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Preface

This text on the data and digital communications field is intended to be a junior-
or senior-level text in an Electronics Technology curriculum with one or two
courses on the topic. A community college or proprietary school with a
Communications specialty could easily teach this text to sophomores, after a course
in basic communication. In order to do justice to the numerous facets of the data and
digital communications field, no one area is treated with the kind of depth necessary
to produce telecommunications engineering technologists. It is intended, rather, to
provide the electronics technician and technologist with sufficient background in
data and digital communications so that a solid, thorough understanding of what is
in the field is achieved.

It is expected that the student has had or is familiar with the topics in courses
that cover the following material:

AM and FM radio
Basic communications

Basic electronic circuits and devices
Basic digital electronic circuits and devices
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Microprocessors and basic computer architectures.

Chapter 1 starts by giving the student a general overview of the data
communications area. It lays the basis for future chapters by establishing some
necessary fundamentals.

Chapter 2 deals with the telephone system from the standpoint of data transfer
usage. Electrical specifications and impairments that require consideration when
using telephone system facilities are also covered.

Chapter 3 provides details on some common error-detection and error-
correction methods used in data, digital, and network communications systems.

Chapter 4 introduces the concept of data link protocols which are illustrated by
exploring widely used data link protocols.

Chapter 5 is concerned with the hardware of low speed data communications
as interfaced through the telephone system. Use of breakout boxes to test
communications interfacing is also discussed.
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Chapter 6 extends the basics of the data communications system up through
phase shift and quadrature amplitude modulation schemes.

Chapter 7 introduces the student to multiplexing communications channels into
a single entity. Here the line between data and digital communications begins to be
crossed. The concepts of T1 digital lines and the equipment used to monitor and test
them are included in this chapter.

Chapter 8 presents the two most common network layer models for data and
digital communications networks, open systems interconnection (OSI) and systems
network architecture (SNA) models.

Chapter 9 covers a wide variety of communications networks including local
area networks (LANs) and private branch exchange (PBX) systems. The IEEE 802
standard is discussed in detail in this chapter.

Chapter 10 deals with the integrated services digital network, or ISDN. ISDN
services are provided for combined services such as voice, video, and data to be
transmitted simultaneously across the public services network. Protocol analyzers
used to test and emulate many of the networks discussed to this point are explored
in this chapter.

Chapter 11 discusses fiber optics and fiber-optic networks. In a text of this
nature, a single chapter on fiber optics cannot cover this vast subject, which usually
requires a separate tome, in its entirety. However, it is the author’s intent to provide
enough material on the subject so that the student obtains a good background on the
subject.

Chapter 12 discusses two data communications applications— facsimile and
satellite communications. Both of these services make worldwide communications
possible and rapid.

The Appendix provides a list of the abbreviations and acronyms used in this
text and in the data and digital communications field.

The author wishes to express his appreciation to the editors at West, Tom
Tucker, Chris Conty, Jeff Carpenter, and Tom Hilt, for their guidance during the
writing and reviewing of this text, and also thanks copy editor Susan Ecklund for
her efforts. Additional thanks are extended to all of the professional instructors who
took the time to thoroughly review the manuscript and make the many suggestions
that were incorporated into the book to make it more complete and accurate.
Specifically, those reviewers are:

Richard Anthony Shakti Chatterjee

Cuyahoga Community College DeVry Institute of Technology,
(Metro. Campus) Columbus

Joseph Booker John Clark

DeVry Institute of Technology, Niagara College (Ontario)
Lombard (Illinois)

Ray Burns Jerry Cockrell

Red River Community College Indiana State Univ.
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One e Introduction to Digital
and Data Communications

OBJECTIVES

The purpose of this first chapter is to introduce basic concepts of a communications
system involving the transfer of digital information between two stations. The
specific topics discussed are

Historical background

Functional system blocks

System and network topologies

Character codes

Data types and rates
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Binary data formats

ACRONYMS

ACK—ACKnowledge

bps—Bits Per Second

ASCII—American Standard Code for Information Interchange
BS—Back Space

CMOS —Complementary Metal Oxide Semiconductor
CODEC—COder/DECoder

CR—Carriage Return

CWK—Continuous Wave Keying

DC—Device Control



DCE—Data Communications Equipment or Data Circuit Terminating Equipment
DLE—Data Link Escape
DLE—DeLimitEr

DTE—Data Terminal Equipment
DTFM—Dual Tone Multiple Frequency
EBCDIC—Extended Binary Coded Decimal Interchange Code
EIA —Electronic Industries Association
ENQ—ENQuiry

EOT—End Of Transmission
ETB—End of Transmission Block
ETX—End of TeXt

FAX—FACSimile

FF—Form Feed

IC—Integrated Circuit

ISDN —Integrated Services Digital Network
LAN—Local Area Network
LCU—Line Control Unit

LF—Line Feed

LSB—Least Significant Bit
MAN—Metropolitan Area Network
NAK—Negative Acknowledge
NRZ—Non-Return to Zero
NRZB—NRZ Bipolar

NRZI—NRZ Mark Inversion
PCM—Pulse Coded Modulation
RZ—Return to Zero

RZB—Return to Zero Bipolar
SOH—Start Of Heading

SP—SPace

sps—Symbols Per Second
STACO—STAtion COntroller
STX—Start of TeXt
SYN—SYNchronization
TELCO—TELephone COmpany
TTL—Transistor-Transistor Logic

UART—Universal Asynchronous Receiver Transmitter

DIGITAL & DATA COMMUNICATIONS



