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PREFACE

This book was written after having searched long and hard for an appropriate
college-level textbook on air traffic control. Various Federal Aviation Adminis-
tration publications have been available for years, as have commercial introduc-
tory texts. But most of these books either describe rules and regulations or take
a simplistic approach to how the air traffic control system works. No text has
described not only how the ATC system works but why it operates the way it
does. This book remedies that situation. It describes the background and history
of the development of the air traffic control system, emphasizing why things are
done the way they are, instead of simply repeating rules and regulations.

Throughout the text, appropriate real-life examples are used to illustrate
the reasoning behind procedures used by air traffic controllers. The liberal use
of figures and example phraseology assist the student in achieving an overall
understanding of the air traffic control system. It is hoped that with this knowl-
edge, future air traffic controllers will have a far better understanding of their
chosen profession and can make the appropriate decisions that will lead aviation
into the next century.

There are many unique features to this textbook that are not found in any
other text on air traffic control. These features include the following.

The history of the development of the air traffic control system and many of its
components is included throughout the book. This history is not intended to be
a dry repeat of names and dates but rather an explanation of past decisions that
dramatically affected the current air traffic control system.

Abundant illustrations and photographs are provided in this textbook. Air
traffic control is a three-dimensional, visually oriented profession that cannot
be explained simply through the use of text. These illustrations were designed
to supplement the text, further explaining concepts and ideas that are difficult
for the inexperienced student to visualize when simply reading about them.

One of the most important tasks facing a controller is the proper use of phrase-
ology. The air traffic control system is based on understanding and usage of

strange and sometimes hard to understand wording. Besides explaining the
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proper use of terms, the text includes numerous examples of the proper usage
of phraseology.

Throughout the text, examples found in real life are used to further explain the
concepts introduced. In addition, one entire chapter is dedicated to the actual
operation of the air traffic control system. “Behind the scenes” activities and
coordination are described, using sample flights through actual airspace. Such
examples reinforce the material introduced in earlier chapters, further clarifying
and explaining some of the complicated procedures used to separate air traffic
above the United States.

The first four chapters of this text prepare the student for understanding the
intricate procedures used in controlling air traffic. These four chapters cover
fundamental topics, such as history, navigation, and phraseology. Chapters 5
through 11 detail the separation of aircraft in the ATC system. Chapter 12 is an
in-depth look at the future of air traffic control, while Chapter 13 discusses
employment opportunities for air traffic controllers. At the conclusion of the
text is a detailed glossary of terms introduced in the book.

I would like to thank the following individuals who have made this textbook
possible. Without their gracious help and assistance, it would have been impos-
sible to complete this book: Juanita Hull, Federal Aviation Administration;
James Cheesman, SRSA Corporation; Bill Goodnight, Federal Aviation Admin-
istration; and the entire staff and management of the Champaign ATCT, Lafay-
ette ATCT, and Indianapolis ATCT and ARTCC.

The following reviewers made many helpful suggestions in development
of the manuscript for this book: Peggy Baty, Embry-Riddle Aeronautical Uni-
versity; Terry S. Bowman, Southern Illinois University; Jeffry B. Burbridge,
Catonsville Community College; Jonathan R. Burke, Metropolitan State Col-
lege of Denver; Bruce D. Hoover, Palo Alto College; Patrick K. Mattson,
St. Cloud State University; Martha Pearce, Arizona State University; Michael ].
Polay, Embry-Riddle Aeronautical University; Robert H. Ryder, Delta State
University; Thomas Teller, Daniel Webster College; and Henry Whitney, Mt. San
Antonio College.

The air traffic control system in the United States is truly a system, which
means that it takes the efforts of many individuals to make the whole thing
work. I've found that publishing a textbook is much the same. Although my
name is on the cover, only the concerted efforts of a diligent, professional, and
very talented group of people made it possible for this book to be published.
Everyone involved was just as important as everyone else, as is the case in any
system. We should all be very thankful for their work and effort. I sure am.

The first edition was completed in 1990 through the efforts of a group of
individuals at both Wadsworth and Del Mar Associates. Although many of
them are no longer connected with this project, their legacy lives on, and I
remember them fondly. They include Anne Scanlan-Rohrer, aviation editor at
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Wadsworth, and her editorial assistants, Leslie With, Karen Moore, and Cathie
Fields. Jackie Estrada, Richard Carter, Detta Penna, Robin Witkin, and Nancy
Sjoberg developed the layout and most of the illustrations for the first edition.
Thanks to one and all.

The second edition was coordinated by Ruth Cottrell of Ruth Cottrell
Books and Jennie Burger of Wadsworth. They were assisted by Barbara Britton
and Charles Cox. I can never thank them enough for their patience and guid-
ance. They taught me how to edit and revise this book, as I'm sure they have
guided many other authors. They are the book experts, responsible for the
ultimate product you see before you. They were indispensable members of our
system. Without them, this project could never have been accomplished. And of
course I must thank my wife, Barbara, and my three children, Linda, Erin, and
David, who gave up a lot of their time with Daddy so he could finish this revision
on time. | am indebted to each and every one of you.

Mike Nolan



CONTENTS

Chapter1
History of Air Traffic Control 1

1903-1925: Early Aviation Developments 2
Development of Airmail Service 2
The Morrow Report 3

1925-1935 3

Air Commerce Act 3
Evolution of Air Traffic Control 4

1934-1945 10

Establishment of the Bureau of Air Commerce 10

En Route Air Traffic Control 11

Copeland Committee 14

Civil Aeronautics Act of 1938 15

1940 Reorganization of the CAA 16

The War Years 17

Civilian Versus Military Air Traffic Control 18
1945-1955 19

RTCA Special Committee 31 Report 19
Air Traffic Congestion 20

1955-1965 22
Implementation of Radar 22
Budget Cutbacks 23
The Question of Airway Safety 24
Creation of the Federal Aviation Agency 25
The New York City Disaster 27
Project Beacon 28
Controller Unionization 30

1965 to the Present 3]

Department of Transportation 31
Continued Labor Unrest 32



x / Contents

Airline Deregulation 33
Controllers’ Strike of 1981 35

The Future of the System 35

Chapter 2
Navigation Systems 38

Visval Navigation 40
Pilotage 40
Aeronautical Charts 40
Dead Reckoning 44
Flight Planning 44

Aircraft Instrumentation 44
Magnetic Compass 44
Heading Indicator 46

VFR Navigation 47

Instrument Flying 49

Electronic Navigation 50
Four-Course Radio Range 50
Introduction of Marker Beacons 51
Nondirectional Beacons 52
Automatic Direction Finder 52
Compass Locators 52
Visual Aural Range $3
VHF Omnidirectional Range (VOR) 54
Minimum Altitudes 62
Victor Airways 62

Aircraft Positioning Methods 62
DME Position Determination 63
Tactical Air Navigation (TACAN) 65
VORTAC 68

Area Navigation 70
Doppler Radar 70
Course-Line Computers 71
LORAN 71
LORAN-C 73
VLF/OMEGA 76
Global Navigation Satellite System 78
Global Positioning Satellite 79
Inertial Navigation System 79

Instrument Approach Procedures 8]
Segments of an Instrument Approach Procedure 92



Contents / Xi

Approach Navigation Aid Classifications 94

Terminal VOR 95

Instrument Landing System 9§

Simplified Directional Facility 112
Runway and Approach Lighting 122

Runway Lighting 122

Approach Light Systems 125

VFR Approach Light Systems 131

Chapter 3
Air Traffic Control System Structure 137

Airspace Classification 138
Airspace Classes 138
Airspace Review 139
IFR Flight in Controlled Airspace 139
VER Flight in Controlled Airspace 149
Airspace Classes 150
Class A Airspace 150
Class B Airspace 152
Class C Airspace 156
Class D Airspace 160
Airport Traffic Areas 162
Class E Airspace 163
Federal Airways 164
Airway Dimensions 176
Continental Control Area 176
Transition Areas 178
Control Areas 178
Area Routes 178
Class G Airspace 179
Special Use Airspace 180
Airport Advisory Areas 184
Military Training Routes 184

Chapter 4
Airport Air Traffic Control Communications:
Procedures and Phraseology 186

Radio Communication 187

Simplex Versus Duplex 187

Frequency Assignments 189

Radio Operation 192

Standard Phraseology for Verbal Communications 193



xii / Contents

ATC Communications Procedures 200

Clearance 200

Aircraft Identification 202

Destination Airport or Intermediate Fix 205
Departure Instructions 205

Route of Flight 206

Altitude Assignment 207

Required Reports 209

Holding Instructions 210

Additional Communications Phraseology 212

Chapter 5
Air Traffic Control Procedures and

Organization 215

Separation Responsibilities in Controlled Airspace 216
Air Traffic Control Procedures 216
Military Use of Civilian Airspace 217
Air Defense Identification Zones 218
Foreign Air Traffic Control Services 220
Privately Operated ATC Facilities 220
Delegation of Responsibility 221
Handoff Procedures 225
Preferential Routes 226
Approval Requests and Coordination 226
Controller Duties in an Air Route Traffic Control Center 227
Flight Data Controllers 227
Radar Controllers 227
Radar Associates/Nonradar Controllers 227
Air Traffic Control Tower Responsibilities 228
Ground Control 230
Local Control 230
Approach and Departure Control 231 *

Chapter 6
Control Tower Procedures 233

Control Towers 234
Flight Data Controller Duties 234

Receiving and Relaying IFR Departure Clearances 235
Operating the Flight Data Processing Equipment 239
Relaying Weather and NOTAM Information 240

Clearance Delivery Controller Duties 242



Ground Controller Duties 243
Preventing Runway Incursions 244
Protecting Critical Areas 245

Local Controller Duties 247
Runway Separation 247
Arriving Aircraft 252
Spacing Aircraft 256
Spacing Instructions 258
Runway Selection 261
Runway Use Programs 261

Helicopter Operations 262

Wake Turbulence 263

Chapter7

Contents

/ Xiii

Nonradar En Route and Terminal Separation 270

Design of Separation Procedures 271

Airspace Dimensions 274

Separation Procedures 276
Vertical Separation 276
Lateral Separation 281
Holding Patterns 286
Longitudinal Separation 292
Initial Separation of Aircraft 299
Visual Separation 306

Chapter 8

Theory and Fundamentals of Radar Operation 310

Development of Puise Radar 312

Components of Radar Systems 314
Ground Clutter 320
Transmitter Frequency 321

Receiver Controls 321

Receiver Gain 322
Moving Target Indicator 323
Sensitivity Time Control 328

Transmitter Controls 328
Display Controls 329
Range Select 329

Range Mark Interval and Intensity 329

Receiver Gain 330
Video Map 330
Sweep Decenter 332



xiv / Contents

Types of Air Traffic Control Radar 332

Precision Approach Radar 332

Airport Surveillance Radar 336

Air Route Surveillance Radar 336

Airport Surface Detection Equipment 336
Air Traffic Control Radar Beacon System 338

Development of ATCRBS 339

ATCRBS Display 341

Secondary Radar System Deficiencies 342

Computer Processing of ATCRBS 344
Computerized Radar Systems 346

Automated Radar Terminal System 347

ARTS-II 348

ARTS-IIIA Operational Characteristics 352

Versions of ARTS-III 355

ARTS-II 356

Radar Data Processing 356

Discrete Address Radar Channel 362

Chapter 9
Radar Separation 366

Aircraft Identification 367
Primary Radar Identification 367
Secondary Surveillance Radar Identification 368

Transfer of Radar Identification 371

Handoff Procedures 372
Point QOut Procedures 373

Basic Radar Separation 375
Separation Standards 375

Radar-Assisted Navigation 383

Radar Arrivals and Approaches 385

Approach Gate 386
Arrival Instructions 387

ASR Approach 388
Radar Traffic Information 392
Minimum Safe Altitude Warning 395

Chapter 10
Operation in the National Airspace System 399

Overview of an IFR Flight 400
Filing the Flight Plan 400



Contents / xv

Flight Plan Entry 401

Flight Strip Printing 402

Ground Control 405

Local Control 406

Departure Control 407

En Route Procedures 408

Central Flow Control Facility 408

En Route Metering 409

Approach Control 409
Example of an IFR Flight 410

Lafayette to Champaign 410

Champaign to Indianapolis 420

Indianapolis to Lafayette 433
Example of a VFR Flight 439

Lafayette to Champaign 439
Overdue Aircraft 446

Chapter 1l
Oceanic and International Air Traffic Control 448

International Air Traffic Control 449
Canadian Air Traffic Control 450
International Airspace 452

Atlantic Ocean Air Traffic Control 453

North Atlantic Separation 454
MNPS Airspace Operations 455
MNPS Airspace Separation 456

Chapter 12
The Future of the National Airspace System 461

National Airspace System Plan 462
Automated Air Traffic Control 463

Procedural Separation Standards 464
The AERA Concept 466

Preparation for the AERA System 467

Terminal and En Route AAS Plans 469

ACF Improvement Projects 471

Traffic Management System 472

Conflict Prediction 473

Terminal Improvement Plan 474

Flight Service Station Modernization 475

Navigation and Communication System Improvements 479
Radar Improvements 482



xvi / Contents

Advanced Auvtomation System 484

Chapter13
The Federal Aviation Administration 487

Administrative Structure 488
Associate Administrators 489
FAA Regions 490

Getting Hired by the FAA 491

Preemployment Testing 492

Interview 497

FAA Academy Screening and Training 497
Field Training Program 499

Salaries 500

Appendix
VFR Navigation Chart Legends 503

Glossary 521

Common Abbreviations 543
References 547

Index 550



ueIT

i 0 &l TOL LO AeeeLs <
OLK L0 X PaN LO < : :
HAPTER l) FWA S | A GHOST o FDY s Dk, ba 3 MF(

N
b ey
©rry
Nyt
-
S STTH
4 vael
AT -2
LISLE 3
. Cmese @, S e R
\ /‘ MARCO <
& & 2 :
; \wouos -t
l———-'Y"""‘ vea (s Sa \
Al &5 e S g v
Yooy 8\ YRK LO
§ . -
: gy .
3 s  ece T ,
S LEX LO. a%Cerow say - 4
s L (78} Bl g Y
2 Y% ¢ i va ; /
1104} : “UO \:": i V,; . Y99y (53) S HYK - :EQJ,”,,, e A\Amss»;fs 120 4 § s
v LO AF’ALO\ e A i L5 \1‘1‘”19,, ok e as \ \ \32’ o/ b8
Opys 8
" \4R\3 < Y
Ty e Is OBJECTIVES
e It
~N- 4
rss; & 2n| After studying this chapter, you should be able to: =
S . . . . .
SOt itk T et l‘osms 1. Discuss the significance of the Airmail Act of 1925. vido  (s9)
v 2 1004 . X . . 3
st \ 2 2. Describe how the federal government became involved in air traffic control.
i . e o’ . . . . . . .
T S b 3. Discuss the history of the various federal agencies involved in air traffic
s
! s atod) \ control.
BWG LO Yo i . " S . .
2 \ /’ 4. Discuss the formation of organized labor unions as they pertain to air traffic
2 < \ ;
k3 % 7 R control.
¥ PR Cswe S. Identify the organizations currently involved in the air traffic control system.
// 6. Identify the various organizations that have represented air traffic controllers.
o & . ! :
Y &/ 7. ldentify some of the methods air traffic controllers used in the past to separate

aircraft.




2 / CHAPTER 1

1903-1925: Early Aviation
Developments

Development
of Airmail
Service

When the Wright brothers’ experiment in flight succeeded on December 17,
1903, the world took little notice. Newspapers of that era either did not believe
or belittled the accomplishments of the two brothers on that cold, blustery
morning. At the start of the century, most people regarded aviation as a pastime
for experimenters and daredevils. It was hard to believe that the tiny, underpow-
ered aircraft of that era would ever evolve into a useful form of transportation.
In this early period of experimentation, anyone with a mechanical aptitude
could design, build, and fly an aircraft without passing any type of test or
possessing any type of license. Without regulation or certification, people began
to build and quite regularly crash these early flying machines. The general public
was frightened by the machines and believed that only fools would fly in them.
Potential investors in this new industry were fearful of risking their capital to
finance an unproven and apparently dangerous industry.

In spite of this climate of fear and distrust, aviation pioneers began to
demonstrate the usefulness of their primitive flying machines. As early as 1911,
the first mail was carried by air. By the time the United States became involved
in World War I, the airplane had demonstrated its usefulness as an observation
platform and as a crude weapons delivery system.

After the war, numerous additional uses were found for the airplane. The
Post Office Department began to offer routine airmail service in 1918, using
U.S. Army pilots and aircraft. In 1919 the U.S. Department of Agriculture
initiated experiments that would lead to the commercial use of aircraft for
application of pesticides. The first transatlantic crossing was made that year,
which also saw the first experimental use of radio as a navigation aid.

Between 1918 and 1925, airmail service was expanded by the Post Office De-
partment until full transcontinental service was finally achieved. Until 1923
most of the mail was flown during daylight hours, since a safe, reliable form of
nighttime navigation had not been developed. In 1921 the first experimental
night flight was conducted, using bonfires located along the navigation route.
These bonfires were replaced in 1923, when a 72-mile stretch of airway between
Dayton and Columbus, Ohio was experimentally lit with electric and gas arc
lighting. The experiment proved successful, and airway lighting was soon intro-
duced across the country. By 1924 the portion of the transcontinental alrway
between Cheyenne, Wyoming and Chicago, lllinois was lit, and routine night
flights were being conducted along this section of the airway.

By 1925 the commercial potential for aviation had been established, and
the Post Office Department found itself under pressure to expand airmail service
at a faster rate than was possible for a government agency. Since aviation ap-
peared to be a commercially viable industry, it was felt that airmail service could
now be handled by private airline companies. A resolution to permit private
contracting, introduced by Congressman Clyde Kelly of Pennsylvania, was
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signed into law on February 2, 1925 and became known as the Airmail Act of
1925. The Airmail Act authorized the postmaster general to contract with pri-
vate individuals and corporations for the purpose of transporting airmail. Be-
tween 1925 and 1927, airmail contracts were bid to private corporations, and
commercial aviation became a reality.

After this act was signed into law, many companies that had been sitting
on the sidelines earnestly jumped into the aviation field. Boeing, Douglas, and
Pratt and Whitney were just a few of the companies that bid to supply aircraft
and engines to the budding airmail industry. Even the great Henry Ford entered
the picture, producing the famous Ford Trimotor and operating an air cargo
airline between Detroit and Chicago.

With this increase in air activity came an increased desire for some type of
national regulation of the industry. Prior to this time, individual states had
reserved the right to test and certify pilots, but many were hesitant to exercise
this authority. The aviation industry was still fragile, and public sentiment fa-
vored federal government regulation to unify the industry through a common
set of rules, procedures, and certification. It was felt that government regulations
were needed if the aviation industry were to grow and prosper. Without this
regulation, the public’s trust could not be gained.

A joint congressional committee recommended the formation of an ad-
visory board composed of prominent businessmen to recommend the possible
extent of federal involvement in the aviation industry. In 1924 President Calvin
Coolidge appointed Dwight Morrow to head this board and make recommen-
dations as to future government policy. The Morrow board presented its final
report to the president on December 2, 1925. The Morrow Report recom-
mended that military and civilian aviation operate separately, with the Depart-
ment of Commerce to be given the responsibility for the promotion and the
regulation of the civilian aviation industry.

1925-1935

Air
Commerce
Act

President Coolidge endorsed the findings of the Morrow Report and passed it
along to Congress. He requested that the board’s recommendations be imple-
mented as soon as possible. After the inevitable discussion and negotiations,
Congress approved, and President Coolidge signed the Air Commerce Act into
law on May 20, 1926.

As Senator Hiram Bingham, who introduced the Air Commerce Act into
the Senate, explained, the purpose of the act was “not so much to regulate as to
promote civilian aviation.” The Air Commerce Act made it the duty of the
secretary of commerce (at that time Herbert Hoover) to encourage the growth
of the aviation industry through the establishment of airways and navigation
aids. In addition, the secretary was authorized to regulate the industry as nec-
essary to elevate the public’s perception of aviation as a safe mode of transpor-



