
in aerodynamics are associated with individuals, in-
cluding Max Munk, Adolf Busemann, Ludwig
Prandtl, and Robert Jones, who developed the prin-
ciples of aerodynamic analysis.

AERODYNAMIC FLIGHT REGIMES

Fluids comprise both gases and liquids. A major dif-
ference between a fluid and a solid is that a fluid de-
forms readily. The major distinction between a gas
and liquid is that a liquid is difficult to compress. The

atmosphere is a gas composed of approximately 78
percent nitrogen, 20.9 percent oxygen, 0.9 percent
argon, 0.042 percent carbon dioxide, and in very
small quantities, neon, helium, krypton, hydrogen,
xenon, ozone, and radon, based on their volume. The
study of the behavior of a body immersed in a moving
liquid is called hydrodynamics; in a moving gas, gas
dynamics; and in air, aerodynamics.

Aerodynamics may be categorized as either low-
or high-speed, depending on where the fluid behav-

19

Principles of Aeronautics Aerodynamics and Flight

A NASA wake turbulence study at Wallops Island in 1990. A vortex is created by passage of an aircraft wing, revealed by colored smoke rising from
the ground. Vortices are one of the many phenomena associated with the study of aerodynamics. Photo via Wikimedia Commons. [Public domain.]



near the wingtips. Flaps normally are only deflected
downward since they are used to increase tempo-
rarily the wing’s lift on landing and sometimes on
takeoff. This maneuver allows flight at lower speeds
and landing and takeoff in shorter distances.

Early aircraft did not need flaps because they flew
at low speeds and could land in much shorter dis-
tances than today’s planes; however, as airplanes be-
came more streamlined and could cruise at higher
speeds and altitudes, they needed higher speeds for

takeoff and landing. Designers added flaps to give
additional lift and drag and to reduce landing
speeds. The famous DC-3 airliner was one of the
first commercial planes to use flaps to combine good
cruise performance with reasonable landing and
takeoff distances.

There are many types of flaps, from simple plates
that deflect down from the bottom of the wing to
very sophisticated combinations of little wings that
extend down and behind a wing. The split flap was
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Photo via iStock/blacklight_trace. [Used under license.]



TERMINOLOGY

As recognized by the Federal Aviation Administra-
tion (FAA), “gyroplane” is the correct generic term
for a type of aircraft that, during most of its flight,
derives a substantial part of its lift force from a
free-spinning rotor system not provided with any
form of direct power drive. The term “gyrocopter” is
actually a proprietary name originally used by
Bensen Aircraft Corporation to designate its B8-M
Gyrocopter. The B8-M was the predecessor of most
amateur-built sport gyroplanes. “Autogyro” is an
older term, often used for this type of aircraft, but it,
too, is actually a proprietary name used by the Auto-
gyro Company of America, which built some of the
first gyroplanes. “Gyro” is a nickname applied to all
these types of aircraft.

FEATURES

The gyroplane is any type of aircraft that relies pri-
marily on an unpowered, freewheeling (or
autorotating) rotor as the main source of lifting
force and has a separate propeller and engine com-
bination providing forward thrust. Modern
gyroplanes look much like helicopters with conven-
tional-appearing tail surfaces. An example of a
gyroplane is the Air and Space 18-A.

The gyroplane was invented by Juan de la
Cierva, an early twentieth-century civil engineer
born in Spain. Cierva’s first successful flight was
made near Madrid, Spain, on January 9, 1923. The
first gyroplane to be certified by the FAA in the
United States was the Pitcairn PCA-2 gyroplane,
which, at that time, was called an autogyro. Early
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A Magni two-seat autogyro. Photo by Mike Burdett from Cromer, UK, via Wikimedia Commons.



the wings; the pilot’s hands directed the upstroke by
means of a lever. Over time, Leonardo modified the
movement of the pilot’s legs, having the legs slide
up and down, assisted by the hands, in order to
make the wings beat. A still further advance was the
addition of a head harness that manipulated a rud-
der to control direction. Leonardo drew numerous
sketches of wing types, from a wing based on that of
a bat to adjustable tilt wings, beating wings, and ar-
ticulated wings, each in an effort to refine his flying
machine. The most ambitious of his designs in-
cluded a large enclosed cabin, capable of holding
two pilots who operated the flapping bat wings with
a complex system of screws and cranks.

As inspired as Leonardo’s designs were for his
early flying machines, two factors would have pre-
vented his designs from ever taking off. First, the
materials that were available at the time were just
too heavy to be manipulated by even multiple hu-
man pilots. In addition, Leonardo’s understanding
of the flight of birds was fundamentally flawed. Leo-
nardo believed that birds flew when the wing was
moved down and back, as if the bird were swimming
through the air like a swimmer through water. In ac-

tuality, the lift required for flight is created when
birds move their wing feathers up and forward.

As time progressed, Leonardo replaced the flap-
ping-wing designs with designs for fixed-wing glider
crafts. At first, Leonardo did not provide a means
for the pilot to control the machine through body
movements. Eventually, however, he enabled the pi-
lot to balance the craft by moving the body’s extrem-
ities, effectively inventing a predecessor to the mod-
ern controlled glider.

Leonardo wrote a journal entry in which he stated
that a great bird will take flight from Mount Cerceri,
a mountain near Leonardo’s residence at the time.
Legends recount that one of Leonardo’s assistants
piloted the craft, crashed, and broke his leg.
Whether one of Leonardo’s great birds ever actually
took flight will probably never be known. What is
known is that in an era of holdovers of medieval tra-
ditionalism and superstition, Leonardo’s dream of
flight opened up a new vision of possibilities for the
future.

EARLY LIFE

Leonardo da Vinci was born on April 15, 1452, in
Vinci, a small town located in the hills above the
lower Arno River Valley in the vicinity of Florence.
Because he was the illegitimate son of a wealthy no-
tary, Ser Piero, and a local peasant girl, Caterina,
few records exist to document Leonardo’s early
years. In an era in which surnames were not yet in
common use, Leonardo’s birth name was Leonardo
di ser Piero da Vinci, which meant “Leonardo, son
of [Mes]ser Piero from Vinci,” later shortened to Le-
onardo da Vinci, or Leonardo from Vinci. Leonardo
apparently spent his first five years in Anchiano, a
small village just outside Vinci, in the care of his
mother, who may have been the first to introduce
the young Leonardo to the beauty of the Tuscan
countryside and to lay the groundwork for his later
insatiable desire to understand the wonders of the
natural world.
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A design for a flying machine (c.?1488), first presented in the Codex on
the Flight of Birds. Image via Wikimedia Commons. [Public domain.]



E
Amelia Earhart

Fields of Study: Aeronautical engineering; Mechan-
ical engineering; Aviation

ABSTRACT

Amelia Earhart was an American aviator, born July 24,
1897, in Atchison, Kansas. It is believed she died in early
July, 1937, although there are unconfirmed reports that she
was seen alive for some time after that. By being the first
woman to fly across the Atlantic and by establishing numer-
ous other flying records, Earhart helped to promote commer-
cial aviation and advance the cause of women in aviation.

KEY CONCEPTS

autogyro: forerunner of the helicopter, an aircraft
with short wings and an overhead rotor for pro-
pulsion

magnetometric: by measurements acquired using a
magnetometer

solo: a first flight by a trainee pilot without the ac-
companiment of an instructor pilot

trimotor: an airplane with three motors, typically
each driving a propeller

EARLY LIFE

Amelia Earhart, the daughter of Amy Otis and
Edwin Stanton Earhart, was born in the home of her
maternal grandparents in Atchison, Kansas. Her
grandfather was Alfred G. Otis, a pioneer Atchison
settler who became a prominent lawyer, banker, and
federal district court judge. Her father worked for a
railroad as an attorney and claims agent.

Earhart’s early childhood was spent in Kansas
City, Kansas, where she and her younger sister

learned to ride horseback. When her father accepted
a job in Des Moines, Iowa, in 1905, Earhart and her
sister remained for a year in Atchison, where she
later recalled, “There were regular games and
school and mud-ball fights, picnics, and exploring
raids up and down the bluffs of the Missouri River.”
After joining her father in Des Moines, Earhart at-
tended school and began reading the books that fur-
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Amelia Earhart. Photo via Wikimedia Commons. [Public domain.]



the technology of hot-air ballooning nearly per-
fected, the Montgolfiers had been testing their in-
vention since the preceding June, first with empty
tethered flights and then with farm animals aboard.
On November 21, they attempted the first piloted
free flight, carrying Jean-François Pilâtre de Rozier
and the Marquis d’Arlandes. Departing from the
garden of the Château de la Muette in the northwest
of Paris, the balloon sailed through the air for
twenty-six minutes before landing safely.

Joseph-Michel Mongolfier was born in Vidalon-
les-Annonay in Ardèche in 1740. He was the twelfth
child of a family of sixteen children, of which only
five survived childhood. He was five years older than
his brother Jacques-Étienne. Their father, Pierre
Montgolfier, owned a very successful paper factory in
Dauphiné, a region near the Alps. Jacques-Étienne
was a serious and disciplined student who excelled in
mathematics and studied architecture with the fa-
mous French architect Jacques-Germain Soufflot. Jo-
seph-Michel, on the other hand, was an indifferent
student. Sent to a Jesuit college in Toumon to study
for the priesthood, he showed little interest in theol-
ogy or Latin, soon leaving his studies and migrating
to Paris. There, he met and was fascinated by many of
the great scientists and mechanics of his day, includ-
ing Benjamin Franklin, the naturalist Louis Jean-Ma-
rie Daubenton, Jean le Rond d’Alembert, and Jacques
Vaucanson, who was engaged in creating automatons.

Jacques-Étienne was given charge of the family
business in 1772, where he industriously began at-
tempting to perfect the papermaking process. Jo-
seph-Michel likewise became the manager of a pa-
per factory in Voiron, Dauphiné, but lacked his
brother’s commitment to the profession and his
business sense. Though he was a born inventor,
gifted in mechanics and the sciences, he was also an
absent-minded romantic and dreamer who had been
known to walk home from a tavern, forgetting that
he had come gone there on his horse.

Though their personalities were so different, the
brothers got on well together, forming an alliance
between dreamer and diligent mechanic that made
them an ideal team. Having read a physics treatise
on the laws of gases, they began experimenting with
lighter-than-air flight in 1782, designing and build-
ing small silk or paper balloons they filled with hot
air. Modest successes prompted them to continue
their work. On June 5, 1783, the brothers’ latest
hot-air balloon rose to about 2,000 meters, landing
in a vineyard 2.5 kilometers from Annonay.

The Montgolfiers were not, however, the only
ones experimenting with flight. Jacques-Alexandre
Charles and Marie-Noel Robert developed a hydro-
gen balloon that, on August 27, 1783, rose from the
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A model of the Montgolfier brothers’ balloon at the London Science
Museum. Photo via Wikimedia Commons. [Public domain.]



thirty-six passengers survived, although a number of
them were severely injured.

POSSIBLE CAUSES OF THE DISASTER

Following the Hindenburg’s destruction, speculation
about its causes was widespread. Certainly, the hy-
drogen used to lift the craft, once ignited, exploded
to create a fire of great intensity. However, what
caused the hydrogen to ignite remained a mystery.

Some experts believed that as the aircraft had
flown through the electrical storms that had raged

along its course, static electricity had collected on its
exterior, so that when it contacted its metal moor-
ing, sparks flew and ignited the hydrogen, small
quantities of which could already have been leaking.
The US Department of Commerce established a
commission to probe into the cause of the explosion,
but no firm conclusion was forthcoming from that
commission. Among the possible causes mentioned
were a ball of lightning, demon protons, static elec-
tricity, and St. Elmo’s fire, a discharge of atmo-
spheric electricity that commonly collects on aircraft
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Photograph of the Hindenburg descending in flames, May 1937. Photo via Wikimedia Commons. [Public domain.]



sonic regime, with Mach numbers up to about 3.5.
Most modern fighter aircraft can fly at supersonic
speeds for short durations, with their engines oper-
ating on afterburners. The Lockheed Martin F-22 is
capable of cruising at supersonic speeds without af-
terburners. Large aircraft capable of cruising at su-
personic speeds are the North American B-70
Valkyrie bomber, the British Aerospace/Aerospatiale
Concorde, the Tupolev Tu-144, and the Tupolev
Tu-44 Backfire Bomber.

Speeds greater than five times the speed of sound
are described as hypersonic speeds. Spacecraft and
missile warheads reentering Earth’s atmosphere fly
at hypersonic speeds, with Mach numbers as high as

36 for the Apollo capsule and about 25 for the space
shuttle.

The importance of Mach number to flight can be
seen from the Mach cone. An object moving at a
Mach number of 2 through air generates pressure
disturbances that propagate in all directions at the
speed of sound in the medium of air. If the speed of
sound were 300 meters per second, when the object
reached a given point, the disturbances it had gen-
erated a second before would have spread within a
sphere whose radius was only 300 meters, yet the ob-
ject itself would have traveled 600 meters in the
same second. Disturbances generated 0.1 seconds
before would have reached a radius of only 30 me-
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An F/A-18 Hornet creating a vapor cone at transonic speed just before reaching the speed of sound. Photo by Realbigtaco, via Wikimedia Commons.



Another set of opposing forces present during
flight are drag and thrust. These two forces are what
propel the plane forward or back. Real planes get
their thrust from a propeller or engine. Paper air-
planes get their thrust from being launched or
thrown by a person. A throw gives a plane its initial
speed, and inertia moves it along against the force
of drag. Gravity also works to maintain the forward
motion of the plane as downward motion due to
gravity is converted to forward motion by the lift
and the aerodynamic character of the plane.

When a plane flies level, drag is what functions to
slow its forward motion. Most of drag comes from
air resistance. As a plane flies, air sticks to it, creat-
ing turbulence, or resistance to motion. If the nose
of a plane points down, gravity will add thrust and
the plane will crash. Any surface not parallel to the

flow of air adds drag. Sharp creases and accurate
folding will reduce drag and increase time aloft. Lift
also contributes to drag by pushing up and a little
back. A typical paper airplane’s drag is one-fifth of
its weight.

Differences in wing loading, the specific amount
of weight a standard size area of the wing lifts in
flight, will create difference in speeds. Wing loading
is how many grams per square centimeter the wing
is lifting. The larger the wing area, the less wing
loading and more slowly the plane will glide.

BUILDING A STABLE CRAFT

Another factor that affects flight is stability, which
helps an airplane return to steady flight after a bad
throw or a strong gust of wind. There are three basic
types of stability: pitch, directional, and spiral.
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Paper plane. Photo by Dietmar Rabich, via Wikimedia Commons.



Examples of such technology include the nearly
1,360,777-kilogram-thrust solid booster rockets de-
veloped for the space shuttle and the approximately
100,000 horsepower required by the turbine-driven
pumps to pressurize the liquid hydrogen and oxy-
gen for each of the three shuttle main engines. Im-
proving materials and thrust-level control through-

out the burn period is an ongoing technical chal-
lenge.

ROCKET SCIENCE

Rockets have been developed for many different
purposes and therefore differ widely in dimension,
takeoff weight, thrust, range, propellant type, pres-
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The launch of NASA’s STS-1 in 1981. Photo via Wikimedia Commons. [Public domain.]



Jimmy Carter’s slip of the tongue, that the military
was developing a “stealth” bomber, brought the air-
craft to the attention of the public.

By the 1980s, the US military build-up included
continued secret development of the stealth bomber.
Its unveiling on November 22, 1988, gave the public
its first view of the plane that was to change the way
aircraft were built.

THE “STEALTHY” PLANE

The B-2 bomber was different from its predecessors
in its ability to evade radar and other air defenses.
There are several features of the B-2 that define it as
the first stealthy plane of its type. The curved sur-
faces and relatively flat exterior of the stealth
bomber, which stands only 17 feet high, serves to

confuse radar, which tends to pass over and around
it. The aircraft is coated with a special paint that
scatters radar beams when they hit the plane. The
graphite composition of the plane’s exterior—the
exteriors of most planes are made of aluminum—
also absorbs radar signals. The design and composi-
tion of the B-2 baffles the main detection devices
used by air defense systems and allows the bomber
to penetrate them without being detected.

Spotting the stealth bomber with the naked eye is
also difficult. Its slender shape and dark color can
make it hard to see in daylight or dark. Even in the
unlikely event it is seen, the stealth bomber has the
capability to evade attack from the ground.

One of the worst dangers to bombers is a heat-
seeking missile. These missiles are programmed to
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F-117 Nighthawk stealth aircraft. Photo via Wikimedia Commons. [Public domain.]



1950s. Today, many people equate the term UFO
with the sighting of an alien spacecraft. The term
has become so synonymous with the idea of extrater-
restrial visitation that the US government has reclas-
sified such sightings as unidentified aerial phenom-
ena (UAP) to avoid the association.

Scattered accounts of people witnessing strange
objects in the sky date back centuries, but sightings
of such phenomena truly exploded in the years fol-
lowing World War II (1939-45). Widespread media
reports of so-called flying saucers fueled public in-
terest in UFOs, but the objects were not considered
to be extraterrestrial at first. However, by the 1950s,
the association between UFOs and alien spacecraft
had been cemented in the public consciousness.
Since then, the US government has made several at-
tempts to answer the mystery behind UFO sightings,
with the vast number of cases found to have natural
explanations.

The few that remain unexplained continue to cap-
ture public imagination. Some UFO investigators
believe the reports contain evidence that would con-
firm the existence of alien visitation. Skeptics doubt
that UFOs are of extraterrestrial origin and insist
that the lack of an explanation means that more re-
search is needed. In 2022, however, the US military
declassified both document files and video record-
ings from military sources, and admitted publicly
that the events in question demonstrate the exis-
tence of mystery craft that are potentially of extra-
terrestrial origin.

OVERVIEW

Ancient civilizations relied on a knowledge of the
sky for their survival, as the movement of the sun,
moon, and stars told them when to plant and har-
vest crops. Any celestial object that was out of the or-
dinary would surely have been noticed, although ob-
servers were far more likely to consider it a divine
omen or harbinger of doom. Some accounts from
ancient Egypt tell of “stars” falling to earth and de-

feating the pharaoh’s enemies, or of talking “flying
disks,” but these are likely to be exaggerations from
the time or possibly modern hoaxes. A fourth-cen-
tury CE Roman text called the Book of Prodigies fea-
tures historical accounts of strange objects burning
through the sky and the sighting of mysterious celes-
tial figures. However, the book was written centuries
after the sightings occurred and the author could
easily be referring to meteors or other common as-
tronomical events.

In 1561, residents of the German city of
Nuremberg reported witnessing a sky full of strange
flying cylinders and globes that seemed to them like
a celestial battle. The event was recorded by a
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Photograph of a purported UAP in Passaic, New Jersey, taken on
July 31, 1952. Photo via Wikimedia Commons.



since its inception, they faced both societal and legal obsta-
cles that male pilots did not.

WOMEN CAN FLY, TOO!

The contributions made by women in flight have
been extensive, from aviation to the space program.
In the early period of human flight, women con-
stantly had to prove themselves worthy of a chance
to enter the cockpit. Even after overcoming external
obstacles to flying, many early women applicants
were unable to find a flight school or an instructor
that would accept a woman student. Prevailing prej-
udices held that women had neither the physical nor
the mental capability to handle an aircraft; British
aviation pioneer Claude Grahame-White once pro-
claimed that “women lack qualities which make for
safety in aviation” and “are temperamentally unfit-
ted for the sport.” When famed aviator Amelia

Earhart wanted to learn to fly, she sought out a
woman instructor, feeling uncomfortable with male
pilots’ attitudes toward the idea of women flying.
Luckily, she found Neta Snook, the first woman ever
admitted to the Curtiss Flying School in Virginia
and the first to operate a commercial airfield.

FLIGHT, THE ULTIMATE ADVENTURE

Women have been a part of aviation from its very
beginnings. Six months before the Wright brothers’
historic 1903 flight, American socialite Aida de
Acosta became the first woman to pilot a powered
aircraft (a lighter-than-air dirigible with a
three-horsepower engine) unaccompanied; her
flight was not reported in the press because her par-
ents were afraid that it would ruin her chances of
marriage. Six years later, French actor Raymonde
de Laroche became the first woman to fly a
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The United States Air Force’s first African American female fighter pilot, Shawna Rochelle Kimbrell. Photo via Wikimedia Commons. [Public domain.]



covering a distance of 120 feet. Three more tries
were made that day. Wilbur flew 195 feet in thirteen
seconds. Orville covered 200 feet in fifteen seconds.
Finally, shortly after noon, Wilbur flew 852 feet, ly-
ing prone at the controls, as usual, for fifty-nine sec-
onds at thirty-one miles per hour against a
twenty-one-mile-per-hour wind. Subsequently, a gust
of wind damaged the plane while it was parked, and
no more flying was possible that year.

SIGNIFICANCE

Only a few American newspapers reported the
Wrights’ flight on the day after their historic
achievement. The skepticism that existed toward
their success could be traced to several sources. For
one thing, Simon Newcomb, a highly respected US

scientist, had published “proof” earlier that year that
it would be impossible for heavier-than-air planes to
fly. In addition, Lilienthal’s fatal crash in 1896 was
still fresh in the public’s memory, and Langley’s
prestigious machine had failed just nine days earlier.
Even the brothers underestimated the value of their
achievement, which they reported to have cost them
more than a thousand dollars. For many years, the
Smithsonian Institution refused to recognize theirs
as the first powered flight, preferring to honor Sam-
uel Langley’s attempt. Not until 1942 did the Smith-
sonian finally publish an unequivocal statement
crediting the Wrights with having invented the air-
plane.

In 1904, the Wrights designed a new aircraft ca-
pable of sustained flight and of turning and banking

592

Wright Brothers’ First Flight Principles of Aeronautics

Seconds into the first airplane flight, near Kitty Hawk, North Carolina, on 17 December 1903. Photo via Wikimedia Commons. [Public domain.]




