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The purpose of the present edition is the same as that of the first seven: to 
present the basic fundamentals of aerospace engineering at the introduc-
tory level in the clearest, simplest, and most motivating way possible. Be-

cause the book is meant to be enjoyed as well as understood, I have made every 
effort to ensure a clear and readable text. The choice of subject matter and its 
organization, the order in which topics are introduced, and how these ideas are 
explained have been carefully planned with the uninitiated reader in mind. I sim-
ply put myself in the shoes of the reader who has no knowledge of the subject 
matter, ask myself how I would want to hear about the subject, and then start 
“talking” to the reader. Because the book is intended as a self-contained text at 
the first- and second-year levels, I avoid tedious details and massive “handbook” 
data. Instead, I introduce and discuss fundamental concepts in a manner that is as 
straightforward and clean-cut as possible, knowing that the book has also found 
favor with those who wish to learn something about this subject outside the 
classroom.

The overwhelmingly favorable response to the earlier editions from stu-
dents, teachers, and practicing professionals both here and abroad is a source 
of gratification. Particularly pleasing is the fact that those using the book 
have enjoyed reading its treatment of the fascinating, challenging, and 
sometimes awesome discipline of aerospace engineering.

Thanks to this response, much of the content of the seventh edition has 
been carried over into the eight edition. A hallmark of this book is the use of 
specially designed devices to enhance the reader’s understanding of the 
material. In particular, these features are carried over from the seventh 
edition:

1. Road maps placed at the beginning of each chapter help guide the reader 

through the logical f ow of the material.

2. Design boxes discuss interesting and important applications of the 

fundamental material; this matrial is literally set apart in boxes.

3. Preview boxes at the chapter beginnings give the reader insight into what 

each chapter is about and why the material is important. I intend the 

preview boxes to be motivational, to make the reader interested and curious 

enough to pay close attention to the content of the chapter. These preview 

boxes are written in an informal manner to help turn the reader on to the 

content. In these preview boxes, I am unabashedly admitting to providing 

fun for the readers.

4. Summary and Review sections at the end of the chapters contain the 

important ideas and concepts presented in each chapter, f rst without 

PREFACE TO THE EIGHTH EDITION



xiv Preface to the Eighth Edition

equations, to remind readers about the physical aspects of the material and 

to provide a focused intellectual background for the equations that are then 

summarized at the end of the section.

In the same spirit, the eighth edition contains new material intended to 
enhance the education and interest of the reader:

1. Two new sections, Section 6.22, “Quest for Aerodynamic Eff ciency,” and 

Section 9.12, “Quest for Engine Eff ciency,” are added to provide a look 

into the future for new, eff cient aircraft, with implications for a future 

“green airplane.”

2. A new Section 8.7, “An Application: The Voyager Spacecraft—Their 

Design, Flight Trajectories, and Historical Signif cance,” has been added to 

highlight these important space vehicles and their missions.

3. Some additional worked examples are supplied to further help readers to 

understand how to use what they have been reading.

4. Some additional homework problems grace the end of some chapters. 

An answer key is placed at the end of the book for selected homework 

problems.

All told, the new material represents a meaningful enhancement of 
Introduction to Flight.

To allow space for this new material in the eighth edition, without inor-
dinately increasing the length of the book, some text material originally in 
Chs. 6, 8, and 9 has been removed from the eighth edition and placed on the 
book’s website.

At the University of Maryland this text is used for an introductory course 
for sophomores in aerospace engineering. It leads directly into a second 
book by the author, Fundamentals of Aerodynamics, 5th edition (McGraw-
Hill, 2011), which is used in a two- semester junior-senior aerodynamics 
course. This, in turn, feeds into a third text, Modern Compressible Flow: 
With Historical Perspective, 3rd edition (McGraw-Hill, 2003), used in a 
course for advanced undergraduates and first-year graduate students. The 
complete triad is intended to give students a reasonable technical and his-
torical perspective on aerospace engineering in general and aerodynamics in 
particular.

I am very grateful to Mrs. Susan Cunningham, who did such an excel-
lent job of typing the manuscript. I am fortunate to have such dedicated and 
professional help from one of the best scientific typists in the world. My 
gratitude also goes out to my wife of 54 years, Sarah-Allen, who has helped 
to motivate and expedite the effort that has gone into this book. Finally, spe-
cial thanks go to my very special editor, Lorraine Buczek at McGraw-Hill, 
whose dedication and hard work has been extremely helpful in getting this 
edition finished and published, and who has become a very special friend 
over the years. Lorraine and I form a great McGraw-Hill team.
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Finally, emphasizing that the study, understanding, and practice of the 
profession of aerospace engineering is one of the most gratifying of human 
endeavors and that my purpose is to instill a sense of enthusiasm, dedica-
tion, and love of the subject, let me simply say to the reader: read, learn, and 
enjoy.

John D. Anderson, Jr. 

Other Textbooks in the Anderson Series Are: 
Fundamentals of Aerodynamics, Fifth Edition, 007-3398101
Modern Compressible Flow, Third Edition, 007-2424435
Aircraft Performance & Design, 007-0019711
Computational Fluid Dynamics, 007-0016852
Modern Flight Dynamics, 007-339811X
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This book is an introduction to aerospace engineering from both the tech-
nological and historical points of view. It is written to appeal to several 
groups of people: (1) students of aerospace engineering in their freshman 

or sophomore years in college who are looking for a comprehensive introduction 
to their profession; (2) advanced high school seniors who want to learn what 
aerospace engineering is all about; (3) college undergraduate and graduate 
 students who want to obtain a wider perspective on the glories, the intellectual 
demands, and the technical maturity of aerospace engineering; and (4) working 
engineers who simply want to obtain a firmer grasp on the fundamental concepts 
and historical traditions that underlie their profession.

As an introduction to aerospace engineering, this book is unique in at 
least three ways. First, the vast majority of aerospace engineering profes-
sionals and students have little knowledge or appreciation of the historical 
traditions and background associated with the technology that they use 
 almost every day. To fill this vacuum, the present book marbles some his-
tory of aerospace engineering into the parallel technical discussions. For 
example, such questions as who Bernoulli was, where the Pitot tube origi-
nated, how wind tunnels evolved, who the first true aeronautical engineers 
were, and how wings and airfoils developed are answered. The present 
 author feels strongly that such material should be an integral part of the 
background of all aerospace engineers.

Second, this book incorporates both the SI and the English engineering 
system of units. Modern students of aerospace engineering must be 
 bilingual—on one hand, they must fully understand and feel comfortable 
with the SI units—because most modern and all future literature will deal 
with the SI system; on the other hand, they must be able to read and feel 
comfortable with the vast bulk of existing literature, which is predominantly 
in  engineering units. In this book the SI system is emphasized, but an honest 
effort is made to give the reader a feeling for and understanding of both 
systems. To this end, some example problems are worked out in the SI sys-
tem and others in the English system.

Third, the author feels that technical books do not have to be dry and 
sterile in their presentation. Instead the present book is written in a rather 
informal style. It talks to the reader. Indeed it is intended to be almost a self-
teaching, self-pacing vehicle that the reader can use to obtain a fundamental 
understanding of aerospace engineering.

This book is a product of several years of teaching the introductory 
course in aerospace engineering at the University of Maryland. Over these 

PREFACE TO THE FIRST EDITION
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years, students have constantly encouraged the author to write a book about 
the subject, and their repeated encouragement could not be denied. The 
present book is dedicated in part to these students.

Writing a book of this magnitude is a total commitment of time and 
 effort for a longer time than the author likes to remember. In this light, this 
book is dedicated to my wife, Sarah-Allen, and my two daughters, Katherine 
and Elizabeth, who relinquished untold amounts of time with their husband 
and father so that these pages could be created. To them I say thank you, and 
hello again. Also, hidden between the lines but ever-so-much present is 
Edna Brothers, who typed the manuscript in such a dedicated fashion. In 
addition, the author wishes to thank Dr. Richard Hallion and Dr. Thomas 
Crouch, curators of the National Air and Space Museum of the Smithsonian 
Institution, for their helpful comments on the historical sections of this man-
uscript, and especially Dick Hallion for opening the vast archives of the 
museum for the author’s historical research. Also, many thanks are due to 
the reviewers of this manuscript: Professor J. J. Azar of the University of 
Tulsa, Dr. R. F. Brodsky of Iowa State University, Dr. David Caughey of 
Sibley School of Mechanical and Aerospace Engineering, and Professor 
Francis J. Hale of North Carolina State University; their comments have 
been most constructive, especially those of Dr. Caughey and Professor Hale. 
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 The First Aeronautical 
Engineers 

   Nobody will f y for a thousand years! 

  Wilbur Wright, 1901, in a f t of despair   

  SUCCESS FOUR FLIGHTS THURSDAY MORNING ALL AGAINST TWENTY 

ONE MILE WIND STARTED FROM LEVEL WITH ENGINE POWER ALONE 

AVERAGE SPEED THROUGH AIR THIRTY ONE MILES LONGEST 57 SECONDS 

INFORM PRESS HOME CHRISTMAS. 

     ORVILLE WRIGHT    
A telegram, with the original misprints,
    from Orville Wright to his father,
    December 17, 1903     

    1.1  INTRODUCTION 
   The scene:  Windswept sand dunes of Kill Devil Hills, 4 mi south of Kitty Hawk, 

North Carolina.  The time:  About 10:35  am  on Thursday, December 17, 1903. 

 The characters:  Orville and Wilbur Wright and f ve local witnesses.  The action:  
Poised, ready to make history, is a f imsy, odd-looking machine, made from 

spruce and cloth in the form of two wings, one placed above the other, a horizon-

tal elevator mounted on struts in front of the wings, and a double vertical rudder 

behind the wings (see    Fig. 1.1 ). A 12-hp engine is mounted on the top  surface 

of the bottom wing, slightly right of center. To the left of this engine lies a 

      C H A P T E R   1
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man—Orville Wright—prone on the bottom wing, facing into the brisk and cold 

December wind. Behind him rotate two ungainly looking airscrews (propellers), 

driven by two chain-and-pulley arrangements connected to the same engine. The 

machine begins to move along a 60-ft launching rail on level ground. Wilbur 

Wright runs along the right side of the machine, supporting the wing tip so it 

will not drag the sand. Near the end of the starting rail, the machine lifts into the 

air; at this moment, John Daniels of the Kill Devil Life Saving Station takes a 

photograph that preserves for all time the most historic moment in aviation his-

tory (see    Fig. 1.2 ). The machine f ies unevenly, rising suddenly to about 10 ft, 

then ducking quickly toward the ground. This type of erratic f ight continues for 

12 s, when the machine darts to the sand, 120 ft from the point where it lifted 

from the starting rail. Thus ends a f ight that, in Orville Wright’s own words, 

was “the f rst in the history of the world in which a machine carrying a man 

Figure 1.1 Three views of the Wright Flyer I, 1903.
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had raised itself by its own power into the air in full f ight, had sailed forward 

without reduction of speed, and had f nally landed at a point as high as that from 

which it started.” 

   The machine was the  Wright Flyer I,  which is shown in    Figs. 1.1  and    1.2  

and which is now preserved for posterity in the Air and Space Museum of the 

Smithsonian Institution in Washington, District of Columbia. The f ight on that 

cold December 17 was momentous: It brought to a realization the dreams of 

centuries, and it gave birth to a new way of life. It was the f rst genuine powered 

f ight of a heavier-than-air machine. With it, and with the further successes to 

come over the next f ve years, came the Wright brothers’ clear right to be consid-

ered the premier aeronautical engineers of history. 

 However, contrary to some popular belief, the Wright brothers did not truly 

 invent  the airplane; rather, they represent the fruition of a century’s worth of 

prior aeronautical research and development. The time was ripe for the attain-

ment of powered f ight at the beginning of the 20th century. The Wright broth-

ers’ ingenuity, dedication, and persistence earned them the distinction of being 

f rst. The purpose of this chapter is to look back over the years that led up to 

successful powered f ight and to single out an important few of those inventors 

and thinkers who can rightfully claim to be the f rst aeronautical engineers. In 

this manner, some of the traditions and heritage that underlie modern aerospace 

engineering will be more appreciated when we develop the technical concepts of 

f ight in subsequent chapters.   

   1.2  VERY EARLY DEVELOPMENTS 
  Since the dawn of human intelligence, the idea of f ying in the same realm as 

birds has possessed human minds. Witness the early Greek myth of Daedalus 

and his son Icarus. Imprisoned on the island of Crete in the Mediterranean Sea, 

Daedalus is said to have made wings fastened with wax. With these wings, they 

Figure 1.2 The f rst heavier-than-air f ight in history: the Wright Flyer I with Orville Wright 

at the controls, December 17, 1903.
(Source: Library of Congress [LC-DIG-ppprs-00626].)
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both escaped by f ying through the air. However, Icarus, against his father’s 

warnings, f ew too close to the sun; the wax melted, and Icarus fell to his death 

in the sea. 

 All early thinking about human f ight centered on the imitation of birds. 

Various unsung ancient and medieval people fashioned wings and met with some-

times disastrous and always unsuccessful consequences in leaping from towers 

or roofs, f apping vigorously. In time, the idea of strapping a pair of wings to 

arms fell out of favor. It was replaced by the concept of wings f apped up and 

down by various mechanical mechanisms, powered by some type of human arm, 

leg, or body movement. These machines are called  ornithopters . Recent histori-

cal research has revealed that Leonardo da Vinci was possessed by the idea of 

human f ight and that he designed vast numbers of ornithopters toward the end 

of the 15th century. In his surviving manuscripts, more than 35,000 words and 

500 sketches deal with f ight. One of his ornithopter designs is shown in    Fig. 1.3 , 

which is an original da Vinci sketch made sometime between 1486 and 1490. It 

is not known whether da Vinci ever built or tested any of his designs. However, 

human-powered f ight by f apping wings was always doomed to failure. In this 

sense, da Vinci’s efforts did not make important contributions to the technical 

advancement of f ight. 

     Human efforts to f y literally got off the ground on November 21, 1783, 

when a balloon carrying Pilatre de Rozier and the Marquis d’Arlandes ascended 

into the air and drifted 5 mi across Paris. The balloon was inf ated and buoyed 

Figure 1.3 An ornithopter design by Leonardo da Vinci, 1486–1490.
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up by hot air from an open f re burning in a large wicker basket underneath. 

The design and construction of the balloon were those of the Montgolf er broth-

ers, Joseph and Etienne. In 1782 Joseph Montgolf er, gazing into his f replace, 

conceived the idea of using the “lifting power” of hot air rising from a f ame to 

lift a person from the surface of the earth. The brothers instantly set to work, ex-

perimenting with bags made of paper and linen, in which hot air from a f re was 

trapped. After several public demonstrations of f ight without human passengers, 

including the 8-min voyage of a balloon carrying a cage containing a sheep, a 

rooster, and a duck, the Montgolf ers were ready for the big step. At 1:54  pm  on 

November 21, 1783, the f rst f ight with human passengers rose majestically into 

the air and lasted for 25 min (see    Fig. 1.4 ). It was the f rst time in history that a 

human being had been lifted off the ground for a sustained period. Very quickly 

after this, the noted French physicist J. A. C. Charles (of Charles’ gas law in 

physics) built and f ew a hydrogen-f lled balloon from the Tuileries Gardens in 

Paris on December 1, 1783. 

     So people were f nally off the ground! Balloons, or “aerostatic machines” as 

they were called by the Montgolf ers, made no real technical contributions to human 

Figure 1.4 The f rst aerial voyage in history: The 

Montgolf er hot-air balloon lifts from the ground 

near Paris on November 21, 1783.
(Source: Library of Congress [LC-USZ62-15243].)
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heavier-than-air f ight. However, they served a major purpose in triggering the pub-

lic’s interest in f ight through the air. They were living proof that people could really 

leave the ground and sample the environs heretofore exclusively reserved for birds. 

Moreover, balloons were the only means of human f ight for almost 100 years.   

   1.3   SIR GEORGE CAYLEY (1773–1857)—THE TRUE 
INVENTOR OF THE AIRPLANE 

  The modern airplane has its origin in a design set forth by George Cayley in 

1799. It was the f rst concept to include a  f xed  wing for generating lift, another 

 separate  mechanism for propulsion (Cayley envisioned paddles), and a com-

bined horizontal and vertical (cruciform) tail for stability. Cayley inscribed his 

idea on a silver disk (presumably for permanence), shown in    Fig. 1.5 . On the 

reverse side of the disk is a diagram of the lift and drag forces on an inclined 

plane (the wing). The disk is now preserved in the Science Museum in London. 

Before this time, thought of mechanical f ight had been oriented toward the f ap-

ping wings of ornithopters, where the f apping motion was supposed to provide 

both lift and propulsion. (Da Vinci designed his ornithopter wings to f ap simul-

taneously downward and backward for lift and propulsion.) However, Cayley 

is responsible for breaking this unsuccessful line of thought; he separated the 

concept of lift from that of propulsion and, in so doing, set into motion a century 

of aeronautical development that culminated in the Wright brothers’ success in 

1903. George Cayley is a giant in aeronautical history: He is the parent of mod-

ern aviation and was the f rst to introduce the basic conf guration of the modern 

airplane. Let us look at him more closely. 

Figure 1.5 The silver disk on which Cayley engraved his concept for a f xed-

wing aircraft, the f rst in history, in 1799. The reverse side of the disk shows the 

resultant aerodynamic force on a wing resolved into lift and drag components, 

indicating Cayley’s full understanding of the function of a f xed wing. The disk 

is presently in the Science Museum in London.
(Source: © Science and Society/SuperStock.)
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     Cayley was born at Scarborough in Yorkshire, England, on December 27, 

1773. He was educated at York and Nottingham and later studied chemistry and 

electricity under several noted tutors. He was a scholarly man of some rank, a 

baronet who spent much of his time on the family estate, called Brompton. A por-

trait of Cayley is shown in    Fig. 1.6 . He was a well-preserved person, of extreme 

intellect and open mind, active in many pursuits over a long life of 84 years. In 

1825 he invented the caterpillar tractor, forerunner of all modern tracked ve-

hicles. In addition, he was chairman of the Whig Club of York, founded the 

Yorkshire Philosophical Society (1821), cofounded the British Association for 

the Advancement of Science (1831), was a member of Parliament, was a leading 

authority on land drainage, and published papers dealing with optics and railroad 

safety devices. Moreover, he had a social conscience: He appealed for, and do-

nated to, the relief of industrial distress in Yorkshire. 

     However, by far his major and lasting contribution to humanity was in aero-

nautics. After experimenting with model helicopters beginning in 1796, Cayley 

engraved his revolutionary f xed-wing concept on the silver disk in 1799 (see 

   Fig.  1.5 ). This was followed by an intensive 10-year period of aerodynamic 

Figure 1.6 A portrait of Sir George Cayley, painted by 

Henry Perronet Briggs in 1841. The portrait now hangs 

in the National Portrait Gallery in London.
(Source: © Science and Society/SuperStock.)
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investigation and development. In 1804 he built a whirling-arm apparatus, 

shown in    Fig. 1.7 , for testing airfoils; this was simply a lifting surface (airfoil) 

mounted on the end of a long rod, which was rotated at some speed to generate a 

f ow of air over the airfoil. In modern aerospace engineering, wind tunnels now 

serve this function; but in Cayley’s time the whirling arm was an important de-

velopment that allowed the measurement of aerodynamic forces and the center 

of pressure on a lifting surface. Of course these measurements were not very 

accurate, because after a number of revolutions of the arm, the surrounding air 

would begin to rotate with the device. Nevertheless, it was a f rst step in aero-

dynamic testing. (Cayley did not invent the whirling arm; that honor belongs to 

the English military engineer Benjamin Robins in 1742.) Also in 1804, Cayley 

designed, built, and f ew the small model glider shown in    Fig. 1.8 . This may 

seem trivial today, something that you might have done as a child;  but in 1804, it 
represented the f rst modern-conf guration airplane of history,  with a f xed wing, 

and a horizontal and vertical tail that could be adjusted. (Cayley generally f ew 

his glider with the tail at a positive angle of incidence, as shown in his sketch in 

   Fig. 1.8 .) A full-scale replica of this glider is on display at the Science Museum 

in London; the model is only about 1 m long. 

         Cayley’s f rst outpouring of aeronautical results was documented in his mo-

mentous triple paper of 1809–1810. Titled “On Aerial Navigation” and published 

in the November 1809, February 1810, and March 1810 issues of Nicholson’s 

Figure 1.7 George Cayley’s whirling-arm apparatus for testing airfoils.
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 Journal of Natural Philosophy,  this document ranks as one of the most important 

aeronautical works in history. (Note that the words  natural philosophy  in history 

are synonymous with physical science.) Cayley was prompted to write his triple 

paper after hearing reports that Jacob Degen had recently f own in a mechani-

cal machine in Vienna. In reality, Degen f ew in a contraption that was lifted by 

a balloon. It was of no signif cance, but Cayley did not know the details. In an 

effort to let people know of his activities, Cayley documented many aspects of 

aerodynamics in his triple paper. It was the f rst published treatise on theoretical 

and applied aerodynamics in history. In it, Cayley elaborated on his principle 

of the separation of lift and propulsion and his use of a f xed wing to generate 

lift. He stated that the basic principle of a f ying machine is “to make a surface 

support a given weight by the application of power to the resistance of air.” He 

noted that a surface inclined at some angle to the direction of motion will gener-

ate lift and that a cambered (curved) surface will do this more eff ciently than a 

f at surface. He also stated for the f rst time in history that lift is generated by a 

region of low pressure on the upper surface of the wing. The modern technical 

aspects of these phenomena are developed and explained in Chs. 4 and 5; how-

ever, stated by Cayley in 1809–1810, these phenomena were new and unique. 

His triple paper also addressed the matter of f ight control and was the f rst doc-

ument to discuss the role of the horizontal and vertical tail planes in airplane 

stability. Interestingly enough, Cayley went off on a tangent in discussing the 

use of f appers for propulsion. Note that on the silver disk (see    Fig. 1.5 ) Cayley 

showed some paddles just behind the wing. From 1799 until his death in 1857, 

Cayley was obsessed with such f appers for aeronautical propulsion. He gave 

little attention to the propeller (airscrew); indeed, he seemed to have an aversion 

to rotating machinery of any type. However, this should not detract from his nu-

merous positive contributions. Also in his triple paper, Cayley described the f rst 

successful full-size glider of history, built and f own without passengers by him 

at Brompton in 1809. However, there was no clue as to its conf guration. 

 Curiously, the period from 1810 to 1843 was a lull in Cayley’s life in regard 

to aeronautics. Presumably he was busy with his myriad other interests and ac-

tivities. During this period, he showed interest in airships (controlled balloons), 

as opposed to heavier-than-air machines. He made the prophetic statement that 

“balloon aerial navigation can be done readily, and will probably, in the order 

of things, come into use before mechanical f ight can be rendered suff ciently 

safe and eff cient for ordinary use.” He was correct; the f rst successful airship, 

Figure 1.8 The f rst modern-conf guration airplane in history: Cayley’s model glider, 1804.




