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f How to UseThis Pamphlet 

'

The secret to successfully earning a merit 
badge is für you to use both the pamphlet and 

the suggestions of your counselor. 
ae* . 	
ee Your counselor can be as importantto you as a 

coach isto an athiete. Use all of the resources 
your counselor can make available to you. This 
may be the best chance you will have to learn 

	

about this particular subject. Make lt count. 	 4 

lfyou o  your cou nselor f eels that any information r. 	in this pamphlet is incorrect, please let us know. 
Ple ase state your source of information. 

Merit badge pamphlets are reprinted annually 
and requirements updated regularly. Your 	

( suggestions für improvement are welcome. 

( 	
Who Pays forThis Pamphlet? 
This merit badge pamphlet is one in a series 

• 	of more than 100 covering all kinds of hobby and 
career subje cts. lt is made availa ble for you to buy 

as a service of the national and local councils, Boy 
Scouts of America. The costs of the development, 
vriting, and editing ofthe merit badge pamphlets are  

paid for bythe Boy Scouts of America in order to) bring 
you the best book at a reasonable price. 

Send comments along with a brief statement aboutyourselfto 
Pilots and Prograrn Development, S272 

Boy Scouts of America • 1325 West Walnut Hill Lane • Irving, TX 75038 
lt you prefer, you may send your comments to meritbadge@Scouting.org . 	4 
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Requirements 
Do the following: 

a. i)cine 	:raft." Des:ihe s.:::::e kirJs md ..:s-s of mir- 
:::t toc.:«;. Fxtlain Ue OperaUfl 01 pston, lulboprop, 

jet 

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

c. Explain h:w an airfoil genera:rs litt, how the pr: ::::i,' con-
surt:cs (aileror.s. crvators, and rur'' 

a:; - lane s. attitude, 	a propeller 

d. Demonstrate how the control surfaces of an airplane are 
used for takeoff, straiglit climb, level turn, clirnbing turn, 
descending :: ‚ straight descent, and landing. 

e. :Hah : 

	

	: )wir:L': :he s:..::: pilc:. :he recreational 
.rivat p:lot ccr::ficats;:he 

instrument :a: :ig. 

2. Do .\O of the following: 

a. Take a flight in an aircraft, withour parent's permission. 
Record the date, place, type of aircraft, and duration of 

and report on vour irnpressions of the 	ht. 

D. 	e: 	 perform a pref!ight inspection of a 

c. Ohtain and learn how to reacl an aeronautical chart. 
Mea: :c 	:rue course on the chart. Correct it for 

an, and .:::i drift 
compus :a;.1;g. 
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j. Lsing one @f man.-  f].s 	.::uaior 	::.:are packages 
ava iable or ::::putes. 	die 	and heading 
vcn estabish 	:ri requiremem : 	5:5.:ntler course 

plotted 

e E.:.;: in die purposes anil funcilons of die variou instru 
meris fDs:::J 	.• 	 ngir.. 	±5: :ffltu± 

stete:. ::: 	.s± sadic5:: 
vedi:2.. spees ::s:::stor.  

--,PS and -: : and commurn:::: an radios, 
tachometer. cii pressure gauge, and cii re  

f. Cre:te an :±gina poster 	n aircraf 	mein 
inchide ass sdenrifv the i:: n:uments .:± 	ios disct.: s s .: 
in reauiremem 2e 

3. Dc ONI of the fclo.;::.: 

a. Buiid and iiv a fuekd::::n or hauerv-powered eleciric 
model ai:::ne. Describe ::±nv ruies fc'r bui1±.:.i and 
h-  ne mc ±.: airp ::s Tc.1 aferv niles c ::se ei giue, 

pain:. dc:: plasz.--. z iliei.: :ii hatter pa:: 

i. F.:..Ia r:'.::.aIFPG9. Ges :.aers in :s.: trocporpatrol 
to make ::: . .....:n ii:.: ±d. then organire a comp:. ::on to 
................................t an: 

r 

1 
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4. Da ONE of the feil -.::tg: 

a. Visit an airport After the visir. :::rt an hc.; :he acih 
ties are used, how r:vavs 	.: nhered, ai how 
runwavs are detemi.:::i to 	:. ve 

b. Visit a Federal Aviation Administration facilirv—a con-
troi tower, terminal radar controi fa: 1.::, air route 
control cern:.....-  T: 	::. tdards District Office. 
Phane di?:: ..........::. under U.S. Governrnent 

Offi:. 1 ::::.. ::. T::.: .... ent, Fei ::I Avi:.::n 
ion. Call in advz: :.) Report an .he operation 
ipressior.s f the ailitv. 

c. :.:.stion nse: rraire. z>n alt 	Report 
.res.sions of 	muse ......... :: sho: 

Find er x'.ur hoe :?tr 	..in 	Pick 
.:id ei:: :h•: ::::.:::::. 	:::::..:.: 	:::: 	........ 

required for this profession. Im ....s this wit.h veur caun-
selore  and extiain whv ihis profession might interes: u 
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Conteits 

lntrodocflon 	to 	AVti0fl .......‚.................-. / 

110W Airplanes 14 

All Abon 	Instrumeiitatlon..,...,,................. 

Cornimiicbon 	 ....................4 1 

Air 	N3v1atIo...... 	....... 	........................ 44 

Enteiing 	he 	Cockpit ................................ 

Ckinc11gh 	..................................... 

Avation 	achttics .................................... 9 

Flvng \V thout 1.eving Ihe Ground ................... 

Careers 	in 	Avkition 	............................... 0 1 

Avhition 	Resources 	................................. 4 
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Introduction to Aviation 
F!vng For rnot oi hitorv. oe have dreamed of flvng, 

Egining iow it voud 	oar thrc...:.: 	skv li1e an 
................: ....z. - 	iloat on 

w ewn cunen .tree cn .. .........costarn [ug, ahle to travel 
great distances and 10 ri•: iibove anv obstacle 

TOdOV. thro::::. a iarior.. :0 can not onlv bin the birds hut 
also fvar 	iaster, and higher than i hey ever could. 
airc. rout. . 	tiv acros the countrv. around the vor..... 

.. vor 	rihs 
But our abilitv 	:v is re0:.::1:  

in the last 100 years ot so ihat petpie iave mastered iugm. 
Aviations progress since then has ep neariv as hreathtaking 
as a r::.2 ........ .:ft Force ier. 

7 



• 	• 	• 	•. 

The History of Fight 
The first successful mann€r:. . ighr tooL 	ce on November 
1. .:- 	• 	:—and it did not :.:jve an al 

in 	•.ss-::: 	:: 	:.±. 	• 	: LtefcOtt::: 
T h e men staved aloft ior 25 ni .. es and traveI abo:: miles. 

T -om Iighter-than-ar baloons. earlv aviators : : ogresseci to the 
er,  al heaier-tban-air fhing machines—ghders : sailplanes In 
IS . s1 : 1 : i1: Sir Crs avlev huk th ..............rst real 
gh:t•:: ch carried his terrified coachman acrc  

eigineer (!t' !..s ..............a sedes 
of Z. 	 - :-: tular. cor:::s : . Ls. 

iwo bkcle mechanics 
irom )io, Orvnie ano Wiinur v right. :sz: studving avi::n 
and experirnenting wirh the:r owrt airc±: 	December 
903. thev 

	

	:-:5:1 in the .:::ition age when Orville took off 
sar::s.: r Kittv Hawk. Xc:::. Carolin:. ::aveled 

:::ds. and landed safv. These L econds 

8 	AVLA11ON 



NTROU)UCT ION TO 	Tft)N 

Aviaiion grew quickly in the decades after the Wright 
brothers' historic flight. In 1910, Glenn Curtiss made headlines 
for flying 150 iniles from Albany, New York, to Governors 
Island, New York. In 1927, Charles Lindbergh made the first 
solo fiigh; across the Atlantic Ocean. In 1938, Howard Hughes 
and his ciew flew arnund the world in just under four days. 
And in l69, Eagle Scout Neil Armstrong stepped onto the sur-
face of the moon. Many people who watched Armstrong on 
television that day had heard abont Lin(lbcrgh's flight on the 
radio and read about the Wriglit brothers in the newspaper. 

U.S. Navy biplane, 1934 

Types ofAircraft 
The term aircraft is hroad, covering nearly everything that 
enabies people to (lv through the air. Some aircraft (halloons, 
blirnps) are lighter than air; others, like airplanes and helicop-
ters, are heavier than air. (Missiles, rockets, and vehick's like 
the space shultle are called spacecraft since they are (Icsigned 
to fly outside Earth's atmosphere.) 

Here are some of the kinds of aircraft in use today. Each of 
theseaircraft has heon designed to do a particular job. You are 
probahly a [ready familiar wjtli many of thcn. 

• Commercial airliriers 

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

• Military bombers, fighters, and surveillance aircraft 

• Military supply transports 

• Military and civilian helicopters and gyroplanes 

AVIATION 



• Personal-Lise and training airplanes of various types 

• Airplanes owned hy corporations to transport personnel 

• Balloons for Sport or for expioring the atmosphere 

• Sailplanes, amphibious aircraft, and seaplanes 

• Blimps used tor advertising in the sky and as television 
camera platforms 

• Aerobatic airplanes for exhibilions 

• Cr01) sprayers 

• Fire-fighting "snioke jumper" transports and "borate bombers' 

Aircraft atWork 
Even if you have never boarded an airplane, your life is affected 
hy jirc'aft every day. Cargo planes carn' iiinv of the packages 
you receive in the mail. 1 - lelicopteis make possihle the tiitfic 
reports that identily trouble spots for commuters. Bihnps nro -
vide hird's-eye views of sporting events. Military jets protect 
the skies above your home. 

Other uses of aircratt inay surprise you. Helicopters 
can be used to dry out the field before a hasehall or foothall 

lovering a few feet oft the field, their giant rotors dry 
We suiface with their powerful downwash 01 au. Construction 
companies use lielicopters to "top off" tall huildings by lifting 
a structure's final pieces iiito place. Large transport planes 
serve as aerial pumper trucks, fighting fores fires. 

10 	AVIATION 



Transportation. Most uses of aircraft are more familiar, such 
as !he tra isportation of passen tgers. Aircrafl make it possible for 
businesseopie to attend meetings in faravay cities and return 
home in tirne for dinner. They allow families to take vacations on 
the other side of the country without spending endless days in a 
car. Airplanes also aI1o•v people to conduct hNiness internation-
aIly and isit other countries without takng Img rides on a ship. 

Geo!ogists, surveyors, and forest rangers use helicopters 
and smafl ainpLines to reach remote plices. In some laige eitles, 
helicopteis make regular fligins froin Ehe congested business 
district to the airport, greatly reducing travel time. In rural 
areas, sma!l airplanes sometimes serve as taxis in areas not 
served by major airlines and airports. 

Mail and Packages. Srnall airptanes have been useci to carry 
mail sinc aviation's earliest d«is: the U.S. goveromeut started 
airmail service in 1918. Even today, winged carriers of mail and 
suppiies inav be the oniv regular face-to-face contact some peo-
pic in reir etc areas havc with the outside world. 

Alaska has more 

airplanes per 

person than any 

other state; much 

ofthe state is 

easily accessible 

on!y by air. 

-k 	
...... 

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. 

AVIAT1ON 	11 



The Military. Aircraft are among the U.S. military's most impor-
tant tools, and air power continues to piay a decisive role in 
conflit'ts around the giobe. l3ut aircraft do more than drop 
bombs on sites far behind enemy lines. They also carry out sur- 

One nautical 	veillance, serve as flying ambulances, and transport troops and 
mile is equal to 	equinment. The C-17 Globemaster Iii can carry 170,900 pounds 

6076 
feet 	of cargo and fly 2,800 nautical miles witliout refueling. 

Firefighting and Public Safety. The USDA Forest Service 
spots forest fires from airpianes as weil as from lookout towers. 
And once a fire is spc>tteL ircraft swing into action. Hehcopters 
bring firefighters and cquipment to remote areas and caii extract 
them quickly when the need arises. Airplanes called borate 
bombers drop water or flame-retardant agents (which once 
included borate saits) on fires from above. 

P 

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

Helicopters are the unsung heroes of nany rescues at sea 
and in r ggcd nionntain regions. in 1 lic einergency medical 
fieid, paramedics use helicopters as jir ambulances to quickiy 
transport severely injured pcoi.k-' toin accfdent sites to hospitals. 
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Law Enforcement. The airpia:. speed and maneuveraL. 
are ':'luale tc 'anv iaw enfo::•t:nent 	¶t-der zm 
sti: 	w enfor:..ient agendez 	the US 	:trne::.: :f 
E-lorneland Securitv narcotics inspectors, and garne wardens 
all use airc:..: tor patrol work, iransporting oificers, and 
chasing ;jts. 

1 

- 

L 	. 
Agnculture. Crop-spravin 	.uve heen a cornrnon 
sight in the rural s : in manv sars. T:::. .eIicopters are 
oL used 10 SF3 	because the wi irorn their rotors 
1er.:: 10 ci strihute ... 	rnc're videlv, 	n blowing it up 
10 	undersir : 	r: 

AirptEnes haul perish:s 	rs tc r...:.::L and heip 
ras '- 	rces. herd ci:... •. anc: .........ee! to animals 
in ±.s:.•i:.: ......:::s. Sine iarn hire Z rnpanies tor 
these serv ::ss. bin so much of the wink is done tx: : rrners 
thernselves that thev have :ned an organization cailed the 
intematiora Fiving Farrnc: 

Aenal Phctography. Aerial photographv has been important 
and newspeople since the first intrepid carnera-

person lea : : :r ih . : 	:is : : the earlv fiving machines 
iviih a box 	r::: a. Xc: ....................::: ::g is done frcrn helicopters 
because thv c:r furn. tl: :z 	 piatiorm in the skv tor 
the carnera operator. 

A l,  
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ardo da Vinci came up with a 
‚mithopte,' a winqed flying 

machine like an oversized bird, though he 
never actuafly built one. 

How Airplanes Work 
Vhen pople 0rt drearred o L..:. hev 1coke o ihe hfr1 

as rnodek C: 	::. 	 .:.:hjdes 	er; 

.:.:jzofwaxandfeatherstc..::..: 
;ca i: :. 	 : Tee 	itunateIv, the storv savs. ais 
flewtix :.::.: 	 :;.esunwhchnie1tihiswtngs.i Even as 

as t 	 :.turv. inv::.::rs ............ .  
1vn2 c 	i ~ nez 	 te got off 

the 
George Ca 	Aad a hetze  idee His de had nixed  

wniis 	:. 	 :. weahle tailpIane ,'hat lt ............ . .ve was an 
eng. :hadvetfig 	iou.vto: 	Im ,  w3;z 

enough  
led more er less dreedv to ihe 1903 

	

\\'right Flver, te t 	T:. . er planes 
oIWi?rid\Var 1... tothe 

massiv:.. .... . 	 :f0c:. 
T2 understand how 

- 

 
am 'iri - wo rks,  

'eed ILI iv rn an'u e 
e 

e 	UMI ii e in 
.. 

- 	 am 	hatartI 

pilT are 

	

z 	n a rp 	 er 
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ForcesThat 
AffectAirplanes 	 L.... 

Gravity n'akes anything that has 
wcight—even a feather—fall to 	...........' 
Earih. So how ;,-anrc get a 400-ton 	IRUST 

airplane like a Boeing 747 into the air  
and keep lt there? By matching twü natural . 
forces wit two forces that are rnade by humans.  

Tue iatural forces are gravity and drag. Toss a 
ball into the air, and you will see gravity in action. Thanks 
to this downward-acting force, the ball quickiv falls to the 
grou nd. Drag, on ilie other band, is a hackward-acting force. 
lt is the rcistance you feel when you pedal a bicycle into a 
strong headwind or put your hand out the window of a moving 
vehicle. Airplane designers offset these natural torces with two 
forces of their own: thrust and lift. These forces work together 
to pull an airplane forward and to keep lt off the ground. 

Lift is an upward-acting force: lt is created by the way 
airplane v.'ings are designed. Rather than slip easily past the 
wings, air pushes thern upward. Thrust is the force that pushes 
or pulls the airplane forward, depending on engine placement. 
lt is produced by the plane's powcrcd propeller er jet engine. 

DRAG 

Four forces of flight 

Although aviation 

includes alt 

sOrts of manned 

aircraft, we 

will mostly focus 

on airplanes in 

this pamphlet. 

Airfoils 
Look at a wing from the LEPnNGEPOE 

side of an airplane, and you 
will notic€twothingFirst, ______ 

wing is mare or less fiat, Cross section of 

while the upper siirface an airfoil 

curves upivard. Second, 
the wing is attached at a 
slight angle instead of 
being leve 	vith the 
ground. To.gether, these 
two characteristics pro- - 

duce lift. Thev also maRc - 

the wing an aioil, wbich 
is a shaped structure that .  Basic tift action 
provides lift when air is 
forced across its surface. 
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The wings are not 
‚ theonlyau'foilson 

an airplane—so are 
propeller biades.They 
work by creating greater 
air pressure on one side 
of their surfaces than on 
the other. As the blades 
cut through the air, they 
pull or push the plane 
along because the pres-
sure behind them is 
greater than the pres-
sure in front. 

lf you have ever 	1 
stuck your hand 

out the window 
In the 18th century, a Swiss scientist named Daniel 

Bernoulli discovered something about how all fluids (liquid or 
of a moving car, gas) work that is vital to flying a heavier-than-air machine. He 

you have created 
found that a fluid's pressure decreases at points where its speed 
increases. For ex;unple, ii you direct a stream of air into a pipe 

a simple airfoil. that is smaller in diameter in some places than in others, the 

Angle your paim pressure will be lowest and the speed fastest in the most con- 

fined section of the pipe. 
upward and the 

wind lifts your You can see Bernoulli's principle in action at your 

hand. Flatten your kitchen sink. Hold a teaspoon upside down and direct a 

stream of water at the back side of the bowl.You might 
hand out and the expect the water to push the spoon down forcefully, but 

lift decreases, it actually hugs the bowl's contours, reducing the pres- 

Just think: lfyour sure on the bowl. Flip the spoon over, and you will get 

a completely different effect. 
hands were big 

enough (and your As an airfoil nioves throi4 	the atmosphere, air must go 

arms stron g 
faster to get over tue curved top than to go under the flatter 
bottom. According to Bernoulli's principle, therefore, the air 

enough), you could pressure is lower above the wing than under it; that creates lift, 

make your car fly. The angle at which the wing is ottached also creates lift. 
You have prohably hcarcl of Isaac Nc'xtoos third law of molion- 
for every action there is an equal and opposite reaction. When 
air hits the hottoni of the wing, it is diverted down toward the 
giound. The reaction to that action is that the wing is pushed 

up toward the sky. 
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Airfoils in Action 
Thc. 	•::hich a vi::g s: :tied 
is c angle of incidence. As 

we hav •.l.:ssl, that angle cctes 
lift, but it also produces greater drag, 
as vou see in the accornpanying 
illustra::s. 

\Vhile flying the p1 ::‚ the pilot 
moves:tire aircraft and changes 
the ang .hich the wings meet 
the air to maneuver the plane 	;ard 
or i.vnward. This ::gle is called the 
angle of attack. Tie greater this 
angle—ur 	certain point—the 
more Ii - Ad drag there will be. 

Wher. the of attack reaches 
about 16 t 20 cgees. the air cannot 
flow src:•:hly over wing's upper 
sui c. This extreme angle makes the 
air h:rn behEnd the is it tries to 
folw the surface. 1hee a sudden 
increase in pressure on the upper wing 
surfe .. :nmediate:v :lft 
and 	Jrie. and .:: .'. ..g 	said 
to stall 	:: 	:i:•.is occ:s, the plane 
cm no L:ger produce enough 
Support mc 	ef the rcref. he 
plane can  
pilot reducs the angle of atecl. 

Li':::id d:ee ire also 
severil :er feccrs such es 
of the wing, the shape of the ai:feil, 
die :eed of the airplane, and the 

'f the air itseif. Let's examine 
thc- 	s:: of the 

1 
ri 

How airfoits work 
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- - 	 SEALEVEL 

- - 

 

ELEVATION  
5 ,000 FEET 

Altitude effects 

COLE 
- - 	 WNTER PAY 

	

-- 	- H0T 
SUMMERDAY 

Temperature effeets 

5FYAR 

MOI''gTAIR  

Humidity effects 

COLD. DY 
PAYATSEA 

LEVEL  

HO -E HUMEi 
DAY A 7 

• 	5D00 FEET 

Effects of altitude, temperature, and humidity 
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ATr:Th e Pilot's Element 
Air has wight and substance, so lt tends to resist anything 
passing through it. Wie have seeil how an airfoil lifts a plane by 
changirig the air pressure (or weight) araund lt. But the air 15 
constantl changing. Sornetimes lt is quite dense and heavy; 
at other tirnes (and alwa s at high altitudes) ii is thin and Iighe. 
Pilots muse uaderstand how and w" ehe air changes so that 
th€, now what to expect. 

How Air DensityAifectsAircraft Performance 
Three thirgs affec ihe den--i4 ,  of the air: altitude, temperature, 
and humidity. As the illustration shows, these factors can drasti-
cally change haw an airplane functions, including how lang 
a run lt muse take before getting aloft. 

Our atmosphere extends hundreds of miles out from Earth. 
The farther frorn Barth yau go, the less aernospheric pressure 
there is. At sea level, the atmosphere exerts abaut 20 tons of 
pressure an your body. (Fortunately, your body exerts an equal 
farce an die atmosphere, keeping you from being crushed.) 
When vaur altitude reaches 18,000 feet, aemospheric pressure 
drops by half. 

The second factor that affects air densitv is temperature. 
When air s heated, lt expands and thus has less densitv. That 
means a pilot needs a langer runway Ca take off an a hat day 
than an a cool dav. 

The final factor is hurnidity—the amount of water vapar 
in the air. Yau might think that humid air wouid be more dense 
ehan dry air, but the reverse is actuallv true. Water vapar weighs 
less than perfectiv dry air, SO the dir 15 denser an dry, days than 
when the humidiev is high. 

To stirn up the effects of temperature and humidity, we 
can sav that a pilot will have ca tunke a much langer tun to 
take alf ar, a warm, humid day than an a cool, dry dav because 
the dir wih be de-se. If the airport is high above sen level, 
the eakeofl ivil. he b.ier still hecause the densiev of the air 
is lawer. 

These three factors—altitude, temperature, and humidity-
are tnterreated. Changes in temperature will change the humidi 
1ev, and changes in altitude will affect both. Changes in pressure 
and temperature are largeiv responsible for ehe weather condb 
eians—wii'ds, Storms, snow, and ice—that a pilot encaunters 
an die graand and aloft. 

An airplane 

that requires 

l,000feet of 

r...''iaytotake 

Off a a sea-Ievel 

airport. 	eed 

almost 2, J feet 

at Denver 

International 

Airport which 

is a mile above 

sea level. 
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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 had delta wings, which are triangular and sweep 

back at a sharp angle from the fuselage. Some military 

airplanes also use this type of wing. 
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Control Sur'aces 
Earlier W€ z 	l:'; a pilot ran maneuver the entire airplane 
to change 	angle f attack and inrrease ar derrease lift. By 
manipulaling the plane's control surfaces, the pilot ran da 
even marc, includirtg steering, climbing, and descending. 

Contral surfaces are sectians of five airfails—the right and 
left wings, the twa smaller areas an the tail calied the horizontal 
stabilizer, and the vertical stabiizer. When the pilot moves hese 
surLces, he flow of air changes, affecting the plane- Je and 
direction. The control surfaces an die wings are call aderons 
the control surfaces an the horizontal stabilizer 
are called elevators, and the cantml 
surface an the vertical stabilizer 
is called the rudder. 

The pilot e c r-ol the 
surfai s 

throttle, and rJder pedals. 
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The Control Wheel 

the- 	 The controt wheet (also called the stick or vok can be moved 
in all directions. As it is moved, it changes the positions of the 

a ;planes w ngs 	ailerons and elevators. \Vhen tue vheel is rotated to the right, 

are not leval, tt is 	the left aileron goes down and the right one goes up. The plane 
rolls to the right, because these movements of the allerons 

to a bank. Banking change the curvature of the wings surfaces. Just the opposite 

s howthe p lot 	happens when the pilot rotates the vheel to the left. 

turns the atrp ane 



If the pilot pushes the control wlieel forward, the elevators 
inove (.lov;T'ward and the aircraft assurnes a nose-down attitude. 
If the piirr pulls back on the wheel, the elevators turn upward, 
creatbi nose-up attitude. 

[S 

LJPDE 	 NEUTRJ;:.. 
3RCES 

THE TAIL 0 THE RGHT. 

The rudder helps keep the plane flying straight by 
controiiin what is called yaw, or side-to-side 
mojion of the plane's nose. Rudder pedals 
the cockpit connect to the rudder. If ihe p 
presses the right rudder pedal, the 
nose mey s to the i.lit. Pressing 
the left rudder pedal causes the 
nose to move to the left. 

The throttle, which adjusts 
the engins's power, is an impor-
taru lactor in maneuvering. For 
example, you would not climb 
just by puling back on the wheel 
to lower the plane's tail and raise 
the nose. Doing so would rapidly 
increesc dag and cause Hie wing to 
lose consklerable lift. What von would 
actudily do is pull back on the wheel and, 
same tirne, advance the throttle to increest 
and meint in airspeed. This would keep lift high 
and hell ,  rie plane climb. 

THE TAtL ¶0 THE 

Requirement ld asks you to show how pilots use these 
control surfaces to maneuver a plane. You can demon-
strate this by actually working a plane's controls on the 
ground if one is available to you. If it is not, you may 
demonstrate by using a mociel plane or by showing the 

positions with hand motions. 
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Maneuvenng the Plane 
Now, let's look at how pilots use a plane's control surfaces to 
handle several basic maneuvers. 

Takeoff 

Takeoff (given an airplane with a tricycle landing gear). 
l'he elevators are neutral, ailerons ]i'vel, and rudder centered. 

When maneuvertnq Ue the rudder to keep the airplane centered down the runway. 
a plane, the pilot When fiying speed is reached, ease back on the wheel to lift the 

nose. (ihe tenn pilots usc is rotate.) 
appites and 

Straight clumb. Control what is called the pitch attitude (the 
releases pressure relationship between the nose position and a level auitude) with 

using the the elevator. On a typical airplane, the nose will be just above 
the horizon. 

controls, and the 
Level turn. Titrns are made by the a!lerons and rudder workrng 

plane responds together. During a level turn, you nlust pull hack some on the 

accordingly. control wheel to maintain the airplane's altitude. To make a level 
turn to the !oft, turn the wheel to the luft ‚md press the luft rudder 
pedal. 'Uhu ICU ailerun 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. 
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Banked turn 

Banked tum In a banked turn, ehe airplane lift is banked as weil. 
Thus, ehe lift does not directly oppose ehe airplane's weight as 
it does wien the wings are leveL You most ehen raise the nose 
of the airalane (which increases ehe wing's angle of attack) Co 

increase the lift. This will cause ehe 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 
conerols Co neutral position. The plane will then continue Co eum 
until you move the controls in ehe opposite direction of the turn 
Co return the plane Co straight and level flight. 

Climbing tum. To climb, ease back an the wheeL So, Co make 
a climbing turn, combine this movement with those of turning. 
For a clin- bing left turn, ease the control wheel back and Co 
ehe left artd press the left rudder pedal. Ae that point, ehe Ich 
aileron will be up (helping to lower the wing), the righe aileron 
down (heiping to raise the wing), the rudder to the Ich, and ehe 
elevators tip. Neutralize the ailerons and rudder when you 
reach the desired angle of bank. 
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Oescendng turn. The :tian nE t - s rr.:trol surfaces for a 
descending turn is Ehe same as for any other turn, except that 
you move the wheel forward slightly Co lower ehe nose below 
the horizon and reduce ehe power. 

Straight descent. To descend an a straight course, make all 
control surfaces level except for Ehe elevator. These are down 
slightiv, which means ehe plane's tail is up and the nase 
is down. 

•

U, FÄ 	__ 

landing. As the plane nears the ground, reduce power and 
ease back an ehe control wheel Co slow,  the airpiane. When the 
wheels are just above ehe graund, move the control wheel bark, 
further decreas': 	e seed. The plane lan c' ehe t«o 
main vheels. 

The Science of Flight 
Also located on the airptane's wings are flaps, siats, 
and spollers. Manipulating these devices allows the 

pilot to increase or decrease the lift and drag by 
changing the shape of the wing.They are employed 
during takeoff and lariding to help stabilize the aircrats 

speed and direction. 
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Without an engine, an airplane would be nothing but a 
glider. In fact, many aviation pioneers—including the Wright 
Brothers—mastered glider flight before they began experiment-
ing with engines. The goal was to build an engine with the 
right power-to-weight ratio. In other words, die engine had 
to be bolh 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 II, 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. 

0 	INTAKE STROKE COMERESSON STKOKE 

OF LOSEP CLO5ED  

® 	F'OWER STROKE EXHAUST STROKE 

CLOSE, LOSEP CLOSE 'EN 

How a piston engine develops power 
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The Piston Engine 
In a piston engine (or reciprocating internal-combustion 
engine), a piston compresses a mixture of gasoline ancl air. 
When an electric spark ignites this compressed mixture, the 
resulting gases expand very rapidly and force the piston to 
move away frorn 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. lt then cioses, and another valve- 

Most !ight the intake valve—opens to let in a fresh mixture of air and gas- 
airphnes have ohne. These valves are operated by a system of gears and carns 

four- or six- 
so that they open and dose at the correct time. 

Each complete movement of a piston in one direction is a 
cylinder engines. stroke. The whole series of actions between the admission of 

gasoline and air and the exhaust of the burned gases is cahled 
a cycle. The main aircraft engines use a four-stroke cycle, so 
called because there are four strokes of the piston in each cycle. 
The crankshaft makes two complete revolutions for each four- 
stroke cycle, 

Each cylinder in an engine fires once for every 
two revolutions of the crankshaft. The 

in the various 
cylinders are timed to keep the 

crankshaft turning srnoothly. 
The propeller converts the 

power of the engine into 
/ 	 the thrust that puhls an 

airplane rapidly through 
the air. 

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

28 	AVIATION 



Jet Propulson 

e:eie ;v:h a ija dcsrae c'w er 
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-: : za escae on 	:uh :he pen eck. The 
Ic op:ethe b,aen canz ecare ick!v. ad 

agamz :e fr: wa: me 	aUx' shx cr- 
;va:;. Yflen a :ie air 	ecae 	o:g :e ::eck, :here 
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har a 	5:: :he ricr'1e i rie srrie 

EncFines 
e a:: ::e: c:h 	eca:e zri \e; -:ri.s aw. crea:irig 

air Lir iri:c ee: pace 

	

: 	e: erigirie :ecpire a  
de rioi: :e: arv :heir owri xvge 

I 	a si:eari ef ah,  ani ':rning gase- 
e ergire and e?ced az a seL, 	g:eer :han ;ven t 

en:e:ei \los; jet e:cines 	::a:rig cc: :es::s anC 
: crs :he ga5e- 	r:e ±e me. - iri a:i. Ven te 
P~ez are 	ree 5; ccciric a: frm :e a u cere 

ne. ::e egirie cae 3 
Triere are f -. e az1ri 	cf e: eriirie 	:h:. 	~efaf:. 

:::rbc:rop. rariie:aric  

Turbojet h a ::re: 	+e ai: 	::eir:r:rg -  ari 

llen- 
 - 	 ea:ed 	ried:i :er 	:ari:re h; eing iixed 

:he e. 	e::yerie iri 3 ccri L:cri ci:arie:. 
Fr _X 	gae :rave h:c a rz:a::rig :rbme 

:e rad, crerr:ng a gan: :h:ur. The rrirt9e rri:n 
cm1:eor, w:i±, j 	 i: 	'-- -- 

lire : - rbine daes ncr corit -ihr:e : :e engi:e trr: 
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Cutawy of rrBD tufan engin 

The turboprop engine is particularly useful in commercial aviation because 

the propeller gives a large thrust for takeoff. lt can also be reversed easily 

and quickly after landing to slow the aircraft down without using as 

much braking. 

Ramjets have one shortcoming:They cannot power the aircraft by them-

selves. Usualty, 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 
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Scramjt. 	:::: 	 upersonic cornbus:::et." 
T! 	• :: 	... 77 .

1 a m'xre of 	a; to 
• 	x: 	 By capturing air 

1 	:iall designed eng 	inlets, then cornpressing the air 
with flw 	a su: - 	ambu:r, the 

s:::: is a: :o achiev s..:personic s -. P.:clay, :ice are 
mam - :t vehicies ciernonstrating hypersonic . gt—at speeds 
iigher than Mach 5—using the scramjet engine. 

Rockets 
Rockets were used as 
fireworks and weapons 
of war by the Chinese at 
least a thousand years 
ago, but modern develop-
ment of rockets did not 
begin until the first half 
of the 20th century. 

The rocket engine 
is used in space flights 
because it carries its own 
oxygen, but rockets can 
also be used in the atmo-
sphere. In fact, the first 
plane to fly faster than 
the speed of sound- 
the X-1 —was rocket-
powered. Today, rockets 
are important mainly as 
propulsion for spacecraft 
reachirg 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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DUT in- 	vol l" 

All About 
Instrumentation 
Tie *.:. a az u f2 . .: bv de er ei eng :. v m g  

......- -....... ::-m he'-' 14a ly .. 	.. 	...;. 

w72 lag s style o: :.::::; was pret. 
easv because earlv airpanes bad open cockpits and flew 12: 
bw a: . :: :. as planes got t::: :nd ibots staried 
flvin ....... :. : 	- ....1 thev could ......:1,:avs tnet their 
se:: 	5: :::: .....:- je ausbr:: - : 	-:: .....ents 10 mdi- 
ci:: :he phnur ze n in ::s in ,  7gi::. ::.:-:.: a wv cbimb- 
ir.1 2r detceno2g. 	;• 	- 

0: nking. 
Modem airpianes have it::::Jmenis and radios to teil the 

piiot ever thing about the airc:: :s position and condition 
\Virh them4 the pilot hardiv h2 	look our de windshield 10 

liv the phne. That is not te sav that pibo:s do not .: : 	.:: 
hotve::. 	2.2.: skies. thev reh-  on both :h:r instrur::: z ::td 
their 	 :he !anes pe::. .Vhen flv;:; 
clouds. ha-sen - -.......:- :ebv soieb. ::: : :trurnents. 

Mq 



The even lhght ... 
e—the artIude indca:or.hum7a als —,  Umw 	. 

.:::irn and bank ndicat :-Ei in 	:..:nd 
:s—te!1 the pikt abo.: 	:.. . 

. :nd rate of chin 	o .; 	gaaon com 
nu:.: . 	 navcorm 	dscisse .: 	nex: char 

:er. z'err;:: 	::.:. 	:.t;2 ihe aircraft 	i ::ectiv an 
äs destnauon 	::.:mit Grudy :er - v. 
three hisrume!'.: . ......................:.:. pres ................... em- 

:---.: 	;.::: hauseege . 
Let 	iook am the fligh: instn.ments .... 

Attitude Indicator 
The anitude mdr or arificfal h::on 
10:5 the pho: get 	immeda:e pic:u::::f 
the alrp 	atttude, iic.h is i:s pL>sizion 
relative .. 

i. 	is a face wi:h a 
contras:.:.: 1 :.::.;:::. hne m ii. This hne r•: - 
resents  T 

ano 	c:. : 	;:cn rnoves to s:1vihe 
wi:h respec: :o the real hori- 

The at::: ....................... - . s lth 	han 
roii anhude. wi:tci 	ne 

between -he wines a ......he h.........::. and 

: ::.veen :he riese and the bonzen. 

Heading Indicator 
The hea:::.g indicater cn te differenz 

:::ns hu: is basicaliv a g ans 	:hat 

e zcp .e sei 	n;atch 
magrienc - - . ss. 
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Aftimeter 
The altimeter teils 	pilot how iz the ::raft is flying. To 
steer clear of mo:::: :ns. buiiding aid s:: obstruciions as 

:siofl towers, the pilot mc: ;now the aiti.: at all Limes. 
Ci :::s and ai -:-: 	s : s indicate the minim::: heights pilots 
fli 	!2!!.. 	 also spedfic altitudc :: flr based on 

ight, which redu: the r;sk  
pilots are fiving bv visual :1.:t mies in good weather. Du:: -
Limes of r2duced visil:, DuOiS are assigned altimdes by au 
traific coritrol. 

The altimeter is simpiv a barometer 

sea leveL so the r.1::::.-
heigh:ab.::seaee. :f ... :::::...... 
obstrdctic::5:o be sui: :. ....•::: 	 :. a 
safe .:: Ele. The altimet€: 	knoh 
for az 2 	ng :.: instruim 	: 	- to 
accot.......an: in baron -. 	-:re 
all dif:2 : 2 	2 amts of the f -•i : 
bv air trafic control. 

As discussed 

earlier, atmospheiic 

pressure gets 

ower as aftitude 

increases. 
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Airspeed Indicator 
The ai::ed indicator is t 	...:: 

equivae of a cars speed.;.:sng 
die pilot how fast the plan:- - i 
ihr :._,h die air Like die al:::: 

- .dicator wor:. 
alt 	.e. but die ai:: 
rne ............:lanes  
ram alt pr:-..::: 	In c. 

tse€1 inccator regis:- - 
air molecules sifikin: :. 	- :: : s die 

airpiane ni::.t throuh die air. This is 
ted i:.:: speed in knots, ..........Ical 
er f.:::. die standard un:: 
usc. ..n aviation 

Compass 
AS a Scout, vo . familiar whh die 
netic compass au probabiv have used ue 
manv ihres- Trio compass used tn aircratt 
is not muc]: :erent. ahho..: : ::u poses 
special proniem.s in readitg 

u mav know iliat die mat:i.: :oie is 
:.:tariheNorthPoie,c::.-. 

InstE::: lt is around 800 miles 
cads —anauens de:er- 

:rue headii: Second. L.:h is not 
uni:::nlv r:.:::..::.:.. 	::z :aie ::::s. die 
cotnoass niav var tnanv degrees front fl 

netic north. Finaliv. die metal sud eiecdi.:: 
.tenl witl T. .-..n aircrat can throw off 

die cornpass. Ths variation is know:: 
magnetic de'.tion. A pilot must ccn:s;or 

•.jado 5f• 	eviation. as weil as wind. 
--her deterrnin::.  
will get die airpane 10 is desunation. 
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Tum and Bank Indicator 
The rum 	bank indicator is zwo instrur:•r: 
in one. L .:i 	pik: 	 :.e is 

execu:: a -..iether thc: 	::.::: 	::...: 
for the 	::::: 	um. The 

pilot a'so check 	miance and 
coord..ion in straigi:: 	:id level flight. 
The t..:: .:ile aiwavs detiec: 	:n the 
direct::::.: : ie vmn 	::: :ndicares :1: 	rare 
ar w:'.,:.- ZhE aircraf: is 	rning ab.;i 	irs 
verjical Iswy axis. 

Most mo:r:: :.: .. 	..ave a  
this instrament caneu .mn coordina:::. lt 
linie like an anitude i:,:.::ator but gives.:!formation 
onk aboat rum, r. 	:::.it pitch atrirude. The 	part of the 
tumnindk:: .t . ................... rsteei i: 	thar moves 	:I 

poinr 	zJassrubeisi • 	 :;;::Y ::. ........ 

-.Eid brei :I:u. g::. 	::s:. 	.. :1.:re. cenrered 

in ......:. 	: :he aircraft is neirher stipping nor siddding. 
the b:. 	:illbe kept cr 	red 	:: ::: 	............ ::rce. ii the aircrait 
were ..... slip 	the 	r. 	:giflc ::::: 	::: 	:.. ball wor:E 	all 
toesideof 	........m 

oursiderhetumn 	i: 	::.illwouk .: 	....... :..r:: 	side. 

Vertical Speed Indicator 
In .:diricn ro hrn .;:ng the airspe: 
po: must know 	rap! zhe 	a: 
is clirnhiLg um descending .......0 verical 

irk. ::ar, o: :si. registers how 
.he paronetnc pressure is changing a:.:: 
convens his information tu a speed 

in hundreds of tee' • ....:: ... 
: imp:: :nrh::.. ...... 

CUI1 	 rares:. clim 
using oniv nur hr::..:i senses. 

17 erMitan tu die flig..: nstrume.:::s 
icnotieter. t1: A pressure gauge. 

remperatr..:: auges also teil die 
pilot how the piar. a a eng. • 	pe t 1 ........ 
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Tachometer 
Vu mav jve 	 ::: 
dashb:d ei a n Its jrpse 
:he iver execzv ho --.'.' ias 'e egine iz 
:unnig In an ariane::pizzon 
engirw . : i 3 fied-p:tc p:ereer.  :he 
r3MLC:er is ve mcm '1mcse.s:zo 
smv yiete: the is :urnrng ct 
the :e::: ........ ..:. :.:: 	::•::. 	:r a 
maneuvera3 e miicate vhezher the 
enghe is opera::nz m:rav. Fm exampe. 
the a pes designe :rghz have 
1:::. zha: :: Ls cruise 	setirg 

i;e eng;;e fs 	rev:li cs pe: 
::inue 5; Mn 53 ehe ;iet cd set he 

Te desgner wmti aso have reem-
:::eed cecr rpci senings fer c!bg 
er: 

The tachometer also teils the pilot something abo 
the engine's conditic' Suppose a pilot is preparir 
flight and flnds that. h the throttle open all the 
thetacho:m :sor $OOrpmwhenitshot: 
read 2,40 : isa -- --„; idication something is 
wroig wtn me engine. 

Oil Pressure Gauge 
An ai: ... es 	...::: rauge dees the 
serne hing es :he oi ?ressure  gaige in a 
ran lt shows :he o:o the cressure 0! 

!he oi :r :he e:gme. whch reveals 
Jeal ahorn dhe h::.  

Drc:r.g :il pressure ts a sure sign 
engme treuhe. 
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TEMF'E5ATURE 
Temperature Gauges 
The temperature gauges are another indicato 
of the engine's health. They measure the 
temperature of oil and the cylirider heads 
and show whether the engine is running 
weil, too warm, or too cold. The instru-
ments are generaliy 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 
operating temperature. 
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Communication 
Ihm allv aU aT::..:Lnes are equipped with radios. so a p1::: is 
never ou: oi range 01 :::ce and heip. Good radio commu:. 
tion is vi 1 :: a de Ung. 7 -. 	-1eral  Aviation Administra: 
mairnains :::::::::. towers r: ::: 	::ts an ,-', ffiht serice staiL 
throughoutth 	.: .::::xio :::::. 	depend:1•cornrnu::::: - ::s 
for pilots 'Uns take the fon:. 	: 

.3flCS 10 	:::. a- a 	a 7 v 	in !sturnei 	i. 
mies 	w1ere 	ffi( .1 .T :. 	 .... 	 ..:JiTait sepm: 

rncient1 	.......... : : methou of communicat- 
:15 evolve:.: 	-.'or exani. . 	 in the coniroi tower 

tc.Ibird Airport, you tn:c::: -:. 	.. 

Pflol. ja30 -:: ::..s.: - 

Tcwr: 	: - rs-" :‚::ns:,o 

in 	 ve, 

pHati ei esse -..:. 
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cma:e these t 'XO v'n. v;v.  

	

e ±t eri 	b.t 	a;; 	he ecoi. 1: as 

	

:cudes sone 1. 	wer ari 

.1 T.Js 	 hey.ve: 
Thev 	' u  i 	nte:Iona. Civ Aviaih:. 

Ora 	'hcneuc aipF. t, which is 	in .he 
he nex: pa: This aphaIe: . :Ips reduce uisuners:andugs. 

tecause d:icL:h w'rds can be speik:. :: .: .ith 
a sneciai vv uat is eas: e 	e!siaflü. 

Nihers are raightorvar. bu: there are some seciaI 
rrcriunciaucns. For exa:T.s. ni:.: •:::.: .nce 	nv-ner" 
because it i :si: c'riiuse whb ive. MSO, a:iru.es ahove 

reierred o bv :her digi:s snc!.a cne-:hree 
hen 	 --ee! 

becrne fligh: levels. Fcr exam. 	. .iii 	eet 	:.:gh: 
evei210rronounced twoiwo-zer. 

At or above flight level 180, all airplanes must fly under 
positive (mandatory) air traffic control and are sepa-
rated vertica$ly by at least 1,000 feet. 
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ICAO Phonetic Alphabet 
A 	Alpha J Juliet R Romeo 

B 	Bravo K Kilo (Keyloh) S Sierra 

C 	Charlie L Lima Leemah) T Tango 

D 	Delta M Mike U Uniform 

E 	Echo N November V Victor 

F 	Fcxtrot 0 Oscar W Whiskey 

G 	Golf P Papa X X-ray 

H 	Hotel 0 Quebec Y Yankee 

1 	India (Keh-beck) Z Zulu 

Common Aviation Terms 
There are a few words and phrases that are not part of the phonetic 

alphabet that also help in radio communication. Here are some of the 

common ones and what they mean. 

Acknowledge—Let me know that you have received and understood 

this Message. 

Affirmative—Yes. 

Negative— No. 

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

version is - 

Over—My transmission is ended, and 1 expect a response from you. 

Out—This conversation is ended, and 1 don't expect a response. 

Roger-- 1 have received all of your last transmission. 

Read back—Repeat all of this message back to me exactly as received 

after 1 bave 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 it has 

been sz id that pilots who speak other languages have to learn only about 

100 English words to operate in any air traffic control system. 
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Air Navigation 
Air navigation is simplv the way a pilot gets an airplane from 
where lt is to its destination with a minimum of difficn Ity. 
Using chaos, instruments, and preparation, the pilot is ahle to 
map a course to know at all times where the plane is, wha 
direction lt should go, and how long ihe trip will iake. 

There are four standard methods of navigation. 

• Pilotage—by reference to chas and visible landmarks 

• Dead (deduced) reckoning—hy figuring direction and 
distance from a known position 

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

• SateHite navigation—by use of the global positioning 
system (GPS) 

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

Terminal area 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. 
(This chart also includes scales for 
nautical miles and kilometers.) 

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

Aeronautical planning chart. Scale 
is 80 statute miles per inch. 
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Sectional Charts 
Tie sect c 	aeronau-: 	 bv prte 
pilots. Ti-» are 3' s:I.  
a:kna. 	.::.als :: - -- ---aska and Hawaii. For requirernent 2c, 
veu must obtain a chart and learn ho.: i-,  read it 

Reading an aeronauucai --- -:rt is almost EI2 read . .a 
etaiied 1 lehwav map. In iac. :ev look like 	. rna:- . except 

that aerc: .•::.: .. charrs have special 'r.:.: :. to sho: s..:ch 
................................ ....: 	atitude and .:.::itude, 

and ::. 	cic 	:::.: . ;. Each :1.......:Jes a deaPer zeplanz- 
tion ased:vot.: :e- .:.eiorcanalsc:.lpvou 
understand t: er vou see. 
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-. 	. 	.. 	i.. 	 . 
The rap hara shows part c tha St. Louis sectoral aeronaut&c chatWe will use 
this part of the chart in explaining how a pilot would map a course for a shoit flight 
between two cities in Indiana. 

Measuring Direction 
ßefore VOU fan piot a co::, vou shoWd revew some basic 
acts 	r::v. As vc. .:: .:.. .:- equator s 

iflC ruitoig around the miücie oi Eanh exactiv haiiwav 
hetween the North and Sotnh Poies: 
its 	i  zero :.::ee:. Other 
tmagmarveast.westhnesthat 	. . .. 	. ..... 	. 

Earth ae called lines 
of latitude, :: parallels. 	4 

oi 

eeP.. 

o t ati 

	

. 	.. 	.‚ 

...... 
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AI R NAVIGATION 

You can beate any point on Earth by reference to its 
batituce and bongitude. For example, Washington, DC., 
lies at approximotely 39 degrees north batitude, 
77 degrees west bongitude. 

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, 
is called the prime meridian and has a value of zero degrees. 
Other meridians have values in degrees of longitude east and 
west up to 180 degrees. North America lies between about 
67 and 125 degrees west longitude. 

Approximate measures are not very helpful, however, 
when you consider that the distance between each degree of 
latitude is roughly 69 miles. So each degree is subdivided into 
60 minutes, which lets us pinpoint a location further. On charts, 
degrees are shown by this symbol (0)  and minutes by this () 

On the part of the sectional aeronautical chart shown 
on the facing page, Indianapolis International Airport is at 
39 degrees 43 minutes north latitude, 86 degrees 17 minutes 
west longitude. You can't see the latitude in the illustration, 
however, because lt does not include the edge of the chart 
where the latitude appears. 

TheTrue 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, 
as we said, is at 39 degrees 43 minutes north latitude, 86 degrees 
17 minutes west longitude, while CFJ is at 39 degrees 58 mm-
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 
near 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 10 true north. True course for our 
return trip would be 118 degrees, or the reciprocal of 298 degrees 
(298 degrees minus 180 degrees). 
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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 Iearned 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. Ort aeronautical charts, the amount and 
direction of variation is shown by broken red lines called 
isogonic lines. 
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Near Indianapolis, the magnetic variation is apt)roxlmately 
2 degrees west, wlich means we need to add 2 degrees to our 
course. If the variation were to the east—as it would be in most 
of ll]inos—we would suhtract that value. (An easy way to 
remember whether to add or subtract is the rhyme "East is 
least, west is best.") 

So, allowing for magnetic variation, our course from IND 
to CFJ would be 300 degrees. On -,he rturn trip, we would add 
2 degrees to our truc course 	hR iIit$PS for a magnetic 
course of 120 clegrees. 

The airpl:ine's compass is surrounded by thousands of 
pounds of inetal and electricat parts, which can deflect the 
compass front a nonnai reading, something called deviation. 
The deviition is different for each airplane and even varies for 
the same airplane on different headings. 
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Technicians can calculate closely just how much 
the deviation will be for any airpiane In every aircraft, 
you will find a deviation card mounted near the com-
pass that teils us how to correct the magnetic course 
for deviation. 

Remember, the magnetic course from Indianapolis 
International (IND) to Crawfordsville Airport (CFJ) is 300 
degrees. Our deviation card teils us that for a magnetic course 
of 300 degrees, we should steer a course of 301 degrees. In 
other words the conipass deviation in our airplane at this 
course is 1 degree higher than the magnetic course. 

We can now proceed to steer at 301 degees, confident 
that we will soon see the Crawfordsville Airport. And we 

-provided that there was no wind. 

For requirement 2e, you learned that your airspeed indicator 
shows how fast you are passing tlirough the air, not over the 
ground. If you are flying into a 25-Inot headwind, you are 
actually traveling over the ground at 25 knots less than your 
airspeed. On the other hand, if you have a 25-knot tailwind, 
vou 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. A-:a pilot, you must know 
how to correct vrr cour for this dritt, which you do hy using 
your own s.ccd 	1 the -;'ed 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. 
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MAKING A 	 . 

WiND TRIANGLE 
Supr:s a preflight 	 •.- 
we .....hriefing retons 	.- 	 •. 

s:t:dilvfraw .401 drees 	 . ..••. 
wir.:. corning from 	 . •________ 

$40 degre. .: goir: :ward 160 degrees 
Uhe reciprocalL 

Step 1 —On a clean sheet of pane, make a north 
south iN- ioned 'ine. Piace a den haliwav down 
that line 	identifv it as IND. We have alreadv deter- 	S 

r.:d ihat C 	. nautical miles (am) L::n IND 
and that our true caurse is 298 degrees. 

Step 2—Using a protraci::. ::..:: our 33 am true course of 
2$ 1egrees based an aur \- : • ;-BJ. Place a dat 3$ units 

the N-S line and id€:.::: : 

Step 3— . :h the proiractor centered an the dat representin 
IND, draw a line at 160 degrees c.::.::'-e frorn narth, indicat-
ing i -  the wind frc:. 340 ciegreesi $0 degrees. 
Since -.nat wind. sh:  .: its velocitv t ;:akine that line 
15 units lang an aur ::.tr; place an arrowhead (>) a: : -.e end 
of that line and i as C 

Step 4—The planes ::i:ising speed is 100 kn::. 	:neasure 
i inits an ihe ruler : represent the arsoee:T :L..;ng a dat 
antheruler: :atpaint. Placethen:.: :.... ndisan 
the arrowhead and the IC- :iile dat an die ruier .... :ses die 
true course lire nabel th.: :ini PL P--.v the L- :dlabeIit 
for aur 100-k:: airspeed :: the end an hc.:: ..:; position 
s.::::. :eatpoiniP. 
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BecaLse weather 

constantfy 

chanes, we 

must check our 

calc tons 

durng me tligFn 

by raco or 

reference ponts 

on the ground 

to determne itthe 

wind has chanqed 

n its drection 

and er speed. 

Step 5—We ca:: :::.a o 	oun 	eed v measnng En 

of umzs on t.• uler 	n In 	iaxis IterationaI 
w point 1', v 	 not. 

Step 6— ..har' 	.1 	at re kn 	.............. 

J. We can fin ::. 	:: 	 .......... the 

efererce ilne of - .. 	::. :::; ion :he 	rh-s 	. .:e wah 
rcenzerpc.:.:aUiem.:.....:noi:.: 	.:peec . ..... 

• :o a!rsoee 	• 	• 	 4 deee, i; i:ue 
• 	ss headi 	which is what we 

wU ::jaI': fiv, wo  

•r'thn and cc:: -.:- 	ieviarion 

Step 7— .f:c: ....e obarn this ui. .. 	rig. wo c::. ppiv the 

correuc .:c; :aagnetic 	 101 

obtain j::;npass heading, as w 	 arher. Ths will 

as ;o fiv ±::c:Iv:o CFJ. .c 	. 	.-dv fei:.: 

magneic 	17 e 
so wo add degrees - :cur rue boa 	J fird a magne:ic 
hoadmg of 3 Jegrees. 

Step 8—The devarion ci::I noar our co:::ass 	j o add 

degree to a magnetic reading ci 300 degrees. so wo a 

:har to or-  agnetic ead::e ar:d go: 301, degreos That s or 
cr.:s Z Z ::adfng frc - :. :YD : houi ..:: .:.: .s dir:1v cver CFJ. 

- 
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The Wheel Deal 
Drawing a wind triangle is a pretty accurate way to 

figure out your heading, hut it can be awkward. Not 

surprisingly, pilots have mais Co make the job easier. 

One of these toois is the E6B fiight computer. 

Sometimes caUed a "whiz wheel,"the E6B has heen 

around for geflerations. One side i  a circular stide 

rule marked for performing fdght caiculations.The 

other side—the "wind" side—has a transparent sheet 

of plastic over a grid. in effect, you draw your wind 

triangle an the clear plastic of the computer instead 

of an a piece of paper. Grid limes and other markings 

on the computer let you sirnply read off angies and 

speeds without having to measure them with a 

protractor and ruier. 

Learning Co use an E6B takes practice hut is 

a mark of a knowledgeable aviator. Electronic flight 

computers similar Co handhe{d calculators are 

avaflable and work quite weil, but the well-prepared 

pilot knows how to usa the oid E68, too. 

This instrument is vital to a 

pilot's knowiedge hecause 

lt gives a mental image 

of ehe relationships 

of performance 

and winds. 	 / 
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With VOR, ehe 

pilot need not 

be concerned 

with magnetic 

variation, conipass 

deviation, or wind 

drift. Keep the 

needle centered; 

radio does the rest 

The Federal Aviation Administration oversees radio aids Co 
navigation through its Federal Airways System. The chief 
ground-based aid is called very high frequency, omnidirectional 
radio range ("VUF omni range" or "VOR"). From VOR stations 

throughout the country, VHF radio signals 
are transmitted in all directions, or omriidi-
rectionaL Any aircraft equipped wiCh 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 ecluipment. 

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—listen 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 
Co correct your course. if CC 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 seconds and 
then change Co 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 correctjoil 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 Co see if II will keep the needle centered. 
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GPS: Steering by Satellite 
You may have used a global posetioning system, or GPS, 
receever on a Scout hike. GPS uses a series of geostationarv 
satellites orbiting at an altitude of about 11 ,000 nautical miles 
es precisely indicate your position in terms of latetude 
anti longitude. 

GPS is the primarv means of navigation, lt offers similar 
guidance Co VOR DM5 hut can also accuratelv determene alti-
tude. Because the GPS receiver knows your present position 
anti vour past position, et gives a verv accurate ground speed 
readout as weil as a readout of your track over the ground. 

GPS is replaceng ehe instrument landung system, which for 
years has been used for guidance Co runways when ehe ceiling 
anti visibility are verv bw, lt probabiv will also replace the 
entire VOR system. 
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Entering the Cockpit 
Now that au understand how airplanes work. vou mav be 
eager to gei in the cockpit and star. fiving. Oi caurse, not lust 
anvc'ne 15 aliowed to fiv an airplane: vou must earn a pilots 
license fiist hast as von must carn a drivers hcense before vou 
can drive a car The good news is that earning a piiots cer.ifi 
cate is not as hard as vop might think. 

The U.S. govemmertts Code of Federn! Regulations TitIe 
14 details six leveis of pilot certificates, ranging from studem 
pilot to air transport beot „the certicate held bv airiine captains. 
To he-.p von complete recuirement ln we will brieflv examine 
three of -he certifica eonai rl!ot private pih 
sport piiot—a!ongwith tl. 	. 	: iot rating. 
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Recreational Pilot Certilicate 
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Sport Pilot Certificate 
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he -a:rie: o: :v-e 	avo: 5; nan :vng iore 
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enger a i' 	t'J tee: alt e 	:eve:. The t'ci pior 

nav stare exp 	wih :he passenge:. an,i on dav:kne 

figh:s are aowe. I 	en pzt dces not ciafvo: di- 
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:eurce ec:Un o: :nore nrma:i2n 
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Private Pilot Certificate 
At one time considered to be the primary pilot's license, the 
private pilot certificate is still greatly desired. Its requirements 
are more demanding than those for the sport or recreational 
pilot certificate, and its privileges are greater. This certificate 
requires a minimum 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. 

Instrument Rating 

With additional instruction, private pilots can add ratings to a 
certificate—upgrades that ailow privileges like flying multien 
gine aircraft or seaplanes. One rating many private pilots work 
to earn as quickly as possible is the instrument rating, which 
allows them to fly at times when instrument flight rules are in 
effect. Without the instrument rating, a pilot can fly only when 
visibility is good and visual flight rules are in effect. Of course, 
II is sometimes necessary to fly when clouds obscure the 
sky. The instrument rating permits a pilot to fly under 
these conditions. 

All ofthese 

certificates require 

an inciividual 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 here.) 

Lastly, you must 

be at least 

16 years old to 

fly solo and at 

least 17 to carry 

passengers. 
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TAKING F[IGHT 

Taking Flight 

-• 

- t tikes tobecome a pilot. Perhaps: '--- 	- 
Nowis a good:::::: 
ihe S. 	 of tlight  

- 

- 	--. 

Ynin beI 	E Dugt ca 	:h ‚ur 	Tonabsi- 
ness trip or perbaps take a fiving vacation wiCh your famiiy. Or, 
you may be ahle Co take an orientation flight at an airpore near 
your home—with ysur parent's permission, of course, if you are 
ahle es take an actual flight in an airliner or a small airplane, be 
sure to note the date, time, place, and how lang ehe fiight iasted-
much as pilots lag every flight they make. Be sure es make notes 
of your experience so you san teil your counselor about it. 
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Fuling a F1iht Plan 
II yiee are a piloL preparmg for a trip es more romplirated than 
tust buveng a ticket. You meist plan every ,  detail of ehe fhght, 
from what time you will leare Co how much fuel ehe journev 
will take. 

Pilots flying nieder instrument flight mIes are requered by 
law to hIe an aviation flight plan—and ran be tined up es 
$1.000 if thev do not. But it es a smart idea Es file a flight plan 
even when visual flight mIes are in farce. 

Preparing to Fly 
A tot of preflight planning goss ines every fliglit. The pilot meist 
leamn absut ehe weather and ehe expeceed wind at ehe proposed 
cmuesmg altitude. The pilot Oese determines whether evervthing 
is OK fam Ehe feight, and ehen conducts a preflight mspecteon of 
the aerplane to make sure et is airworthy. 

Follow along an a tvpical prefhght inspertion of a popular 
four-seat airplane. The pilot first '.isually checks the aircmaft for 
general rondition during a walk-aroured enspection In cold 
weather, ehe prise does this by memoving even the smallest 
arcurnulateons of frost, ice, am snow from the wings, tau, and 
control surfaces. The pilot ehen makes sure that the control 
sumfaces contain na internal accumulations of ice or debris. 
If it es a nighe ffighe, ehe pilot checks the operation of all hghts 
ansi makes sure a working flashuight (with extra batteries) is 
an boamd. 
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Here is a typical preflight checklist. 

1. Cabin 

a. Remove the control wheel lock. 

b. Make sure the ignition switch is in the OFF position. 

c. lürn on the master switch and check fuel quantity 
indicators, theo turn off the master switch. 

V
Warnng: When turning an the master 

switch, do not allow anyone to stand 

within the arc of the propelter, since a 

loose or broken wire or other malfunc 

don coutd cause the propeher to rotate. 

d. Check the fuel selector valve handle on both tanks. 

e. Check baggage door for security. 
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2 Ex:eran arzing at ii 	-,he arp!a.3e 

a. Rcmcve 	ridr gs o:k, i 	safl1. 

Dmec eai 

Ceck cc::: 	rface :': eedcn y novernerr 
a0 eL:v. 

5 

a 	 movemenz ai seuitv. 

4. Rgh ;ving eaJb edge 

a Dcomec zhc vvig 

r Cez zhe inzin,  ;vhee iire fr rcper infat:o:. 

Visa.v cIedz the 	cuarntv a 	az he fuel,  fiLer 
c3' i ecre. 

t Be::e :he firs:Tig5 	he Ca„ a:d afle: eaci :efueg. 
dram all e raiw:s. incjdirg :he fiie line qdck-dram  

Drain at eas: a :p 	Lnga saipier 
cu,, checkng tor wa:e:, setmenr. and roper fue 
gr&ie. lt cnammnare, ake f:rthe: sampies ntii clear. 
:heage:iv :od z5e ;virgs re mc; e anv additonai 
cotarnhams mc :ie sarnoling ooimmts. Take repeared 
samp.3gs trom all dram pomms umi all conraminamion 
as ösen :emve. 

5 Nose 

Cieck iSe oi 1eve. Dc n 	'e ora:ea rane wi;h mhe cii 
i below time recommerde levek For extended fiighms. 

fik :fie eil mc ±e maximrim ievei 

b Cbk :Se o:eLe: and scinner tor nicks ana secuntv. 

Checkmhe ianing igh3s tor con±:icn and clearmiiness. 

d. Check the carhuremorau ffie tor :e cmiors 5v dusm or 
cihe: foreign manen 

e Check ehe nose whee strut arld fire torp:oer intarion 

t, Lef ;vimmg leading ege 

Dsccmmec: d:e mie-dc;v :ce. 

mv inspec: ihe ficht f:nrimem stamic source opening on nie 
sie at ±e tiselage tor s:opage ien side Z.3:V. 
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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 
inciudes airports and other facilities 
that may be unfamiliar to you. 

In the 1920s, the first attempts to control the airspace 
above the United States were made in establishing air-
mail routes.The organizations created back then were 

predecessors to the Federal Aviation Administration, 
which controls the skies today. 

Orte of the earliest methods of navigation assistarice for 
pilots was the lighting of fires at night. The first air traffic con-
trol used maps, chalkboards, and mental caiculations to keep 
planes separated in the air. We have come a long way since 
then in providing accurate and reliable assistance for private, 
commercial, and militaiy pilots. 

Requirements 4a and 4b encourage you to visit an air-
port and one of several types of FAA facilities. Before 
you go, it might be wise to learn a little about each. 
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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 stur-
ing a few airplanes, or perbaps it is a giant cnmplex 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 ahle to see the 
airways system at work as controllers guide traffic on the 
aerial highv 

Clvii (commercial) airports are 
generally built by cities, often with 
aid from state and federal govern- 

zm 

	

	tu serve civilian aviation 
and sometimes military traffic as 

dl. They are usually dose tu the 
city or town they serve. Their loca- 

- . 	tion may depend in part on where 

or strong winds 

tL1 

-dc 	 - 

-- - 	 - 
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Airports are assigned identifiers consisting of three 
letters, numbers, or a combination of both. Although 
these identifiers sometimes seem random, they are 
usually drawn from the airport's name or city. Here are 
a few examples; Los Angeles International Airport is 
LAX, Hartsfield-Jackson Atlanta international Airport is 
ATL, and John F. Kennedy international Airport is JFK. 

1 

Airport Runways 
At a large airport (and some small ones), the runways have hard 
surfaces of concrete or asphalt. Open areas are grass••covered to 
prevent erosion and to conirol dust. Whik' light airplanes some-
times use the turf area for landings and takeoffs, airliners and 
other large planes need paved runways and taxi strips. 

Airport runways are designed, whenever possible, to allow 
takeoffs and landings into the prevailing wind. All ntnways 
are numhered according to the compass heading indicated 
when lined up on the centerline of that runway, but in a sort of 
shorihand. So, for instance, a runway pointing toward 30 degrees 
would be runway 3. 
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If you landed on the same runway going in the opposite 
dircction, the compass heading woukl be 210 degrees (the 

Runway numbers 	reciprocal of 30 (k'grees). Again, you would drop the last zero, 

are pronounced 	
referring to runway 21 instead of runway 210. 

The run\•vay in use (acuv(, ) is deterrnineci h: Hie wind 
one numeral at a 	direction: it is better to fly into the wind to redHa takeoff 

and hinding roh. Some of the bi"«est airports have iwo or time, SO runway 21 
more parallel runways that can be used simultaneously. An 

is pronounced 	airport with two runway 36s would designate them runway 

"two-one;" not 	36L (for left) and nin•vay 36R tfor right). 

"twenty-one." 	Other Airport Facilities 

Runway 30 is In addition to runways and a control tower, every large com- 
mercial airport has an administration building wiih passenger 

pronounced waiting rooms, restrooms, ticket counters, baggage areas, 
"three-zero," and offices for dispuchers 	airlinc officials, and the airport 

inanagenient. The adntinistration md airiine terniinai huildings 
not 	thtrty. 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 frorn the airport to 
other destinations. 

At laige airports, eich airhine may have its own ternminal 
facihities and a hangar or tvo for its airplanes. Fuel trucks and 
hine crews are available. If the airport is served by an airhine, 
there will be complete firefighting and rescu 	quipment. Oflier 
hin1din 	v'ihi hone enuiprnent for nai,iuihHi' Ihe field. 
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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 
traffic .rca or in th 
traffic pattern. 

• Manage arrivals an - 
departures. - 

• Contral graund move- 
ments ei aircjft and 1 
ground vehicies. j 

• Provide clearances and ? 	 •- 	 j 
locaiweatheramlairport 

Terminal Radar Control Facility 
More commonly known as approach/departure, the airport-
based radar control facility provides Separation for aircraft flying 
within 40 rniles of the primary airport in the area. lt mav also 
be responsihle for aircraft in that arna 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. 

Wherr ycu visit a terminal radar control facility, expect 

to enter a darkened room lit only by the glow of radar 
screens. Controllers skillfufly observe and maneuver 

the 'b1ips" that appear an their screens; each blip repre-
sents an aircraft. lfyou have ever played a Computer or 
video garne, you have same idea of the intense natura 
of this responsibUity. Of course, thera is absolutely na 
raarn for error. 
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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 commonk 
referrod to as thc "conter." A contro!ler's duties are chicf!v oriemed 
toward aircraft fiving 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 aircraft progress over all routes, 
advise pflots concerning hazardous weather, and sequence traf -
fic into detination airports. I.00king much like the approach/ 
depart nie fciiity, 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 FSS 
will also: 

• Accept and dose flight plans. 

• Conduct preflight weather briefings. 

• Communicate with VFR pilots en rouie. 

• HeIp pilots in distress. 

• Provide weather information. 

• Monitor air navigation radio aids. 

• Ptih!icize notices to airmen, which update 
pilots on changes to aeronauncat facilities, 
services, or procedures or notify them 
of hazards. 

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



L 

Flight Standards District Office 
The Flight Standards District Office (FSDO, pronounced "fiz-doh") 
is a field ottice of the FAA serving the aviation industry and 
general public on matters relating to certifying and operating 
airline and general aviation airciafi. Fach office serves an 
assigned geographical area and oversees operations for safety, 
certification of flight crevs and aircraft, accident prevention, 
invostigation, and entorcement. 

Arranging a Visit 
Most of the facilities mentioned weicome visitors, and you can find their 

phone numbers in your phone book. Look up the airport's name or look 

tor FAA facilities under United Stetes Government, Department of 

Transportation." Be sure to cail ahead to make an appointment; dort 

expect to drop by unannounced. Airports, and especially control towers, 

are husy piaces, and the working persannel will not be ahle to drop every-

thinq to give you a guided tour without advance notice and permission, 

Rernemher that you are a guest in a most important part of the air 

trattic control system.The people there are responsible tor the hves and 

safety of thousands of individuals and billions of dollars in property, 
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Flying Without Leaving 
the Ground 
Nothing quite equals the thrill of flying, but you can still eniov 
aviatic 	vithout k; 	:2. Computer ;::1ators and 
modeT .:planes o::: 	:::si. alterna::cs :c taking an 
ac:; 	Tcht. 

Flight Simulators 
\u may atre'. uve 	 program for 
a 	;sonal coi:iter. The 	 nclu 	a joy- 
St 	;oke control and 	even have rudci-- . ;)edals. If von 
cl...... :' 	2, 	wil. :ed to plo'. cou 	•ver 	area 
cc:.i..: 	ram 	c-au and c:n ar. .Tonaca1 
sectional chart for that region. 
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From t. -.- 	 avaI: 	the: 	:useone 
that vou 	.is exerc; s 	 ::ewed as 

of this 
requiremen: . 	::u experiencc ..:: 	ense of . at it is 
like to pilot an 	: - .:n takeof: ::: 	ling. to 1: 	ading 
that vou 	lculateu 	r: 	:!e 	ef!:c::: 	':''. 	::...... 
vour pr:css as vou pa  

Select a departure point and a destination point that 
will a(Iow for a flight of no more than an hour. Arrange 
to be uninterrupted during your time at the controls, 
and be aware of what you are thinking and feeling as 
you perform the flight. When you complete the flight, 
write down your experiences and share your observa-
tions with your merit badge counsejor. 

Model Airplanes 

4. 	Thev hold an 	riacc 
: 	 in 	- ........... . 

::s tu 	-.. .aneers 
• ... 	dcls .-.. 	thev 

c ‚esigns 
. nd tunnels. 

\bu viii hnd niodei budding 

................................

:.li  

a;c to basic kinds 

!h'lg niod- 
ek Display trodels ate miniatu-. apies o 	 dancs. 
precisc in sc: cand exact ir:.:aii. Yen can 	piastic kit 

	

s at 	.k ........ev stercs  
.rn. tuch: 	- .. . 	 :IA  

dcc.. 	it ihc plane mark:t..z Von ‚ 	. -i necd tu 
a sharp knite and a paintbn.h. 
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Model AirplanesThat Fly 
The simplest kind of fiying model is a glider. However, if you 
choose 10 makc a flying model for requirement 3a, it must be 
a powered rke-otf-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 ku 
or design voir own. 

Some flying models are rather simple. Many are made 
almost entireiy out of balsa wood. In some of the more realistic 
models, a balsa framework for the fuselage (body), wings, and 
tail surfaces is covered with a good grade of tissue paper or 
lightweight cloth. This covering is stretched tight and water-
proofed with t.'o or three coats of dope. 

Experienced model-makers usuaily use gasoline engines 
to power their airplanes. Often they will build gas-powered 
mudels that 111ev can control from the ground by working the 
plane's control surfaces, either by means of a control line or 
by radio control. 
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1hree general categories of powered flying models are 
avaiiable. These are free-flight, line-controlled, ancl radio 

In many kits, 	controlled müde! airpia nes. 
modern "heat- 	Free-Flight Models. As the term suggests, free-flight models 
shrink" plastics 	are designed to be released with the engine running and to 

coast mi oversized wings when the engine stogs. Resemhllug 
have replaced the 	sailplanes or giklers, these inay stay aloft for an hour or niore. 
traditional tissue 	Control-Line Models. Also known as U-control models, 

and dope covering 	control-line models are f!own by two wires attached through 
one wing of the aircraft. These wires work the elevators on the 

the airframe. 	horizont.d stahilizer, controfling the altitude of the fiight. The 
Check with a 	opera 101 otates inside a sma!l code, rnaneuveuing the airplane 

hobby shop or 	
up, down, or in loops. 

Radio-Controlled Models. Many advanced rnodel airplane 
model club to help 	buihlers install radios in their airplanes so the planes can be 
you in selecting 	contwlled in flight from the ground. A tiny receiver is built into 

the type of kit you 	
the mode!, and si°nals are sent 10 it f1 -0111 a transmitter. These 
signals are used to guide the mode! s control surfaces, ahowing 

will build and fly. 	the pilot to make the model dive and clirnb, turn, and cruise. 

--- 

Model Power 
There are three basic types of power plants for flving models: 
rubber-powered, fue!-powered engines, and bat terv-powered 
electric motors. 

Engines for fucl-powered model planes are internal 
combustion engines that hurn eitlier an alcohol/oil mixture 
or gasoline. Most of theni are two-cycle engines that draw 
fuel into the conihustion chamher, flre. and expei exhaust 
by the up-and-duwn niovenient of the piston in lilo cyliiider. 
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The simplest type is called the glow-plug engine. lt is 
fired by a glowing filament heated by a battery. Once the engine 
starts, the heat of combustion keeps the glow plug hot. This Be sure you 
engine uses a mixture of methanol, nitromethane, and oil follow the satety 
as fuel. 

The other common type of model engine is a simple precautons 
diesel engine that bums an ether mixture and is fired on com- provided by the 
pression alone. The average flight time for a gasoline-powered 
engine is 10 to 15 minutes; although larger fuel tanks provide mafturer 
longer Operation. für the fuel—or 

The battery-powered electric motors have an advantage; 
battery—operated they can be switched on or off, thus providing maximum power 

instantaneously. Their disadvantages are a comparable lack of model you build. 
speed and shorter flight time. 

Before tackling requirement 3a, practice-build several of 
the simpler rubber-powered airplanes. Become famitiar 
with common construction problems.Then, building a 
modet with an engine will be tess compticated. 

when building 

V • Be careful when using sharp tods 
such as razor blades and knives. 

• Avoid inhaling fumes from airplane cement and 
airplane dope. 

• Keep all materials and tools awayfrom small chUdren. 
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Flying Models in Competition 

After you 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 haus. 

There are events for gas- and rubber-powered free-flight 
models, gliders of various types, free-fhght rocket-powered 
models, control-line modeis, and radio-controiied modeis of 
various kinds. These often involve "combat," during which 
the f!yers' !ine-contro!!ed, gas-engine models try to cut with 
their propeilers streamers trailing from other models. Models 
are sometimes judged for workmanship as weil as tor 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 
recreation activity. See the resources section at the 
end of this pamphlet for contact information. 
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Flying Models Safely 
F]ylno mode] arcraft 	cIuIres a high evei of skiH and responsibHity. 

Th panes cn 'egh up to 100 pounds and reach speeds fester than 

200 mpn. Therefcr safetv must n--er be compromed. 

One oommonsense tue of sfetytchen fiyinc mode] p]anes: Sie„.,- 

out of tner „„„ay, Even a HghL Hasa-oiood mode] powered by a rubher 

Dand mahl injure you if it hit you, 

The Academu of Mccc Aeronauhcs oub]shes the Nationa] Mode] 

Aircrft Sefety Code tor use oy AMA memhers and at AMA-sanct]oned 

evenls, but 0 upohes jUSt es weH to eny  modei arcrafr enthusastYou cun 

reauest a c opv ot 1h code AMA document 10 oy contecting the AM.A 
or v' sitng the AMA ‚veoste, 

The Model FPG-9 
An easy 'aav to learn about how planes work is to hui!d a 

	

mode! FPG-9. Th. 	tesb;n was dc:] sed by Jack Reynolds, In requirement 3b, 

	

wir. 	NeluvO Mode! Av]a:ion Museum. The 	you are askedto 
nade i.. 	z2 	t]arh-size foan: alate. 

build an FPG-9 

Materials Needed 	 and compete with 

TI 
other Scouts in 

87k-lnchfoam  
plate 

Scissors 

Penny 

iÄ 

AVAT1ON 	83 



This FPG-9 pattern 
must be enlarged 150 
percentto b  full size. 
You can also print out 
the pattem from the 
AMA's education web-
site at http://www. 
buildandfly.com . 

1 

2 

FPG-9 Pattern hy Jack Revnoids 
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Making an FPG-9 
Follow these steps to make your FPG-9. 

Step 1 —Photocopy the patterru provided (it will have to be 
en!arged 150 percent) and cut it out with scissors. Don't cut 

long 
 

thu doted line, just along the bold hnes. 

Step 2—Place the paper pattern in the center of the foam plate, 
making sure that the tat) of the pattern stays on the plate's fiat 
bottom, inside the curved portion. Don't worry if the tab at the 
top of the pattern is on the curved portion. The wingtips should 
spill over the curved edge of the plate. 
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Step 3—Trace arouuu Uie palteill with tlie luk pen. Mark the 
scissor siots A and B. 

Step 4—Cut out the foam template hy following the pen Ilnes 
you just drew. 

r 4 ,  
Step 5—Cut along the dotted line to separate the tall from the 
wings. For ease, niake all of your cuts fru;n the outside of the 
plate toward the center of the plate. Don't try to turn the scis-
sors to make sharp corners. Cut the twe slots only as wide as 
the thickness üt the foam plate; otherwtso the Pieces will not 
fit together snugly. 
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• 
TheFPG-9uses 

eIevons" to 

control both pitch 

and roll. In a 

conventiona 

airplane, elevators 

control pitch 

control roll. 

Step 6-10 attach the taU to the wing, slide slot 1 into slot 2 
Making sure the tail is perpendicular to the wings, use two 
smaii pieces of tape (about 2 inches long) to secure the 
bottoni of the tail to the bottom of the wing. 

Step 7—GJue the penny near the front of the plane where mdi-
cated on the pauern. Fold the square tab back over the penny; 
tape it down to secure the coin. 
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Step 8—Bend 	elevons (the flaps on the back eciges ei 
the wings) upward. This will provide for a flatter glide path. 

Step 9—Your FPG-9 is ready to fly. Gently toss the plane 
directiy in front of you. Once it flies reasonably straight and 
glides weil, try throwing it hard with the nose of the g!ider 
pointed 30 degrees above the horizon. The ghder shouk] make 
a big loop and have enough speed to glide 20 to 25 feet after 
completing the loop. 
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Testing Your FPG-9 
Now 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 
cornpctition to test your gliders. To judge precision flight, hang 
a piastic hoop about 20 feet irom 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 paints per 
successful try, then total each person's score. 

>1 
lt 

.4.. 

zw 
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Careers in Aviation 
Aviation offers a nearly unlimited variety of career opportuni-
ties—nianv of which do not directly involve airp!anes. Experts 
in the field estirnate that for everv person who flies an aircraft, 
there are 600 others who fihl aviation-reiatcd positions. 
Followi ng are just a few aviation-related careors: 

• Pilots and flight engineers 

• Flight attendants 

• Airline nonflying careers 

• Aircraft manufacturing 

• Maintenance/avionics 

• Airport careers 

• Government careers 
1 ! 

Neariv all workers in the aero-
space industry must be highly 
ski!ied. Ihose involved in the 
manufacture, flving, and main-
tenance of aircraft and space- 
craft are especially well-traineil. The q:v of -odv and work 

	

that mght gve you just a passing grad 	li 

	

o 	i n : oc good 
enough for a position in aviation. 

As you consider whether you want to enter the aviation 
field, ask yourself about your skiils and interests. Are 
yen mechanicaliy er scientificaHy minded7 Dc you werk 
weil with your hands? Dc you work weil with teople? 
if you have the necessary abilities, there may be an 
opportunity tor you in aviation—provided you are 
willing to work hard to learn. 
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II you are serious about a career in aviation, you should 
begin planning for it when you enter high school hecause you 

For more may need a background in such fieids as mathematics and 

Information about physics. For many positions, college degrees are necessary, 
again usually with emphasis on math and science. Depencling 

the resources on the career you want tu pursue, you may choose a culiege 

mentioned in this that offers a specialized aviation program. In addition, many 
commercial pilots earn their wings as members of tue U.S. 

section, see the armed forces. Your guidance counselor can heip you learn more 
resources section about how to prepare tor an aviation career. 

The FAA website has several publications about careers in 
atthe end of aviation. These can be found online (with vour parent's permis- 
this pamphlet. sion) at www.faa.gov/education/careers . The U.S. Department 

of Transportation also provides information online about avia- 
________________ tion careers. To access the reports, visit www.rhi.iot.gov/bts  or 

download the PDF at http://ntl.bts.gov/lib/000,  9d0/932/sky.pdf. 
For more information on aviation-related univcrsimv 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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CAREERS IN AVIAfION 
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Aviation Resources 
Scouting Literature 

Auto Alc'cii.aiucs, ilcct, n 	‚ 
J\,locIeI L)'stiit  00(1 1tnIdti., 
and Space Lxploiniton meri 
hadge parnphiets 

With your parent's permission, visit 
the Boy Scouts of America's official 
retail website, www.scoutshop.org , 
for a complete listing of all merit 
badge pamphlets and other helpfut 
Scouting materials and supplies. 

Books 

Beil, Dana. in the Cockpit: Inside 50 
1[itorv-Muking Aircraft. Harper 
l)esign, 2007. 

Smithsonian Atlas of World 
Aviation. Smithsonian, 2008. 

Echaore-McDavid, Susan. Career 
Opporlunities in Aviation and the 
A('rnspuce Industiy: A Guide to 

Careers in Aviatiort cind the 
/tt 'n space !ndustry. Checkmark 
Books, 2004. 

Eichenberger, Jerry A. Your Pilot's 
l.uonse, 8th cd. L'vicGt,v 1 liii, 2011. 

Grant, R.G. Flight: 71e (2omplete 
ilistory. DK Publishing, 2007. 

Naiium, Andrew. Plight: DK Eyewituess 
Book. DK Children, 2011. 

Whiteman, Phillip. Aircraft: hie 
Definitive Visual Histoiy. DK 
AduIt, 2013. 

Periodicals 

Flying 
Telephone: 407-628-4802 
Website: www.flyingmag.com  

ModelAirpiane News 
Air Age Media 
Toll-free telc'phc'ne: 800-827-0323 
\A'el.site: &'•vw.iodclairplanenews.corn 

Plane & Pilot 
Werner Publishing Corp. 
Teiephone: 310-820-1500 
Website: www.planeandpilotmag.com  

Organizations and Websites 

Academy of Model Aeronautics 
5161 East Memorial Drive 
Munde, IN 47302 
Toll-free telephone: 800-435-9262 
Website: www.modelaircraft.org  

Aircraft Owners and Pilots 
Association 
421 Aviation Way 
Frederick, MD 21701 
Toll -free telephone: 800-872-2672 
Website: www.aupa.org  
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ALLSTAR Network 
Aeronautics Learning Laboratoiy für 
Science. Techoology, and Research 
Website: www.allstar.fju.edu  

The Aviation History 
Online Museum 
Website: ww\v.aviation-history.com  

Chasing the Sun 
The Histoiy of Commercial 
Aviation Seen Through the 
Eyes of Its Innovators 
Website: 
www.pbs.org/kcet/chasingthesun  

Federal Aviation Administration 
300 Independence Ave. SW 
Washington, DC 20391 
Toll-free telephone: 866-835-5322 
Website: www.faa.gov  

National Aeronautics 
and Space Administration 
Suite 1M32 
Washington, DC 20546-0001 
Telephone: 202-358-0001 
Website: www.nasa.gov  

National Oceanic 
and Atmospheric Administration 
1401 Constitution Ave., NW, Room 5128 
Washingion, DC 20230 
Telephone: 202-482-6090 
Website: www.noaa.gov  

Sporty's Pilot Shop 
Website: www.sportys.com  
Toll- free telephone: 800-776-7897 

University Aviation Association 
2415 Moore's Miii Road, Suite 265-216 
Auburn, AL 36830 
Telephone: 334-528-0300 
Website: www.imis100us1.com/uaa  

DVDs 

Be a Sport Pilot: Leam to FIy a Fixed-
Wing Light-Sport Aircraft. DVD, 
75 min. 

Sporty's Learri to Fly Course. DVD, 
23 hours. 

Sporty's lntroduction to Flying—A Non-
Pilot's Guide. DVD, 56 min. 

Sporty's So You Want to Fly Helicopters, 
DVD, 2 hours. 

Start Flvirig! Understand What's 
!nuolved Witii Learning to Fly and 
Earrting a Pilot's License. DVD, 
34 min. 
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