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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.

m FeEAaTURES

* 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
in 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)

= 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.

';',f.x
IllustrATiION OfF 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.



Chapter Opener photo

WIRELESS DIGITAL

The Agilent E44404 PSA Series Spectrum Analyrer. 10 Aglent Tchnolagies, Inc. 2007 Reproduced
with Permison. Courtesy of Aglent Technologies, 1oc

Chaprer Ourtline

10-1 Introduction

Describe the basics of & wireless digital wireiess digita pseudonoise (PN) codes  hit hybrid AM, FM

10-2 Digital i communications spread signature sequence COFOM

10-3 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, froquency shift heying mazimal le orthogonal frequency telemetry
Multiplexing (OFDM) BPSK, QPSK, DPSK, and QAM phase shift keying frequency hos radio telemetry

105 Tolometry

Describe the genaration of eya patterms and

data bandwidth

spread spectru

division multiplexing
(OFDM)

water mark sticker

ophinisd S explain their use compression dwell time multitone modulation preferred roaming fist
108 Troubleshocting + Describe the OFDM tachnique and axplain why quadrature amplitude ogonal (PRL)
107 Troubleshooting with Eloctronics o) —— ooy .y
Workbench ™ Multisim * Datail the oparation of @ complete radio- constellation pattarn code division multiple RF shield box
telematry system oot access (COMA)

Understand the basic steps for troubleshooting
call phone problems

eye patterns

multiple access

Chapter

Chapter Outline Objectives

Key Terms for this chapter

WORKED EXAMPLES—Numerous worked-out examples are included in every

chapter, as shown below. These examples reinforce key concepts and aid in subject
mastery.

Every chapter contains a Numerous worked-out examples

Troubleshooting section aid in subject mastery

AC inpat from
funcrson gesernior
a with 10 Az,

Mo 0O

wection diagram for the 2P-3

the inpes frequency (lermminal L) aceds 10 b less thas or equal 10 ~20 dBem. The the
vectical mixer conversion Joss is 6 0B, This means that if the iaput power is ~20 dBm.
the castput power will be 26 dBm.

The receiver fmm Example 7-7 has o preampifier ut is input The preamp has u
2448 sain and a S-dB NF; Calculate the new sensitivicy and dynamic range.
Solurion

“The frs e b 1o determioe the overal aysiem nowe ruio (NR). Recal from Chapter |

o

NR=lor"

Letiing NR| represcnt the preainp and NR; the fecenver, we have

NS

am
NR; = oy S5 = 100

The tmerall NR i

;-
- e 116
7-8  TROUBLESHOOTING ‘
-

Tramaccsvers, or rwo- way rdion. are found in mamy commercial spplications. In this
section we will Jook = troubleshooting the transmitier portion of & mobile tram nan
ceiver. General troubleshooting techniques are preseated i this section. You should P = hog™t 0 - 281
Always consult the service manusl before disassembling & trumceiver and makiug 100
2y adjustments or repairs on it MR =316+ g 138

Torday s communicstion equipment wsually includes digital logic circuits 1o =
control various functons. We will leam to troubleshoot some hasic fogic circults NF = 10kogie 135 = 3548
We'll also cvmsider troubleshooting 3 frequency synthesizes = total system NF

After completing this section you should be sble 1o S = 174 dBm 4 S 4 60N = ~ (085 B

Describe the signal Now in 3 mobile FM transmitter circult
Desctibe common mobile transmitier faillres

Trouhleahoot basie logie circuits

Troubleshoot  frequency synthesizer

Tnanscrivir TRAnswitTen

The block diagram In Figure 7-32 depicts the transmitter portion of 3 mohile trane

iers may differ somewhat in design. For example, this par
¢ uses several frequency multiplier circuis 1n the exciter stage 1o
step up the frequency 1o the necessary operating frequency. A press-to-talk micro-
phose fecds the

ticulir tranvoni

gal into an audio amplifier The voice vignal i smplified

Socton 78 =

33

Th thid-rler infercepd poini of the rocetver alone b been +5 dBim bt is now preceded
by the peeamp with 24-dI) gain, Assuming thal the preap can deliver 5 dRim 10 the receiver
without any spprecishle ntermodulation diutortion. the systern’s third-order intercept point i
45U ~24 4B = 19 dBm. Thos.

dynasiic rnge = [ =19 Ao ~ (1085 dm)|

= 59748

The 24-dB gain preamp in Example 7-8 ix replaced with 4 10-dB gan preamp
with the sume S4B NF. What are the sysmem’s sensitiviry and dynamic range?

Secton T4+ Recetver Noisa. Sensitviy and Dynamic Ronge ReGtonships.
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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

WORKBENCH™ MuLtisim

The concept of preparing -ymm design for a fiber mnnll-wn was presented in
this chapter. Th Open the 1
file Fig18-30 on your EWB Neullsion €D, Thig aserviss ,mmsu you with the op - 14T
portunity to study a fiber-optic system design in more depth. The circuit for the light T
budget simulation is sbown i Figure 18-30. *
Electronics Workbench™ Multisim does not contain simalation models or io- 1%
struments for lightwave communications, but with 3 lite crestivity. » system design
for & fiber installation can be modeled. This example is pattemod after Figure 18.22
The function pencrator models the output of s fiber-optc transmuner The geners -y
15 0 cuputing s w1 el h pelleg o . The i e v s
function generator for three posible operating levels have been provided. O.‘f.';, L @
I, The maximum received signal level (RSLY: ~27 dBm i3
2. The designed operating level: ~31.6 dB prpe—— L

@ 18-12  TROUBLESHOOTING WITH ELECTRONICS @

3. "The minimum received signal lovel (RSL) for & BER of 10" =40 dBm

A 16-4B T-type attenuator has been provided to simulate the fiber cable and splice
loss. The system is terminated with  600-(1 resistor for consistency with the analog
‘model, but this resistoe does pot exist in 4 real optical system. A voltage-controlled
sine-wave cacillator has been provided o simulate the opical receiver. The settings
for the voltage-controlled sine-warve oscillator wre shown in Figure 1831, Double
elick on the voltage-controlled sine-wave oscillator 1o view o change the seqtings

FIGURE 14-41 T warnple angilior ik that ocspcte ok ko
frequency or a high-

upper cutoff frequency of about 240 MHz. This demoastrates the vast improvement
in the frequency response of an amplificr with the use of an RF circuit.

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

Elrcmmonics Workbineh™ Exprcises

1. Open the file FIgE16-1ms7 (msm) in your EWB CD. This circuit peovides &

comparison of an ideal and an RF inductoe. Determine the upper 3-dB cutofl
for the inductors. (160 kHz. approx. 1.5 GHa)

2. Open the file Fig16-2.ms7 (:mem) in your EWB CD. Determine the resomsnt

frequency of this dipole ancana. (f = 1.071 GHz),

Open the file FigE16-3.ms7 (.msm) in yoor EWB CD. Determine if the RF

amplifier is working properly, I it isa't, locate and carrect the fuult and roiry

the simulation. Report on your findings

n SUMMARY

fn Chapter 16 we studied microwaves and lasers. We lcared that microwaves share
many propeties with light waves. The major lopics you should now understand
include

+ the description and analysis of microwave antennas, including parsbolic,
hom, and lons varicties
+ the calculation of power gain and beamwidih for parabolic anteanas

FIGURE 1830 The Multisim circuit for the light-budget simulation

v Chaple18 « Fiber Optics

Each chapter contains Electronics Workbench™ exercises



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

(1) Twisted-pair feed
2 P Z,em0
1 |
’ Z LR
y + = abma
2. -t00 ‘ “9Q
- ewa
Z.
"U 600 22
(c) Delta match (4) Quanes-weve maching
‘mnaformer

FIGURE 14-10  Feeding antennas with nonresonant ines.

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

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

2010
Delia March
®) When a line does not match the impedance of the antenna, it is necessary to use spe- Dt

cial impedance matching techniques such as those discussed with Smith chart appli-  O¢ ..'fpm birg
(2) The B6100C digital communications analyzer with fitter analysts offers breskihrough speed, accuracy, and af- eations "::"‘P'” 12. An “""P“: an :":&““'D‘LP‘ of impedance matching  goyice that spreads the
fordability. (Courtesy of Agilent Technologies. Reprinted with permission.) (b) The MT88208 radio communications device is the delta match, shown in Figure €). Due to inherent characteristics.  transmission line as it
analyzer was designed to support the test needs of the manufacturing. R&D, and maintenance markets. (Courtesy of the open, two-wire transmission line does not have a characteristic impedance  approaches the antenna
Anritsy Company.)

Section Antenna Feed Lines o11

242 Chapter 5+ Frequency Modulation: Transmission

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

vii
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Questions and problems

are organized by section,

including troubleshooting
Summary of key concepts

"
. SuMMARY

basis of an FM receiver and showed the similaritics
0 an AM receiver. The major topics you should now un-

o

. QUESTIONS AND PROBLEMS

Section 6.1

‘What is the purpose of a discriminator in an FM broadcast receiver?

Explain why the sutomatic frequency cotrol (AFC) function is usually ot

mecessary in today’s FM receivers.

*3. Draw a block diagram of a superheterodyne receiver designed for reception

of FM signals.

4. The local FM stereo rock station is at 96.5 MHz. Calculate the local oscil-
Iator frequency and the image frequency for & 10.7-MHz IF receiver, (107.2

Mz, 117.9 MHz)

o

Skcrion 6-2

5. Explain the desirability of an RF amplifier stage in FM reccivers as compared
10 AM receivers, Why is this not generally true at frequencies over | GHr?

6. Describe the meaning of local ascillator reradiation, snd explain how an RF
siage helps 10 prevent it

7. Why is & square-faw device preferred over other devices as clements in an
RF amplifier?

8. Why are FETs preferred over other devices a5 the active clements for RF
amplifiers?

* An msernek indicates x questios m
(R pa——

he FOC a0 # sty 3

hapler 6+ Frequency Modulation: Reception

Asterisked questions are provided by the FCC as study
aids for licensing exams

53, The antenna ko on & 150-£0 transmission line is 225 ) ~ /300 1. Determine
the length and position of a short-circuitcd stub necessary to provide a maich
4. Repeat Problem 53 for a 50-0) line and an anicana of 25 ) + /75 01

Secrion 12-9
55, Calculate the length of a short-circuited 50-0) line necessary 1o simulate an
inductance of 2 oM at | GHz.
56. Calculate the length of  shont-circuited 50-11 line necessary to simulate & ca
pacitance of 50 pF at 500 MHz.
57, Describe two types of baluns, and explain their function
* 58, How may harmonic radiation of & transmitter he provenied?
*59. Describe throe methods for reducing harmonic emsission of & transmitier
*60. Draw a simple schematic diagram showing » method of coupling the radio-
frequency output of the final power amplifier stage of & transmitier 1o 2
two-wire transmission line, with a method of suppeession of second and third

harmanic energy.

61. Explain the construction of a slotted line and some of its uses.

62. Explain the principle of TOR and some uses for this technique

63 A palsc is sent down & transmission line that is ot functioning properly. It
has a propagation velocity of 2.1 % 10" /s, and an inverted reflected pulse
(cqual in magnitude (o the incident pulse) s retumed in 0,731 ms. What i
wrong with the line, and how far from the generator does the faull exist?

64 A fast-rise-time 10-V Mép voltage is applied o a 50-02 line terminated with
an 8041 resistive load. Determine [, £y, and £, (0231, 123V, 23 V)

Secrion 12410

65, Describe some of the cases of crosstalk and list passible solutions.
66 Explain why cabling should pot be run close 10 ac power lines.
67, List some of the causes of magnetic field losses in 3 cable.

68, Explain the effiects of extreme sunlight (heat radiation) on cables.

Questions for Crivical Thinking
With the belp of Figure 12- |z.pm~.a=--q>ey—uq;wmmdhm-
theouy

forms for both voltage and current al the instant the generator is at ity
negative value, Sketch and pare the wavefornms for a short-circuited

asked to design & line “free of transmission line cffects.” You design
is A/16 loog. How would you justify this design?

scparate solutions.

Questions and Problems

“Questions for Critical Thinking” further develop
the student’s analytical skills

o7

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.



Comprehensive listing of

commonly used acronyms

m

Supplement Package

Complete glossary of terms
provides quick reference

A ARQ automatic repeat request coupler supports & telephone handpiece and uses
AAL ATM diptation tayer ARRI American Radio Relay League  transducers 10 send and recelve audio tor
AC AsCH American Standard Code for Information shme umount of time it takes for the hold circuit
ACA Interchange 10 reach s final valve
ACH Asic application-specific intograted circuit ACR manufacturer combined measurement of atienuation

Council of Indopendent Laboratories) ASh amplitude-shift keying and crosstalk. A large ACR indicates greater bandwidih
ACK acknowledgment ASSP application-specific standard products active attuck the had guy Iv transmitting an interfering
ACL advanced CMOS logic ATC adaptive sransform coding signal disrupting the communications fink
ACM address complete message ATE auomALC s cquipment AL the Dolby labaratory's audio compression techaique
ACR attenustion and crosstalk meastirement ATG utomatic test goneration for digital television
D snnlogto-dighal ATM asynchronous transer mode ADSL provision uf up 10 1,548 Mbps from the user 1o the
ADC analog-to-digitsl convener ATSC Advanced Television Systems service provider and up o § Mbps back 1o the user
ADCCP  advanced digita) communicatiuns cotrol Commitice from the service provider

protocal T advanced television advanced moblle phane serviee (AMPS) eellular mobile
ADSI asymmetric.digital sobacriber line AWGN additive white Gaussian noise Fadio that uses 12-kHz peak deviation channels, which
AF audio frequency are spaced 30-kHE apart i the $0 MHz band
ARC automatic frequency control B Advanced Telesision Systems Committee (ATSC)
AFSK B byte developed 10 make recommendutions for ulvanced tele
AGC BAW bulk acoustic wave vision in the United States
AGEH BENS brosdhand nctwork services air nterticy used by PCS systems 10 manage the wransfer
AAA neC block check character of information

RCCH broadeast control channel algorithms a plan or set of instryctions to achicve a specific
AltinAs Wluminum gallium arsenide BCD binary-coded decimal goal
ALC automatic level control BADMA broadhand CDMA alias Trequency an undesired frequency produced when the
ALL arithmetlc logic unit nel hroadcast interference quist sampling rate (s not anained
AM BeCu beryflium coppee aliasing ermors that oceur when the input frequency exceeds
M1 BA7S bipolar $ zero substitution one-half the sumple rate
AMI BER bit-crror rate aliasing distortiun the distorion that results if Nyquist cri
AMPS BEKT bit-cror-rate tester teria ace not met in a digital comanications system us-
ANM anwer mexsage BFO beat-frequency oscillatoe ing sampling of the information signal. the resulting
ANS American Nationa) Standards Tostitute NCMOS  hipolar-CMOS alias frequency equals the dilfercnce between the input
AW angle-polished connectorn oS basic inputloutput sysicm intelligence frequcncy and the sampling frequency
AP RIS tulfer information specification AMI altemate mark inversion
AP-S. agation Society BASDN hroadband integrated-services digital amplitude companding process of volume compression
ARPA h Projects Agency network (an ATM protocol model) before transmission and volume expansion after
BT hipolar junction trassistor detection

e 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.

umplitude compandored single sideband (ACSSE)
sideband wansmission with speech compressiom in the
trunsmitter and speech expansion in the receiver

amplitude modulation (AM) the process of impressing
low-frequency intelligence ono a high-frequency car
sier so that the instantaneous changes in the amplitude
o the intelligence produce corresponding changes n
the amplitude of the high.-frequency carrier

anechoie chumber a large enclosed room that prevents re-
lected electromagnetic waves and shielis out interfer.
ing waves from the outside world; used foe radiation
measurcienls

angle modulation superimposing the intelligence signal on
i high-frequeney carrier o that Its phase angle o fre
quency s altered ws u function of the lotelligence am-
plitude

antena 4 device that generates and/or collests lectramag-
netie encegy

antenna arruy group of aniennas of antenna elements
amanged 0 provide the desired dircetional chacagter
stues

anteana coupler an impedance matching network in the
output stage of an RF amplifier or transmitter that on
sures maximum power i transferred to the unlerna by
matching the input itmpedance of the antenna (o the out-
ot impedance of the iransmities

ittt gain & measure of how mueh more power in 4B an
antcana will radiate in o cerain direction with respect
0 that which would be radiated by o reference ntennn,
Le.. an isatropic paint source or dipole

untlatiasing filter a sharp-cutoff low-pass filter used o

ke ure 1o frequencies above ane-half the sampling

rate reach the ADC converter

aperture time the Ume that the S/H circuit must hold the
sumpled voltage

wpnsee fithest dintance of n satellie’s orbit © canh

o
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