Shumum-mAummmmmmem
corrected, within limits, by addi

5. Daia can be compreased by using shorter codes for panerus thas appear more

oftsn and by coding repetitive data by indicating the number of times an ele-

‘ment repests.

. Encryption of data is important o ensure ita privacy. It is most commonly

achioved by using public-key encryption to transfer a key 1 be used in & sym-

mewical private-key sysem.

Each chapter concludes
with a Summary,

List of Important
Equations, and

a Glossary

IMPORTANT EQUATEING St gt mam e 15 5
o= Np/Ny [ 2]
P zment] ®2)

GLOSEARY e -

awtemath request for retrempmlsaien (ARQ) Aa amx coo-  bit sailleg  Addition of extra bits 10 & data block © evoid the
the ropecition accideoal " [

ran. characier code A ot Of rukcs thes trslaics alpbemmeric
it rarbond Bmlhﬁz-aur_yhm:u..lwmh characters ink> bizary bunsbers.
those wmcd for timing aed error. character set  See character code.
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Contents

New to this Edition

» All chapters have been updated to reflect recent changes in technology
» Expanded coverage of cellular radio

» Coverage of vocoders

Coverage of spread spectrum radio

Coverage of radio propagation in the mobile environment

» Extensive coverage of Personal Communications Systems (PCS), including
third-generation systems

* Expanded coverage of wireless LANs

* Extensive coverage of paging and wireless packet data neworks

* Updated coverage of intranets and the Internet

* Improved coverage of microwave antennas, including patch antennas

*» Updated coverage of digital television and HDTV

* Coverage of microwave distribution of television signals

* Discussion of ADSL and cable modems

* Expanded coverage of satellite communications, including satellite telephony
* Updated coverage of fiber-optics communication

Supplements

The following materials are available for this text:

e.resource

This is an educational resource that creates a truly electronic classroom. It is a
CD-ROM containing tools and instructional resources that enrich your classroom
and make your preparation time shorter. The elements of the e.resource link
directly to the text and tie together to provide a unified instructional system.
ISBN #: 0-7668-2688-0

Features contained in the e.resource include:
Power Point Presentation Slides
These slides provide the basis for a lecture outline that helps you present
concepts and material. Key points and concepts can be graphically high-
lighted for student retention.
ExamView
This computerized testbank includes questions of varying levels of difficulty
provided in multiple formats to assess student comprehension.
Image Library
200 images selected from the textbook allow you to customize power point
presentations or use them as transparency masters. The Image Library comes
with the ability to browse and search images with key words and allows
quick and easy use.
Electronics Technology Website
Includes Netscape Communicator® so you can directly link to the Delmar

Electronics Technology website at www.electronictech.com and to Elec-
tronic Communication System’s Online Companion for additional resources.



Instructor’s Guide

This includes answers to all end-of-chapter questions and problems.
ISBN #: 0-7668-2685-6

Lab Manual

A lab manual provides a set of experiments that cover the basic concepts of ana-
log and digital communications systems. ISBN #: 0-7668-4957-0

WebTutor

This new web tutor course is created as a student study guide and interactive sup-
plement. The web tutor course offers Class Notes, Flashcards, Web Links,
Quizzes, and Discussion Board Topics. The course content wilt provide supple-
mentary learning material to the learner including expanded coverage of technol-
ogy and information not covered in the book such as 3G Wireless technology.
‘WebTutor is available using the following platforms:

WebTutor on WebCT. ISBN #: 0-7668-0186-1

WebTutor on Blackboard. ISBN #: 0-7668-0195-0

Online Companion

To access the textbook’s Online Companion, go to www.glectronictech.com, The
Online Companion to accompany Electronic Communication Systems, 2e in-
cludes pre-created MultiSIM circuits, MATLAB and Simulink files, RealAudio
clips, online quizzes and additional text resources.
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