Introduction to Aviation

Flying! For most of history, people have dreamed of flying, imag-
ining how it would feel to soar through the sky like an eagle or
hover in midair like a humminghird, to float on unseen currents,
free of Earth’s constant tug, able to travel great distances and to
rise above any obstacle.

Today, through aviation, we can not only join the birds but
also fly farther, faster, and higher than they ever could. Today,
aircraft routinely fly across the country, around the world, and
even bevond Earth’s atmosphere,

But our ability to fly is relatively new. It has been only
in the last 100 years or so that people have mastered flight.
Aviation's progress since then has been nearly as breathtaking
as a ride in the latest Air Force jet.



Charles Lindbergh a

The History of Flight

The first successful manned flight took place on November 21,
1783, in Paris, France—and it did not involve an airplane, That
day, brothers Joseph and Etienne Monigolfier sent two men up
in a hot-air balloon they had made out of cotton and paper.
The men stayed aloft for 25 minutes and traveled about 5 miles.

From lighter-than-air balloons, early aviators progressed to
the original heavier-than-air flying machines—gliders or sailplanes,
In 1853, English engineer Sir George Cayley built the world's first
real glider, which carried his terrified coachman across a small val
ley. Later in the century, German engineer Otto Lilienthal built a
series of gliders in which he made regular, controlled flights.

Inspired by Lilienthal's gliders, two bicycle mechanics
from Ohio, Orville and Wilbur Wright, began studying aviation
and experimenting with their own aircraft. On December 17,
1903, they ushered in the aviation age when Orville took off
from a sand dune near Kitty Hawk, North Carolina, traveled
120 feet in 12 seconds, and landed safely. Those 12 seconds
changed history.
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Aviation grew quickly in the decades after the Weight
brothers’ historic flight. In 1909, Glenn Curtiss made headlines
for flying 142 miles from New York City to Albany, New York.
In 1927, Charles Lindbergh made the first solo flight across the
Atlantic Ocean. In 1938, Howard Hughes and his crew flew
around the world in just under four days. And in 1969, Eagle
Scout Neil Armstrong stepped onto the surface of the moon.
Many people who watched Armstrong on television that day
had heard about Lindbergh's flight on the radio and read about
the Wright Erothers in the newspaper.

Types of Aircr

The term aircraft is broad, covering nearly everything that

. Enables people to fly through the air. Some aircraft (balloons,

blimps) are lighter than air; others, like airplanes and helicop-
ters, are heavier than air. (Missiles, rockets, and vehicles like
the space shuttle are called spacecraft since they are designed
1o fly outside Earth’s atmosphere. )

Here are some of the kinds of aircraft in use today. Each of
these aircraft has been designed to do a particular job. You are
probably already familiar with many of them.

* Commercial airliners

* Cargo airplanes (including those used by express
delivery services)

' * Military bombers, fighters, and surveillance aircraft

* Military supply transports
® Military and civilian helicopters and autogyros



* TPersonal-use and training airplanes of various types

e Airplanes owned by corporations to transport personnel
« Balloons for sport or for exploring the atmosphere

* Sailplanes, amphibians, and seaplanes

¢ Blimps used for advertising in the sky and as television
camera platforms

* Aerobatic airplanes for exhibitions
* (Crop sprayers
* Fire-fighting “smoke jumper” transports and “borate bombers”

Aircraft at Work

Even if you have never boarded an airplane, your life is affected
by aircraft every day. Cargo planes carry many of the packages
vou receive in the mail, Helicopters make possible the traffic
reports that identify trouble spots for commuters. Blimps pro-
vide bird’s-eve views of sporting events. Military jets protect
the skies above your home,

Other uses of aircraft may surprise vou. Helicopters
can be used to dry out the field before a baseball or football
game, Hovering a few feet off the field, their giant rotors dry
the surface with their powerful downwash of air. Construction
companies use helicopters to “top off” tall buildings by lifting
a structure’s final pieces into place. Large transport planes
serve as aerial pumper trucks, fighting forest fires,

Transportation. Most uses of aircraft are more familiar, such
as the transportation of passengers. Aircraft make it possible for
businesspeople to attend meetings in faraway cities arfil return
home in time for dinner. They allow families to take vacations on
the other side of the country without spending endless days in a
car. Airplanes also allow people to conduct business internation-
ally and visit other countries without taking long rides on a ship.
Geologists, surveyors, and forest rangers use helicopters
and small airplanes to reach remote places. In some large cities,
helicopters make regular flights from the congested business
district to the airport, greatly reducing travel time. In rural
areas, small airplanes sometimes serve as taxis in areas not
served by major airlines and airports.

Mail and Packages. Small airplanes have been used to carry
mail since aviation's earliest days; the 1.5, government started
alrmail service in 1918, Even today, winged carriers of mail and
supplies may be the only regular face-to-face contact some peo-
ple in remote areas have with the outside world.
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The airplane is a key element in today’s high-demand business
- World, where moving packages in as little time as possible is
- Extremely important.

Alaska has more
airplanes per
person than any
other state; much
of the state is
easily accessible

only by air.



One nautical
mile is equal to
6,076 feet.

The Military. Aircraft are among the U.5. military’s most
important tools, and air power continues to play a decisive role
in conflicts around the globe. But aircraft do more than drop
bombs on sites far behind enemy lines. They also carry out sur-
veillance, serve as flving ambulances, and transport troops and
equipment. The C-17 Globemaster III can carry 170,900 pounds
of cargo and fly 2,800 nautical miles without refueling.

Firefighting and Public Safety. The USDA Forest Service
spots forest fires from airplanes as well as from lookout towers.
And once a fire is spotted, aircraft swing into action. Helicopters
bring firefighters and equipment to remote areas and can extract
them quickly when the need arises. Airplanes called borate
bombers drop water or flame-retardant agents (which once
included borate salts) on fires from above,

Helicopters have become indispensable in fighting wildfires, dropping water on hot
spots to assist crews.

Helicopters are the unsung heroes of many rescues at sed
and in rugged mountain regions. In the emergency medical
field, paramedics use helicopters as air ambulances to quickly
transport severely injured people from accident sites to hospitals.

- Law Enforcement. The airplane’s speed and maneuverability
are valuable to many law enforcement agencies. Federal and
state law enforcement agencies like the U.5. Department of
Homeland Security, narcotics inspectors, and game wardens
all use aircraft for patrol werk, transporting officers, and
chasing suspects.

griculture. Crop-spraying airplanes have been a common
ght in the rural sky for many years. Today, helicopters are
used to spray crops because the “wash” from their rotors
nds to distribute the spray more widely, even blowing it up
the underside of the crop’s leaves.

Airplanes haul perishable items to market and help

ers patrol fences, herd cattle, and bring feed to animals
ant pastures. Some farmers hire aviation companies [or
services, but so much of the work is done by farmers
elves that they have formed an organization called the
ional Flying Farmers.

Photography. Aerial photography has been important
ipmakers and newsmen since the first intrepid camera-
aned over the side of one of the early flying machines
lis box camera. Now, much filming is done from helicop-

ause they can furnish a stationary platform in the sky
g camera operator. 2



How Airplanes Work

When people first dreamed of flying, they looked to the birds
as models. Greek mythology includes the story of Daedelus
and Icarus, who made wings out of wax and feathers to escape
from the island of Crete. (Unfortunately, the story says, Icarus
flew too close to the sun, which melted his wings.) Even as
late as the 19th century, inventors were still rying to imitate
birds with elaborate flying machines that never guite got off
the ground.

Sir George Cayley had a better idea. His glider had fixed
wings and a moveable tailplane, What it did not have was an
engine—nobody had yet figured out how to make one that was
light and powerful enough for aviation. Nonetheless, his ideas
led moare or less directly to the 1903

Wright Flyer, to the fighter planes
of World War 11, and to the
massive airliners of today.

To understand how
an airplane works, you
need to learn about sev-
eral different concepts:
the forces that affect an
airplane, what airfoils
are and how they work,
the control surfaces a
pilot can use, and the
types of engines that
give an airplane power.

In 1488, Leonardo da Vinei came up with @
plan for an “omithopter” a winged flying
machine like an oversized bird, though he
never actually built one.
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Forces That
Affect Airplanes
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Gravity makes anything that has :i-__ —

weight—even a feather—ifall 1o THRUST DRAG

Earth. 50 how can we get a 400-0n  Four forces of flight

airplane like a Boeing 747 into the air ‘
‘and keep it there? By matching two

'\ natural forces with two forces that are man-made.

The natural forces are gravity and drag. Toss a ball into
‘the air, and you will see gravity in action. Thanks to this down-
~ward-acting force, the ball quickly falls to the ground. Drag, on
the other hand, is a backward-acting force. It is the resistance
you feel when vou pedal a bicycle into a strong headwind.
Alrplane designers offset these natural forces with two forces
of their own: lift and thrust. These forces work together to

pull an airplane forward and to keep it off the ground.

Lift is the upward-acting force; it is created by the way
lane wings are designed. Rather than slip easily past the

WEIGHT

Althaugh aviation
includes all

sorts of manned
aircraft, we

will mostly focus
on airplanas in

this pamphlet.
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ill notice two things. First, TRAILING EDGE

the bottom surface of the
Wing is more or less flat,
‘While the upper surface
‘urves upward. Second,
Ahe wing is attached at a
 slight angle instead of

- being level with the
Bround. Together, these
Wo characteristics pro-
Huce lift, They also make
the wing an airfeil, which
15 a shaped structure that
Provides lift when air is
f0rced across its surface,
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If you have ever
stuck your hand
out the window
of a moving car,
you have created
a simple airfoil.
Angle your palm
upward and the
wind lifts your
hand. Flatten your
hand out and the
lift decreases.
Just think: If your
hands were hig
enough (and your
arms strong
enoughl, you could

make your car fly.

The wings are not the
only airfoils on an air-
plane—so are propeller
blades. They work by
creating greater air
prassure on one side
of their surfaces than
on the other. As the
blades cut through
the air, they pull the
plane along because
the pressure behind
them is greater than
the pressure in front.

In the 18th century, a Swiss scientist named Daniel
Bernoulli discovered something about how all fluids {liquid or
gas) work that is vital to flying a heavier-than-air machine, He
found that a fluid's pressure decreases at points where its speed
increases, For example, if you direct a stream of air into a pipe
that is smaller in diameter in some places than in others, the
pressure will be lowest and the speed fastest in the most con-
fined section of the pipe.

You can see Bernoulli's principle in action at your
kitchen sink. Hold a teaspoon upside down and direct a
_stream of water at the back side of the bowl. You might
_expect the water to push the spoon down forcefully, but
it actually hugs the bowl’s contours, reducing the pres-
sure on the bowl. Flip the spoon over, and you will get
a completely different effect.

As an airfoil moves through the atmosphere, air must go
faster to get over the curved top than to go under the flatter
bottom. According to Bernoulli's principle, therefore, the air
pressure is lower above the wing than under it; that creates lift.

The angle at which the wing is attached also creates lift.

You have probably heard of Isaac Newton's third law of motion—

for every action there is an equal and opposite reaction. When
air hits the bottom of the wing, it is diverted down toward the
ground. The reaction to that action is that the wing is pushed
up toward the sky.

Airfoils in Action

' The angle at which a wing is attached

iz called the angle of incidence. As

swe have discussed, that angle creates

lift, but it also produces greater drag,

_ ‘as you can see in the accompanying
{llustrations.

As a pilot flies the plane, he
-moves the entire aircraft and changes
‘the angle at which the wings meet
‘the air to maneuver the plane upward
“or downward. This angle is called the
- angle of attack. The greater this
angle—up to a certain point—the
“more lift and drag there will be.

: When the angle of attack reaches
.'ﬂbﬂL'lt 16 to 20 degrees, the air cannot
smoothly over the wing's upper

face. This extreme angle makes the
churn behmd the wmg as it tries to

increase in prmure on the upper wing
‘surface, This immediately reduces lift
‘and increases drag, and the wing is
8aid to "stall.” When this occurs, the
plane does not have enough thrust or
to hold it up. The plane can go out
‘of control until the pilot reduces the
gle of attack.

: Lift and drag are also affected by
- several other factors such as the size

~ of the wing, the shape of the airfoil,
the speed of the airplane, and the
density of the air itself. Let’s examine
the density of the air.
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How airfoils work
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Effacts of altitude, temperature, and humidity

Air: The Pilot's Element

has weight and substance, so it tends to resist anything
sing through it. We have seen how an airfoil lifts a plane by
nging the air pressure (or weight) around it. But the air is
nstantly changing. Sometimes it is quite dense and heavy;
other times (and always at high altitudes) it is thin and light.
pts must understand how and why the air changes so that
know what to expect.

Density Changes

Three things affect the density of the air: altitude, temperature,
and humidity. As the illustration shows, these factors can dras-
tically change how an airplane functions, including how long
'@ run it must take before getting aloft.

Our atmosphere extends hundreds of miles out from Earth.
farther from Earth you go, the less atmospheric pressure
ere is. Al sea level, the atmosphere exerts about 20 tons of
essure on your body. (Fortunately, your body exerts an equal
ce on the atmosphere, keeping you from being crushed.)

hen your altitude reaches 18,000 feet, atmospheric pressure
s by half.

The second factor that affects air density is temperature.
en air is heated, it expands and thus has less density, That
5 a pilot needs a longer runway to take off on a hot day
on a cool day.

The final factor is humidity—the amount of water vapor
the air. You might think that humid air would be more dense
dry air, but the reverse is actually true. Water vapor weighs
than perfectly dry air, so the air is denser on dry days than
hen the humidity is high,

To sum up the effects of temperature and humidity, we
I say that a pilot will have to make a much longer run to
e off on a warm, humid day than on a cool, dry day because
e dir will be less dense. If the airport is high above sea level,

e takeoff will be harder still because the density of the air

. These three factors—altitude, temperature, and humidity—
dre interrelated. Changes in temperature will change the humid-
i and changes in altitude will affect both. Changes in pressure
i temperature are largely responsible for the weather condi-
Ms—winds, storms, snow, and ice—that a pilot encounters

N the ground and aloft.

An airplane that
requires 1,000
feet of runway to
take off at a sea-
level airport will
need almost 2,000
feet at Danvar
International
Airport, which

is a mile above

sea level.



Building an Airfoil
When airplane designers create wings, they must
consider two key factors:

1. The lift and drag acting on a wing are related to the
size of the wing. That is, if two wings have the same
shape but one is twice as large as the other, the big-
ger one will have twice the lift and twice the drag.

2. As the upper curve, or camber, of a wing is increased
{up to a certain point), the lift produced by the wing
increases. This is because the air must travel farther
and faster around a large curve, thus reducing air
pressure above the wing.

In many modern jet aircraft, the wings are rather short

and stubby, and they may be quite thin. The speed of

these jets is so great that a small airfoil can provide suf-
ficient lift. Also, the small wings reduce drag. The space
shuttle has delta wings, which are triangular and sweep
back at a sharp angle from the fuselage. Some military
airplanes also use this type of wing.

AILEROM

ELE¥ATOR.

Control Surfaces

Earlier we saw how a pilot can maneuver the entire airplane

10 change the angle of attack and increase or decrease lift. By

manipulating the plane’s control surfaces, the pilot can do

Wen more, including steering, climbing, and descending.

* Control surfaces are sections of five airfoils—the right and

Ieft wings, the two smaller areas on the tail called the horizon-
stabilizer, and the vertical stabilizer, or fin. When the pilot
es these surfaces, the flow of air changes, affecting the

's altitude and direction.
" G .
s
CONTROL WHEEL
[AILEROMS AND
ELEVATORS)

e control surfaces on the
'l;‘:-"'-- >7 (PROPELLER)
EUDDER FEDALS ’
[ELUDRER)

gs are called ailerons,
control surfaces on the
] ontal stabilizer are
dlled elevators, and the
bantrol surface on the
ertical stabilizer is called
rudder.

The pilot can control the
propeller and control surfaces
¥ using the control wheel,
Mrottle, and rudder pedals.
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MORMAL LIFT LOWERING THE AILERON RAISING THE AILERON
INCEEASES LIFT AND PECEEASES LIFT AW
RAISES THE WING. LOWERES THE WING.
T YO
The Control Wheel
Whan the The control wheel (also called the stick or yoke) can be moved

in all directions. As it is moved, it changes the positions of the
ailerons and elevators. When the wheel is rotated to the right,
the left aileron goes down and the right one goes up. The plane
rolls to the right, because these movements of the ailerons
change the curvature of the wings® surfaces. Just the opposite
happens when the pilot rotates the wheel to the left,

airplane’s wings
are not leval, it is
in & bank. Banking
is how the pilot

turns the airplane.

THE ACTION OF THE ELEVATORS MOVES
THE PLAME OM ITS LATERAL AXIS.

T e ey

HORRMAL LIFT LOWEEING THE ELEYATOR
FORCES THE TAIL UF AMD

THE NOSE DEOFS.

EAISING THE ELEVATOR
FORCES THE TAIL DOWHN,
ANDTHE MOSE RISES.

If the pilot pushes the control wheel forward, the elevators
“move downward. This increases the lift provided by the hori-
‘zontal tail assembly, forcing the tail up and the nose down.

'[f the pilot pulls back on the wheel, the elevators turn upward,
‘decreasing the tail assembly’s lift. This forces the tail down

“and the nose up.
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MOVING THE EUDGER:
10 THE LEFT FORCES
* THE TAIL 0 THE EIGHT.

MCOVING THE FUDDER
T THE RIGHT FORCES
THE TAIL TO THE LEFT.

The rudder helps keep the plane flying
aight by controlling what is called yaw,
ide-to-side motion of the plane’s
Rudder pedals in the cockpit
ect to the rudder. If the pilot
resses the right rudder pedal, the

se moves to the right. Pressing
e left rudder pedal causes the
36 10 move to the left.

The throttle, which adjusts

B ENgine's power, 1s an important
0T in maneuvering. For example,
Jou would not climb just by pulling

ack on the wheel to lower the plane’s
| and raise the nose. Doing so would
apidly increase drag and cause the wing to
e considerable lift. What yvou would actually
is pull back on the wheel and, at the same time,
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Takeoff

Maneuvering the Plane

Now, let’s look at how pilots use a plane's control surfaces to
handle several basic maneuvers.

Takeoff (given an airplane with a tricycle landing gear).
The elevators are neutral, ailerons level, and rudder centerad.
Use the rudder to steer the airplane down the runway. When
flying speed is reached, pull back on the wheel to lift the nose.
(The term pilots use is rotate.)

Straight climb. Control what is called the pitch attitude [the
relationship between the nose position and a level attitude) with
the elevators, On a typical airplane, the nose will be from & 1o
10 degrees above level for a normal climb.

Level turn. Turns are made by the ailerons and rudder working
together. During a level turn, you must pull back some on the
control wheel to maintain the airplane’s altitude. To make a level
turn to the left, tum the wheel to the left and press the left rudder
pedal. The left aileron goes up, the right one goes down, and
the rudder goes to the left. This forces the plane into a coordi-
nated banking left turn in level flight.

§':Bnn turn

Banlted tum. In a banked turn, the airplane lift is banked as well.
_ ' Thus, the lift does not directly oppose the airplane’s weight as
it does when the wings are level. You must then raise the nose
of the airplane (which increases the wing’s angle of attack) to
increase the lift. This will cause the aircraft to climb around the
turn; stop pulling on the control wheel when rolling out of the
turn, or the airplane will start to climb.

After establishing the desired degree of the bank, return the
- tontrols to neutral position. The plane will then continue to turn
- tntil you move the controls in the opposite direction of the turn
o return the plane to straight and level flight.

~ Climbing tum. To climb, pull back on the wheel, forcing the
‘plane’s tail down and the nose up. So, to make a climbing turn,
tombine this movement with those of turning. For a climbing
eft turn, ease the control wheel back and to the left and press
the left rudder pedal. At that point, the left aileron will be up
(helping to lower the wing), the right aileron down (helping
10 raise the wing), the rudder to the left, and the elevators up.

- Newtralize the ailerons and rudder when you reach the desired
“angle of bank.




Landing

Descending tumn. The position of the control surfaces for a
descending turn is the same as for any other turn, except that
you move the wheel forward slightly to lower the nose in rela-
tion to level and reduce the power unless you want to build
up speed.

Straight descent. To descend on a straight course, make all
control surfaces level except for the elevators, These are down
slightly, which means the plane’s tail is up and the nose down.

Landing. As the plane nears the ground, reduce power and pull
back on the control wheel to slow the airplane. When the wheels

are just above the ground, move the control wheel back, further

decreasing the speed. The plane lands on the two main wheels.

The Science of Flight

Also located on the airplane’s wings are flaps, slats,
and spoilers. Manipulating these devices allows the
pilot to increase or decrease the lift and drag by chang-
ing the shape of the wing. They are employed during
takeoff and landing to help stabilize the aircraft’s speed
and direction,

Sources of Power

. Without an engine, an airplane would be nothing but a glider.
In fact, many aviation pioneers—including the Wright broth-
ers—mastered glider flight before they began experimenting
with engines. The goal was to build an engine with the right
power-to-weight ratio. In other words, the engine had to be
~ bhoth powerful enough and light enough to make flight possible,
The Wright brothers used a piston engine they built them-
selves. The piston engine, which works much like the engine
* in your family's car, remained the primary source of airplane
power for four decades. Soon after World War 11, however, jet
engines arrived, and within a few years they were powering
most airliners and military aircraft. But there is still a place for
the piston engine in aviation, particularly in small airplanes.
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a piston engine develops power




The Piston Engine

in a piston engine (or reciprocating internal-combustion
engine), a piston compresses a mixture of gasoline and air.
When an electric spark ignites this compressed mixture, the
resulting gases expand very rapidly and force the piston to

move away from the end of the cylinder in which it is enclosed.

This motion is transferred to a connecting rod, which then
transmits a rotary motion to a crankshaft, The rotating crank-
shaft turns the propeller and also forces the piston back to the
top of the cylinder.

An exhaust valve at the top or head of the cylinder opens
to let out the burned gases. It then closes, and another valve—
the intake valve—opens to let in a fresh mixture of air and gas-
oline. These valves are operated by a system of gears and cams
s0 that they open and close at the correct time.

Each complete movement of a piston in one direction is a
stroke. The whole series of actions between the admission of
gasoline and air and the exhaust of the burned gases is called
a cycle. The main aircraft engines use a four-stroke cycle, so

Most light
airplanes have
four- or six-

cylinder engines.

called because there are four strokes of the piston in each cycle.

The crankshait makes two complete revolutions for each four-
stroke cycle.

Each eylinder in an engine fires once for
every two revolutions of the crankshaft.
The power strokes in the various
cylinders are timed to keep the
crankshaft turning smoothly.
The propeller converts the
power of the engine into

the thrust that pulls an
airplane rapidly through
the air.

This illustration shows how large the
engine of a commercial airplane can be.

~ Jet Propulsion

. A simple experiment with a balloon demonsirates how jet
engines work. Blow up the balloon and pinch the neck to keep
in the air. Then, let the balloon go and watch it shoot across

* the room. The air inside the balloon is pushing in all directions
 to get out, but it can escape only through the open neck. The
 air at the opposite end of the balloon can’t escape quickly, and
jts push against the front is what makes the balloon shoot for-
“ward. When all the air has escaped through the neck, there is

" po more jet propulsion, and the balloon falls in a rubbery heap.
_ The scientific principle behind this jet action is Newton’s
:' law of motion, which was discussed earlier in this chapter.
In our experiment with the balloon, the force of the air rushing
' from the neck creates an opposite, equal force that pushes the

' balloon forward. Of course, in a real jet or rocket engine, the
thrust has to continue for a lot longer if our plane or rocket is

Engines

Jet engines and rockets both operate on Newton's law, creating

' a thrust that pushes the craft through the air or into outer space.
- The difference between them is that jet engines require air, while

kets do not; rockets carry their own oxygen.

; In jets. a stream of air and burning gases flows through
‘the engine and is ejected at a speed much greater than when it
entered. Most jet engines use rotating compressors and turbines

10 compress the gases and operate the moving parts. When the

es are compressed by scooping air from the atmosphere

- without compressors or turbines, the engine is called a ramjet.

k. There are five kinds of jet engines: turbojet, turbofan,

~ turboprop, ramjet, and scramjet.

- Turbojet. In a turbojet engine, the air comes in through an
' inlet and is compressed by the rotating blades of a compressor.
It is then heated to tremendous temperatures by being mixed

ith the fuel (kerosene) in a combustion chamber.
The expanding gases travel through a rotating turbine
Land out the tail, ereating a giant thrust. The turbine turns
‘the compressor, which is usually mounted on the same shaft.

e turbine does not contribute to the engine's thrust.



Scramijet. Scramjet stands for "supersonic combustion ramjet,”
This engine operates by introducing a mixture of fuel and air to
fly at supersonic speeds (in excess of Mach 5). By capturing air
into specially designed engine inlets, then compressing the air
and combining it with the fuel in a supersonic combustor, the
gcramjet is able to achieve supersonic speeds. Today, there are
many test vehicles demonstrating hypersonic flight—at speeds
higher than Mach 5—using the scramjet engine.

Cutaway of an F-22 turbofan engine

Turbefan. Turbofan engines are similar to turbojets except that y
they have larger rotating blades enclosed in a metal cowling. And Rockets were used as
in the turbofan, a separate portion of the compressor provides an
air stream that bypasses the combustion chamber. The turbofan
engine has greater thrust for its weight than the trbojet.

f war by the Chinese at
2ast a thousand years
Turboprop. This is a variation of the turbojet. Some of the o RE
shaft power of the turbojet engine is used to turn a propeller, ment of rockets did not
just like those on piston-driven aircraft. Turboprops get most of
their thrust from the propellers, but they also are propelled by 3
the exhaust gases. This added thrust is especially important at
high altitudes and high speeds.

of the 20th century.

. The rocket engine
sed in space flights
ause it carries its own
gen, but rockets can
o be used in the atmo-
phere. In fact, the first
lane to fly faster than
the speed of sound—

the X-1—was rocket-
owered. Today, rockets
important mainly as
propulsion for spacecraft
reaching into space.

~ [If you want to learn
more about rockets and
Aumankind's future in
Outer space, considering
earning the Space Explo-

The turboprop engine is particularly useful in commercial aviation because
the propeller gives a large thrust for takeoff. It can also be reversed easily
and quickly for landings at slower speeds than regular jet aircraft.

Ramjet. The ramjet engine is the simplest power plant ever
devised. The compressor and turbine are eliminated altogether,
and it has no moving parts. The air inlet on a ramjet is designed
g0 that the plane's forward speed alone compresses the air. It
goes into a combustion chamber where it is mixed with fuel.
The expanding gases go directly out the tail, creating a
tremendous thrust. A

&
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Ramjets have one shortcoming: They cannot power the aircraft by them-
selves. Usually, a rocket or some other device sends the ramjet on its way.
Ramjets can be designed to operate from slightly over Mach 1 {the speed
of sound, about 761 mph at sea level) to Mach 4 or 5.




eir senses to tell them how high they were and whether they
e climbing or descending. This style of flying was pretty
sy because early airplanes had open cockpits and flew both
w and slow. However, as planes got faster and pilots started
g at night, they found they could not always trust their
nses. S0 airplane builders began adding instruments to indi-
te the plane’s altitude, its heading, and whether it was climb-
g or descending, turning or flying straight, in level flight
banking.

Modern airplanes have instruments and radios to tell the
pilot evervthing about the aircraft’s position and condition.
ith them, the pilot hardly has to look out the windshield to
the plane. That is not to say that pilots do not look outside,
ever. In clear skies, they rely on both their instruments and
Bir eyes to determine the plane's position. When flying in
clouds, however, they must rely solely on instruments.

0IL PRESSURE AND TEMPERATURE GALGE COMFASS

HEADING INDICATOR YEETICAL SPEED INDICATOR

| ALTIMETER TACHOMETER

' TURK AND BANE INDICATOR

AIRSFEEDR INDICATOR
ATTITUDE IMDICATOR




The seven flight instruments mentioned in requirement 2§—
the attitude indicator, heading indicator, altimeter, airspeed indj-
cator, turn and bank indicator, vertical speed indicator, and com-
pass—tell the pilot about the plane’s altitude, speed, direction,
attitude, and rate of climb or descent. The navigation,/comumuni-
cation radios (navcoms), discussed more in the next chapter,
permit the pilot to guide the aircraft directly and safely to its
destination in both clear and cloudy conditions. The last three
instruments—tachometer, oil pressure gauge, and oil tempera-
ture gauge—tell a pilot how the engine is operating.

Let's look at the flight instruments first,

Attitude Indicator

The attitude indicator or “artificial horizon”
lets the pilot get an immediate picture of
the airplane’s attitude, which is its position
relative to Earth’s horizon.

Attached to a gyroscope is a face with a
contrasting horizon line on it. This line rep-
resents Earth's actual horizon. A miniature
airplane on the housing moves with respect
to this artificial horizon, just like the real
plane mowves with respect to the real horizon.
The attitude indicator shows both bank (roll)
attitude, which is the relationship between
the wings and the horizon, and pitch attitude,
which is the relationship between the nose
and the horizon.

Heading Indicator

The heading indicator can take different
forms but is basically a gyroscope that
shows the plane's heading. The simplest
heading indicators have to be set to match
the magnetic compass. Others have their
own compass, to which they are “slaved”
[connected to and directed by the instru-
ment), allowing the setting to be main-
tained automatically.

As discussed

Altimeter
The altimeter tells the pilot how high the aircraft is flying. To
steer clear of mountains, buildings, and such obstructions as
television towers, the pilot must know the altitude at all times.
Charts and air traffic rules indicate the minimum heights pilots
mist maintain. There are also specific altitudes to fly based on
the direction of flight, which reduces the risk of collisions when
pilots are flying by visual flight rules in good weather. During
times of reduced visibility, pilots are assigned altitudes by air
traffic control.

The altimeter is simply a barometer
that measures the air pressure and con-
Verts that measurement into altitude.
Altitude references are generally above
52a level, so the pilot has to know the
height ahove sea level of the terrain or
obstructions to be sure the plane is at a
8afe altitude. The altimeter has a knob
for adjusting the instrument to take into
dccount changes in barometric pressure
dt different points of the flight as reported
By weather stations.

earfier, atmospheric
pressure gets
lower as altitude

increases.




Airspeed Indicator

The airspeed indicator is the airplane
equivalent of a car’s speedometer, telling
the pilot how fast the plane is traveling
through the air. Like the altimeter, the air-
speed indicator works by measuring air
pressure, but the altimeler measures the
plane’s impact on the air (ram air pres
sure]. In other words, the airspeed indica
tor registers the velocity of air molecules
striking a sensor as the airplane moves
through the air. This is translated into speed
in knots, or nautical miles per hour, the
standard unit of velocity used in aviation.

Compass

As a Scout, you are familiar with the mag
netic compass and probably have used one
many times. The compass used in aircraft
is not much different, although flight poses
special problems in reading a compass.
You may know that the magnetic pole is
not at the North Pole, or the exact top of
Earth. Instead, it is around 800 miles
away, which leads to variations in deter-
mining true headings. Second, Earth is not
uniformly magnetized; in some areas, the
compass may vary many degrees from mag-
netic north. Finally, the metal and electrical
equipment within an aircraft can throw off
the compass. A pilot must consider varia-
ton and deviation, as well as wind, when
determining what compass reading will get
the airplane to its destination.
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* lsing only our human senses.

Turn and Bank Indicator

The turn and bank indicator is two instru-
ments in one. It tells the pilot when the
plane is turning and how well the turn is
being executed—whether there is too much
ot too little bank for the rate of turn. The
pilot may also check for balance and coor-
dination in straight and level flight. The
turn needle always deflects in the direc-
tion of the turn and indicates the rate at
which the aircraft is turning about its
vertical (vaw) axis.

Most modern airplanes have a variation of
this instrument called a turn coordinator. It looks a
little like an attitude indicator but gives information
only about turn, not about pitch attitude. The ball part of the
turn indicator is simply an agate or steel ball that moves freely
inside a curved, sealed glass tube filled with liquid. The lowest
point of the glass tube is in the middle of the instrument. In

NO PITCH
IMFORMA TR

straight and level flight, gravity keeps the ball there, centered

between two lines.

In a turn, if the aircraft is neither slipping nor skidding,
the ball will be kept centered by centrifugal force, If the aircrait
were in a slip (the tail sagging into the turn), the ball would fall
k0 the low side of the instrument. In a skid (the tail swinging
Wide outside the turn), the ball would be to the high side.

Vertical Speed Indicator

In addition to knowing the airspeed, the
pilot must know how rapidly the aircraft
is climbing or descending. The vertical
speed indicator, or V51, registers how [ast
the barometric pressure is changing and
converts this information to a speed mea-
sured in hundreds of feet per minute. This
instrument is important because it is diffi-
Eult to judge rates of climb or descent

WERTICAL
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In addition to the flight instruments,
the tachometer, the oil pressure gauge,
and the temperature gauges also tell the
Bilot how the plane’s engine is performing.




Tachometer

You may have seen a tachometer on the
dashboard of a car. lis purpose is to tell
the driver exactly how fast the engine is
running. In an airplane with a piston
engine and a fixed-pitch propeller, the
tachometer has two main purposes: to
show whether the propeller is turning at
the recommended speed for a particular
maneuver and to indicate whether the

the airplane’s designer might have deter-
mined that the best cruising speed for the
engine is 2,300 revolutions per minute
{rpm), so the pilot would set the throttle
accordingly while cruising. The designer
would also have recommended certain
rpm settings for climbing and descending.

The tachometer also tells the pilot something about
the engine’s condition. Suppose a pilot is preparing for
flight and finds that, with the throttle open all the way.,
the tachometer reads only 1,800 rpm when it should
read 2,400.That is a good indication something is
wrong with the engine.

Oil Pressure Gauge

An airplane’s oil pressure gauge does
the same thing as the oil pressure gauge
in a car. It shows the pilot the pressure
of the oil in the engine, which reveals a
great deal about the health of the engine.
Dropping il pressure is a sure-sign of
engine trouble.

\
Qil pressure

engine is operating normally. For example,

Temperature

\

Temperature Gauges

The temperature gauges are another indi-
cator of the engine’s health. They mea-
sure the temperature of oil and the cylin-
der heads and show whether the engine is
running well, too warm, or too cold. The
instruments are generally marked with a
green area and a red line. If the needle is
“in the green,” that is good. If it passes
the red line, there is a problem because
that line marks the maximum allowable
gperaling temperature,




Communication

Virtually all airplanes are equipped with radios, so a pilot is
never out of range of advice and help. Good radio communica-
| tion is vital to safe flying. The Federal Aviation Administration
© maintains control towers at airports and flight service stations
| throughout the country to provide dependable communications
for pilots. These communications can take the form of clear-
ances to take off, to land, or to fly under instrument flight
rules (where air traffic controllers keep all aircraft separate).

Pilots can also get the latest weather information while
aloft. To do this efficiently, a standard method of communicat-
ing has evolved. For example, if you were in the control tower
at Redbird Airport, you might hear this exchange.

 Pilot: Redbird tower, this is Cessna three-niner-two-one-bravo, 10 miles
- waest, inbound for landing. Over.

E
|

| Tower: Cessna three-niner-two-one-bravo, Redbird tower. Report a left
!.  base, runway three-six. Wind three-four-zero degrees at one-five.
| Altimeter two-niner-niner-five.

Pilot: Left base, runway three-six. Cessna three-niner-two-one-bravo.

_' re is what that exchange would look like in plain English.

Pilot: Redbird tower, this is Cessna 3921B. I'm 10 miles west of the air
port and am coming in for a landing.

~ Tower: Cessna 3921B, this is Redbird tower. Approach from the left
 base section of the designated initial approach area and land on run-
way 36. The wind is coming from 340 degrees at 15 knots. The baro-
metric pressure is 29.95,

Pilot: OK. I'll do what you instructed and land on runway 36.



When you compare these two versions, you will notice
that the first version is about half as long as the second. It alsg
includes some unfamiliar words and pronunciations.

Pilots use shorthand phrases that both they and the tower
understand. They also use the International Civil Aviation
Organization's phonetic alphabet, which is shown in the chart
on the next page. This alphabet helps reduce misunderstand-
ings. because difficult words can be spelled out with it or pro
nounced in a special way that is easy to understand.

Numbers are straightforward, but there are some special
pronunciations. For example, nine is pronounced “ny-ner”
because it is easily confused with five. Also, altitudes above
10,000 feet are referred to by their digits (such as “one-three

thousand” for 13,000). However, when at or above 18,000 feet,

altitudes become flight levels. For example, 22,000 feet is flight
level 220 (pronounced “two-two-zero").

At or above flight level 180, all airplanes must fly under positive (manda-
tory) air traffic control and are separated vertically by at least 1,000 feet.
Above flight level 290, they are separated by 1,000 feet because altimetry
does not work as well at higher altitudes,

Alpha J  Juliet R Romeo

- Bravo K Kilo (Key-loh) S Sierra

~ Charlie L Lima (Lee-mah) T Tango

~ Delta M Mike U Uniform
Echo N November V. Mictor
Foxtrot O Oscar W Whiskey
Golf P Papa X Xeray
Hotel Q Quebec Y  Yankee
India {Keh-beck) Z 5 Fla

~ommon Aviation Terms

| There are a few words and phrases that are not part of the phonetic
_aiphabet that also help in radio communication. Here are some of the
‘commaon ones and what they mean.

- Acknowledge—Let me know that you have received and understood
this message. .

Correction—An error has been made in this transmission. The correct

/Brsion is . . .
'E«er-l‘m‘l'ﬁ-r transmission is ended, and | expect a response from you.
E l'f_ﬂut—This conversation is ended, and | don't expect a response. -
‘Boger—| have received all of your last transmission.

‘Read back—Repeat all of this message back to me exactly as received
after | have said, “"Over”

Awviation jargon might seem strange at first, but few words are actually
used. English is the official language of aviation the world over, and it has
seen said that pilots who speak other languages have to learn anly about
00 English words to operate in any air traffic control system.



Ailr Navigation

Air navigation is simply the way a pilot gets an airplane

from where it is to its destination with a minimum of difficulry.

Using charts, instruments, and preparation, the pilot is able 1o
map a course 0 that he knows at all times where the plane is,
what direction it should go, and how long the trip will take,

There are four standard methods of navigation.
* Pilotage—by reference to charts and visible landmarks

* Dead (deduced) reckoning—by figuring direction and
distance from a known position

* Radio navigation—by use of ground-based radio aids

= Satellite navigation—by use of the global position-
ing system

Aeronautical Charts

A chart is what most people would call a map. There ave four
types of charts of greatest interest to private pilots.

Local aeronautical chart. The
scale is 4 statute miles per inch.
{A statute mile is 5,280 feet.)

Sectional aeronautical charts.
Scale is 8 statute miles per inch.

World aeronautical chart. Scale
is 16 statute miles per inch.

Aeronautical planning chart.
Scale is 80 statute miles

| inch.
I per

ional Charts

'_['he sectional aeronautical charts are most widely used by private
pilots. There are 37 such charts for the 48 contiguous states:
additional sectionals cover Alaska and Hawaii. For requirement
' 2¢, you must obtain a chart and learn how to read it,

should be able to find the sectional ‘aeronautical chart for your area
our local airport. You can also obtain copies by writing to the National
anic and Atmospheric Administration. See the resources section at

e end of this pamphlet.

Reading an aeronautical chart is almost like reading a
Metailed highway map. In fact, they look like road maps, except
| that aeronautical charts have special symbaols to show such
W things as airports, radio navigation aids, latitude and longitude,
| iﬂlnd magnetic variation. Each chart includes a detailed explana-
W tion of the symbols used; your counselor can also help you
derstand what you see,




this part of the chart in explaining how a pilot would map a course for a short flight
between two cities in Indiana.

Measuring Direction

Before vou can plot a course, you should review some basic
facts of geography. As vou know, the equator is an imaginary
line running around the middle of Earth exactly halfway
between the North and South Poles;

its value is zero degrees. Other
imaginary east-west lines that

circle Earth are called lines ‘
0y

of latitude, or parallels.
This country's 48 contig-
uous states lie roughly
between 25 degrees and
49 degrees north latitude
(that is, north of

the equator).

~ Lines of longitude, or meridians, are imaginary lines that
run from the North Pole to the South Pole at right angles to
the equator. The meridian passing through Greenwich, England,
5 called the prime meridian and has a value of zero degrees,

west up to 180 degrees. North America lies between about
and 125 degrees west longitude.

Approximate measures are not very helpful, however,
when you consider that the distance between two degrees of
latitude is roughly 69 miles. So each degree is subdivided into

vest longitude. You can't see the latitude in the illustration,
however, because it does not include the edge of the chart
‘where the latitude appears.

e True Course

Let's suppose that we are at Indianapolis International Airport

[IND on the chart), and we want to fly directly to Crawfordsville

‘Airport (CFJ), which is 33 nautical miles to the northwest. IND,

- ds we said, is at 39 degrees 43 minutes north latitude, 86 degrees

17 minutes west longitude, while CFJ is at 39 degrees 58 min-

Utes north latitude and 86 degrees 55 minutes west longitude.

~ To determine the direction to Crawfordsville Airport, we

* draw a line on the chart from IND to CFJ. At a meridian line

- mear the first third of our flight, we measure the angle between
our course and the meridian, using a plotter. This angle is

298 degrees, and we call it the true course because it measures

a direction with reference to true north. True course for our

Teturn trip would be 118 degrees, or the reciprocal of 298 degrees

(298 degrees minus 180 degrees).



Map of magnetic variation of the United States

Magnetic Variation

You might think that all we have to do is take off from
Indianapolis International and steer a course of 298 degrees
to Crawfordsville Airport. But it is not quite that easy, because
we have other factors to consider,

The first is magnetic variation. As we discussed in the
chapter on instruments {and as you may have learned from
waork on the Orienteering merit badge), compass needles point
Lo magnetic north, not to the geographical North Pole, which
is about 800 miles away. In the United States, true north and
magnetic north coincide on a line running roughly through
Wisconsin, lllinois, Kentucky, Tennessee, and Alabama, This is
called the agonic line (see the chart of the United States show-
ing magnetic variation across the country). Unless you are on
the agonic line, you must compensate for the difference between
true and magnetic north, which can be more than 20 degrees.

Because Earth is not uniformly magnetized, in some places,
a compass needle will vary many degrees from magnetic north
because of variation in Earth’s magnetism. The U.S. Coast and
Geodetic Survey has carefully measured this variation at all
parts of the country. On aeronautical charts, the amount and
direction of variation is shown by broken red lines called
isogonic lines,

Mear Indianapolis, the magnetic variation is approximately
2 degrees west, which means we need to add 2 degrees to our
course. If the variation were to the east—as it would be in most
af Iinois—we would subtract that value. [An easy way to
remember whether to add or subtract is the rhyme “East is
least, west is best.”)

S0, allowing for magnetic variation, our course from IND
to CFJ would be 300 degrees. On the return trip, we would add
2 degrees to our true course of 118 degrees for a magnetic
gourse of 120 degrees.

Compass deviation card

Compass Deviation
Magnetic variation is just one factor we must consider.
The airplane’s compass is surrounded by thousands of
Pounds of metal and electrical parts, which can deflect the
fompass from a normal reading, something called deviation.
The deviation is different for each airplane and even varies for
the same airplane on different headings.




Technicians can r.:aiculatn closely just how much

the deviation will be for any airplane. In every aircraft,
you will find ndwla‘tim can:l mounted ‘near the com-
pass that tsils us how to correct the magnetlc course
for deviation,

Remember, the magnetic heading from Indianapolis
International (IND) to Crawfordsville Airport (CFJ) is 300
degrees. Our deviation card tells us that for a magnetic course
of 300 degrees, we should steer a course of 303 degrees. In
other words the compass deviation in our airplane at this
course is 3 degrees higher than the magnetic course,

We can now proceed to steer at 303 degrees, confident
that we will soon see the Crawfordsville Airport, And we
would—provided that there was no wind.

Wind Drift

For requirement 21, you learned that your airspeed indicator
shows how fast you are passing through the air, not over the
ground. If you are flying into a 25-knot headwind, vou are
actually traveling over the ground at 25 knots less than your
airspeed. On the other hand, if you have a 25-knot tailwind,
you are traveling over the ground 25 knots faster than

your airspeed.

However, if the air mass is moving across your path, then
your plane will drift with the wind. As a pilot, you must know
how to correct your course for this drift, which you do by using
your own speed and the speed and direction of the wind to
make a wind triangle. When the course is corrected for wind,
it is called a heading. That is what you fly on the compass to
reach your destination.

Now let’s draw a wind triangle using our calculations for
a planned flight from IND to CFJ.

HOT TO SCALE

N

e INDIAHAPOLIS
: NTL AIRFORT
MAKING A 35 MDY
WIND TRIANGLE : / e
; CRAWFORDSVILLE <l

Suppose a preflight (CFJ) x /
weather briefing reports iz s
that a 15-knot wind is = & / DIRECTION
blowing steadily from 340 degrees. & AND
Remember, if the wind is coming from 8] o YELOCITY

340 degrees, it is going toward 160 degrees
[the reciprocal]. i E

Step 1—0n a clean sheet of paper make a north-
sauth (N-5) dotted line. Place a dot halfway down
that line and identify it as IND. We have already
determined that CJF is 33 nautical miles (nm) from
IND and that our true course is 298 degrees.

Step 2— Using a protractor, measure our 33 nm true course of
238 degrees based on our N-5 line (A-B). Because our plane’s

dirspeed is 100 knots (nautical miles per heur), make A-B 100

units long. Place a dot 33 units from the N-3 line and identify

it as CJF.

Step 3—With the protractor centered on the dot representing

IND, draw a line at 160 degrees clockwise from north, indicat-

ing the effects of the wind from 340 degrees to 160 degrees.

Since it is a 15-knot wind, show its velocity by making that line d
15 units long on our ruler; place an arrowhead [ =] at the end

of that line and identify it as C.

Step 4—The plane’s cruising speed is 100 knots, so measure
100 upits on the ruler to represent the airspeed, making a dot
On the ruler at that point. Place the ruler so that the end is on
the armowhead and the 100-mile dot on the ruler crosses the

Ire course line (label that point P). Draw the line and label it

for our 100-knot dm:p:—:ed At the end of an hour, our position
should be at point P



Because weather
constantly
changes, we
must check our
calculations
during the flight
bvy radio or
reference points
on the ground

to determine if the
wind has changed
in its direction

and/or speed.

Step 5—We can find our ground speed by measuring the num-
ber of units on the ruler from Indianapolis International Airport
to point P, which is 88 knots,

Step 6—What we really want to know, however, is what our
heading should be to offset wind drift on a flight from IND 1o
CFI. We can find that from our wind triangle by placing the
reference line of the protractor along the north-south line with
its center point at the intersection of the airspeed line (D). We
find that the airspeed line extends out at 304 degrees, our true
heading. To calculate the compass heading, which is what we
will actually fly, we must also consider the effects of magnetic
variation and compass deviation,

Step 7—After we obtain this true heading, we can apply the
corrections for magnetic variation and for compass deviation to
obtain a compass heading, as we discussed earlier. This will
enable us to fly directly to CFJ. We have already found that
magnetic variation in the Indianapolis area is 2 degrees west,
s0 we add 2 degrees to our true heading and find a magnetic
heading of 306 degrees,

Step 8—The deviation card near our compass tells us to add 3
degrees 1o a magnetic reading of 300 degrees, so we add that to
our magnetic heading and get 309 degrees. That is our compass
heading from IND. It should take us directly over CFJ,

DIIRRS
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ding, but it can be awkward. Mot surprisingly, pilots have tools to
e the job easier. : ;

iz wheel" the EGB has been around for generations. One side is a cir

Ik slide rule marked for performing flight calculations. The other side—

& “wind"” side—has a transparent sheet of plastic over a grid. In effect,
‘draw your wind triangle on the clear plastic of the mrnpuu:.r instead
on a piece of paper. Grid lines and other markings on the computer let
simply read off angles and speeds without having to measure them
@ protractor and ruler.
Learning to use an EGB takes practice but is a mark of a knowledge-
& aviator. Electronic flight computers similar to handheld calculators
re available and work quite well, but the well-prepared pilot knows how
use the old EGB, too. This instrument is vital to an pilot's knowledge
ecause it gives a mental image of the relationships of performance and

inds—something electronic units cannot do.
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With VOR, the
pilot need not

be concerned
with magnetic
variation, compass
deviation, or wind
drift. Keep the
needle centered;

radio does the rest

Radio Navigation: VOR Highways

The Federal Aviation Administration oversees radio aids to
navigation through its Federal Airways System. The chief
ground-based aid is called very high frequency, omnidirectional
radio range (“VHF omni range” or “VOR™). From VOR stations
throughout the country, VHF radio sig-
nals are transmitted in all directions, or
omnidirectional. Any aircraft equipped
with a VOR receiver can receive these
signals if it is within range. Depending
on the VOR station's power and the air-
craft's altitude, range can be more than
100 miles. Information on distance may
also be available if both the ground sta-
tion and aircraft are equipped with dis-
lance measuring equipment.

Assume that you are a pilot and
warnt to use VOR as a simple navigation

ering your destination, find the location
and radio frequency of a nearby VOR
station, and tune to that station. Be sure you have the correct
station—Ilisten to the identification, which will be sent either
in Morse code or by voice,

Turn the omni bearing selector (a knob at the edge of the
VOR receiver's face] until the vertical needle centers at the bot
tom of the round dial. Glance at the “to/from” indicator; be
sure the bearing is “to” the VOR. Now, just fly a course that
keeps the vertical needle centered. If it moves right, fly right
to correct your course. If it moves left, fly left. Keep the needle
centered and you will fly directly over the VOR station. At that
point, the “to/from” needle will flicker for a few seconds and
then change to a “from™ reading. To continue past the station
in the same direction, keep the needle centered on “from.”

When using VOR, remember that the needle indication
shows your relationship to an imaginary line on the ground.
When a correction is needed, try about a 15-degree correction
toward the deflection of the needle. Then, when the needle
returns to the center, subtract 10 degrees of that correction and
maintain that heading to see if it will keep the needle centered.

guide. Look at the aeronautical chart cov-

GPS: Steering by Satellite

¥ou may have used a global positioning system, or GPS,
receiver on a Scout hike. GPS uses a series of geostationary
satellites [satellites that remain over a fixed point on the
edrth) to precizely indicate your position in terms of latitude
and longitude,

GPS is quickly becoming the primary means of navigation.
It offers similar guidance to VOR/DME but can also accurately
determine altitude. Because the GPS receiver knows VOUr pres-
BNt position and your past position, it gives a very accurate
Bround speed readout as well as a readout of your track over
the ground.

Eventually, the GPS system will replace the instrument

ing system, which for vears has been used for guidance
10 runways when the ceiling and visibility are very low.
It probably will also replace the entire VOR system,



All of these
cerificates require
an individual to
write the English
language, pass
written and oral
examinations, and
be in good health.
{Keeping yourself
physically strong
and mentally
awake can come
in handy hera.)
Lastly, you must
be at least

16 years old to

fly solo and at
least 17 to carry

PassSENgers.

Entering the Cockpit

Now that you understand how airplanes work, you may be
eager to get in the cockpit and start flying. Of course, not just
anyone is allowed to fly an airplane; you must earn a pilot’s
license first, just as you must earn a driver's license before you
can drive a car. The good news is that earning a pilot’s certifi-
cate is not as hard as you might think,

The U.5. government's Code of Federal Regulations (Title
14] details five levels of pilot certificates, ranging from student
pilot to air transport pilot (the certificate held by airline cap-
tains). To help you complete requirement 1e, we will briefly
examine two of the certificates—recreational pilot and private
pilot—along with the instrument pilot rating,

Recreational Pilot Certificate

of all the certificates and ratings, the recreational pilot certificate
is the easiest to obtain. It requires 30 hours of flight instruction
{three hours of which must be sclo flight time). The main privi-
leges afforded the recreational pilot are that the pilot may carry
one passenger (in a single-engine land-based airplane with up to
four seats and 180 horsepower) and may share expenses with
that passenger. The recreational pilot may fly in good visibility
at altitudes of up to 10,000 feet above sea level or up to 2,000
feet above ground level, whichever is greater, and may travel

as far as 50 nautical miles from the home airport. The recre-
ational pilot may earn additional privileges.

Private Pilot Certificate

At one time considered to be the primary pilot's license, the
privaie pilot certificate is still greatly desired. Its requirements
are more demanding than those for the recreational pilot certifi-
cate, and its privileges are greater. This certificate requires a
minimuem of 40 hours of flight instruction (of which 10 hours
must be solo), including cross-country experience (trips of more
than 50 nautical miles), night flight, instrument flight, and radio
communications. A private pilot certificate permits the pilot to
carry more than one passenger, to fly higher than 10,000 feet
above sea level, to go farther than 50 nautical miles, to fly at
night and into airspace controlled by air traffic control, and

to share expenses with passengers. i

Instrument Rating
With additional instruction, the private
pilot can add ratings to a certificate—
Upgrades that allow privileges like flying
miultiengine aircraft or seaplanes. One rat-
Ing many private pilots work to earn as
Quickly as possible is the instrument rating,
Which allows them to fly at times when
Mstrument flight rules are in effect. With-
Dut the instrument rating, a pilot can fly
m:"? when visibility is good and visual
trules are in effect. Of course, it is
SOmetimes necessary to fly when clouds
ﬂh_'scure the sky. The instrument rating per-
Mits a pilot to fly under these conditions.

The recreational
pilot certificate
has some important
restrictions. Most
importantly, the
pilat can fly only
during daylight
hours and in
airspace where
he does not need
to communicate

with air traffic

control.




Taking Flight

You have learned the basic principles of flight and something
about how to fly an airplane. You also know a little about what
it takes to become a pilot. Perhaps you have never actually flown.
Mow is a good time to try if that is possible. Learning by doing
is the Scouting way, and you cannot experience the thrills of
flight while sitting on the ground.

You may be lucky enough to fly with your parent on a
business trip or perhaps take a flying vacation with your family.
Or, you may be able to take an orientation flight at an airport
near your home—with your
parent’s permission, of
course. If you are able to
take an actual flight in an
dirliner or a small airplane,
be sure to note the date,
time, place, and how long
the flight lasted—much as
pilots log every flight they
make. Be sure to make
notes of your experience

0 you can tell vour coun-
selor about it




Planning an Airplane Trip

Requirement 2e asks you to plan an imaginary airplane trip to
at least three different locations. Here is your chance to dream
a little. You could see the twinkling night lights of New York,
London, or Paris; soar over the Alps or the Rockies; or look
down on the Mediterranean Sea. You might stop for a day of
sightseeing in Chicago or spend a couple of days in Tokyo.
Perhaps you would rather spend a long weekend in Tahiti.
When vou have decided where you would like to go, the

next thing to do is plan your route and schedule. You do this by

using airline timetables, which you can get at a travel agency,
any commercial airport, the offices of airlines in big cities, on
the Internet (with your parent's permission), and at many large
hotels. If you live far from a big city, your best bet for help in
planning an air cruise might be a local travel agency.

Using a computer, a travel agent can help vou plan your
route and schedule, check to see whether seats are available
on the flights you want to take, and "finalize” your reservation
You can also do the same thing yourself via the Internet, either
on an airline’s Web site or on sites that handle reservations for
multiple airlines.

You can reach almost any part of the world on regularly
scheduled flights. All large cities and many smaller ones are
linked by the major airlines, with the large cities often referred
to as hubs. Increasingly, other cities and larger towns are
peing linked to major hub airports by smaller airlines
that use turboprop or smaller jet airplanes called
commuters. Their routes are called spokes,
thus the term hub and spoke system.

For certain flights between major cities,
spme airlines do not require reservations. These
shuttle runs guarantee anyone who wants to fly
between these cities can do so just by coming to
the airport on time. If more than one airplane is
needed 1o handle the number of passengers who
appear, the airline puts another plane into service.

Requirement

2e asks you to
complete a flight
planlfnr your
Filing a Flight Plan

If you are a pilot, preparing for a trip is more complicated
than Just buying a ticket. You must plan every detail of the
_ﬂigh,l. from what time you will leave to how much fuel the
lourney will take,
Pilots flying under instrument flight rules are required

law to file an aviation flight plan—and can be fined up
10 $1,000 if they do not. But it is a smart idea to file a flight
Blan even when visual flight rules are in force.

imaginary airplane
trip. You can

use the sample
form provided

as a model,



FLIGHT PLAN |

{name of srpoet

12. Fusd On Boand

13, Allmrrate

Hours

= Adrpeei(s)
Minutes

16, Coke ol Aircraf

| I

1':| Eslinfaied Tima En Route 11. Anmarks
B B -

1. Types 2 Aircrai 3. Arcra® Type ! 4. T 5. Daparium #. Depariure Time (£] 7. Grgising
ickantiticats i [
e alion Sipecial Equipmant Airspeed Fint Proposed Aciual Mty
IFA
CWFR
KTE
. Fioute of Flight
9. Dastinaiion

14 P'lbt’lhhfne Address, and Takephons Mumbar and Home Bags

17. Dustinalion CortactTalaphans (Cptional)

CVIL AFRCHAFT PILDTS, FAR D1 requings woul fike an IFR TEgh pla

15, Humbaer
Aboard

perats under rsiument gk rules in coniroled airspacs. Faibes W fils could reol
In @ i penalty nol i esceed £1,000 for each wolaton [Seoton N ol e Fedaml Aviation At of 1850, as smendsd). Fiing of o WA ight plan is
recommended as a pood opamling practice. See ako Pan 99 for requitamants conoeming CWER fight plars.

CLOSE VFR FLIGHT PLAN WITH

FSS5 ON ARRIVAL




Preparing to Fly

4 lot of preflight planning goes into every flight. The pilot must
learn about the weather and the expected wind at the proposed
cruising altitude, The pilot first determines whether everything
18 OK for the flight, and then conducts a preflight inspection of
the airplane to make sure it is airworthy.

Follow along on a typical preilight inspection of a popular
four-seat airplane. The pilot first visually checks the aircraft

Beneral condition during a walk-around inspection. In cold

Weather, the pilot does this by removing even the smallest
Atcumulations of frost, ice, or snow from the wings, tail, and
tontrol surfaces. The pilot then makes sure that the control
Surfaces contain no internal accumulations of ice or debris.
Ifit iz night flight, the pilot checks the operation of all lights

Makes sure a working flashlight (with extra batteries) is
on board,



Here is a typical preflight checklist.

13

Cabin
a. Remave the control wheel lock.
b. Make sure the ignition switch is in the OFF position,

¢, Turn on the master switch and check fuel quantity
indicators, then turn off the master switch.

Warning: When turning on the master
switch, do not allow anyone to stand
within the arc of the propeller, since a
loose or broken wire or other malfunc-

tion could cause the propeller to rotate.

d. Check the fuel selector valve handle on both tanks.
e, Check baggage door for security.

d.

a.
b,
E,

=5

d,

b.

_ Exterior, starting at the tail of the airplane

Remove the rudder gust lock, if installed.
Disconnect the tail tie-down.

Check control surfaces for freedom of movement
and security.

. Right wing {trailing edge)

Check the aileron for freedom of movement and security.

. Right wing ({leading edge)

Disconnect the wing tie-down.
Check the main wheel tire for proper inflation.

Visually check the fuel quantity and that the fuel filler
cap is secure.

Before the first flight of the day and after each refueling,
drain all fuel strainers, including the fuel line quick-drain
valve, Drain at least a cupful of fuel (using a sampler
cup), checking for water, sediment, and proper fuel
grade. [f contaminated, take further samples until clear,
then gently rock the wings to move any additional
contaminants to the sampling points. Take repeated
samplings from all drain points until all contamination
has been removed.

. Nose

Check the oil level. Do not operate a plane with the oil
level below the recommended level. For extended flights,
fill the oil to the maximum level.

Check the propeller and spinner for nicks and security.
Check the landing lights for condition and cleanliness.

Check the carburetor air filter for restrictions by dust or
other foreign matter.

Check the nose wheel strut and tire for proper inflation.

- Left wing (leading edge)

Disconnect the tie-down rope.

Inspect the flight instrument static source opening on the
side of the fuselage for stoppage (left side only).



=

Check the main wheel tire for proper inflation.

: y on the Ground
in the Air

going to take a flight:

d. Visually check the fuel quantity and that the fuel filler
cap is secure.

e. Inspect the fuel strainer; repeat as with right wing.

f. Remove the pitot tube cover, if installed, and check the
tube opening for stoppage. (The pitot tube measures air
pressure and works with the air speed indicator.)

all instructions of the pilot

-

en your seat belt securely
takeoffs and landings and

1 instructed to do so. Itis a
d idea to keep your seat
fastened whenever the air
ne is moving—in the air or
ground.

g. Check the fuel tank vent opening for stoppage.
h. Check the stall warning for stoppage.
7. Left wing (trailing edge)
a. Check the aileron for freedom of movement and security,

After the pilot completes a preflight check and boards the
airplane, the checking continues. There is a checklist for every
phase of flight, and the pilot uses this list to make sure every-
thing is properly set before moving on to the next flying task.

re walking around aircraft
ars:

well away from propellers
helicopter tail rotors, even
are not turning.

| warning signs.
irport visitor: ;
off the flying field.

control tower unless
being conducted by

ber that we live in an era of heightened

v concerns. At major airport or radar facilities,

t to pass through tight checkpoints where you
eed to empty your pockets.

ilk on an active tarmac; the noise may
ou from another danger you can't see.




Aviation Facilities

Every year, roughly 87,000 airplanes
take off and land in the United States,
Al any given moment, about 5,000
planes are in the air. Yet, the number
af aviation accidents {and near misses)
is 50 small that every plane crash is a
Major News event.

How are so many aircraft able to
operate so frequently vet remain safe
and worry free? The answer lies in the
air traffic control system, which guar-
antees trouble-free skies. This system
includes airports and other facilities
that may be unfamiliar to you.

e 1920s, the first attempts to control the airspace
the United States were made in establishing air-
routes, The organizations created back then were
gcessors to the Federal Aviation Administration,
controls the skies today.

One of the earliest methods of navigation assistance for
pilots was the lighting of fires at night. The first air traffic con-
trol used maps, chalkboards, and mental caleulations to keep
Planes separated in the air. We have come a long way since

I in providing accurate and reliable assistance for private,
Commercial, and military pilots.

irements 4a and 4b encourage you to visit an air
and one of several types of FAA facilities. Before
[, it right be wise to learn a little about each.



The Airport

Visiting an airport should be fairly easy, because there is
probably one not many miles from your home. Perhaps it is
just a large, open, grassy field with a barnlike hangar for stor-
ing a few airplanes, or perhaps it is a giant complex near the
center of a major city. In either case, a visit will give you a
taste of aviation,

If possible, visit an airport that has an air traffic control
tower. If you can visit the tower, you will be able to see the
airways system at work as controllers guide traffic on the
aerial highways.

are assigned identifiers consisting of three
nbers, or a combination of both. Although
ntifiers sometimes seem random, they are
awn from the airport's name or city. Here are
ples: Los Angeles International Airport is
tsfield-Jackson Atlanta International Airport is
 John F Kennedy International Airport is JFK.

Civil {commercial] airports are
generally built by cities, often with
aid from state and federal govern-
ments, 1o serve civilian aviation
and sometimes military traffic as
well. They are usually close to the
city or town they serve. Their loca-
tion may depend in part on where
builders can find a reasonably level
tract of land that is large enough to
permit operations free of obstruc-
tions and prevailing smoke, fog,
or sirong winds.

Airport Runways
ﬁfﬂ 131‘39 airport (and some small ones), the runways have hard
F“l'fﬂDES of concrete or asphalt. Open areas are grass-covered to
Hhtwm erosion and to control dust. While light airplanes some-
185 use the turf area for landings and takeoffs, airliners and
mﬂf large planes need paved runways and taxi strips,
ﬁlrpurt runways are designed, whenever possible, to allow
takeoffs and landings into the prevailing wind. All runways are
mbﬂed according to the compass heading indicated when
lJ on the centerline of that runway, $0 a runway pointing
3’0 degrees would be runway 30.



Runway numbers
are pronounced
one numeral at a
time, so runway 21
is pronounced
“two-one,” not
“twenty-one.”
Runway 30 is
pronounced
“three-zero,”

not “thirty.”

If you landed on the same runway going in the opposite

direction, the compass heading would be 210 degrees (the recip-

rocal of 30 degrees). However, when a compass heading is three
digits, you drop the last zero, referring to runway 21 instead of
runway 210.

The runway in use (active) is determined by the wind
direction; it is better to fly into the wind. Some of the biggest
airports have two or more parallel runways that can be used
simultaneously. An airport with two runway 455 would desig-
nate them runway 45L (for left) and runway 45R (for right).

Other Airport Facilities

In addition to runways and a control towet, every large com-
mercial airport has an administration building with passenger
waiting rooms, restrooms, ticket counters, baggage areas, and
offices for dispatchers, airline officials, and the airport manage-
ment. The administration and airline terminal buildings may
include restaurants, newsstands, rest and eating quarters for
air crews or transient (visiting) private pilots, and other ser-
vices, There will probably be taxi stands, bus stops, and rental
car companies, allowing travelers to get from the airport to
other destinations.

Al large airports, each airline may have its own terminal
facilities and a hangar or two for its airplanes, Fuel trucks and
line crews are available. If the airport is served by an airline,
there will be complete firefighting and rescue equipment. Other
buildings will house equipment for maintaining the field.

o

The Control Tower

As its name suggests, a control tower is an elevated structure
from which airport controllers operate. The people in the con-
trol tower have four primary responsibilities. They must

» Ensure aircraft are a safe
distance apart and in the
proper sequence when
flying through the airport
traffic area or in the
traffic pattern,

® Manage arrivals and
departures.
# Control ground move-

ments of aircraft and
ground vehicles.

* Provide clearances and
local weather and airport
information to pilots.

Terminal Radar Control Facility

More commonly known as approach/departure, the airport-
based radar control facility provides separation for aircraft fly-
ing within 40 miles of the primary airport in the area. It may
also be responsible for aircraft in that area-up to 17,000 feet
Above the ground. The actual unit may or may not be located
in the control tower or even on the airport site.

you visit a terminal radar control facility, expect

ar a darkened room lit only by the glow of radar
Controllers skillfully observe and maneuver
lips” that appear on their screens; each blip repre-
 aircraft. If you have ever played a computer or
me, you have some idea of the intense nature
esponsibility. Of course, there is absolutely no



Air Route Traffic Control Center

Away from the airspace of a control tower, a pilot may receive
assistance from an air route traffic control center, more commonly
referred to as the “center.” A controller’s duties are chiefly oriented
toward aircraft flying by instruments (instrument flight rules, or
IFR] but, as the workload permits, a controller also assists
those flying visually,

In addition to keeping aircraft a safe distance from one
another, controllers monitor aircrafts” progress over their routes,
advise pilots concerning hazardous weather, and sequence traf-
fic into destination airports. Looking much like the approach/
departure facility, air route traffic control centers may be respon-
sible for much larger areas, some extending hundreds of miles
from their building.

Flight Service Station

Providing weather and information services for all pilots is
the primary responsibility of the flight service station. The F5§
will also

* Accept and close flight plans.

* Conduct preflight weather briefings.

* Communicate with VFR pilots en route,
+ Help pilots in distress.

& Provide weather information.

* Monitor air navigation radio aids.

& Publicize notices to airmen, which update pilots on changes
to aeronautical facilities, services, or procedures or notify
them of hazards.

= Work with search-and-rescue groups in locating
missing aircraft.

Of all the FAA facilities mentioned in this section, the flight
service station may be the most difficult to visit. The reason for
this is the FAA's conversion to 61 automated flight service sta-
tions. However, you may be able to find one within a short
drive of your hometown.

Flight Standards District Office

The Flight Standards District Office (FSDO, pronounced “fiz-doh™)
is 4 field office of the FAA serving the aviation industry and
general public on matters relating to certifying and operating
airline and general aviation aircraft. Each office serves an
assjgﬂed geographical area and oversees operations for safety,
certification of flight crews and aircraft, accident prevention,
investigation, and enforcement.

2 facilities mentioned welcome visitors, and you can find their
numbers in your phone book. Look up the airport’s name or look
facilities under “United States Government, Department of
yrtation” Be sure to call ahead to make an appointment; don't

ﬁh drop by unannounced. Airports, and especially control towers,
places, and the working personnel will not be able to drop every-
‘give you a guided tour without advance notice and permission.
mber that you are a guest in a most important part of the air

! ol systemn. The people there are responsible for the lives and
.;ﬁf thousands of individuals and billions of dollars in property.



Flying Without Leaving
the Ground

Nothing quite equals the thrill of flying, but you can still enjoy
aviation without leaving the ground. Computer simulators and
model airplanes offer fun, inexpensive alternatives to taking an
actual flight.

Flight Simulators

You may already have access to a flight simulator program for
4 personal computer. The equipment most likely includes a joy-
Stick or yoke control and may even have rudder pedals. If you
thoose option 24, you will need to plot a course over an area
Contained in the program menu and obtain an aeronautical
SECtional chart for that region.



From the airplanes available in the menu, choose one
that you want to fly. This exercise should not be viewed as
entertainment, competition, or combat. The purpose of this
requirement is to let you experience some sense of what it is
like to pilot an airplane from takeoff to landing, to fly a heading
that you calculated during the preflight stage, and to monitor
your progress as you pass ground and radio checkpoints.

Select a dab&rﬁ.}rﬁ point and a destination point that
‘will allow for a flight of no more than an hour. Arrange
to baunintermptod l:#urinﬁ your tlrﬂs at the controls,
and be aware of what you are thinking and feeling as

you pel:fann tha'ﬂ%gty. When you complete the flight,
write down your experiences and share your observa-
ﬁuns with your mentbadga munualor

Model Airplanes

A great way 1o learn about air-
planes and the principles of fly-
ing is to build model planes.
Model airplanes are not toys.
They hold an important place
in the history of flight and were
actually the first heavier-than-
air machines to fly. Engineers
still use models today as they
develop new airplane designs
and test them in wind tunnels.
You will find model building
fun, and you will learn much
about the science of flight.
There are two basic kinds
of model airplanes—nonflying
display models and flying mod-
els. Display models are miniature copies of full-size airplanes,
precise in scale and exact in detail. You can buy plastic kits
for these models at hobby and toy stores. Some beginner's kits
include all the materials necessary, including glue, paint, and
decals of the plane’s markings. You will just need to furnish
4 sharp knife and a paintbrush.

Model Airplanes That Fly

The simplest kind of flying model is a glider. However, if you
choose to make a flying model for requirement 3a, it must be

a powered rise-off-ground model—it must have a landing gear
and be able to start from the ground or floor and fly, The power
source might be liquid fuel or a battery pack. You may use a kit
or design your own.

Some flying models are rather simple. Many are made
almost entirely out of balsa wood. In some of the more realistic
maodels, a balsa framework for the fuselage (body), wings, and
il surfaces is covered with a good grade of tissue paper or
-_ﬂ_ﬂllweight cloth. This covering is stretched tight and water-
broofed with two or three coats of dope.

Experienced model-makers usually use gasoline engines
10 power their airplanes. Often they will build gas-powered
models that they can control from the ground by working the

'S control surfaces, either by means of a control line or
 1adio control,




In many kits,
maodern “heat-
shrink” plastics
have replaced the
traditional tissue
and dope covering
the airframe.
Check with a
hobby shop or
model club to help
you in selecting
the type of kit you
will build and fly.

Three general categories of powered flying models are
available, These are free-flight, line-controlled, and radio-
controlled model airplanes.

Free-Flight Models. s the term suggests, free-flight models
are designed to be released with the engine running and to
coast on oversized wings when the engine stops. Resembling
sailplanes or gliders, these may stay aloft for an hour or maore.

Control-Line Models. Also known as U-control models, con-
trol-line models are flown by two wires attached through one
wing of the aircraft. These wires work the elevators on the hori-
zontal stabilizer, controlling the altitude of the flight. The opera-
tor rotates inside a small circle, maneuvering the airplane up,
down, or in loops.

Radio-Controlled Models. Many advanced model airplane
builders install radios in their airplanes so the planes can be
controlled in flight from the ground. A tiny receiver is buill into
the model, and signals are sent to it from a transmitter. These
signals are used to puide the model's control surfaces, allowing
the pilot to make the model dive and climb, turn, and cruise.

There are three basic types of power plants for flying models:
rubber-powered, fuel-powered engines, and battery-powered
electric Motors.

Engines for fuel-powered model planes are internal com-
bustion engines that burn either an alcohol/oil mixture or gaso-
line. Most of them are two-cvele engines that draw fuel into the
combustion chamber, fire, and expel exhaust by the up-and-
down movement of the piston in the cylinder.

The simplest type is called the glow-plug engine. It is
fired by a glowing filament heated by a battery. Once the
engine starts, the heat of combustion keeps the glow plug hot.
This engine uses a mixture of methanol, nitromethane, and oil
as fuel.

The other commen type of model engine is a simple
diesel engine that burns an ether mixture and is fired on com-
pression alome. The average flight time for a gasoline-poweread
engine is 10 to 15 minutes; although larger fuel tanks provide
longer operation.

The battery-powered electric motors have an advantage;
they can be switched on or off, thus providing maximum power
instantaneously. Their disadvantages are a comparable lack of
speed and shorter flight time.

ng requirement 3a, practice-build several of
pler rubbgr-paﬁi‘éred airplanes, Become familiar
h common canstruction problems. Then, building a
el with an engine will be less complicated.
& . ;

B
L

) Keep these tips in mind when building
your model airplane.

- * Be careful when using sharp tools
 such as razor blades and knives.

"I'Ing fumes from airplane cement and air-

'materials and taols away from small children.

Be sure you
follow the safety
precautions
provided by the
manufacturer
for the fuel—or

battery—operatad

model you build.




Flying Models in Competition

After vou have built and flown several models, you may want
to compete with other model flyers. In many communities,
model clubs, hobby shops, civic organizations, and other groups
sponsor meets. Some flying meets are held indoors in gymnasi-
ums, armories, or other large halls.

There are events for gas- and rubber-powered free-flight
models, gliders of various types, free-flight rocket-powered
models, control-line models, and radio-controlled models of
various kinds. These often involve “combat,” during which
the flyers’ line-controlled, gas-engine models try to cut with
their propellers streamers trailing from other models. Models
are sometimes judged for workmanship as well as for flight.

~ National rules for model contests are established by the Academy of
Model Aeronautics. This nonprofit organization’s mission is to promote
development of model aviation as a recognized sport and worthwhile rec-
reation activity. See the resources section at the end of this pamphlet for
contact information.

Models Safely

‘model aircraft requires a high level of skill and responsibility.
lanes can weigh up to 100 pounds and reach speeds faster than

ph. Therefore, safety must never be compromised.
‘commaonsense rule of safety when flying model planes: Stay
ieir way. Even a light, balsa-wood model powered by a rubber
ht injure you if it hit you.

Academy of Model Aeronautics publishes the National Model
Safety Code for use by AMA members and at AMA-sanctioned
but it applies just as well to any model aircraft enthusiast. You can
a copy of the code [AMA document 105) by contacting the AMA
the AMA Web site,

The Model FPG-9

An easy way to learn about how planes work is to build a y

model FPG-9. This simple design was devised by Jack Reynolds, In requirement 3b,
a volunteer with the Mational Model Aviation Museum. The
glider is made using a standard-size foam plate,

you are asked to
build an FPG-9
and compete with
other Scouts in
tests of precision
flight and landing.



This FPG-3 pattern must be enlarged 150 percent to be full size. You can also print
out the pattern from the AMA's education Web site at hitp:/Ywww. buildandfly.com.

SCISS0FR SUTS (A)

Tl

WIDTH OF SLOT IS
DETERMIMER B
THICKNESS OF
FOMh PLATE.

BLISSOR SLITS (8)

FPG-9 Pattern by Jack Reynolds

a4 AVIATION

Making an FPG-3
Follow these steps to make your FPG-9.

step 1—Photocopy the pattern provided (it will have to be
enlarged 130 percent] and cut it out with scissors, Don't cut
along the dotted line, just along the bold lines.

Step 2— Plice the paper pattern in the center of the foam plate,
making sure that the tail of the pattern stays on the plate’s flat
bottom, inside the curved portion. Don't worry if the tab at the
0P of the pattern is on the curved portion. The wingtips should
Spill over the curved edge of the plate.

AVIATION

g5



The FPG-9 uses
“glavons” to
contral both pitch
and roll. In &
conventional
airplane, elevators
control pitch

and ailerons

L : ; i _ control roll.
Step 3—Trace around the pattern with the ink pen. Mark the Step 6—To attach the tail to the wing, slide slot 1 into slot 2.
scissor slots A and B, Making sure the tail is perpendicular to the wings, use two T pme——
Step 4—Cut out the foam template by following the pen lines simall pieces of tape (about 2 inches long) to secure the
you just drev bottom of the tail to the bottom of the wing.

Step 5—Cut along the dotted line to separate the tail from the St8p 7—Glue the penny near the front of the plane where indi-
wings. For ease, make all of your cuts from the outside of the ﬁ.oﬂ the pattern. Fold the square tab back over the penny;
plate toward the center of the plate. Don't try to turn the scis- it down to secure the coin.

sors to make sharp corners. Cut the two slots only as wide as
the thickness of the foam plate; otherwise the pieces will not
fit together snugly.



asting Your FPG-9

Jow that you have built your FPG-9, you can test the effect
of various modifications. See what happens when one elevon
is up and the other is down. Make both elevons neutral (even
with the wing) and move the rudder [the flap on the tail] to
the left. What happens? Figure out how to make the glider fly
to the right.

Once you are an FPG-9 ace, challenge other members of
your troop or patrol to make their own gliders. Then, have a
gompetition to test your gliders. To judge precision flight, hang
a plastic hoop about 20 feet from the starting line and try to fly
;‘nur gliders through it. To judge precision landing, lay the hoop
on the ground and try to land your gliders within its circle. Give
fﬁ:h participant a set number of tries and number of points per
successful try, then total each person’s score.

Step 8—Bend the elevons (the ilaps on the back edges of —
the wings) upward. This will provide for a flatter glide path.

Step 9—Your FPG-9 is ready to fly. Gently toss the plane
directly in front of you. Onee it ilies reasonably straight and
glides well, try throwing it hard with the nose of the glider
pointed 30 degrees above the horizon. The glider should make
a hig loop and have enough speed to glide 20 to 25 feet after
completing the loop.

FPG-% design courtesy of Jack Reynolds.



Careers in Aviation

Aviation offers a nearly unlimited variety of career opportuni-
ties—many of which do not directly involve airplanes. Experts
in the field estimate that for every person who flies an aircraft,
there are 600 others who fill aviation-related positions. The
Federal Aviation Administration has established seven catego-

1ies of aviation employment,
%:;:Pﬂnts and flight engineers
# Flight attendants

» Airline nonflying careers
* Aircraft manufacturing

* Maintenance/avionics

® Airport careers

* Government careers

MNearly all workers in the aero-
space industry must be highly
skilled. Those involved in the
Mmanufacture, flying, and main-
tenance of aircraft and spacecraft are especially well-trained.
The quality of study and work that might give vou just a pass-
ing grade will not be good enough for a position in aviation.

ansider whether you want to enter the aviation
yourself about your skills and interests. Are
anically or scientifically minded? Do you work
wyour hands? Do you work well with people?
the necessary abilities, there may be an

ity for you in aviation—provided you are

‘fmrk hard to learn.

=

Distinguished Eagle Scout Steve Fossett became the first person to fly around the
world nonstop in a balloon. He launched the Spirit of Freedom on June 19, 2002,
in Northam, Australia, and retumned to Australia on July 2, 2002.



For more
information about
the resources
mentioned in this
section, see the
resources section
at the end of

this pamphlet.

If you are serious about a career in aviation, you should

begin planning for it when you enter high school because you

may need a background in such fields as mathematics and
physics. For many positions, college degrees are necessary,
again usually with emphasis on math and science. Depending
on the career you want to pursue, you may choose a college
that offers a specialized aviation program. In addition, many
comimercial pilots earn their wings as members of the 1.5,
armed forces. Your guidance counselor can help you learn
more about how to prepare for an aviation career.

The FAA offers several publications detailing aviation
career areas. For information, visit the FAA Web site, or write
to Superintendent of Documents, Retail Distribution Division,
Consigned Branch, 8610 Cherry Lane, Laurel, MD 20707,

For more information on aviation-related university studies,
contact the University Aviation Association.

This chart shows school subjects that must be mastered
for some of the many careers in aviation.
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