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How to Use This Pamphlet
The secretto successfully earning a merit badge is for you to
use both the pamphlet and the suggestions of your counselor.

Your counselor can be as important to you as a coach is to an
athlete. Use all of the resources your counselor can make y
available to you. This may be the best chance you will have 4
to learn about this particular subject. Make it count. ‘

If you or your counselor feels that any information in this
pamphletis incorrect, please let us know. Please state your
source of information.

Merit badge pamphlets are reprinted annually and requirements updated
regularly. Your suggestions for improvement are welcome.

Who Pays for This Pamphlet?

This merit badge pamphlet is one in a series of more than 100 covering all kinds
of hobby and career subjects. It is made available for you to buy as a service of the national
and local councils, Boy Scouts of America. The costs of the development, writing, and

editing of the merit badge pamphlets are paid for by the Boy Scouts of America in
order to bring you the best book at a reasonable price.

Send comments along with a brief statement about yourself to
Pilots and Program Development, 5272
Boy Scouts of America * 1325 West Walnut Hill Lane ¢ Irving, TX 75038
If you prefer, you may send your comments to merit.badge@Scouting.org.

“Enh.

BOY SCOUTS OF AMERICA
MERIT BADGE SERIES
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Requirements

1. Do the following:

a. Define “aircraft.” Describe some kinds and uses of air-
craft today. Explain the operation of piston, turboprop,
and jet engines.

b. Point out on a model airplane the forces that act on an
airplane in flight.

c. Explain how an airfoil generates lift, how the primary con-

trol surfaces (ailerons, elevators, and rudder) affect the
airplane’s attitude, and how a propeller produces thrust.
d. Demonstrate how the control surfaces of an airplane are
used for takeoff, straight climb, level turn, climbing turn,
descending turn, straight descent, and landing.
e. Explain the following: the sport pilot, the recreational
pilot, and the private pilot certificates; the
instrument rating.

. Do TWO of the following:

a. Take a flight in an aircraft, with your parent’s permission.

Record the date, place, type of aircraft, and duration of
flight, and report on your impressions of the flight.

b. Under supervision, perform a preflight inspection of a
light airplane.

¢. Obtain and learn how to read an aeronautical chart.
Measure a true course on the chart. Correct it for
magnetic variation, compass deviation, and wind drift
to determine a compass heading.
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~d. Using one of many flight simulator software packages

available for computers, “fly” the course and heading
you established in requirement 2c or another course

you have plotted.

Explain the purposes and functions of the various instru-
ments found in a typical single-engine aircraft: attitude
indicator, heading indicator, altimeter, airspeed indicator,
turn and bank indicator, vertical speed indicator, compass,
navigation (GPS and VOR) and communication radios,
tachometer, oil pressure gauge, and oil temperature gauge.

{. Create an original poster of an aircraft instrument panel.
Include and identify the instruments and radios discussed
in requirement 2e.

3. Do ONE of the following:
- a. Build and fly a fuel-driven or battery-powered electric

model airplane. Describe safety rules for building and
flying model airplanes. Tell safety rules for use of glue,
paint, dope, plastics, fuel, and battery pack.

b. Build a model FPG-9. Get others in your troop or patrol
to make their own model, then organize a competition to
test the precision of flight and landing of the models.







troduction to Aviation

! For most of history, people have dreamed of flying,
gining how it would feel to soar through the sky like an

e or hover in midair like a hummingbird, to float on

een currents, free of Earth's constant tug, able to travel

at distances and to rise above any obstacle.

day, through aviation, we can not only join the birds but
y farther, faster, and higher than they ever could. Today,

t routinely fly across the country, around the world, and

st 100 years or so that people have mastered flight.
's progress since then has been nearly as breathtaking
de in the latest Air Force jet.



made oul

t of cotton and paper.
aloft for 25 minutes a

nd traveled about S miles,

early aviators progressed to the
or sailplanes. In

 Cayley built the world's first real
across a small valley.
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* Personal-use and training airplanes of various types
Airplanes owned by corporations to transport personnel
Balloons for sport or for exploring the atmosphere

Sailplanes, amphibious aircraft, and seaplanes

Blimps used for advertisin
camera platforms

g in the sky and as television

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
you receive in the mail. Helicopters make possible the traffic
reports that identify trouble spots for commuters. Blimps pro-
vide bird’s-eye views of sporting events. Military jets protect
the skies above your home.

Other uses of aircraft may surprise you. 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.

- ion. Most uses of aircraft are more familiar, such

s the transportation of passengers. Aircraft make it possible for

ple to attend meetings in faraway cities and 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

wrict to the airport, greatly reducing travel time. In rural

s, small airplanes sometimes serve as taxis in areas not

ed by major airlines and airports.

ail and Packages. Small airplanes have been used to carry

il since aviation’s earliest days; the U.S. government started

service in 1918. Even today, winged carriers of mail and

lies may be the only regular face-to-face contact some peo-

n remote areas have with the outside world.

PO % g S Tl A, b
airplane is a key element in today’s high-demand business
wlln_nmavl::tgpminulimoﬁmumubhb

I important.

of the state is
casily accessible
only by air.
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One nautical
mile is equal to
6,076 feet.

e

The Mili i
tant :::l:]?a‘::'dm.“ raft are among the s, military’s most impor-
contlicts ‘;ro (;“f Power continues to play a decisive role in
bombs on si:l: fthe globe. But aircraft do more than drop
veillance, serve :r behind enemy lines. They also carry out sur-
cquipment. The .15 (o mpulances, and transport troops and
oher - The C-17 Globgln.zster Il can carry 170,900 pounds
80 and fly 2,800 nautical miles without refueling.

fll;:f:gf::eingﬁan‘d Publig Safety. The USDA Forest Service

}\nd‘o st re~. from all’pldlllL‘S as well as from lookout towers.
1 r_lce .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
pombers drop water or flame-retardant agents (which once
included borate salts) on fires from above.

indisp ble in fighting wildfires, dropping water on hot

Heli have t

spots to assist crews.
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Helicopters are the unsung heroes of many rescues .at sea
and in rugged mountain regions. In the emergency medncal
copters as air ambulances to quickly

field, paramedics use heli . )
ernsport severely injured people from accident sites to hospitals.

‘Enforcement. The airplane’s speed and maneuverability
aluable to many law enforcement agencies. Federal and
law enforcement agencies like the U.S. Department of
eland Security, narcotics inspectors, and game wardens
aircraft for patrol work, transporting officers, and

e. Crop-spraying airplanes have been a common
in the rural sky for many years. Today, helicopters are
used to spray crops because the “wash” from their rotors
to distribute the spray more widely, even blowing it up
‘underside of the crop’s leaves. oty
Airplanes haul perishable items to market and help
ers patrol fences, herd cattle, and bring feed to animals
lant pastures. Some farmers hire aviation companies for
services, but so much of the work is done by farmers
selves that they have formed an organization called the
3 al Flying Farmers.
Photography. Aerial photography has been
napmakers and newsmen since the first intrep;
leaned over the side of one of the early f



















Maneuvering the Plane

Now, let’s look at how pilots use ¥
a plane’s cont;
handle several basic maneuvers, - v

When maneuvering
a plane, the pilot
applies and
releases pressure
using the

controls, and the
plane responds
accordingly.









Scramjet, Scramijet stands for “supersonic combustion ramjet.”
This engine operates by introducing a mixture of fuel and air w
fly at supersonic speeds (in excess of Mach 5). By cgptunng air
into specially designed engine inlets, then compressing the air
and combining it with the fuel in a supersonic combustor, the
scramjet 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.

y of a JT8D turbofa i

Turbofan. Turbofan engines are similar to turbojets except that
they have larger rotating blades enclosed in a metal cowling. And
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 turbojet.

Turboprop. This is a variation of the turbojet. Some of the
shaft power of the turbojet engine is used to turn a propeller,
just like those on piston-driven aircraft. Turboprops get most of
their thrust from the propellers, but they also are propelled by
the exhaust gases. This added thrust is especially important at
high altitudes and high speeds.

Ramijet. 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
so 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.

mportant mainly as
propulsion for spacecraft
reaching into space.

~If you want to learn
more about rockets and
humankind’s future in
outer space, consider
earning the Space Explo-
ration merit badge.
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All About
Instrumentation

The first aviators flew by the seat of their pants, relying on
their senses to tell them how high they were and whether they
were climbing or descending. This style of flying was pretty
easy because early airplanes had open cockpits and flew both
low and slow. However, as planes got faster and pilots started
flying at night, they found they could not always trust their
senses. So airplane builders began adding instruments to indi-
cate the plane’s altitude, its heading, and whether it was climb-
ing or descending, turning or flying straight, in level flight

or banking,.

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

OlL PRESSURE AND TEMPERATURE GAUGE COMPASS
HEADING INDICATOR VERTICAL SPEED INDICATOR
/ ALTIVETER

AIRSPEED INDICATOR, TACHOMETER
3 R

AT NE INDYCATO / i
i .'\TTITJ[/t\I NDICATOR / / TURN AND BANK INDICATOR




The seven flight instruments mentioned in requirement

_2eﬂhe attitude indicator, heading indicator, altimeter airspeed One ragmsl: fo
indicator, turn and bank indicator, vertical speed indicator, and amagnetics
compass—tell the pilot about the plane’s altitude, speed, direc- accurately Whepfi

uon._aui}ude, and rate of climb or descent. The navigation/com-
mumcau?n radios (naveoms), discussed more in the next chap-
Fer, 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 tem-
perature gauge—tell a pilot how the engine is operating.

Let’s look at the flight instruments first.

the gyrgstope/maimtains anjfccurate and

Attitude Indicator

The attitude indicator or “artificial horizon™

e m—

lets the pilot get an immediate picture of
the airplane’s attitude, which is its position .
relative to Earth’s horizon. Baflpusgs

Attached to a gyroscope is a face with a Altimeter earlier, atmospheric
contrasting horizon line on it. This line rep- : . 1 - .
resents Earth’s actual horizon. This repre- The altimeter tells the pilot how high the aircraft is flying. To pressure gets
sentation of the horizon moves to show the steer clear of mountains, buildings, and such obstructions as lower as altitude

television towers, the pilot must know the altitude at all times. ]
Charts and air traffic rules indicate the minimum heights pilots ~ Increases.
must maintain. There are also specific altitudes to fly based on
the direction of flight, which reduces the risk of collisions when — ee——————
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

plane’s position with respect to the real hori-
zon. 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.

AVIATION

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.

that measures the air pressure and con-
verts that measurement into altitude.
Altitude references are generally above
sea level, so the pilot has to know the
height above sea level of the terrain or
obstructions to be sure the plane is at a
safe altitude. The altimeter has a knob
for adjusting the instrument to take into
account changes in barometric pressure

at different points of the flight as reported

by air traffic control.

AVIATION 35
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Airspeed Indicator

The. airspeed indicator is the airplane
equivalent of a car’s speedometer, telling
the pilot how fast the plane is traveling
tl}mugh the air. Like the altimeter, the
a!rspeed indicator works by measuring
air pressure, but the airspeed indicator
measures the plane’s impact on the air
(ram air pressure). In other words, the
airspeed indicator 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. This variation is known as
magnetic deviation. A pilot must consider
variation and deviation, as well as wind,
when determining what compass reading
will get the airplane to its destination.

e

——

Turmn and Bank Indicator

The turn and bank indicator is two instruments
in one. It tells the pilot when the plane is
turning and how well the turn is being exe-
cuted—whether there is too much or too
little bank for the rate of turn. The pilot
may also check for balance and coordina-
tion in straight and level flight. The turn
needle always deflects in the direction of
the turn and indicates the rate at which the
aircraft is turning about its
vertical (yaw) 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
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 aircraft
were in a slip (the tail sagging into the turn), the ball would fall
to the low side of the instrument. In a skid (the tail swinging
wide outside the turn), the ball would be to the high side.

D.C. ELEC
TURN COORDINATOR
e
)

2 MN

NO PITCH
INFORMATION

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 VSI, registers how fast
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-
cult to judge rates of climb or descent
using only our human senses

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

VERTICAL
SPEED
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TEMPERATURE

Tachometer Temperature Gauges

You may have seen a tachometer on the The temperature gauges are another indicator
dashboard of a car. Its purpose is to tell of the engine’s health. They measure the
the driver exactly how fast the engine is temperature of oil and the cylinder heads
running. In an airplane with a piston and show whether the engine is running
engine and a fixed-pitch propeller, the well, too warm, or too cold. The instru-
tachometer has two main purposes: to ¥ ments are generally marked with a green
show whether the propeller is turning at area and a red line. If the needle is “in
the recommended speed for a particular the green,” that is good. If it passes the
maneuver and to indicate whether the 7 red line, there is a problem because that
engine is operating normally. For example, line marks the maximum allowable

the airplane’s designer might have deter- | operating temperature.
mined that the best cruise power setting
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 recom-
mended certain rpm settings for climbing
and descending.

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.

|
The tachometer also tells the pilot something about ;
|

Oil Pressure Gauge

'\
An airplane’s oil pressure gauge does the l
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 oil pressure is a sure sign of

engine trouble.

lVJlL PRESSURE
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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.

t
{ Communication
|
|

!

|

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

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-ninertwo-one-bravo.

Here is what that exchange would look like in plain English.

B

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

7‘ 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 inches of mercury.

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

AVIATION 41



s‘peﬁal way that is easy to understand.

Numbers are straightforward, but there are some speeial
‘pronunciations. Formmple nine is pronounced “ny-ner”
because it is 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”).

1

Common Aviation Terms

There are a few words and phrases that are not pan: |
alphabet that also help in radio communication. e are
common ones and what they mean. T

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

Affirmative—Yes.
Negative—No.

Correction—An error has been made in this transmission. Thew
version is .

Over—My transmission is ended, and | expect a response from you.
Out—This conversation is ended, and | don’t expect a response.

>3

Roger—| have received all of your last transmission.

Read back—Repeat all of this message back to me exactly as receiv
after | have said, “Over.’

Aviation jargon might seem strange at first, but few words are actually

used. English is the official language of aviation the world over, and
been said that pilots who speak other languages have to learn only ¢ >
100 English words to operate in any air traffic control system.




Reading an aeronautical chart is almost
detailed highway map. In fact, they look lik
that aeronautical charts have special s
things as airports, radio navigation aids, |
and magnetic variation. Each chart includes a
tion of the symbols used; your counselor ca
understand what you see.




circle Earth are called lines
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).

Measuring Direction

Befonyoucanplotamuue.youshouldm
facts of geography. As you know, the equal ;
line running around the middle of Earth exactly hal
between the North and South Poles;
its value is zero degrees. Other
imaginary east-west lines that

 direction with reference to true n
return trip would be 118 degrees, or the &
(298 degrees minus 180 degrees).
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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
work on the Orienteering merit badge), compass needles point
to 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, Illinois, 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.

agnetic variation is approxim: ately
2 degrees west, which means we need to add 2 degreesd ; g‘) ﬂgst
course. If the variation were to the east—as it would be

of Illinois—we would subtract that va{ue. (An easy :Nay 10
remember whether to add or subtract is the rhyme East is

least, west is best.”) IND
So, allowing for magnetic variation, our course from

to CFJ would be 300 degrees. On the return trip, we wm_lld add
2 degrees to our true course of 118 degrees for a magnetic
course of 120 degrees.

Near Indianapolis, the m

RAD

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
compass from a normal reading, something called deviation.
The deviation is different for each airplane and even varies for
the same airplane on different headings.
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Because weather
constantly
changes, we
must check our
calculations
during the flight
by 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 th :
ber of units on the ruler from Indi i

f anapolis International Airport
to point P, which is 88 knots.

Step 6—What we really want to know,
heading should be to offset wind drift on a flight from IND to
CFJ. 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.

however, is what our

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,
so 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
1 degree to a magnetic reading of 300 degrees, so we add

that to our magnetic heading and get 301 degrees. That is our
compass heading from IND. It should take us directly over CFJ.




With VOR, the
pilot need not

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

radio does the rest.

= i
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Radio Navigation: VOR Highways

Thel Fed.era] Aviation Administration oversees radio aids to
n:(;/ﬁé;l_lgn tl;rouigh its Federal Anwa)rs System. The chiof

grol ased aid is called very high frequency, omnidirectional
radio range (“VHF omni range” or “VOR”). From VOR smin-xil
throughout the country, VHF radio _i|\b"]]‘d‘lg
rectional. 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 aircraft’s altitude,
range can be more than 100 miles.
Information on distance may also be
available if both the ground station and
aircraft are equipped with distance mea
suring equipment.

Assume that you are a pilot and
want to use VOR as a simple navigation
guide. Look at the aeronautical chart cov-
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” indicator will flicker for a few sccond?: 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 groum?.
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.

are transmitted in all directions, oy omnidi-

v voL
CREW-@) PASS

12297

117.00

GPS: Steering by Satellite

You may have used a global positioning system, or GPS,
receiver on a Scout hike. GPS uses a series of geostationary
satellites orbiting at an altitude of about 11,000 nautical miles
to precisely indicate your position in terms of latitude

and longitude.

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

GPS is replacing the instrument landing system, which for
years has been used for guidance to runways when the ceiling

and visibility are very low. It probably will als:
entire VOR system. % "o REa
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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.S. government’s Code of Federal Regulations (Title
14) details six levels of pilot certificates, ranging from student
pilot to air transport pilot (the certificate held by airline captains).
To help you complete requirement le, we will briefly examine
three of the certificates—recreational pilot, private pilot, and
sport pilot—along with the instrument pilot rating.




The recreational

G K
pilot certificate Recreational Pilot Certificate

has some important :

FE popo Qf all the certificates and ratings, the recreational pilot certificate
restrictions. Most  is the easiest to obtain. It requires 30 hours of flight instruction
importasity, the (three hours of which must be solo flight time). The main privi-

: leges afforded the recreational pilot are that the pilot may carry
pilot can fly only one passenger (in a single-engine land-based airplane with up to
four seats and 180 horsepower) and may share expenses with
i that passenger. The recreational pilot may fly in good visibility
hours and in 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 recreational
he does notneed  pilot may earn additional privileges.

to communicate

during daylight

airspace where

with air traffic Sport Pilot Certificate
contral The FAA created the sport pilot’s license in 2004 to help lower
i the barriers of entry-level aviation by making flying more

affordable and accessible to more people. If you are an enthusi-

— o1 of light-sport aircraft (LSA), consider a sport pilot certificate
if you want to fly one. To fly an LSA under a sport pilot
certificate, you must be at least age 17, have either a valid U.S.
driver’s license or an FAA medical certificate, and you will first
need to get a student pilot certificate. Like the recreational pilot
certificate, this certificate will allow the pilot to carry only one
passenger at up to 10,000 feet above sea level. The sport pilot
may share expenses with the passenger, and only daytime )
flights are allowed. The sport pilot does not qualify for addi-
tional ratings, such as the instrument rating available to the
private pilot. Specific qualifications and additional restrictions
apply; contact the Federal Aviation Administration (see the
resources section for more information).




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 My fl(_)wn:
Now is a good time to try if that is possible. Learning by donlng 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 busi-
ness trip or perhaps take a flying vacation with your family. Or,
you may be able to take an orientation ilight at an airport near
your home—with your parent’s permission, of course. If you are
able to take an actual flight in an airliner 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 so you can tell your counselor about it.










Check the main wheel tire for proper inflation,

. Visually check the fuel quantity and that the fuel fil]
cap is secure.

Inspect the fuel strainer; repeat as with right wing

f. Remove the pitot tube cover, if installed, and check 1,

tube opening for stoppage. (The pitot tube measures aj;
pressure and works with the airspeed indicator.)

8. 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 air-
plane, 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.




Aviation Facilities

Every year, roughly 87,000 airplanes
take off and land in the United States.
At any given moment, about 5,000
planes are in the air. Yet, the number
of aviation accidents (and near misses)
is so small that every plane crash is a
major news event.

How are so many aircraft able to
operate so frequently yet 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.

One of the earliest methods of
pilots was the lighting of fires at ni
trol used maps, chalkboards,
planes separated in the air.
then in providing accurate



The Airport

Visiting an airport should be fairly easy, because ther, i
probably one not many miles from your home, p, :
just a large, open, grassy field with a barnlike hanga 1., .
ing a few airplanes, or perhaps it is a giant com At
center of a major city. In either case, a visit will give you

taste of aviation.

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

aerial highways.

erhaps ;

plex nea; (he

the

Civil (commercial) airports are
generally built by cities, often with
aid from state and federal govern-
ments, to 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 strong winds.



Runway numbers
are pronounced
one numeral ata
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 Tunw. ing i
direction, the compass heading woulgybioé?g’ :12 o9
reClpmca-l of 30 degl‘ees), Again’ you would dl‘o;gr::s (the
refemThng to runway 21 instead of runway 210, £

e runway in use (active) is determi :
dimctioni it is better to fly into the wind t: f:d?x)cl:; ?:k\::;f
and landing roll. Some of the biggest airports have two or
more parallel runways that can be used simultaneously, 4
airport with two runway 36s would designate them ;ur{\\- 111.
36L (for left) and runway 36R (for right) 4
Other Airport Facilities
In addition to runways and a control tower, every large con-
mercial airport has an administration building with passenger
waiting rooms, restrooms, ticket counters, baggage areas,
and offices for dispatchers, airline officials, and the airport
management. The administration and airline terminal buildings
may include restaurants, newsstands, rest and eating quarters
for air crews or transient (visiting) private pilots, and other
services. There will probably be taxi stands, bus stops, and rental
car companies, allowing travelers to get from the airport to
other destinations.

At 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 rescAuei equipment. Other
buildings will house equipment for maintaining the field.

Oppos;

last zer,

trol tower have fo

distance apart and i




| Air Route Traffic Control Center
Away from the airspace of 3 control tower,

assistance from an air route traffic contyo) ci;i)tﬂm may recejy Flight Standards District C
: : €I, more copy,, i tandards District

:;i::? 2 asa;th; center.” A controller’s duties are chief I(\);n:, i 11:‘: fl:h l%ht ?ﬁoe of the FAA Ofﬂ@?, :
b bu:m;c; o mr?d by instruments (instrument flight rule. gener:] p:blic on matters relating to certify
flyi Vi;ually Wworkload permits, a controller also assists | % aitline and general aviation aircraft. Each ¢

ying visually. < assigned geographical area and

In addition to keeplr.ag aircraft a safe distance from, one cerg‘cation of flight crews and

another, controllers monitor aircraft progress over ajj outes e

advise pilots concerning hazardous weathe
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 mjles
from their building.

investigation, and enforcement.
1, and sequence traf- 5

Flight Service Station

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

® Accept and close flight plans.
* Conduct preflight weather briefings.
» Communicate with VFR pilots en route.
* Help in distress.




Nothing quite equals |
aviation without leaving
model airplanes offer ful
actual flight.




From the airplanes available i
that you want to fly. This exerci:el Zt:glexlglf::)ltl’bm?'ose *
entertainment, competition, or combat. The pu;e Sy
r.equu-en}em is to let you experience some sensep:fS ol
like to pilot an airplane from takeoff to landing, to f‘iv -
that you calculated during the preflight stage, a'nd my -
your progress as you pass ground and radio checkpoii:g“"'

ng

tion point that
h

Model Airplanes

A great way to 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
models today as they



1 e Three general categories of powered flying moo;.

3 ) available. These are free-flight, line-controlleq. and raj;,

; In many kits, controlled model airplanes,

| ' modern “heat- Free-Flight Models. As the term suggests, free-flight 1.

shrink” plastics are designed to be le!eased with the engine running gy, ,
coast on oversized wings when the engine Stops. Rese

have replaced the sailplanes or gliders, these may stay aloft for an hour

traditional tissue

mbii ng
OF more,

> models a attached thr(;ugh
of the aircraft. Thme wires work the elevators o the

1| stabilizer, controlling the altitude of the flight. The
inside all circle, maneuvering the airplane

. Many advanced model airplane
airplanes so the planes can e

ground. A tiny receiver is built into

1o it from a transmitter. These

s control surfaces, allowing

“g“mb, turn, and cruise.




Flying Models in Competition
After you have built and flown several models, you ma
to compete with other model flyers. In many Commumze:’ i
model clubs, hobby shops, civic organizations, and other g
sponsor meets. Some flying meets are held indoors in mmmnauP ¢
ums, armories, or other large halls. %

There are events for gas- and rubber-powered free-flight
models, gliders of various types, free-flight rocket-powereq
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.

The Model FPG-9 —

An easy way to learn about how planes work is to build a .
model FPG-9. This simple design was devised by Jack Reynolds, In requirement 3b,
a volunteer with the National Model Aviation Museum. The you are asked to

lider is made using a standard-size fo late.
oot D e AL build an FPG-9

and compete with
other Scouts in
tests of precision

flight and landing.
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The FPG-9 uses
“elevons” to
control both pitch
androll. Ina
conventional
airplane, elevators
contral pitch

and ailerons

control roll.

Step 6—To attach the tail to the wing, slide slot 1 into slot 2.

Making sure the tail is perpendicular to the wings, use two S ————
small pieces of tape (about 2 inches long) to secure the

bottom of the tail to the bottom of the wing.

Step 7—Glue the penny near the front of the plane where indi-
cated on the pattern. Fold the square tab back over the penny;
tape it down to secure the coin.

AVIATION 87




PG-9 is ready to fly. Gently toss the plane
1 front of you. Once it flies reasonably straight and

bove the horizon. The glider should make
/e enough speed to glide 20 to 25 feet after

Testing Your FPG-9

Now that you have built your FPG-9, you can test the effect
pf various modifications. See what happens when one elevon
1s 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
competition to test your gliders. To judge precision flight, hang
a plastic hoop about 20 feet from the starting line and try to fly
your gliders through it. To judge precision landing, lay the hoop
on the ground and try to land your gliders within its circle. Give
each participant a set number of tries and number of points per
successful try, then total each person’s score.

AVIATION



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.
Following are just a few aviation-related careers:

Pilots and flight engineers

Flight attendants

Airline nonflying careers

e Aircraft manufacturing

¢ Maintenance/avionics

® Airport careers

* (Government careers

Nearly all workers in the aero-
space industry must be highly
skilled. Those involved in the
manufacture, flying, and main
tenance of aircraft and space-
craft are especially well-trained. The quality of study and work
that might give you just a passing grade will not be good
enough for a position in aviation.

As you consider whether you want to enter the aviation
field, ask yourself about your skills and interests. Are
you mechanically or scientifically minded? Do you work
well with your hands? Do you work well with people?

If you have the necessary abilities, there may be an
opportunity for you in aviation—provided you are
willing to work hard to learn.

AVIATION
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AVIATION CAREER
' Aerial PHMI' afe . . ole
Aircraft M
Aircraft Mech
Aircraft Navigator
Aircraft Sales
Airframe Mechanic
Airline A
Airline Maintenance Inspector L
Airline Pilot 2
Airline Re L )
Airline Scheduler/Dispatch .
? ; e Air Traffic Controller
e If you are serious about a career in aviation, you should AirportM
begin planning for it when you enter high school because you Avlonics Tachnician
For more may need a background in such fields as mathematics and Chemical Engineer

information about

again usually with emphasis on math and science. Depending t
the resources oi the caree‘; you wan‘t) to pursue, you may choose a college %%:“;%"M
mentioned inthis  that offers a specialized aviation program. In addition, many Electronics Enginear
commercial pilots earn their wings as members of the U.S. Fixed Base Operator
section, seethe 41 mad forces. Your guidance counselor can help you learn more %‘M
i about how to prepare for an aviation career. ; ghttagiicer
et i o The FAA \’;rel;))site has several publications about careers In %am -
MIEee aviation. These can be found online (with your parent’s Per‘:tls' Li?e s Soanalie
this pamphlet. sion) at www.faa.gov/education/careers. The US Deparm‘lsa_ Mechanical Engineer BE
of Transportation also provides information online about abts 3 Metallurgist i
— 110N careers. To access the reports, Visit www.rila.dot.g""/k l;df- %i%;o_"’:’g&i o]
download the PDF at http://ntl.bts.gov/lib/OOO/?UU/ 93?’{' ss y: P—hy;gﬂ—¥ : '
For more information on aviation-related university studics: Public Relatons
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physics. For many positions, college degrees are necessary,

contact the University Aviation Association.
This chart shows school subjects that mus
for some of the many careers in aviation.

« be mastered

_Corporate Aviation Manager

Corporate Pilot
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