Table of Contents

o =1 - T N iiii
Acknowledgments.........ccccceiiriinininiinsnemmnnne s v
Table of Contents........cccoeerrrrccecrr e vii
Chapter 1
Introduction To Flying......ccccceccmrniisemnmnnissnennnnnans 1-1
INErOdUCTION....uvieeieeiiecieeeeee e 1-1
History of FLight........cocooiiiiiiiiiieeeceee 1-2
History of the Federal Aviation Administration (FAA) 1-3
Transcontinental Air Mail Route..............ccccvvevuneennnns 1-4
Federal Certification of Pilots and Mechanics ........... 1-4
The Federal Aviation Act of 1958........ccccccvvviveunennee. 1-6
Department of Transportation (DOT) ........ccccceeeueenee 1-6
ATC AULOMALION.....ccvierereeieerireeieenereesaeeneeeereeseeeennes 1-6
The Professional Air Traffic Controllers
Organization (PATCO) Strike........ccoceveeevirieeneeennen. 1-6
The Airline Deregulation Act of 1978 ........cccceeveueeee 1-7
The Role of the FAA.......ccccoiviiiiiiieeeeeeee, 1-7
The Code of Federal Regulations (CFR).................... 1-7
Primary Locations of the FAA .........cccooivinvinnnnne 1-8
Field Offices ....ccvevieeviieniieiieeie e 1-8
Aviation Safety Inspector (ASI) ......cccoceviicininnene. 1-9
FAA Safety Team (FAASTeam)........cccceeevvveenueenee. 1-9
Obtaining Assistance from the FAA ...........cccoceeneee. 1-9
Aeronautical Information Manual (AIM)............... 1-9
HandboOKS ........ceevieeiieiieeieecie e esee e 1-10
Advisory Circulars (ACS) ...ccoveevvieeneeriieenienieene 1-10
Flight Publications ..........cccceeeeeenencencnnecnennicnnen. 1-11
Pilot and Aeronautical Information .............coeeuveee. 1-12
Notices to Airmen (NOTAMS) ....ccccvevcveeerviennns 1-12
Safety Program Airmen Notification System
(SPANS) ettt 1-14
Aircraft Classifications and Ultralight Vehicles.......... 1-14
Pilot Certifications ........c.ceceevveecieerieecieesieecveeseeeieenns 1-16
Privileges: ..c..coceveeieniiiiciccee 1-16
Limitations: .....c.ceevveecieenieniieenee e sie e 1-17
Recreational Pilot .........cccevciierieniieeiieeiecieecieeieens 1-17
Privileges: ..ccoeieieeierieeee e 1-17

Limitations: ...ccceeeerueeeeiieeieeeieie e 1-17
Private Pilot ..o, 1-17
Commercial Pilot........coccooivieniniinininininicnennns 1-18
Airline Transport Pilot.........cccoceevinieniniencniinennn. 1-18

Selecting a Flight School ..........ccccooviiiiniiiiniieee 1-18
How To Find a Reputable Flight Program.............. 1-19
How To Choose a Certificated Flight
Instructor (CFD).......cooocviiieiiieeieeeieeeee e 1-19

The Student Pilot .........ccocoviiiiiniiiiiiiiiiiiiii, 1-20
Basic Requirements..........c.cceeveereieeneensieeneensieennens 1-20

Medical Certification Requirements..................... 1-20

Becoming a Pilot........cccoeviivieiiiiiiieeeeeee 1-21

Knowledge and SKill TeSts .......cccevvevrrieerieriieenienieenne 1-21
Knowledge Tests ......cceecveerierieiniiiiieiesieeseeeeee 1-21

When To Take the Knowledge Test..................... 1-22
Practical Test.....c.cceeiuirieniiiieieeeereee e 1-22

When To Take the Practical Test..........cccccuennenee. 1-23

Who Administers the FAA Practical Tests?......... 1-23
Role of the Certificated Flight Instructor ................. 1-23
Role of the Designated Pilot Examiner ................... 1-24

Chapter SUmMmary ...........ccccocceviiiininneniieneeeeeen 1-24

Chapter 2

Aeronautical Decision-Making ........cccccerisiemeenas 2-1

INtroduction..........ccoccveiiininininiiniiiccecccs 2-1

History of ADM.....ccocoooiiiiiieniiienieieneeeeteeeeeneeeen 2-2

Risk Management ............ccecueveeieneenienieneniene e 2-3

Crew Resource Management (CRM) and Single-

Pilot Resource Management ...........ceceeeereeeeeneeeceneenen. 2-4

Hazard and RisK.........ccccooiiiiiiniiniiiniecceeeee, 2-4
Hazardous Attitudes and Antidotes...........ccoceeveenneeee. 2-5
RISK. ot 2-6

AsSessing RisK.....couevieviinieniiniiiiiiiienceecee, 2-6

Mitigating RisK.......ccoceviriiniiiiieeeecee 2-8
The PAVE Checklist ........ccceeevieviinveninicnineencenee. 2-8

P = Pilot in Command (PIC) ..........cc.ccoevvreennrennnen. 2-8

A = AIrcraft ..oo.cooeeviiiii 2-8

V = EnVironment .......c.cccceeeeveeniieveeninnenceneeneene. 2-9

E = External Pressures........c.ccoceveveeneecieneeniencnn. 29

Human Factors ........c.ccoveeviiininneniienieeeeneeeeeeene 2-10

Vii



Human Behavior ... 2-11
The Decision-Making Process ...........cccceeeveenereenncnne. 2-12
Single-Pilot Resource Management (SRM) ........... 2-13
The 5 PsS Check ..occvvviiiieeiieeeeeeeeeeee e 2-13
The Plan ....c..ccccoieiiniiiiniiiiciecceceeeee 2-14
The Plane .......coccevevieiiininiiniincnicnceecneeeen 2-14
The Pilot ..coouiiiiiieeieeee e 2-14
The Passengers .......ccecceeveerrieeneerieeneenieeneeeieenne 2-14
The Programming ..........cccceeceeveevenveencnncneenennn. 2-15
Perceive, Process, Perform (3P) Model.................... 2-15
PAVE Checklist: Identify Hazards and
Personal Minimums...........cccceeeveeeeeerenceeeenveennne 2-15
CARE Checklist: Review Hazards and
Evaluate RisKS .....cocccoeevieniiniiniininicnccicnceiceee 2-16
TEAM Checklist: Choose and Implement
Risk Controls .......coceveevienieniiniininienceeeneeeeen 2-16
The DECIDE Model.........ccccooeiininiinreieeeeeenn 2-18
Detect (the Problem)..........ccccoeeviieeiiieiiiieeieeens 2-20
Estimate (the Need To React)........cccccoeuvreecunnenns 2-20
Choose (a Course of ACtion) .........cccceeeeveerveeneanns 2-20
Identify (SOIUtIONS) ..ccveervieriieiiiiieeieeieeieeieene 2-20
Do (the Necessary ACtions) .......c.cceceeveeeereeniennens 2-20
Evaluate (the Effect of the Action) .........ccecu..e. 2-20
Decision-Making in a Dynamic Environment ............ 2-21
Automatic Decision-Making ......c.ccoccevveveenenienene 2-21
Operational Pitfalls .........cccoocevininiinniinnnenn. 2-21
Stress Management.........o.eeeveeevereenereeneneenrenienenns 2-21
Use of ReSOUTICES.....c.evveruirieiirieiecieniecreieereieene 2-21
Internal ReSOUTICES ......cocueeveevineeniinienenicnceicnees 2-23
External ReSOUIces .........coceevuereeneneenennieneeienens 2-23
Situational AWareness..........ccceeereveeeerveeessreeersneessveenns 2-24
Obstacles to Maintaining Situational Awareness.....2-24
Workload Management ...........cccoeveereercieeneennneenne 2-24
Managing RisKS .......ccceevueriiiiniiniiniiniicceeee 2-25
AULOMALION ...eveveiiieeeiiieeieeetee et e aee e 2-25
Results of the Study.......cccoeeevevieniiiniiiniiiienieeieee 2-27
Equipment USe .......ccocveevieniieniieniieieenieeieesieeieenne 2-27
AUtopilot SYStemS. ...c..eecverveeiinieniinieneeieneeieees 2-27
Familiarity.......ccooeeeieiieiiiieeeceeeeee e 2-27
Respect for Onboard Systems..........ccccecuvevvenuennne 2-29
Getting Beyond Rote Workmanship..................... 2-29
Understand the Platform .........cccccceeeeveecienceenneens 2-29
Managing Aircraft Automation ..........c..cecceeveecveenene 2-29
Information Management ............ccceeveveueeneenneenne 2-30
Enhanced Situational Awareness ..........cccceeveeeenneee 2-30
Automation Management............cccceevereevenieeiennenne 2-31
Risk Management...........c..coceeeerieninieneninenenieneene 2-31
Chapter SUMMATY ......cccevvieeriiriieenieeieenee et eeeenne 2-32

viii

Chapter 3

Aircraft Construction .........ccceemrvernrnnsnnnennaen 3-1
INtroduCtion.........coceevverienerienieieecceee e 3-1
Aircraft Design, Certification, and Airworthiness......... 3-2
A Note About Light Sport Aircraft.........cccoceeeennennee. 3-2
Lift and Basic Aerodynamics..........ccccceceevereenerienennne. 3-2
Major COMPONENLS.....cc.eeruereeertienienteeienieeeeeeeeneeeeeseeenees 3-3
Fuselage........coeeveeniiiinieiiiecee e 3-3
WANES ettt 33
Empennage .........occceevieriiiiiiiniinnienie e 3-6
Landing Gear.......c..cooceveeviinienieneeniinieneeeeneeeeneeene 3-7
The Powerplant..........cccccecerierenienenienenceneeceneeenen 3-7
SUDCOMPONENES ...ttt 3-8
Types of Aircraft Construction .........c..coceeeeeveveeerervcnnns 3-8
TTUSS STIUCLUTE «...ovvenreniieiiiiieieieereeeete e 3-8
SEMIMONOCOQUE ....covverurieiieeiieniieeieesreeteesreesaeesaeees 3-9
Composite CONStruCtioN .......cccuevveevereenieneeniereeneennnes 3-9
HIStOTY .o 39
Advantages of COMPOSItES ........coverueveveeeeeennenn 3-10
Disadvantages of Composites.........ceceerverrueennnenns 3-10
Fluid Spills on CompoSites........cecververeereeeeeneeenee. 3-11
Lightning Strike Protection............cccceceevvecvencnee. 3-11
The Future of COMPOSILES ....cevveerevercveerrerrieennnenns 3-12
Instrumentation: Moving into the Future .................... 3-12
Control InStruments .........cocceeveerveeneenseeneeeneeneens 3-13
Navigation Instruments ...........ccceceeeirvencriencnnens 3-13
Global Positioning System (GPS)......c.cceceevvierieneeenne. 3-13
Chapter SUMMATY .....ccocveevieriieriienieeieesee e see e 3-13
Chapter 4
Principles of Flight ..........cccceociiiiiiriniicnnnnnnes 4-1
INtrodUCtiON.....coeieieiieieieeeeee e 4-1
Structure of the Atmosphere...........ccccceceeeerverencnicncnncns 4-1
Airis a FIuid ..oocooiiiiiiiiiiccccee 4-2
VIASCOSILY tnvveenreereiieiienieeieesteeieesteesieesaeeeieesane s 4-2
Friction.......coeoviiiiniiieceeee e 4-2
Pressure.......ooeiiiinieneiiceeeeceee e 4-3
AtmOSpheric Pressure........cccovvevveenieinieeneesieeneenneen 4-3
Pressure Alttude ........co.eeveveeieneeniinienenieeeeeeee, 4-4
Density Alttude .......coooveeiinieinieinieeeeeeeeeeen 4-4
Effect of Pressure on Density .........ccccceeveeveeeienncnne. 4-4
Effect of Temperature on Density ...........cccceeeueenee. 4-4
Effect of Humidity (Moisture) on Density ............. 4-5
Theories in the Production of Lift..........ccccoocenirienenee. 4-5
Newton’s Basic Laws of Motion...........cecevvveeeneennen. 4-5
Bernoulli’s Principle of Differential Pressure............. 4-6
AITTOIl DeSIZN ..eeeiiiniiiiiieiecieeeeeeeee e 4-6
Low Pressure ADOVE .........coceevvereenieneenenieneneeneeenen 4-7
High Pressure Below .........cccceoeiieiiinieniniencnceneee, 4-8



Pressure Distribution ........ccceeeeeeevveeeeeeeiieeeeeeeeinneneee. 4-8

Airfoil Behavior ........cccceeieiiininnininiiccieee 4-8
A Third Dimension ..........ccoceevereereneenenieneeeeseeeenees 4-9
Chapter SUmMmMmAry .........ccccccceveeiniinieiiiceeecceeeee 4-9
Chapter 5
Aerodynamics of Flight...........cccccmriiiicmrnniiiennnn 5-1
Forces Acting on the Aircraft .........ccccoeeveenenvcncnnennen. 5-1

TRIUSE e 5-2

Lt 5-3

Lift/Drag Ratio......cc.coeeveveirerinenerinenenenieniennene 5-5
DIa@..ciiiiiiee s 5-6
Parasite Drag.......ccccceevveeviiinieniiciecieeeeeeeee, 5-6
Induced Drag .......cccoeveeieninienieeceeceee e 5-7

WEIhL .o 5-8
WINGLP VOItCES ..eevuviiiieeiierieeiteeeeeeete e 5-8

Formation of VOrtices ........c.ccecuevervenenvcncnnicncenncnne. 5-8

Avoiding Wake Turbulence ..........ccoceeeeniriencnnennen. 5-9
Ground Effect........coooeeviiiiiiniiieeee e 5-11
Axes of an Aircraft.........ococcevieienienineeeeeee 5-12
Moment and Moment Arm ..........cecceevvveeneeniieeneenieenne 5-13
Aircraft Design Characteristics .......cocceeveereveereencueene 5-14

SEADILILY et 5-14

Static Stability......c.ccoeeevievieiiinieininiieieeeen 5-14
Dynamic Stability ........cccoeceevieiinieienieereeeeees 5-14
Longitudinal Stability (Pitching) ........c.ccccecueeeuenne 5-15
Lateral Stability (Rolling).........ccccceceenervcnenncnnen. 5-17
Directional Stability (Yawing) .......cccceeeeververvennenn 5-19

Free Directional Oscillations (Dutch Roll) .............. 5-20

Spiral Instability .......cccevevierieriiiiiiiiieeeeeieeee e 5-20
Effect of Wing Planform ........cccccoceveniiiineninienne. 5-20
Aerodynamic Forces in Flight Maneuvers................... 5-22

Forces in TUIMS ....ooueeveiiieeeeeeeeeeeee e 5-22

Forces in Climbs..........occcoeeieniiieninieniceeeienene 5-23

Forces in Descents.........ccocecvererienenienencicneeiennens 5-24
SHALLS oo 5-25
Angle of Attack Indicators..........cccceveveevienienieneennenne. 5-26
Basic Propeller Principles..........ccocceeeveeiincenencenene. 5-28

Torque and P-Factor............ccooceeoeiiiienieieeeieee 5-30

Torque Reaction ............ccceecvevercenenienenceneeienenne 5-31

Corkscrew Effect.......coovveniiiinenineninicenicene 5-31

GYTOSCOPIC ACHON....uveeerieiierieeieesieesieesteenaneeaeenns 5-31

Asymmetric Loading (P-Factor) .......cccccoceeveniennenne 5-32
Load Factors.......ccceoieieiiiieiieeeieeecee e 5-33

Load Factors in Aircraft Design.........ccccoecvevveeiennene 5-33

Load Factors in Steep Turns.........ccccecveveecveneeciennenne 5-34

Load Factors and Stalling Speeds .........ccccceevveeuenne 5-34

Load Factors and Flight Maneuvers...........c..cccc.... 5-36

Vg DIagram .....coceeceenirienenienenienieeteneeieneeeeniene 5-37

Rate of TuIM.....cocirieiiiieieceeee e 5-38

Radius of TUM...c.coeeiiiieieeeeeeeeeee e 5-39

Weight and Balance ..........ccccooeveeveniencnicncniccnenn 5-40
Effect of Weight on Flight Performance.................. 5-42
Effect of Weight on Aircraft Structure..................... 5-42
Effect of Weight on Stability and Controllability ....5-42
Effect of Load Distribution ..........c..cccccoveeverienennnens 5-43

High Speed Flight ......c.ccoooiiniiiniiniiieieceeieeee 5-44
Subsonic Versus Supersonic Flow ..........c.ccecveeuneee. 5-44
Speed Ranges ........coceveenerienenienenienceieneeeee 5-44
Mach Number Versus Airspeed .........ccocevereenennnene 5-45
Boundary Layer.........ccoceeeeienieieneee e 5-46

Laminar Boundary Layer Flow ..............cc..c.... 5-46
Turbulent Boundary Layer Flow ..........ccceceennen. 5-46
Boundary Layer Separation ..........ccccceceeveeeenuennee. 5-46
Shock Waves......c..cocueveeniirieniniienecreecrenecreeeeeene 5-46
SWeEEPDACK....ccuiiiiiiieeiiitecee e 5-48
Mach Buffet Boundaries .......c..cccceeveevireencniencnnen. 5-49
High Speed Flight Controls.........cccccevereenenienennen. 5-49

Chapter SUMMATY ........ccoceevirierieieneeeseee e 5-51

Chapter 6

Flight Controls..........cccvicemiiinininrncne e 6-1

Introduction..........ccccoeiiiviiiiininiiiiiccs 6-1

Flight Control Systems ........cc.cecceveevienveeneneenerneenenne. 6-2
Flight Controls........ccccooeevieniiienieninieneneeneeeeneeenen 6-2
Primary Flight Controls........cccceccevinieniniienenenenee. 6-2

EleVator......oouieiieeeeeeecee e 6-5
T-Tall oo 6-6
Stabilator......coovieiviviniiiee 6-7
Canard.......cooveeiieii e 6-7
Rudder........ccooiviiiiiniiiiiiiiiiiic, 6-8
V-Tailecccee 6-8
Secondary Flight Controls........c.cccceceeeerverencncnennenne. 6-8
FIAPS ..o 6-8
Leading Edge Devices ........ccccocuevervenencicnenicncne. 6-9
SPOLLETS ettt 6-10
Trim Tabs....c.cooieoieniiiiccecee, 6-10
Balance Tabs.........ccccoceviiininiiiiiiiiiiiicice, 6-11
Servo Tabs ...cocueviiiiiiiieeeee e 6-11
Antiservo Tabs......c..ocevieiiniiiiniiceeee, 6-11
Ground Adjustable Tabs .......cccccoceeverveenerienennns 6-11
Adjustable Stabilizer...........ccceocevieniniieninenenee. 6-12

AULOPILOL .. 6-12

Chapter SUMMATY .....coocveevieriieiienieeieenee e 6-12

Chapter 7

Aircraft Systems.........ccvecmriiiiiccnn e 7-1

INtrodUCtION.....coviieieiiiieeeeee e 7-1

Powerplant ..o 7-1
Reciprocating Engines.........ccocceevveeniiinieenecnnieeneennnen. 7-2
Propeller ........oovveeiieiiiniiiieeeeee e 7-4



Fixed-Pitch Propeller........ccoccoevvivvieniienneenieeieenen, 7-5

Adjustable-Pitch Propeller...........cccecenienencnnnnne. 7-6
Propeller Overspeed in Piston Engine Aircraft ...... 7-7
Induction SYStEMS ...ccveeveveriieniieniierie et 7-7
Carburetor SYStEMS .......cceevuereeriereenieneenieneenieeeennens 7-8
Mixture Control .........ceoeereeiereeieneeieneeeeseeee e 7-9
Carburetor Icing..........coceeeeieniecieninicnicieeeeee 7-9
Carburetor Heat ..........cccoceeviiiiiininiiiicice 7-10
Carburetor Air Temperature Gauge...................... 7-11
Outside Air Temperature Gauge .........c..ceceeeveevennene 7-11
Fuel Injection SYStems .........cccceevceerrieeneersieeniuenseeenne 7-11
Superchargers and Turbosuperchargers...................... 7-12
SUPEIChArETS ..c..eevevieiieiieieeee et 7-12
Turbosuperchargers...........coceveeeererieneeieneeieniene 7-13
System Operation..........cocccueeveeeereeenerrcrenrenenuenne 7-14
High Altitude Performance............cceceevvuveniennennne 7-14
[ENItion SYStEM ..couveriiiiiiiiiienieieeeeeeeeeeee e 7-15
Ol SYSTEMS ..ottt 7-16
Engine Cooling SyStems.......ccccoveveeeerererenerennennene 7-17
Exhaust Systems ........ccccocceeevieiieniineneeieneeieeeeeeee 7-18
Starting SYStEM ....cevveeiierieiieenieeeenee e 7-18
COmMDUSHION ......coviiiiiriiiiiecciceee e 7-18
Full Authority Digital Engine Control (FADEC)........ 7-20
Turbine ENgines........ccccoveeveniiienieieneeieeceeeceeee 7-20
Types of Turbine Engines ..........ccccceeeeereevenenneennenne 7-20
TUIDOJEL...c.eeenieeiieieereececec e 7-20
TUIDOPIOP weeenvveeiiieiieeieeseeeieeee et 7-21
Turbofan .......ccoceveeiiiiiieeeee e 7-21
Turboshaft.........ccccoceviiiiniiiinccecee 7-21
Turbine Engine Instruments.........c..ccccoeveveneniennenne 7-22
Engine Pressure Ratio (EPR) .......cccccocevviincnncnnen. 7-22
Exhaust Gas Temperature (EGT) .....ccccccevveenenne 7-22
TOTQUEMELET ....c.veeeeeeieeiieeieeee et 7-22

N INICALOT....ceevieeieeieeiie et 7-23

N, INAICALOT ... .ccevieeieeieeieeeeeee e 7-23
Turbine Engine Operational Considerations............ 7-23
Engine Temperature Limitations..............c..cc.c...... 7-23
Thrust Variations .........c.cceceeveeeeneneenenneeneenennes 7-23
Foreign Object Damage (FOD) ........c..cccccoceennen. 7-23
Turbine Engine Hot/Hung Start...........ccceevveenennne 7-23
Compressor Stalls ........cccoeeevirieniniienenieneeeee. 7-23
FIameout .......cocooeeienieiiiniciieceeccceceeeeee 7-24
Performance CompariSon..........ccecueevveervercieenivensueenne 7-24
AIrframe SYSIEMS ..c..coovevvieienieiieniieieneeieecee e 7-25
Fuel Systems ......cooeveeieiiiieriee e 7-25
Gravity-Feed System .........ccccccecveverreeenienrcneneniennens 7-25
Fuel-Pump System .........ccccocevirieniniininieecienene 7-25
Fuel Primer........ccoooooiiiiiiiiiiiiiiiiicce 7-25
Fuel Tanks ......cocoovevieiiiiiiiiiiiiiiiiiiciccee 7-25

Fuel Gauges.........coeevvevieniinieniniinccicreeeseeieens 7-26
Fuel Selectors ........covvviviiirinenienieicieneieeeeeeenns 7-26
Fuel Strainers, Sumps, and Drains .........cc.cceccevuenee 7-27
Fuel Grades........ccooeeiieieiieieieeceee e 7-27
Fuel Contamination ...........ccccceceeveenieninieencnieenennens 7-27
Fuel System ICINg......cccoveevvieiniiiiiiienieerieeieeeee 7-28
Prevention Procedures ..........ccccceveevienicncniencnnne. 7-28
Refueling Procedures...........oceverveeienienieiccneneeenennenn. 7-29
Heating SyStem .......cccoceeviririnenenineneneeeieeeeeeeene 7-29
Fuel Fired Heaters ..........ccccocevivcinieninicncneencenns 7-29
Exhaust Heating Systems .........ccoceevveriveeneensieeneenns 7-29
Combustion Heater Systems .........ccccveveveerveniueennenns 7-29
Bleed Air Heating Systems .........cccccevereenereenennene 7-30
Electrical SYStem .......ccccevereeneniiienieenieeeeceeeeene 7-30
Hydraulic SyStems ........ccccoveeveieeienieeeceeeeeeeeene 7-31
Landing Gear..........cccocvevieiininciniccieceeeeneenens 7-33
Tricycle Landing Gear.......c.ccoeceevieeiieenieeneennenns 7-33
Tailwheel Landing Gear ........ccccceceeveeeenenneencnnee. 7-33
Fixed and Retractable Landing Gear .................... 7-34
BraKes....c.cooereenienieiinieicecececc e 7-34
Pressurized Aircraft .......c.cooceeveiienininnenicneneceeean 7-34
OXYZEN SYSEIMS. c..eeurieuiiiieienieenieneenieetenie et sieene 7-37
OXyZeNn MasKS.....ccceruirierinienieieneee e 7-38
CannUIA......coceeiiiiiiiieeee e 7-38
Pressure-Demand Oxygen Systems.........c..ccccceueneee 7-38
Continuous-Flow Oxygen System .........ccccceevueenueene 7-38
Electrical Pulse-Demand Oxygen System................ 7-38
Pulse OXImEters.........coceeeveriniinienienieieieieeeeeeenns 7-39
Servicing of Oxygen Systems .......ccccceeveeverveeerennenn 7-39
Anti-Ice and Deice SyStems........coeeververveveieneeenennenn 7-40
Airfoil Anti-Ice and DE@ice .......ccoceevverveeiniennieennene 7-40
Windscreen Anti-ICe.......c..cocevervieneeniriencnicncnnens 7-41
Propeller Anti-ICE........cooivvvieeniiniieieeiceieeieeeee 7-41
Other Anti-Ice and Deice Systems.........ccocceceenueenee 7-41
Chapter SUMMATY .......ccoceeverienirieneeeneee e 7-41
Chapter 8
Flight Instruments.........ccccovvmrinniiemsrnnnseeenennnes 8-1
INtroduCtion......c..coceevverienerieninieceneee e 8-1
Pitot-Static Flight Instruments .........c..cocceveveencreenennne. 8-1
Impact Pressure Chamber and Lines.........cc.ccccceueee. 8-2
Static Pressure Chamber and Lines..........cccccecceruennee. 8-2
ATMELOT ..ot 8-3
Principle of Operation...........cecceeeecveneecieneeceennenne. 8-3
Effect of Nonstandard Pressure and Temperature .. 8-4
Setting the Altimeter..........cccoeovevervienenceenenienenen. 8-5
Altimeter Operation...........cccceecverveecvenreeceenreeseenneenn. 8-6
Types of AIHIUAE .....cocveviierieeieiieeieeeeee e 8-6
Instrument Check........oocevviiiiiiininiinieeeee 8-7
Vertical Speed Indicator (VSI).....cc.cccceevevieninvcnennen. 8-7



Principle of Operation........c..cceceecveveevieneeneencenncnne. 8-7

Instrument Check........coceiiiiiiiniiiniiiiieeeccee 8-8
Airspeed Indicator (AST)......cooveeiiiiiiniinniinieeeeee, 8-8
Airspeed Indicator Markings .........cceceeveevveenueennen. 8-9
Other Airspeed Limitations .........ccccceceveeveeneenncnne. 8-9
Instrument CheckK.........coooveeiiiiiiiniiniinieieeieene 8-10
Blockage of the Pitot-Static System...........ccecueeueenne 8-10
Blocked Pitot System........ccceeveiriieeneerciienienieene 8-10
Blocked Static System ..........cceccevereenenrienenniennen. 8-11
Electronic Flight Display (EFD)........ccccccoevveviiniennne. 8-12
ATrspeed TaPe.....ccoveerveerieniieiienieeiee et 8-12
Attitude Indicator .........coceevevieneininiinenieenicee 8-13
ATHIMELET ...ttt 8-13
Vertical Speed Indicator (VSI).....c.cceceiirieneniienenne 8-13
Heading Indicator..........ccccoevveiieienieieieeieeeeee 8-13
Turn Indicator.....coc.eeveeivieniiiiieniceeeeeeeeesee e 8-13
TaChOmMEter .......ccooeeniiriiiiiiciicccccecceeeee 8-13
Slip/Skid INdicator.......cccceevveerieerieiieereesieerie e 8-13
Turn Rate Indicator ........c.ccoceverienenicnenienenicnene 8-13
Air Data Computer (ADC)....cccocveririeninienieeieenne 8-14
Trend VECIOTS .....eevveiriiiiieniiieieeeteeieereeeee e 8-14
Gyroscopic Flight Instruments...........ccccccevveenineennne. 8-15
Gyroscopic Principles........cccoecveenierieeneeniieenienieene 8-15
Rigidity in Space......c..ceceveevvinienininenicneeicnene 8-15
Precession .....o.coieeienieieniecee e 8-15
Sources of POWET........ccoocveviriinieniiieiiiciecieiene 8-16
Turn Indicators ........c.ceceerervenerrenenienenreneeiennene 8-16
Turn-and-Slip Indicator ..........ccceevveerierciveneeniennns 8-16
Turn Coordinator ........ccceeeeierienenieneeee e 8-17
INCHNOMELET ..ot 8-18
YaW SHINZ .coviiiiieiieeieerieeieeec et 8-18
Instrument Check........coceviiviniiniiniininicncecee. 8-18
Attitude Indicator ........cccovvvieiirieieeeeee e 8-18
Heading Indicator...........ccccoceviriieniniienenienicienene 8-19
Attitude and Heading Reference System (AHRS)...8-20
The Flux Gate Compass SYStem ........ccceevveervercueene 8-20
Remote Indicating Compass.........c.cceverervenieniennenne 8-21
Instrument Check........cooooviiiiiiiniiniiniiceeeee 8-22
Angle of Attack Indicators..........ccceceveeviinieniineennenne. 8-22
COMPASS SYSLEIMS....cuvrerrrerieerrieeieenieesireeseesreeseeseeenne 8-23
Magnetic COMPASS .....co.eervereeneruenerienenrenieerenienns 8-23
Magnetic Compass Induced Errors..........c..c......... 8-24
The Vertical Card Magnetic Compass ..........c..cv..... 8-27
Lags or Leads.......ccccoeeeeieniiiiniiniinicnicecnceceee 8-27
Eddy Current Damping..........cccceeevveenerreeneenecnnen. 8-27
Outside Air Temperature (OAT) Gauge..........ccccn...... 8-28
Chapter SUMMATY .......cccceeveeriirieeneeneereeeeeseeeeeene 8-28

Chapter 9
Flight Manuals and Other Documents............... 9-1
INtroduCtion.........coceevierienerienieieceee e 9-1
Preliminary Pages.......cccccovveeviinnienieiieniccieeeeeen 9-2
General (Section 1).....c.ccceviiiiiiieeiieeceee e 9-2
Limitations (SeCtion 2).........cccvueeeeieeeeveeeeecrieeereeeennee 9-2
ATISPEEA....euiiiiiriiniiriiieteteeeeeeeeeeee et 9-2
Powerplant ...........cooeeviiiiiiniieniiiiiecesceeeee 9-3
Weight and Loading Distribution ............cc.cccueunee.e. 9-3
Flight Limits ....ccoceveriinienieniieieeeeeeeeceeeeneneens 9-4
Placards......coccoeeveenirienciicereecee e 9-4
Emergency Procedures (Section 3) .....c..ccceveveenuennee. 9-4
Normal Procedures (Section 4) .........cceeveeevieeecnnrenen. 9-4
Performance (Section 5).......cccceeevveviiecieenieecieenieenenn 9-4
Weight and Balance/Equipment List (Section 6)....... 9-4
Systems Description (Section 7) ......ccecceeveereeeneennnen. 9-4
Handling, Service, and Maintenance (Section 8)....... 9-5
Supplements (Section 9).........cceceevereerenieneneenennns 9-5
Safety Tips (Section 10)......cccceeeevireenenieninienennens 9-6
Aircraft DOCUMENLS........oceeeeriieieniieieeiee e 9-6
Certificate of Aircraft Registration..........c.cccceceeuenenne. 9-6
Airworthiness Certificate .........cc.cccevveeverveencrcencnnee. 9-7
Aircraft Maintenance.........c..ceceeeeevereenieneenenneenennne 9-8
Aircraft INSPECtionS.......coueeeererviinirneneeieneeieseeeneens 9-8
Annual InSPEeCtion..........cecuerueerienieenieneenienienenieneeenen 9-8
100-Hour InSpection........c..coeeververvenvenueeeeeenenennenen 9-8
Other Inspection Programs...........ccceceevecieninncnennee. 9-9
Altimeter System Inspection ..........cccceeveeeereeneennne. 9-9
Transponder InSPection .........c..cccceeeeenercvenenseennenn 9-9
Emergency Locator Transmitter ...........cccceceeeruenene 9-9
Preflight InSpections ..........cocevveerieenieniieeneeneeenne 9-9
Minimum Equipment Lists (MEL) and Operations
With Inoperative Equipment ..........ccccceceeveneencnnienennne. 9-9
Preventive Maintenance...........c.ccoeevevverveveveeeeeennenn. 9-10
Maintenance Entries .........cccocceveeieneecieneeiencenee. 9-10
Examples of Preventive Maintenance .................. 9-10
Repairs and AIterations .........c..ceceeeeveerveenereenennns
Special Flight Permits .........cccccecevervenerneneenenenne.
Airworthiness Directives (ADs)
Aircraft Owner/Operator Responsibilities.................... 9-13
Chapter SUMMATY ......coceevieriiiriieneeeieenee e 9-13
Chapter 10
Weight and Balance............cccccvvimmninnnncnnnnnnnnes 10-1
INtroduction.......cc.ccveceeeeirininincnceccceeeee 10-1
Weight Control.........ccoveeviiiereiieeeeeeeee e 10-1
Effects of Weight.......cccooverininencncniincciicecenns 10-2
Weight Changes .........ccoceevueereeniieenieniieenieeieeneens 10-2

Xi



Balance, Stability, and Center of Gravity .................... 10-2

Effects of Adverse Balance..........ccccecevivininennnne. 10-3
StADIIIEY .o 10-3
CONtrol ...c..coiiiieiieieicecee e 10-3

Management of Weight and Balance Control........... 10-4

Terms and Definitions.........ccccceeeevivinininincncnnenne. 10-4

Principles of Weight and Balance Computations.....10-5

Weight and Balance Restrictions ............cccccceeeennene 10-6

Determining Loaded Weight and CG .......................... 10-7

Computational Method.........cccceeveerieineeniienienieene 10-7

Graph Method.........coocveviiinieniiiieeieeee e 10-7

Table Method .......cccoevieieieiiiiiiiiiieceeeeee 10-9

Computations With a Negative Arm............cc........ 10-10

Computations With Zero Fuel Weight................... 10-10

Shifting, Adding, and Removing Weight............... 10-10
Weight Shifting........ccccccooiiiiiiiinnnniiinine. 10-10
Weight Addition or Removal............cccccoeeienne. 10-11

Chapter SUMMAry .........ccccocoeeveiieiiniiiineeceeeeen 10-11
Chapter 11

Aircraft Performance.........ccccovimirnriiceniaeenans 111
Introduction.........cccceiviiviiiiniiniiiiicieiccc e 11-1
Importance of Performance Data..........cccccoccevvereennenne. 11-1
Structure of the Atmosphere ..........cccceveeceveenencenene. 11-2
Atmospheric Pressure .........coceeveveevencenenieneeceee 11-2
Pressure Altitude.........cccoeevienieiieniniiiniciineeieeeeee 11-3
Density AIttUde .....cccoeevieeiieiiiiiieieeeeeeeeereeeeene 11-3

Effects of Pressure on Density ........ccceecveeeveenvennenne 11-4

Effects of Temperature on Density ........cccccoceecuenene 11-5

Effects of Humidity (Moisture) on Density ............. 11-5

Performance ...........oooeveiieienieieeeeeee e 11-5

Straight-and-Level Flight ............c..coccoiiinnnnn. 11-5

Climb Performance............ccccceviiviivininnnnninincnnns 11-6
Angle of Climb (AOC)......ccccevecerecvrevrirerennes 11-7
Rate of Climb (ROC)........ccocoeeeiiieeiiieieeeeieee, 11-7
Climb Performance Factors ............cccocceceereennennen. 11-8

Range Performance .........ccoccoovvevciiriiienciensieenieeieene 11-9

Region of Reversed Command............ccceeeeeennnne. 11-11

Takeoff and Landing Performance......................... 11-12

Runway Surface and Gradient...........cc.coccevevenennene 11-12

Water on the Runway and Dynamic

Hydroplaning..........ccoccoeenieiinieniniineeeeeee 11-13

Takeoff Performance...........cccccceeiiinnnininncnnns 11-14

Landing Performance ...........coceeeevevieniencneenncne. 11-16

Performance Speeds.........ccoceevveveiviiniininieninieeee, 11-18
Performance Charts...........ccceeoveveeiiniencniencceeee, 11-19

INterpolation ..........ccoeeeriereerenieeeeeee e 11-20

Density Altitude Charts.........c.cceceeveerieieenieceennenne. 11-20

Takeoff Charts.........ccccoeeeviiiiiiniiiiiiince 11-20

Climb and Cruise Charts ..........ccccceeeeeieineninennnn 11-21

Crosswind and Headwind Component Chatt......... 11-25

Xii

Landing Charts .......cccccoceevienienienienienecncneenceeee 11-26
Stall Speed Performance Charts............cccevueeueennen. 11-27
Transport Category Aircraft Performance.................. 11-28
Air Carrier Obstacle Clearance Requirements.......... 11-28
Chapter SUMMATY .........cccoecevieeeneeneneeieneeeneenene 11-28
Chapter 12
Weather Theory .......ccccoiiicimniinnnenninsseesennnnes 12-1
INtroduction.......cc.ccoeceeieirininineiiccecceeeee 12-1
AMOSPRETIE ..o 12-2
Composition of the Atmosphere...........cccccecveerucnen. 12-2
Atmospheric Circulation ............cccocceeerveencrieenennns 12-3
Atmospheric Pressure..........ccoccevveenieniieeniennieennenns 12-3
Coriolis FOIce......coovuiviiniiniiiiiiicicicicicicccecc 12-3
Measurement of Atmosphere Pressure .........c...cc.e..e... 12-4
Altitude and Atmospheric Pressure ..........ccccceceevuenene. 12-5
Altitude and Flight..........ccoocoeiiiiiiiniiieeee 12-6
Altitude and the Human Body ........c..ccccceveviniinnnenn. 12-6
Wind and Currents..........coccevveviniinieniniciiiiciiieenn 12-7
Wind Patterns ..........coeveviniiiiniininiieiiiciiiccee, 12-7
Convective CUITENLS ........cccevververierierieiereieieeeeenas 12-7
Effect of Obstructions on Wind...........c.ccecerienennnene 12-8
Low-Level Wind Shear ..........cccocevvrienieieneenne. 12-11
Wind and Pressure Representation on Surface
Weather Maps......c..coceveeviinieciinienineeeeeeneeeee 12-12
Atmospheric Stability ........ccovveevvieriieniieeiienieeieeee, 12-12
INVErsion......ccoviiiiiiiiiiiiiiiccccceee 12-13
Moisture and Temperature ...........cccceceevereenereenne. 12-13
Relative Humidity ........ccocceveeiiniieniniencienceeee, 12-13
Temperature/Dew Point Relationship ...........c........ 12-13
Methods by Which Air Reaches the Saturation
POINE (. 12-14
Dew and Frost .........cccocevvvinininniniiiiicieiee 12-15
FOZ oot 12-15
CIOUAS. .ot 12-15
CIlING ..ot 12-17
VISIDILIEY . 12-17
Precipitation.........cocceeveveeiienieniiniciieecceeceeeee 12-17
AT MASSES ..o 12-17
Fronts ....cooveviiiiiiiciiccce 12-18
Warm Front..........cococevivininininininencceieeee 12-18
Flight Toward an Approaching Warm Front......12-19
Cold Front ....c..cocevieeiienieiinieiieecieeeeceeeeeeee 12-20
Fast-Moving Cold Front ..........c.ccocevvieniinnennnee. 12-20
Flight Toward an Approaching Cold Front........ 12-20
Comparison of Cold and Warm Fronts .................. 12-20
Wind Shifts.....cccoveiriiininininineneccceeene 12-21
Stationary Front.........ccecceevierveinienneeniienieenieeens 12-21
Occluded Front.........cccoceviviiininininiiinicieienne 12-21
Thunderstorms..........cccceeevererineneneneneneeeienene 12-22
Hazards ......coceeviiniiiiiiieee, 12-23



SQUAIl LINe ..oeovveeiieieiiieieeieeee et 12-23

TOrMAdOES ..cvveeevieiieeiieiieere et 12-23
Turbulence ........ccccvveeviieiiieeceeeee e 12-24
TCING oo 12-24
Hail oo 12-25
Ceiling and Visibility ........ccccccceeveniniininncnnnne. 12-25
Effect on AIMELErs .....ccvevverrieeriieieenieeieeenenn 12-25
Lightning.....cccoceevueiienenieieeieeeeee e 12-25
Engine Water Ingestion .......c...ccocevveevvenneennnen. 12-25
Chapter SUMMATY ......ccccocvererieneeieneerieneene e 12-25
Chapter 13
Aviation Weather Services .........ccocrivnriiennane 13-1
INtroducCtion...........coeeciiieeciie e 13-1
ODSEIVALIONS ..eveeniieiieeiieeieeniteeieeriee e siee e sieesaeeenee 13-2
Surface Aviation Weather Observations.................. 13-2
Air Route Traffic Control Center (ARTCC) ........ 13-2
Upper Air ObSErvations............cecvereevereeeeneeseenueens 13-2
Radar Observations ........cc.ccceeeecveeerieeenceeeeeiee e 13-3
SACIILE ...ttt 13-4
Service OULIELS .....eevvvieiierieeiierteeieerte e 13-4
Flight Service Station (FSS).....cccccocevveninienennicnenns 13-4
Telephone Information Briefing Service (TIBS) .....13-4
Hazardous Inflight Weather Advisory
Service (HIWAS) ..o, 13-4
Transcribed Weather Broadcast (TWEB)
(Alaska Only) ...coooveeveeniiiiieieeeceeeceeeeeeeee 13-4
Weather Briefings ........cccoeveeniinieiniiiiienienieenieeeee 13-5
Standard Briefing .......ccccceeveeviieeniieniiiinienicenieeieee 13-5
Abbreviated Briefing........ccoccoeeveencniiniinicncnicnens 13-5
Outlook Briefing .......cccceeceverieniencniineiiecnieiee 13-5
Aviation Weather Reports..........ccccceeeveeienieneneennnne. 13-5
Aviation Routine Weather Report (METAR) .......... 13-6
Pilot Weather Reports (PIREPS) ........coccevceeviennenne 13-8
Aviation FOTeCastS.......covvueriienieniiiiiienieeieenieeieenne 13-9
Terminal Aerodrome Forecasts (TAF)..................... 13-9
Area Forecasts (FA) ...ccooooiieeeieeeieeeeeeeee e 13-10
Inflight Weather AdviSOries .........cccceeeeeeneeeeennnnne. 13-11
AIRMET ...ttt 13-11
SIGMET ...ttt 13-12
Convective Significant Meteorological
Information (WST) ....ccooviiiiiiiiiiiieiieceeee, 13-12
Winds and Temperature Aloft Forecast (FB)......... 13-13
Weather Charts..........ooeeeviienienieniienieeeesieeeeeenn 13-13
Surface Analysis Chart........ccecceevveeviieeneenienneennnen. 13-13
Weather Depiction Chart.......c..cccccecvevienieneneennnnne. 13-15
Significant Weather Prognostic Charts .................. 13-15
ATC Radar Weather Displays .......c.cccccevveenircennnen. 13-16
Weather Avoidance Assistance..........c.ccceeeeveeenneen. 13-18
Electronic Flight Displays (EFD) /Multi-Function
Display (MFD) Weather ........cccccecceevvienneeniennieennnen. 13-18

Weather Products Age and Expiration................... 13-18
What Can Pilots Do? ..., 13-19
NEXRAD Abnormalities..........cccceeceerveereeneenennne 13-21
NEXRAD Limitations ........ccccecverveevveneecveneenuene 13-21

AIRMET/SIGMET Display .......cccccocevevvenvenvenienne 13-21

Graphical METARS.......ccccoooiiiiniiiieeceeeneeee 13-21

Data Link Weather .........ccoceviniiiininieeeee, 13-21

Data Link Weather Products .........ccccccecueenienniennee. 13-23
Flight Information Service- Broadcast (FIS-B)..13-23

Pilot Responsibility........ccccecereevienieniinieneniencneene, 13-24
Chapter SUMMATLY ........cccceeeierierieneeie e 13-24
Chapter 14

Airport Operations..........cccccemrncmsmnssssssesnnseenas 141
INtroduction.........cocevvereeniineeneniecneceseceeeceeeane 14-1
ATpOort Categories. ....coveeueevereeruereenierienieerenieerenieenne 14-1

Types Of AIrPOrtS.....cc.eeeevierieneerieneeieneeneneenienaens 14-2
Towered AIrPOrt ......coceevueerienieniinieieeeeseeee e 14-2
Nontowered AIrPOTt........ceeveerrveerierieeenieeeneeneenns 14-2

Sources for Airport Data.........ccceevevevvieniieniienieeieene, 14-3

Aeronautical Charts.........coccoevevenenenienienieieieeenns 14-3

Chart Supplement U.S. (formerly Airport/Facility

DITECLOIY) weeveiieieeiieieeiieee ettt 14-3

Notices to Airmen (NOTAM).....cccccoveevieevveecieennnnns 14-4

Automated Terminal Information Service (ATIS)...14-5

Airport Markings and Signs.........ccecceevierieenienseeneenns 14-5

Runway Markings and Signs........c..cccccoveeveruencnnnene 14-5
Relocated Runway Threshold...........cc.ccccceeenneeee. 14-5
Displaced Threshold...........cccceceeieiieienieienenee. 14-5
Runway Safety Area ........ccocevveevieeieenienneeneenns 14-6
Runway Safety Area Boundary Sign.................... 14-6
Runway Holding Position Sign .........ccccccceveeuenene. 14-6
Runway Holding Position Marking...................... 14-8
Runway Distance Remaining Signs.........cc.cco.c..... 14-8
Runway Designation Marking..........cccccceeveennennee. 14-8
Land and Hold Short Operations (LAHSO) ....... 14-10

Taxiway Markings and Signs........ccccceverveencnnnene. 14-11
Enhanced Taxiway Centerline Markings............ 14-12
Destination Signs........cceeveevieriieeniensieeneenneeenne. 14-12

Holding Position Signs and Markings for an
Instrument Landing System (ILS) Critical Area..14-12

Holding Position Markings for Taxiway/Taxiway

INtEISECLIONS ....evevieiriieiieienie et 14-14
Marking and Lighting of Permanently Closed
Runways and Taxiways ........cccceeveevveneeceenennnenne 14-14
Temporarily Closed Runways and Taxiways.....14-15
Other Markings........cccoeeeverienienieneneeneeeeneeee e 14-15
ATTPOIT SIZNS vt 14-15
Airport Lighting ......c.ccoceviiiiiiiiiniiineeieeeeeeee, 14-16
AIrport BEacon .......coecvevveiriiiniiniiieieceeeeeeeeen 14-16



Approach Light Systems .........ccccceceevercencncncnne. 14-16

Visual Glideslope Indicators ........c..ccceevereneennenne. 14-16
Visual Approach Slope Indicator (VASI)........... 14-16
Other Glidepath Systems ..........cccceceevvenieeennenne. 14-16

Runway Lighting.....c.ccooceveenenieneniiniinicncniencne 14-17
Runway End Identifier Lights (REIL)................ 14-17
Runway Edge Lights........cccoceiiiieniniieiee 14-17
In-Runway Lighting.........ccccceeviiriiinnenniennennnen. 14-18

Control of Airport Lighting.........cccoocevceenenenennen. 14-18

Taxiway Lights.....ccccoeveveneniiiiniiinncneecnenne 14-19
Omnidirectional .........cccoccevieiinieninieneeeeene 14-19
Clearance Bar Lights ........cccccoevevviiiieeniinnennnen. 14-19
Runway Guard Lights........cccccoevieniniienenieenenne. 14-19
Stop Bar Lights .......coeoverenieiiiniiiininnnencnnns 14-19

Obstruction Lights......cccceevieniiniinnieniienieeeeen 14-19

New Lighting Technologies.........cc.ccceecveveneenncnne 14-19

Wind Direction Indicators.........c..ceoeveevieneeneneennenne. 14-20
Traffic Patterns .........cccceeveveeienieiineeeecec e 14-20

Example: Key to Traffic Pattern Operations—

Single RUNWAY ...cceevvieiiiieiiieeiee e 14-21

Example: Key to Traffic Pattern Operations—

Parallel RUNWayS.....cccccooveevieriiiniinieeniceieeeeeene 14-21

Radio Communications............coceeeeeveerieneenereenuennnes 14-22

Radio LiCense ......coceveeuereenieneenenicienieieeeeeene 14-22

Radio Equipment........ccccoccevenienenienienienienieneene 14-22

Using Proper Radio Procedures .........c..ccccceceennenee. 14-22

Lost Communication Procedures .............cccceeuu..... 14-23

Air Traffic Control (ATC) Services.........ccceeeveeennnen. 14-24

Primary Radar........cccoovevriiiiniiniiiieeceiceceeee, 14-24

ATC Radar Beacon System (ATCRBS) ................ 14-24

TransSpoONder.........cocceveevueneenieneenenieieneeneeeeneeenee 14-25

Automatic Dependent Surveillance—

Broadcast (ADS-B) ...cccuoviiiiieeieeeeeeeeeee e 14-26

Radar Traffic AdViSOries.........ccocceeeereeieneeieeeene 14-26

Wake Turbulence..........ccccceeveevievininninienineecnees 14-26

Vortex Generation.........c..ceceeeeevveneeneereenereenennnes 14-26
Terminal Area .......cccceeeeverienenienieniieneneeneene 14-27
En ROULE ..o 14-27

Vortex Behavior .........coocevveiniiiiiieniinieinienceen 14-27

Vortex Avoidance Procedures........c.ccoccevereencnnee. 14-28

Collision Avoidance..........coceeeveveeceeneeneencencneenennnes 14-28

Clearing Procedures .........cc.cceceeveveeneneenenncenennnen 14-28

Pilot Deviations (PDS).......cccceeeiieeiieeeiieeeeiee e 14-30

Runway Incursion Avoidance ..........cccceceeveeeeennnne. 14-30

Causal Factors of Runway Incursions.................... 14-31

Runway Confusion........cceeveervieeniennieeneeenieeneennne 14-31
Causal Factors of Runway Confusion ................ 14-31

ATC INStrUCtiONS ..ottt 14-32
ATC Instructions—*“Hold Short™ ...................... 14-32

Xiv

ATC Instructions—Explicit Runway Crossing.... 14-33
ATC Instructions—*“Line Up and Wait”

(LUAW) e 14-33
ATC Instructions—*Runway Shortened” .......... 14-34
Pre-Landing, Landing, and After-Landing............. 14-34
Engineered Materials Arresting Systems (EMAS)....14-35
INCIAENLS ... 14-35
EMAS Installations and Information ..................... 14-35
Pilot Considerations ..........cccceceeeevverceeneeeeneennenne 14-36
Chapter SUMMATY ......cocvevvieeriienienieeieeneeeieesveeieens 14-37
Chapter 15
Y1 ] o - Lo = SR 15-1
INtroduCtion.........cceeveriieriiiiee e 15-1
Controlled AIrSPaCe ......c..cccveeeruereeniereeneereneereeeeens 15-2
Class A AITSPACE ....eevuvervierieeieerieeiee et 15-2
Class B AIrSPaCe .....ccceeeveerveeniienieeniienieenieesveenieeens 15-2
Class C AISPACE ....cocverveeverreenieeienieeieneenieneeniennens 15-2
Class D AIrSpace .....c..coeevveeeenieeieneeie e 15-2
Class E Airspace.......ccceceevveeienueeeeneeneneeseseeseeens 15-2
Uncontrolled AirSpace .........cccccoceeevereeceeneecieneecneeeenn. 15-3
Class G AITSPACE ....cevuvervierieeieenieenieeie et e 15-3
Special Use AIrSpace ......ccceevveereeereennieeniesiieenieeieennns 15-3
Prohibited Areas..........cccceverevienienieniecieieicieieenns 15-3
Restricted Areas ........cccoevevererienienienienienieieeeeeeenns 15-3
Warning Ar€as.......ceeeerveeeereeieneeieneeeesieeeenieeneens 15-4
Military Operation Areas (MOAS).........cccccevvereennee 15-4
ALCTT ATEAS ..ovveeereieeienieereeeete et 15-4
Controlled Firing Areas (CFAS).....cccccoccvvvievvieennene 15-4
Other AirSpace Areas.......cc.cceccevereenerreeniensueneenueneenn. 15-4
Local Airport Advisory (LAA) ....coceviiieneniienee 15-6
Military Training Routes (MTRS) .......c.ccecevienennee 15-6
Temporary Flight Restrictions (TFR)....................... 15-6
Published VFR Routes ..........cocecemeeniriiencnienennens 15-6
Terminal Radar Service Areas (TRSAS).................. 15-7
National Security Areas (NSAS) ..c.ccooereereneenennns 15-7
Air Traffic Control and the National Airspace System..15-7
Coordinating the Use of Airspace..........cccceeeeerueennne 15-7
Operating in the Various Types of Airspace............ 15-7
Basic VFR Weather Minimums...........cccccccenneeee. 15-7
Operating Rules and Pilot/Equipment
ReqUIrements ........coeevvereevienienienienieneeneeeeneenes 15-8
Ultralight Vehicles.........cooceverieniniinieineeene 15-11
Unmanned Free Balloons ..........c..cccceeveecinennnenne 15-11
Unmanned Aircraft Systems.........ccccceceevveneennenne 15-11
Parachute Jumps ......ccccceoveeviiniiiniiiieieeeeee, 15-11
Chapter SUMMATY ......cocueeveeriiirieenieeieenee e 15-11



Chapter 16

Navigation .......ccccccrmrninemmrmnnssess e 16-1
INtroduction.........cccoeevuerieiienieienieeneceeeee e 16-1
Aeronautical Charts .........ccccceveevverienenieenieneenieneeneene 16-2
Sectional Charts.........c..coeeveviecieieininieiiineeeene 16-2
VFR Terminal Area Charts .......c.cccceceeverenincniennenne. 16-2
World Aeronautical Charts...........ccceeeeereeeieneniennenne 16-2
Latitude and Longitude (Meridians and Parallels)....... 16-3
TIME ZONES...cueevirieiiiieiireeeereneerese e 16-3
Measurement of Direction...........cccccecvevevcvenenciennenne 16-5
Variation......coceeueeenienicnieieieiciccceeceee e 16-6
Magnetic Variation ............ceceeeenereenenneeneeneennns 16-7
Magnetic Deviation ............cccceceevirveencrceeneenennen. 16-7
DeVIation ......coeevvireeniiiieniniceeeneereeeeeeeeae 16-8
Effect of Wind........cocooiviiinininiiiiiiicicicceeee 16-8
Basic Calculations...........cocevvevvevvenveneeeneneneneneneenen 16-11
Converting Minutes to Equivalent Hours............... 16-11
Time T =D/GS ..o 16-11
Distance D = GS X T..ccccoevieniniiiiniceneenene 16-11
GS GS =D/T oo 16-11
Converting Knots to Miles Per Hour...................... 16-11
Fuel Consumption ............ceeceevvieeniensieeniennieeneennne 16-11
Flight COMPULETS.....eevviiriieiieniierieeieenee e 16-12
PIOtET .. 16-12
PIlOtage «...ooveeeeiieieiieeeeee e 16-12
Dead Reckoning.........cceevereeieneeieineesieecenee e 16-13
Wind Triangle or Vector Analysis ..........ccceceeunene. 16-13
SEP L e 16-14
SEEP 2 ettt 16-15
SEEP 3 et e 16-15
SEP 4 e 16-15
Flight Planning.......c..cccccecveveniininnienenneneeneneenenen 16-17
Assembling Necessary Material..........ccccccceeeeneenne. 16-17
Weather Check ........ooeeviiiieiiiieiieeeeeeee 16-17
Use of Chart Supplement U.S. (formerly
Airport/Facility Directory) ........cccceceeveevveneeeennenne. 16-17
Airplane Flight Manual or Pilot’s Operating
Handbook (AFM/POH)........cccccccenvivninnniniccnne. 16-17
Charting the COUTSe ........cocvvrieriierniienieereenieeeeneeen 16-18
Steps in Charting the Course..........ceoeveereereennennee. 16-18
Filing a VFR Flight Plan.........cccccoccoviiiiininnnnnnnne. 16-21
Ground-Based Navigation ..........cccceeeevereeneneenennen. 16-22
Very High Frequency (VHF) Omnidirectional
Range (VOR)...cc.oovieiiiiiiiiiinieieeeeeceeeee e 16-22
Using the VOR ......coociiiiiiniiiiiiieceeieeieeeee 16-23
Course Deviation Indicator (CDI)...........ccceceuneee. 16-23
Horizontal Situation Indicator...........cccceccevevenennene 16-24
Radio Magnetic Indicator (RMI).........ccccceeeenene. 16-24
Tracking With VOR ... 16-25
Tips on Using the VOR........cccevviiiiiiniiiiieenne, 16-26

Time and Distance Check From a Station Using

ARMIL...ooiiiii 16-26
Time and Distance Check From a Station Using
ACDI ... 16-27
Course INtercept .......cooeeverierienienieeeeneeeeneeeeee 16-27
Rate of INtercept ........cceveeeererierieeieneeieeceeene 16-27
Angle of INtercept ........cocveeveeviieenienieenieeieenee. 16-27
Distance Measuring Equipment (DME)................. 16-27
VOR/DME RNAV ..ottt 16-28
Automatic Direction Finder (ADF)..........cocc......... 16-29
Global Positioning System...........cccceceevueeveeneenenne. 16-30
Selective Availability.......ccccoeeviviinieniinnienienn. 16-31
VER Use of GPS ..o, 16-32
RAIM Capability .....cccoceevererineneneneienieeeenn 16-32
Tips for Using GPS for VFR Operations ............... 16-33
VEFR WaypOints .....cccceevveerieenienieenienieeneesveenenes 16-33
Lost Procedures..........ccocueeeeieinenininenenenieeienne 16-34
Flight DivVersion .........cccccceeveneenienienienieneeeeseeee e 16-34
Chapter SUMmMmAry .........c..ccccceievenviineniencieceneenene 16-35
Chapter 17
Aeromedical Factors...........cccueiriiinninnsienniannines 17-1
Introduction..........ccoccveieinininininiiccccc 17-1
Obtaining a Medical Certificate.........cccccoeevueneenuenneene 17-2
Health and Physiological Factors Affecting Pilot
Performance ..........ccoceveeiiiieneiieee e 17-3
HYyPpOXia .ooveeieieieeeeeeeeeee e 17-3
Hypoxic HypoXia........ccoceeeenieciniiniinicnineencenee. 17-3
Hypemic Hypoxia.......ccoccevvieriiiinienieiiienieeeene 17-3
Stagnant HypoXia.......cccceeceereenieneeneneenenienenens 17-3
Histotoxic HypoXia......c..cccceeeecienienincicnieiencenne. 17-4
Symptoms of HypoXia.......ccceceereervieeneeniieeneenneennes 17-4
Treatment of HypoXia.........coceevevienieniencneenennne. 17-4
Hyperventilation............ccceeeereecenieneneeneeeseene 17-4
Middle Ear and Sinus Problems.............cccccoceneeeen. 17-5
Spatial Disorientation and Illusions ...........c.cceueee.e. 17-6
Vestibular I1usions...........coccoevecieniciiniininennnn. 17-7
Visual THIUSIONS .....cceeveriieieniiiinieceeceee e 17-8
Postural Considerations.........c..cecceeeevvereenerneenennns 17-8
Demonstration of Spatial Disorientation.................. 17-8
Climbing While Accelerating..........c.ccceceeeenenenee 17-9
Climbing While Turning..........cccceeeveceecveceeeenenne. 17-9
Diving While Turning.........c..ccccceceeeivcenincencnnne. 17-9
Tilting to Right or Left .......cccooeviininininnene. 17-9
Reversal of MOtion .........cccceeeevenienienienceeencnee. 17-9
Diving or Rolling Beyond the Vertical Plane....... 17-9
Coping with Spatial Disorientation...........c.ccceueeee. 17-9
Optical IUSIONS ..c..eeveriieiiniieiinieieeeenceeenieeee e 17-10
Runway Width Iusion..........cccceveeveniencncnnnne 17-10

XV



Runway and Terrain Slopes Illusion...................
Featureless Terrain Illusion

How To Prevent Landing Errors Due to
Optical Illusions
MOtion SICKNESS .....cevverierieiieniieieniteieeieenieeee e
Carbon Monoxide (CO) Poisoning
Stress
Fatigue ....c.cooviiieiiienicieececeecee e
Exposure to Chemicals.........ccocceeviervieeniirneeennennne.

Hydraulic Fluid........ccccoovieniiiniiniiiienieeeeen

Dehydration and Heatstroke...........cccccevveenveennennee.
ALCONOL ...t

Altitude-Induced Decompression Sickness (DCS)..
DCS After Scuba Diving .......ccccoceeviveieniieeennnne.
Vision in FIght ......cocveviiiiiiniiiiiieeieeeeeeeeeen
Vision Types
Photopic Vision

Mesopic VISION.......ccceveerrerienienieieeeeneeeeeenee
SCOtOPIC VISION....veereieriierieeiieiie et eie e
Central Blind Spot.......cccoceeviriiiiniininienenceeeen
Empty-Field Myopia ........cccccevieienienieeieeeeeeee
Night ViSion .....cocoeveenieiiiniiiiiieiencreceeeeeeeeee
Night Blind Spot......ccccevieviiinieniiieenieeeenen
Dark Adaptation..........cccceoevveevenieneniienenienene
Scanning Techniques ........cccccceceeverververenienennens
Night Vision Protection ........c..cccecveeveerveeneennnen.
Self-Imposed Stress

Distance Estimation and Depth Perception .......

Binocular Cues........ccceeeeeeevivveeiieeiieeeeeeeveeee e,

Night Vision Illusions
AULOKINESIS ..ottt

False HOrizon.......c.ccoevveiienieninicnicicicece
Reversible Perspective Illusion..........c.cceevueenee.
Size-Distance Iusion..........cccceeceeverccenencenennen.
Fascination (Fixation).........cccceecvveeeevieesveeenneenn.
Flicker Vertigo.......ccocevveverienienienienicneeeeneene
Night Landing IUusions.........c..cccceeeerienieneneeneenne.
Enhanced Night Vision Systems.......c..ccccecevvenennne
Synthetic Vision System.........cccccecerveenervvennennee.
Enhanced Flight Vision System............ccccocceu....
Chapter SUMMATY ......c..ceoveiieienieieneeeeeee e

XVi

Appendix A
Performance Data for Cessna Model 172R

and Challenger 605...........ccccurrminsnrnssennssmssnians A-1

Appendix B
Acronyms, Abbreviations, and NOTAM

Contractions .........ccccriinimmrnnnsmmnn e B-1
Appendix C

Airport Signs and Markings.........ccccuveeriiennnnaes C-1
L] Lo T=T=7- o G-1
g e L= . I-1





