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Preface

Introduction

When Printing Technology was first introduced
in 1977 it was one of a new generation of
books that dealt with printing as a technol-
ogy, rather than merely a process. The decade
before had seen a revolution in the printing
industry. Computer typesetting had become
a commercial reality; presensitized litho plates
had been introduced; offset printing had sur-
passed relief in percentage of sheets printed;
web presses had grown in sophistication and
acceptance. The first edition of Printing Tech-
nology covered the printing processes, but it
also addressed the printing revolution and of-
fered an introduction to the sophistication of
printing.

We are still amazed by and appreciative
of the reception of that first edition. Class-
room teachers and their students reacted with
enthusiasm. Instructors liked the combina-
tion of concepts with practice, and students
liked the understandable language and con-
temporary illustrations. The second edition
arrived in 1982, as a result of the encourage-
ment of many individuals who offered sug-
gestions for improvement. The second edition
has been used at nearly every level of graphic
arts education—in public, private and indus-
trial training—and has found wide national
and international acceptance.

Preparation of the Third
Edition
As changes were planned for the third edition

it became apparent the industry had experi-
enced another revolution: The computer had

entered every aspect of printing management
and production, and had become the overrid-
ing element that guided all changes.

The third edition Printing Technology has
been revised and updated to present the most
current procedures and state-of-the-art ma-
terials in each phase of the printing process.
The content has been reorganized to give stu-
dents an understanding of the historical ev-
olution of printing as well as knowledge about
the latest equipment and processes. The third
edition stresses computer applications in
printing. Information about cold type com-
position has been totally rewritten to stress
modern computer image generation and as-
sembly, including full-page make-up and
desktop publishing systems. The chapters on
offset press operation have been rewritten to
include web printing, computer-aided press
control, and registration control devices com-
monly used in the industry. Flexographic
printing is covered for the first time in the
third edition, and an entirely new chapter on
xerographic, laser, and ink-jet printing has
been added. In addition to an integrated study
of offset lithography—from the design
through printing procedures—the text covers
screen printing, gravure, and flexography. The
information on color photography was
strengthened and a major new section on
camera calibration was created. Detailed dis-
cussions assume no previous knowledge about
printing technology.

SPECIFIC CHAPTER CHANGES are as fol-
lows:

Chapter 3: Design Concerns for Printing has
been rewritten to explain more about what a
designer does and less about how to do de-



sign. It explains what the printer should know
about design. Copyfitting and a thorough dis-
cussion on the preparation of both type and
art copy have been added.

Chapter 5: The information which used to be
“Cold Type Composition” has been totally
rewritten into a new chapter called “Type-
setting and Computer Image Generation.”
This chapter covers computer imaging, in-
cluding basics of computer typesetting oper-
ations, computer typesetting terminology,
fundamentals of computer imaging for graphic
reproduction, automatic page make-up, in-
tegration of text and graphics, WYSIWYG and
page display systems; output devices, micro-
computer applications, and desktop systems.

Chapter 6: New information is provided on
digital camera control, rapid access process-
ing, and film processors.

Chapter 7: Expanded and simplified expla-
nations of the main, flash, and bump tests
(the three tests needed to calibrate for making
a halftone negative) provided. These tests are
directly applicable to areas of a continuous-
tone print and the resultant halftone negative.
Calculation for halftone exposures updated to
include computerized calculation and on-line
camera densitometers.

Chapters 8 and 9: Photography component
upgraded to include the latest advances in
processing.

Chapter 10: More information about color
stripping and automated stripping added.

Chapter 11: Information about photopolymer
presensitized surface plates added.

Chapter 12: New sections on multicolor sheet-
fed presses, computer press monitoring sys-

Preface ix

tems (including plate and press sheet scan-
ners and press consoles), and fundamentals
of web presses added.

Chapter 13: New section on quality control
devices for offset printing added.

Chapter 17: New chapter on “Other Printing
Processes”” added; includes fundamental in-
formation on flexography, xerography, laser
printing, and ink-jet printing.

Chapter 19: New section on in-line finishing
added.

Chapter 20: New section on Computer-aided
production control, including automated data
collection (ADC) added.

Special Features

The third edition of Printing Technology offers
the following benefits:

— An excellent, comprehensive overview
of the printing industry presented in an
interesting, informative, and accurate
manner.

— The textis organized to allow the teacher
to focus student attention on the offset
process, and achieve an overview of all
of the major printing processes.

— Chapters contain objectives, key terms,
questions for review, and informative
anecdotes which present persons or
events that have contributed to the de-
velopment of the printing industry.

— Computer applications in printing are
stressed throughout the text.

— Pre-press imaging—photocomposition,
black and white camera work, color sep-
aration, and image assembly—has been



X Preface

rewritten and updated to include infor-
mation on the latest computer technol-
ogy.

— Hundreds of new photographs and il-
lustrations reflect state-of-the-art equip-
ment, operations, and processes.

— In-depth procedures for offset lithogra-
phy, including new information on color
stripping and platemaking.

— Information about letterpress printing
has been substantially reduced and
moved to the front of the text to provide
an historical overview of the develop-
ment of printing, and introduce stu-
dents to the many printing terms that
originated with the letterpress proc-
esses.

- Extensive revisions have been made in
the chapters covering careers in the
printing industry, image generation,
press operation, and new processes in
printing.

— An eight-page full-color insert high-
lights color process printing, special
effects photography, electronic color
separation, color graphics work sta-
tions, and synthetic art.

Acknowledgments

Lloyd Rieber has joined Adams and Faux as
an author for this third edition. Lloyd was a

major partner in the preparation of the second
edition and became the driving force behind
the realization of the third edition.

The authors wish to express their ap-
preciation to John Leininger, a former student
and now a professional colleague, who re-
viewed the manuscript. During the course of
the review he saw opportunities to improve
the learning effectiveness of the text and gave
freely of his time and talent to prepare ma-
terial which is now part of the third edition,
including new material in the color insert and
new Appendix A, Determining Proper Film
Exposure.

Appreciation is also expressed for the
contributions of the reviewers who devoted
many hours to careful examination of the
manuscript. Their suggestions provided valu-
able guidance to the authors.

Ryan Smith, Milwaukee Area Technical
College, Milwaukee, WI 53203

John Leininger, Clemson University,
Clemson, SC 29631

Jerry D. Howell, Central Piedmont
Community College, Charlotte, NC
28235

Frederick J. Reininger, Sidney Lanier High
School, San Antonio, TX 78207

Richard Browne, Riverside City College,
Riverside, CA 92506



Contents

PREEARE o . .« vomscco s 1 5 wasspsponms £ 6 £ 5 8 5 smmers 33 5 5 SRR S 2 €3 BEGUREE 57 5 o o viii

Chapter One Printing Technology ..... ZEEE 5 2 8§ wowommimin s o 5 mimeiazeieie 8 4 @ wATERS 8 8 § 3 SIS 5

e Size and Scope of the Printing Industry ........................... 9

I’Il;l:ieupsélyntmg Organization of Printing Services .............................L. 11

1 Preparing for a Career in Printing ...................c.ooooiu... 15

Chapter Two Foutidey Type COMPOSIION. .o s mseomes s 505 60w 1550 womme o s v 21

The Tradition of  Relief Printing Plates ....................c.oooiiiiiL. 29

DI?ELA%“;E“ Foundry Type Traditional Hand-Fed Platen Press Operations .................. 33
19

Chapter Three Design Considerations ..................ooooiiiiiiiiiiiinnnain... 45

Design Concerns Alphabet Design ... 48

for Printing Tt COUEE .. . ocmse 2 5.0 5 5 s 5105185 BEASEE €515 3 GOBIGE S » 5 9 emcmonle < = . 53

ALECOPY o ovuvnmunnsrsss swmmeses s s s s aueHs 5555 Smemmnn o s »wmmmne s o2 60

3 Image Positions on the Printing Plate ............................ 66

DIeBIgT: SEEPE - vmmumessss 82088655 605 rdmucns o v o mresmnion v o s s smargn s s 38 9 67

| Chapter Four Materials for Layout and Paste-Up ............................... 77

Layout and Working with Photographs ........................o 83

Paste-up Working from the Rough ............................... L 84

-5 Preparing a Single-Color Paste-Up ....................ccouven... 86

Cutting Masks ......... ... 89

Preparing a Multicolor Paste-Up ......................coeviuin.n. 90

Preparing Reverses and Surprints .........................oo..... 92

Chapter Five Computer Operation ..............c.ooviiiiiiniiiiiiiinninn, 100

) Typesetting and Computer Composition Systems .......................c.oouoo.... 104

= Computer Image Information Storage ......................ooo. 109

mmms | Generation BAING - .ovoeeees e 110

97 COPMPOSIEON o c5u 55 muomssinsssmsmaasen s aommonn s e 112

OUPUL DEVICES s 550050565 55 5 mmmomme o « « o monsaiomen o 3 0+ w65 3 swinins 5 117

Phototypesetters ..................cocoiiiiiii 122

Microcomputer Applications .................ccoooiiiiiiiii..., 130

Chapter Six The Nature of Light ...............ocoiii 135

Line Camera Fundamentals .....................ooo . 140

Photography Basic Exposure and Camera Operation .......................... 146

Chemical Processing ...............cooiiiiiiiiiiiiiiii ... 153

133 Bilen-4o-Filin. POCESBE vupsyssommumensss5s womsmis ss s somani s an mnn 161

Rapid Access PROCESSINE «c.sousmwmnsiirssnsmntcnr s mmmnn nn s s vonms 163

Ditfusion: TRATSIET . s osexsss i35 6m5as55 s 2w mmmmme s o s amemmse v s o s wamme 165




iv Contents

Chapter Seven Section 1
Halftone Density, Contrast, and Tone ....................coeviiiii..... 172
Photography Densitometry .............. i 176
169 HALEbOHS SOPORIE 1 yxo o wwmmn ssssns mmesm s i s 8maHES o xo e s smcsmnn s 2s 181

Section 2
Areas of a Continuous-Tone Print ............................. 189
Understanding Halftone Exposures ........................... 190
Controlling Halftone Contrast ................................. 193
Understanding Halftone Dots ........................o... .. 195
Camera Calibration for Halftone Exposures .................. 198
Calculating Halftone EXPOSUIES ueciisssessmnissssisnmmnnnens 204
Processing Considerations for Halftone Photography ....... 207
Typical Halftone Procedures .........................oo.... 207

Section 3
Evaluating Halftone Negatives ................................ 209
Correcting Defects .............c.ooooiiiiiiiiiiiii i, 210
Chapter Eight DUOtONES ..ot 215
Special Effects Photoposterization .................c.ociiiii 222

24 Photography
213

m‘“ Chapter Nine Bagic Color TROOLY wsuscvs uwmsssss o mamnsis 6585 tmmmnns s s mmmenss 241
Al“““lml Color Basic Separation Theory ..., 245
Separation Halftone Dots and Color ..............ccoooiiiiiiii ... 246
239 Masking ... ... 247
Methods of Producing Color Separations ....................... 248
Achromatic Color ... 263
Dot Etching ... 263
] Chapter Ten Stripping Transparent Materials ................................. 271
1) Image Assembly: Imposition ... 272
= H Stripping and Elementary Stripping Techniques ................................ 276
(T Proofing Laying Out Masking Sheets for Larger Presses ................. 287
269 Multiflat Registration ..................oooociiiii i 292
Automated Stripping .............. ... 300
Proofing Transparent Materials .........................ool. 301
Multiple-Color Photomechanical Proofing ...................... 302

Digital Proofing ............ ... ... 305




Contents v

] Chapter Eleven Equipment for Proofing and Plating ............................. 312
Offset Plate Lithographic Printing Plates ...................................... 315
Making Surface Plates ...............c.oooiiiiiiii 318

309 Deep-Etch Plates and Bimetal Plates ............................. 324
Special Purpose Lithographic Plates and
Plate-Making Systems ..................o.oiiiiiuinninninnn... 325
Laser Exposure Systems ..................cooouveuiniineannann.... 328
Chapter Twelve Press Development ..................c.oooiiiii 336
Printing Presses; Classifying Offset Lithographic Presses ......................... 338
An Overview Understanding Offset Press Operation .......................... 340
333 The Feeder Unit ................oooiiiiiiiiiii . 340
The Registration Unit .................ooooi . 344
The Printing Unit ..............o.ooo 346
Whves Tndleiings TRAEE . , o cmomiors « 5 5 6mmatsn 2555 5 3ibesmrm o 2. sverezmocac s o 8 35 348
The Dampening Unit ..............ooooviiiiiiiiii i, 349
The DelIVEry UNIE . avacosss i sommnn s s smwmmen s s o somssss 53 5 s 350
Multicolor Sheet-Fed Presses ........................ e 4§ 5 § B 352
Web Offset Presses ............cccovviiiiiiiiiiiiiiiinininn, 359
Chapter Thirteen Section 1
.\ Offset Press Offset Press Operation ....................cooiviiiiiinni... 373
Operation Printing Process Color on Sheet-Fed Offset Presses ......... 383
371 Quality Control Devices ..............cooevuiiiiiiinenninnn..., 385
Section 2
Roller and Blanket Problems and Adjustments .............. 390
Common Press Concerns .................ooooiiiiiinnin.. ... 395
A Troubleshooting Checklist ......................coeovinl. .. 400
Press Maintenance ..................coociiiiiii 402
Chapter Fourteen Basic Concept and Classification of Stencils .................... 407
Screen Printing Fabric and Frame Preparation .................................... 408
Stencils Hand-Cut Stencil Methods ..........................cociiii... 414
3 405 Photographic Stencil Methods .................................... 417
Masking the Stencil ........................ 426
Chapter Fifteen Squeegee and Ink Considerations ................................ 431
. gs The Basic Printing Process .....................oocoiiiiiiini ... 434
Sevoen Peluting Halftone Reproduction .................c.ooooiia 441
429 High-Speed Production Presses .................................. 443

Special Machine Configurations .................................. 445




vi Contents

(o) Chapter Sixteen The Giwerones TEOSBIY .., o oo wemms s e x s mmmns 059 5 5 585000585 4 x 2 mamase 454
Gravure |y 0 Lo P S 455
\ = Cylinder Construction and Preparation ......................... 460
= 451 Conventional Gravure ................ccooiiiiiiiiiiiiiiiiii... 465
Gravure Presswork ................coo 473
@ Chapter Seventeen Flexographic Printing .................cocooiiiiiiiiii L, 484
T Xerographic Printing ... 493
//;ﬁé& grﬂloszsl;:sn ting Laser Printing .................. i 499
el 481 Ink-Jet Printing ... 504

Chapter Eighteen Section 1: PAPER
Ink and Paper CIaBsiBying PADEE wonrsesessssmnemsessss 58 S5586EE « 11 moomavr s » 2 2 moses 513
Determining Paper Needs .....................coooiiinn. ... 516
511 A Sample Problem ... 521
Determining the Price of Paper ................................ 520

Section 2: INK

Properties of Ink ... 523
Ingredients in Ink ... 524
Loy phhie TS oovom oo s rommes 56005 omamns £ 55 5 6am0a5 6 2 0o » sone 526
SereRrt. PATVEOE TAKE o oo rrs o mmumimsss s s ammmms 850 o mamme o n 5.0 mocs 529
LoHErpross INKE ; vowmecisssssmmmee 15155 mommmennrn o mmmnnn e 2 acwern 535
Flexographic Ink ... 536
Gravure Inks ... 536
The Pantone Matching System (PMS) ......................... 537
Chapter Nineteen KCUPEIERE. 55 oommin 0555 5 R8Aiah 600 0 0 nckom w 0. » mcmsimsmcn o » 0 0 o o o 3 6 i 541
Finishing Folding .......... ... 544
Operations Assembling ......... ... 547
539 Binding ... ... 549
Tioi-TLieve WHRGERERE . .« v o 6.6 5 3 8 goomsunm .55 1 soomamun v 52 5 5 SEmEEER & £ 15 § Ak 556
Chapter Twenty Determining the Cost of Labor ................................... 561
g Determining Fixed Costs ...............ccoooiiiiiiiiiiiii 562
mcmﬁ and Preparing the Job Estimate ....................................... 567
Control Implementing Pririting Production .........cosce 0uss0smmncsssiine 571

559

Computer-Aided Production Control ............................ 574




Contents vii

Appendixes Calibrating and Using Graphic Arts Tools
Appendix A ................. 579 AppendixB .............. 586  AppendixC .............. 590
Determining Light Sources How to Use Basic
Proper Film and Color Resources in the
Exposure Temperature Graphic Arts to
Locate Technical
Information
' GLOBBAYY  cvon e v r o mioonn o0 o b6 6154 535 SRATHHH 8 65 5 4 BRI ¥ 5 48 § 4 B 595
1118 L S 620

Company Acknowledgments

The following manufacturers and as-
sociations provided technical infor-
mation, art, and photographs. Their
generosity helped ensure that the text
reflects the current level of technology
of the printing industry.

Eastman Kodak Company

Multigraphics, a Division of AM
International, Inc.

Kroy, Inc.

Mackenzie and Harris, Inc.

Vandersons Corporation

Mergenthaler Linotype Company

SUCO Learning Resources and
R. Kampas

Heidelberg Platen Press

C-Thru Ruler Company

Speedball

Connie Kindred

Schafer Machine Company, Inc.

Compugraphic Corporation

Alphatype Corporation

ItekGraphix Corporation,
Composition Systems Division

Scangraphic Dr. Boger

Varityper, a Division of AM
International, Inc.

Texet Corporation

Linotype

NASA

Spanish National Tourist Office

Smithsonian Institution

The International Museum of
Photography at George
Eastman House

ACTI Products, Inc.

nuArc Company, Inc.

Graphic Arts Manufacturing Co.

Stouffer Graphic Arts Equipment
Co.

R. Kampas

Log E/LogEtronics, Inc.

Chris Savas

Richard W. Foster

Tobias Associates, Inc.

Beta Screen Corp.

Agfa-Gevaert, Inc.

James Craig, Production Planning

3M Company

DS America

Berkey Technical

Crosfield Electronics, Inc.

Kingsport Press, an Arcata National
Company

Pre-Press Co., Inc.

GTI Graphic Technology, Inc.

Western Litho Plate and Supply
Company

Rachwal Systems

Royal Zenith Corporation

Miller Printing Equipment Corp.

Graphic Arts Technical Foundation

Miiller-Martini Corporation

Rockwell International Corporation,
Graphic Systems Division

Solna, Incorporated

M.A.N.-Roland, USA, Inc.

Mead Paper

Micro Essential Lab., Inc.

Art Institute of Chicago

J. Ulano Company, Inc.

Naz-Dar Company

Advance Process Supply Company

Electronic Products Division, E.I. Du
Pont de Nemours and
Company, Inc.

Morrill Press

Southern Gravure Service

Gravure Association of America

Hewlett-Packard Corporation

Apple Computer, Inc.

Harris Corporation

Bell and Howell/Baumfolder
Division/Philipsburg Division

Gane Brothers and Lane, Inc.

Plastic Binding Corporation

F.P. Rosback Company

Custom-Bilt Machinery, Inc.

Hantscho, Inc.

Kollmorgen Corp., Macbeth Color
and Photometry Division

Enkel Corporation

Hell Graphic Systems, Inc.



It is possible to trace the origins of printing to
the use of seals to “sign” official documents
as early as 255 B.C., during the Han dynasty
in China. A ceramic stamp was pressed into
a sheet of moist clay. When dry, the imprint
served as a means of certifying the authentic-
ity of the document. When paper was in-
vented, around A.D. 105, the transition to the
use of the seal with ink was a natural one.
Early documents and manuscripts were
copied and recopied by hand. Frequent copy-
ing mistakes were made from one edition to
the next; copies often differ significantly from
the author's original. Around A.D. 175, the
Chinese began the practice of cutting the writ-
ings of important scholars into stone. The
stones were placed in centers of learning, and
students made “rubbings,"” or copies on paper

An Early Chinese Press The press was a low,

flat table solid enough to hold the form in place.
The Bettman Archives



2 Chapter One

from the carvings. The process was faster than
hand copying, and all editions were identical
to the first.

No one knows when the ideas of the seal
and stone rubbings came together, but in China
in A.D. 953, under the administration of Féng
Tao, a large-scale block-printing operation was
begun to reproduce the Confucian classics.
Block prints were generally slabs of hard fine-
grained wood that were carved to leave a well-
defined raised image. The raised portions were
inked, paper was laid over the block, and a
pad was rubbed across the surface to transfer
the ink to the paper.

During the Sung dynasty, around A.D.
1401, a common man named Pi Shéng in-
vented movable type. Building on the ideas of
block printing, he cut individual characters in
small pieces of clay. The clay was fired to make
it hard, and individual pieces were placed in
an iron frame to create the printing form. Be-

cause the pieces did not fit together perfectly,
they were embedded in a mixture of hot pine
resin, wax, and paper ashes. When cold, all
the pieces were held together perfectly tight,
and the form was inked and printed. Reheating
the resin mixture loosened the pieces of type
so they could be reused.

Other materials, including wood, tin, cop-
per, and bronze, were used for the same pur-
pose. The idea of movable type traveled to
neighboring countries. In Korea, in A.D. 1403,
King T'aijong ordered that everything without
exception within his reach should be printed
in order to pass on the tradition of what the
works contained. Three hundred thousand
pieces of bronze type were cast, and printing
began. It is interesting to speculate on the re-
lationship between this event and a similar one
that took place not more than fifty years later
in Northern Germany, which brought Johann
Gutenberg the title of “father of printing.”

Objectives for Chapter One

After completing this chapter you will be able
to:

- Discuss the development of graphic sym-
bols from prehistoric times to the present
through the evolution of the modern al-
phabet.

— List the major printing processes and de-
scribe the differences between them.

— List and describe the steps in the printing
cycle.

- Rank the printing industry in terms of
number of individual firms, number of em-
ployees, and ““value added.”

— Describe the structure and purpose of each
level of a small- to medium-sized printing
company.

— Compare the kinds of services provided by
the different types of printing businesses.

— Describe the different ways to enter, train,
and advance in the printing industry.




The Printing Industry 3

Introduction

Graphic messages are possible because lines
can be made into shapes that have meanings
to humans. As early as 35,000 B.C. people
were drawing messages on cave walls (figure
1.1). These were probably intended to be tem-
porary messages, but they became perma-
nent. They were simple drawings—merely
lines—but they carried meaning to the people
of that period: “This is a mammoth,” “Oh,
what a feast we had,” or “We hunted a great
hairy beast.”

Development of Pictographs. Drawings that
carry meaning because they look like real ob-
jects are called pictographs (figure 1.2a). Pic-
tographs have a one-to-one relationship with
reality. To symbolize one ox (called aleph),
draw one symbol of an ox. To represent five
oxen, draw five symbols. It is difficult to use

Figure 1.1. An early
message Pictured is a
cave drawing (message
made by prehistoric
people) in the Altamira
caves in Spain.

Courtesy of Spanish National
Tourist Office, New York

pictographs to communicate complex ideas,
such as “I have six oxen—one brown, four
white, and one white and brown.” It is im-
possible to symbolize abstract ideas, such as
love or hate, with a pictographic system.

About 1200 B.C., in a small country called
Phoenicia (now a part of Syria), a group of
traders began to realize the limitations of the
pictographic system. They attempted to sim-
plify the picture notations in their account
books by streamlining their symbols. But
however they drew the lines, aleph still sym-
bolized one ox and beth still stood for one
house (figure 1.2b).

Development of Ideographs. The next step
was to have drawings symbolize ideas. These
drawings are called ideographs. With this
system aleph became the symbol for food and
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Aleph

Beth

0

House

(a)

Aleph

Beth

YA

House
(b)
Aleph Beth
Food Shelter

(c)

Figure 1.2. The development of

ideographs Pictographs shown here in (a) and

(b) were drawn to represent real objects. They
were gradually simplified to represent general
ideas and became known as ideographs (c).

beth represented a dwelling or shelter (figure
1.2c). Ideographs are simple drawings that
symbolize ideas or concepts rather than con-
crete objects. They are a vast improvement
over pictographs because complex or abstract
ideas can be easily represented, but ideo-
graphs are still clumsy. The sheer number of
symbols can be overwhelming. The Japanese
and Chinese both still use ideographic symbol
systems that contain over ten thousand dif-
ferent characters. It could take a lifetime to
understand such a system.

Development of Phonetic Symbols. By 900
B.C. the Phoenicians had made another
change. Instead of symbolizing the actual ox
or food, the picture came to represent a sound.
Whenever the readers saw the symbol, they
could make the sound that the symbol rep-
resented. When the symbols were placed to-
gether, whole words could be repeated. This
idea of representing sounds by symbols is
known to us as a phonetic symbol system and
is the basis for most modern written lan-
guages. The Phoenicians developed nineteen
such symbols, but they were traders and were
not concerned with recording all words used
in everyday conversation. We form verbal
symbols by combining consonants and vow-
els. The Phoenician system contained no
vowels and was of little use in recording
everyday speech.

By 403 B.C. the Greeks had officially
adopted the Phoenician system, after adding
five vowels and changing the names of the
letters (figure 1.3). Aleph became alpha and
beth became beta, which form our term alpha-
bet.

About a hundred years later, the early
Roman empire borrowed the Greek alphabet
and refined it to meet its needs. It accepted
thirteen letters outright, revised eight, and
added F and Q, which gave it twenty-three—
all that was necessary to write Latin. The Ro-



man system stood firm for nearly twelve cen-
turies. About one thousand years ago the letter
U was added as a rounded V, and two Vs
were put together to form W. Five hundred
years later the letter ] was added to give us a
total of twenty-six letters that form our con-
temporary Latin alphabet.

There were still some problems to be
worked out. Early Greek and Roman writing
was done by scribes—all with different “pen-
manship.” Some wrote from left to right, some
from right to left. Combine these differences
with the lack of punctuation marks or spaces
between words or sentences, and the whole
thing could be quite a mess.

It wasn’t until movable metal type was
introduced by Johann Gutenberg in the
mid-fifteenth century that any true standard
of punctuation or sentence structure was
achieved. It took printing technology to sta-
bilize the phonetic symbol system as we know
it today. Slight changes have been made, but
the basic composition of our alphabet has re-
mained the same from the time of Gutenberg.

Printing Technology

Major Printing Processes

All printing processes reproduce lines and/or
dots that form an image. Printing is the proc-
ess of manufacturing multiple copies of
graphic images. Although most people think
of printing as ink on paper, printing is not
limited to any particular materials or inks. The
embossing process uses no ink at all, and all
shapes and sizes of metals, wood, and plas-
tics are common receivers of printed mes-
sages.

The following four major printing proc-
esses are used to reproduce graphic images:
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Figure 1.3. The development of our

alphabet lllustrated from top to bottom are the
Phoenician alphabet (900 B.c.), the Greek
alphabet (403 B.c.), and the Roman alphabet (300
B.C.).

Relief printing

Intaglio printing
Screen printing
Lithographic printing

Each of these processes is suited for specific
applications, such as newspaper, book, pack-
age, or textile printing.

The relief process includes letterpress
printing, flexographic printing, and all other
methods of transferring an image from a raised
surface (figure 1.4a). While once a major proc-
ess in the printing industry, letterpress print-
ing has been largely replaced by other printing
processes. Most relief printing done today is
done with flexography. Flexographic printing
is used extensively in the packaging industry
for printing on corrugated board, paper car-
tons, and plastic film. Flexography is also be-
coming a significant process for printing
newspapers, newspaper inserts, catalogs and
directories.

Intaglio printing is the reverse of the
relief concept. An intaglio image is trans-
ferred from a sunken surface (figure 1.4b).
Copper plate etching and engraving are two
intaglio processes. One type of industrial in-
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Figure 1.4. Four main printing processes Relief printing transfers an
image from a raised surface (a). Intaglio printing transfers an image from a
sunken surface (b). Screen printing transfers an image through a stencil (c).
Lithographic printing transfers an image chemically from a flat surface (d).

taglio printing is gravure. Gravure is used for
extremely long press runs. Cellophane and
aluminum foil candy bar wrappers are two
common packaging materials printed with
gravure printing. Readers Digest and the Na-
tional Geographic are but two of many national
magazines that are printed with gravure.

Screen printing transfers an image by
allowing ink to pass through openings in a
stencil that has been applied to a screen mesh
(figure 1.4c). The screen process is sometimes
called “’silk screen printing,” even though silk
is rarely used industrially to hold the stencil,
because silk is not as durable as industrial



