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We are excited about the many improvements to this edition of Modern Electronic
Communication, and we trust you will share in our enthusiasm as those improve-
ments are briefly described. The 9th edition maintains the tradition of the 8th edition,
including up-to-date coverage of the latest in electronic communication, readable
text, and many features that will aid student comprehension.

This edition has greatly expanded the discussion on digital communications,
focusing on the many changes and improvements in mobile communications, SS7
signaling, Bluetooth, Wi-Max, and DTV (digital television). Each chapter in the
textbook includes Electronics Workbench™ Multisim simulations of the key
components of the concepts presented. The 9th edition also includes new sections
on wireless security, DSP (digital signal processing), radio frequency identifi-
cation (RFID), and high-definition (HD) radio; an expanded discussion on satel-
lite communications and parabolic reflectors; and an updated look at fiber optic
communication.

We are also pleased to have incorporated a new section on high-frequency
communication modules in the textbook. This section featurs the Mini-Circuits®
modules with examples of the use of modular electronic systems to implement
electronic communication circuitry. This section complements the updates made
to the accompanying lab manual, with practical experiments that use the Mini-
Circuits® modules.

We are also pleased to provide online “Operational Diagrams of Radio
Transmitters and Receivers” prepared by Professors Lance Breger and Ken Markowitz,
New York City College of Technology. This brochure provides an excellent look at ra-
dio frequency signals. The brochure can be downloaded at www.prenhall.com/beasley.
Click on the Modern Electronic Communication text.

FEATURES

* The most up-to-date treatment of digital and data communications

* Updated treatment of digital television, from theory to application

* The use of Electronics Workbench™ Multisim in spread spectrum
communications

* Extensive troubleshooting sections




* Numerous questions and problems for each chapter, including “Questions for
Critical Thinking” designed to sharpen analytical skills

* Many circuits from the book are simulated using Electronics Workbench™
Multisim; additional circuits provide interactive, hands-on troubleshooting
exercises

* Key terms and definitions highlighted in the margins as they are introduced
in the text

» Complete directory of acronyms and abbreviations at the end of the book

* Extensive problem sets

¢ Color photos of typical industrial equipment

= Chapter outlines, objectives, and key terms identified at the beginning of each
chapter

* Summary of key points following each chapter

» Comprehensive glossary at the end of the book

Partial Listing of New Marterial
@ iNn the 91h Edition

¢ Expanded coverage mobile (cell phone) communications

* SS7 and telephone signaling systems

*  Wireless security

» Digital signal processing

* Monitoring the digital television signal

* High-frequency communication sections featuring the Mini-Circuits® modules

* Expanded fiber optics discussion

* High-definition (HD) Radio

* Radio Frequency Identification (RFID)

*  Wi-Max

* Bluetooth (update)

e Fiber optics (update)

= Satellite communications (update)

* Figure of merit and satellite link budget analysis, plus a link to an online
calculator for use in a satellite link budget analysis that has been developed
specifically for this textbook

¢ Updated lab manual, incorporating traditional communication integrated
circuits, Electronics Workbench™ Multisim exercises, and exercises featuring
the Mini-Circuits® modules.

IHlustraTiON Of FEATURES

CHAPTER OPENER—Each chapter begins with a color photo related to content, a
chapter outline, a list of objectives, and key terms being introduced. An example is
shown on page vii.
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103 Spread-Spectrum Techniques * Provide detail on the various schemes used to wireless PN sequenge length despread flash OFDM
10-4 Orthogonal Frequency Division transmit digital signals, including FSK, PSK, frequency shift keying maximal lef orthogonal frequency telemetry
Multiplexing (OFDM) BPSK, QPSK, DPSK, and QAM phase shift keying requency oy dvision multiplexing  radio telemetry
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Chapter
Chapter Outline Objectives
WORKED EXAMPLES—Numerous worked-out examples
chapter, as shown below. These examples reinforce key conc
mastery.
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The receiver from Example 7.7 has a preamplifier at its input. The preamp has a
39-dB gain and a 5-dB NF Calculate the new sensitivity and dynamic range

Saluion

The first step is o determrine the overal] xysiem noise ratio (NK). Recall from Chapree |
that

|NE
NR = g™

Letting NR| represent the preamp and NR; the receiver, we have
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NR; = log~ ' 292 = 346
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e third-order sntcrcept pount of the receiver alone had heen + 5 A but s aow preceded
by the preanp with 24-48 gaun, Assuming that the preamp can deliver $ dBm 1o the recerver

without any appreciable intermodulation distortion, the system's third:order inercept point 15
SSditm - 24 dB = ~19 dBm
dymamic tange = [ =19 dBm — (~108.5 dBm)

= 50748

The 24-dR gain preanp is Example 78 s replaced with a 10.48 sain preany

with the same 5-dB NE What ure the system’s sensitivity and dynamic range”

Section 74 +

Receiver Nolse. Sensilivity and Dynamic Range Relotionships



TROUBLESHOOTING—Every chapter contains an extensive troubleshooting sec-
tion. An illustration is provided on page vii. Notice that areas of expected student
mastery are highlighted. Students are very interested in applying knowledge gained
by “fixing” real-world systems. Their comprehension is improved in this process.
Equally important, employers and accrediting agencies strongly encourage empha-
sis on troubleshooting skills.

TROUBLESHOOTING—WITH ELECTRONICS WORKBENCH™ MULTISIM
Every chapter ends with a Multisim circuit simulation and troubleshooting exercise
as well as end-of-chapter exercises incorporating Electronics Workbench Multisim.
An illustration is provided below.

Troubleshooting with Electronics Workbench™ Multisim is
featured in this edition

Z. 18-12  TROUBLESHOONNG WITH LLECTRONICS
3 WORKBINCH™ MuLTISIM

The concept of preparing a system design for a fiber installati
this chapter. This scetion presents a simulation exercise of a syst

presented in
Open the

file Fig18-30 on your EWB Multisim CD. This exercise provides you with the op- i I
portumity 10 study a fiber-optic system design in more depth The circuit for the light T ik
budget sinulation is shown in Figure 18-30

Electronics Workbeneh™ Multisim dues not contain simulation models or in- £l % il
struments for lightwave communications, but with a little cres stem design i i

for a fiber installation can be modeled, This example 15 pattemned after Figure 18-22
The function encrator models the output of a fiber-opuc trunsmuttcr, The genera-
10r 5 outpulting 4 squarc wave o model the puising of light, The settings for the
function gencrator for three possible uperating lesels have been provided

1. The maximum received signal level (RSL): —27 dBu | 4
2. ‘The designed operating level: ~31.6 dBm G -1 o B i (817
3. The minimum received signal level (RSL) for a BER of 10 % —40 dlim

TIGURF 16-41  The example amplifier circuits that incorporate either a low-
A 16-B T-type atfenuator has heen provided 1o simulate the fiber cable and splice frequency or a high-frequency RF transistor.
loss. The system is terminated with a 600-€) resistor for consistency with the analog
model, but this resistor does nol exist in 1 real optical system. A voltage-controlled
sine-wave oscillator has been provided to simulate the optical The settings
for the voltage-conirolled sine-wave oscillator are shown i Figure 18-11, Double upper cutoff frequency of sbout 240 MHz. This demonstrates the vast improvement
elick on the voltage-controlled sine-wave oseillator 0 view or change the settings. in the frequency response of an amplifier with the use of an RF circui.

The following exercises provide you with an opportunity to explore the char-
acteristics of an RF inductor and troubleshoot an RF amplifier

Elrcironics Warkbene h™ Exercises

Open the file FigE16-1.ms7 (msm) in your EWB CD, This circuit provides a
comparison of an ideal and an RF inductor, Determine the upper 3-dB cutoff
frequencies for the inductors. (160 kHz, approx. 1.5 GHz)

Open the file FigE16-2.ms7 (.msm) in your EWB CD. Determine the resonant
frequency of this dipole amenna. (f = 1.071 GHz).

Open the file FgE16-3.ms7 (msm) in your EWB CD. Determine if the RF
amplifier is working properly. If it isn't, locate and correct the fault and retry
the simufation. Report on your findings.

m SUMMARY

In Chapter 16 we stodied microwaves and lasers. We learned that microwaves share
many propertics with light waves. The major topics you should now understand
include

+ the description and analysis of microwave antennas, including paraholic,
horn. and lens varictics
+ the caleulation of power gain and heamwidth for parabalic antennas

s

VIGURK EB-50 The Multisim circuit for the light-budget simulation

mmar,
904 Chapter18 + Fier Optics Summary

Each chapter contains Electronics Workbench™ exercises

vi



FULL-COLOR FORMAT—Color is used throughout as an aid to comprehension
and to make the material more visually stimulating. A representative use of color is
shown below.

KEY TERMS DEFINED—The important new terms and concepts are defined in the
margins near where they are introduced in the text. An illustration is shown below.
Having the key terms presented in this way allows the student to quickly access,
review, and understand new concepts and terminology.

Full-color photos
enhance the text

A

[+ X anenns ——|

(= Twisted-parr line

(b) Twinted-pair feed

=110
T |
X - z= 28
H = S0ax7I0
z,-
J w000
e
() el match (d) Quarter-wave matching
ransformer

FIGURT 1410 Feeding antennas with nonresonant lines.

of the antenna. This method of connection produces no standing waves on the line
when the line is matched to a generator. Coupling to u generator is often made
through a simple untuned transformer secondary.

Another method of transferring energy (o the antenna is through the use of a
twisted-pair line. as shown in Figure 14-10(b). It is used as an untuned line for low
frequencies, Due 1o excessive losses occurring in the insulation, the twisted pair is
not used at higher frequencies. The characteristic impedance of such lines is about
700

Delia March

When s line does not match the impedance of the antenna, it is necessary 1o use spe-
cial impedance matching techniques such as those discussed with Smith chart appli-  D€lt@ Maten

=L x Afk 3 - P an impedance matching
cations in Chapter 12 An example of an additional type of impedance maiching o\t ol oo aatc the
device is the delta match, shown in Figure 14-10(c). Due to inherent characteristics,  transmission fine a it
the open. two-wire transmission line does not have a characteristic impedance  approaches the antenna

()

(a) The B6100C digital communications analyzer with jitter analysis offers breakthrough speed, accuracy, and af-
fordability. (Courtesy of Agilent Technologies. Reprinted with permission.) (b) The MT88208 radio communications
analyzer was designed to support the test needs of the manufacturing, R&D, and maintenance markets. (Courtesy of
Anritsu Company.)

Section 14-4/%  Antenna Feed Lines 677

242 Chapter 5 + Frequency Modulation: Transmission

Full-color format is used throughout, enhancing illustrations
and highlighting key terms
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Questions and problems

are organized by section,

including troubleshooting
Summary of key concepts

S5 The antenna load on i 1 SU-80 wransnussion fine 18 225 60 7300 42 Determine
the Tength and position of a shor-cireutied siub 3 1 i 4 e

A a M el eerand Siiomeed estniindiies 54 Repeat Problem 53 for a SO-02 fine andd an antenna of 25 ¢
AM ievever. The

o1 topics you should pow un

Stcvon 129
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e incident pu
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Sretion 12410
i an FM broadeast receiver o8

Deseribe some uf the causes of crosstalk and list possible solutions
1 tunction 1s usually nor X

Explain why cabling should not be run close ower lins
67 List some of the causes of muagnetic field losses in i cable
68 Explain the effects of extreme sunbight (heat radiation] un cables

erandyne teceiver designed for reception

a1 905 M. Calulate the
ey Tt i 10 7-MHZ IF reces

Quistions for Critical Thisking

" ¥
Mz 1179 My

Sterion 62

on amd charactensue impedance
this problem fora ) = 1062 5061 ol

K Why are FETs preterned over othier desices s (e active elements for RT

apiifiers

P hapter 6+ Fraquency Hodulation; Reception Questions ana Problems 417
Aslerisked questions are provided by the FCC as study “Questions for Critical Thinking™ further develop
aids for licensing exams the student’s analytical skills

END-OF-CHAPTER MATERIAL—Each chapter concludes with a summary of key
concepts, an extensive problem set, a section entitled “Questions for Critical
Thinking,” and chapter exercises incorporating Electronics Workbench™ Multi-
sim. See above for an illustration of how this material is presented. The questions
and problems are very comprehensive and are keyed to the appropriate chapter sec-
tion. An asterisk next to the question number indicates that a particular question has
been provided by the FCC as a study aid for licensing examinations. In addition, the
answer to quantitative problems is provided in parentheses following the question.
Worked-out solutions to selected problems are available in the Instructor’s Manual.

GLOSSARY AND ACRONYMS—The end-of-book material includes an extensive
glossary and list of acronyms. These important tools are illustrated on page xi.
Acronyms are widely used in electronic communications and are often a source of
confusion for students. This listing solves the problem by offering a quickly accessi-
ble description.
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Comprehensive listing of Complete glossary of terms
commonly used acronyms provides quick reference
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Supplement Package

* Laboratory Manual, by Mark E. Oliver, Jeffrey S. Beasley, and David Shores
ISBN 0-13-156855-8

*  Online Instructor’s Resource Manual (ISBN: 0-13-225080-2) featuring:
Chapter Overviews
Worked-out solutions to problems in the text
Test item file
Laboratory solutions
PowerPoint slides of all figures in the text

= Online TestGen (ISBN: 0-13-225081-0)

= Companion Website: www.prenhall.com/beasley

To access supplementary materials online, instructors need to request an in-
structor access code. Go to www.prenhall.com, click the Instructor Resource Center
link, and then click Register Today for an instructor access code. Within 48 hours af-
ter registering you will receive a confirming e-mail including an instructor access code.
Once you have received your code, go to the site and log on for full instructions on
downloading the materials you wish to use.



W Acknowledgments

Many people have provided constructive criticism for the earlier eight editions of
Modern Electronic Communication, and we truly appreciate the input that all have
made. A special thank you is given to David Shores, Jim Andress, Dr. Russ Jedlicka, Dr.
Eric Johnson, Dr. Guillermo Rico, and Bill Saggerson for their significant contributions
to the 9th edition. I would also like to thank Professors Lance Breger and Ken
Markowitz for providing their brochure on Operational Diagrams of Radio Transmitter
and Receivers.

We thank thanks the following reviewers: Pravin Raghuwanshi, Devry
University—North Brunswick; Greg Mimmack, Durham Tech; David Shores, ITT
Tech—Seattle; Michael Agina, Texas Southern University; and Saeed Shaikh, Miami
Dade College.

Finally, we’d like to thank our families for their continuing support and patience.

Jeffrey S. Beasley and Gary M. Miller



CHAPTER 1 Introducrory Topics

CHAPTER 2 Awplitude Modulation: Transmission
CHAPTER % Awplitude Modularion: Receprion
CHAPTER 4 Single-Sideband Communications
CHAPTER ? Freguency Modularion: Transmission
CHAPTER 6 Freguency Modulation: Receprion
CHAPTER 7 Communications Technioues

CHAPTER 8 Digital Communicarions:
Coding Technigues

CHAPTER 9 Wired Digital Communicartions
CHAPTER 10 Wireless Digital Communications

CHAPTER 11 Nerwork Communications

6%

110

126

194

246

28%

328

282

4%7%

4772

xi



xii

CHAPTER 12 Transmission Lines
CHAPTER 17 Wave PROPAQATiOEN
CHAPTER 14 An1eEnNas

CHAPTER 1% Waveguides and Radar
CHAPTER 16 Microwaves and LAsers
CHAPTER 17 Television

CHAPTER 18 Fiber Oprics

Acronyms and Abbreviations

Glossary

240

7294

678

678

718

764

817

866
873



CHAPTER 1 Introducrory Topics
-1

Introduction

The dB in Communications

Noise

Noise Designation and Calculation
Noise Measurement

Information and Bandwidth

LC Circuits

Oscillators

Troubleshooting
Troubleshooting with Electronics

Workbench™ Multisim

CHAPTER 2 Awplitude Modulation:

2-1
2-2

2-3
2-4
2-5
2-6
2-7

Transmission

Introduction

Amplitude Modulation
Fundamentals

Percentage Modulation
AM Analysis

Circuits for AM Generation
AM Transmitter Systems
Transmitter Measurements

10
17
24
26
33
42
50

56

6%
67

67
73
/5
80
88
92

xiii



xiv

2-8 Troubleshooting

2-9 Troubleshooting with Electronics
Workbench™ Multisim

CHAPTER 3 Awplitude Modulation:
Receprion

3-1 Receiver Characteristics

3-2 AM Detection

3-3 Superheterodyne Receivers

3-4  Superheterodyne Tuning

3-5 Superheterodyne Analysis

3-6 Automatic Gain Control

3-7 AM Receiver Systems

3-8 Troubleshooting

3-9 Troubleshooting with Electronics
Workbench™ Multisim

CHAPTER 4 Single-Sideband Communications

4-1 Single-Sideband Characteristics

4-2 Sideband Generation: The Balanced
Modulator

4-3 SSB Filters

4-4 SSB Transmitters

4-5 SSB Demodulation

4-6 SSB Receivers

4-7 Troubleshooting

4-8 Troubleshooting with Electronics
Workbench™ Multisim

CHAPTER 7 Freguency Modularion:
TrANSMiSSiON

5-1 Angle Modulation

5-2 A Simple FM Generator

5-3 FM Analysis

5-4 Noise Suppression

5-5 Direct FM Generation

5-6 Indirect FM Generation

5-7 Phase-Locked-Loop FM Transmitter
5-8 Stereo FM

96

102

110

112
115
121
124
126
133
136
144

149

126
158

161
164

168
176
179
180

188

194

196
197
201
209
216
223
225
229



5-9
5-10
5-11

FM Transmissions
Troubleshooting

Troubleshooting with Electronics
Workbench™ Multisim

CHAPTER 6 Freguency Modularion:

6-1
6-2
6-3
6-4
6-5
6-6
6-7
6-8
6-9

Receprion

Block Diagram

RF Amplifiers

Limiters

Discriminators

Phase-Locked Loop

Stereo Demodulation

FM Receivers

Troubleshooting

Troubleshooting with Electronics
Workbench™ Multisim

CHAPTER 7 Communications Technigues

7-1
7-2
7-3
7-4

71-5
7-6
71-7
7-8
7-9

Introduction

Frequency Conversion

Special Techniques

Receiver Noise, Sensitivity, and Dynamic
Range Relationships

Frequency Synthesis

Direct Digital Synthesis

High-Frequency Communication Modules
Troubleshooting

Troubleshooting with Electronics
Workbench™ Multisim

CHAPTER 8 Digital Communications:

8-1
8-2
8-3
8-4
8-5
8-6
8-7
8-8

Coding Technigues

Introduction

Alphanumeric Codes

Pulse-Code Modulation

Digital Signal Encoding Formats
Coding Principles

Code Error Detection and Correction
DSP

Troubleshooting

230
231

239

246

248
249
251
253
259
267
271
275

279

287

287
287
291

299

304
312
316
318

321

328

330
331
335
352
355
359
368
373



