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14 (Aircraft)
(Airplane)

(Airplane)
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1-2

Diagonal Web Members

Figure 1-2.The Warren truss.
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Figure 1-3. Monocoque fuselage design.

Bulkheads
anddor
Formers

Wing Attachment
Points

Figure 1-4. Semi-monocoque construction.
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Figure 1-5. Monoplane and biplane.
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Figure 1-6. Wing components:.
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Vertical
Stabilizer

‘:__,..-— Rudder

Trim Tabs

Horizontal
Stabilizer

Elevator

Figure 1-7. Empennage components.

4-’7’,._ Stabilator

Antiservo

T’\Tab

Pivot Point

Figure 1-8. Stabilator components.
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Figure 1-9. Landing gear.

23



Figure 1-10. Engine compartment.
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Figure 2-1. Standard sea level pressure.
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B
Increased | ocal Velocity
(Decreased pressure)
Downwash }wash
A
Decreased Local Velocity

Figure 2-2. Magnus Effect is a lifting force produced when a
rotating cylinder produces a pressure differential. This is the
same effect that makes a baseball curve or a golf ball slice.
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”

Leading Edge
Stagnation Point

B

\ Trailing Edge

Stagnation Point

Figure 2-3. Air circulation around an airfoll occurs when the
front stagnation point is below the leading edge and the aft
stagnation peint is beyond the trailing edge.
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Velocity  Pressure Velocity
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Figure 2-4. Air pressure decreases in a venturi.

2 5
Gamber of Upper Syt
Leading Trailing
s o = N —— Edge
Camber of Lower Surface
Figure 2-5. Typical airfoil section.
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H

Early Airfoil

i T

Later Airfoil

(/—_——\

Clark ™" Airfoil
(Subsonic)

Laminar Flow Airfail
(Subsomnic)

<

Circular Arc Airfoil
(Supersonic)

—— =

Double Wedge Airfoil
(Supersonic)

Figure 2-6. Airfoil designs.
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Figure 2-8. Pressure distribution on an airfoil.

2 8

32




Angle of — -
Aftack ¥

Relative Wind

Pressure -

Figure 2-9. Force vectors on an airfoil.
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Figure 2-10. CP changes with an angle of attack.
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‘ Drag
Thrust .

' Incorrect Relationship

Weight
Lift

Drag

« »

Correct Relationship

Weight

Figure 3-1. Relationship of forces acting on an airplane.
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Figure 3-2. Force vectors during a stabilized climb.
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Level (High Speed) Level (Cruise Speed) Lewvel (Low Speed)

Figure 3-3. Angle of attack at various speeds.
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Air Spillage

Figure 3-4. Wingtip vortices.
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Figure 3-5. Drag versus speed.
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Figure 3-6. Lift coefficients at various angles of attack.
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Figure 3-7. Ground effect changes airflow.
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Velocity = Angle of AtACK

Figure 3-8. Ground effect changes drag and lift.
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Lateral Axis

Longitudinal Axis j

Vertical Axis
» - 7

— L
=
PITCHING ROLLING YAWING
Figure 3-9. Axes of an airplane.
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POSITIVE NEUTRAL NEGATIVE
STATIC STABILITY STATIC STABILITY STATIC STABILITY

Figure 3-10.Types of stability.
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Displacement — —

Displacerment

Displ acernert

Figure 3-11. Damped versus undamped stability.
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Figure 3-12. Longitudinal stability.
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CL

(T ) 3
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Cruise Speed |
- ﬁaalamed
- Tail Load
CG

High Speed | Greater
Drownward
— Tail Load
CG

Figure 3-13. Effect of speed on downwash.

3 14

Mormal Downwash

Reduced Downwash

Figure 3-14. Reduced power allows pitch down.
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Through CG
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Figure 3-15. Thrust line affects longitudinal stability.
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Crruise Power
L ‘
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Full Power J

Figure 3-16. Power changes afffect longitudinal stability.
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of Attack

J!}-- FF

Normal Angle
of Attack

Lesser Angle'
of Attack
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of Aftack

Figure 3-17. Dihedral for lateral stability.
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CG
Centeriine

CG
Centerfine

Figure 3-18. Keel area for lateral stability.
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Figure 3-19. Fuselage and fin for vertical stability.
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( )
Lift Total Vertical Total Vertical
Lit Component Lift Component

Horizantal

! Component;
—

%, Centritugal "
=¥ Force

Weight Weight Resultant Weight Resultant
Load Load
Lewel Flight Medium Banked Tum Steep Banked Turn

Figure 3-20. Forces during normal coordinated turn.
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Weight ~Toad

1. Normal Tum: 2. Sslipping Tumn: 3. Skidding Tum:
Centrifugal Force Equals Centrifugal Force Less Than Centrifugal Force Greater Than
Harizontal Lift. Horizontal Liit. Horizontal Lift.

Figure 3-21. Normal, sloping, and skidding turns.

400mph 44 (3 )
79%

Figure 3-22. Changes in lift during climb entry.
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Figure 3-23. Changes in speed during climb entry.
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200

Figure 3-24. Forces exerted when pulling out of a dive.
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Figure 3-25. Increase in stall speed and load factor.
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Figure 3-26. Airfoll sections of propeller blade.

Raotational Velocity

Figure 3-27. Propeller blade angle.

74 48 74

63

27



80 20

(ground-adjustable)

50% 87% (Slip)

3-28

Effective Pitch
- =|Geometric Pitch

Figure 3-28. Propeller slippage.
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Figure 3-29. Propeller tips travel faster than hubs.

1 4 /
0 15

65



il

I
(
(P

Figure 3-30. Torque reaction.
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Figure 3-31. Corkscrewing slipstream.
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Applied
Force

Figure 3-32. Gyroscopic precession.

90

3-33

Resultant
Force

Figure 3-33. Raising tail produces gyroscopic precession.
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3-34.
Load On Load On
Upward Moving Upward Moving
Prop Blade Prop Blade
lp—
— ‘
II _ﬂ.
i HighAngle -
of of
Load On Load On
Downward Moving Dowmward Moving
Prop Blade Prop Blade

Figure 3-34. Asymmetrical loading of propeller (P-factor).
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Centrifugal Force 1.73 G's
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Figure 3-35. Two forces cause load factor during turns.
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Figure 3-36. Angle of bank changes load factor.
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Load Factor vs. Stall Speed
T ——————

[%;]

-y

Unaccelerated Stall Speed

Ratio of Accel. Vg to Unaccelerated Vg

200 40 &0 80 100 120 140 160 180 200 220 240 260
"G" Load Accelerated Stall Speed

Figure 3-37. Load factor changes stall speed.
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Figure 3-38.Typical Vg diagram.
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3-39

Load Imposed
by Tail
Gross Weight

Stronger
Down Load
on Tail

Load Imposed

Lighter
Down Load
on Tail

Figure 3-39. Load distribution affects balance.
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C‘_ Maximum Local Velocity
Is Less Than Sonic
M=.50
Maximum Local Velocity
/ Equal To Sonic

M=72
(Critical Mach Mumber)

Supersonic

Mormal Shock Wave
Flow

Subsonic ’_’r,.:-FoaSible Separation

M=77

Figure 3-40. Wing airflow.
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Figure 3-41. Critical Mach.
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3-42

Turbulent
Boundary
Laminar Transition Layer
Boundary Region —— — -
Layer ~ == 3 T~ L L \-._._./,-)
D e Ny S
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Suib-Layer

Figure 3-42. Boundary layer.
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Flow
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Figure 3-43. Shock waves.

(Mach
tuck) (tuck under) ,
T

85



3-44

Figure 3-44. Sweepback effect.
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3-46

Figure 3-46. T-tail stall.
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Figure 3-47. Control surfaces.
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Vertical Axis
(Directional Stability)

Elevator-Pitch
Movement

Lateral Axis

(Longitudinal Stability)

Rudder-Yaw

Sy

/— Movement

Aileron-Roll
Movement

Longitudinal Axis

(Lateral Stability)

ESLMMT_ AIRPLANE | AXESOF | TYPE OF

SUHFI M:I IDE MOVEMENT | ROTATION STABILITY
Aileron Roll Longitudinal Lateral
Elevator/

Stabilator Pitch Lateral Longitudinal
Rudder Yaw Vertical Directional

Figure 4-1. Airplane controls, movement, axes of rotation, and
type of stability.

4-2
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Figure 4-2. Adverse yaw is caused by higher drag on the
outside wing, which is producing more lift.
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Figure 4-3. Differential ailerons.

( )

4-4

Figure 4-4. Frise-type ailerons.
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Figure 4-5. Coupled ailerons and rudder.

4-6

Control Column

g .l
8 o

Figure 4-6. The elevator is the primary control for changing
the pitch attitude of an airplane.
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Figure 4-7. Airplane with a T-tail design at a high angle of
attack and an aft CG.

(control stop)

4-8

Figure 4-8. When the aerodynamic efficiency of the horizontal
tail surface is inadequate due to an aft center of gravity con-
dition, an elevator down spring may be used to supply a
mechanical load to lower the nose.
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(antiservo tab)

Figure 4-9. The stabilator is a one-piece horizontal tail sur-
face that pivots up and down about a central hinge point.

4-10.
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Courtesy of Raytheon Corporafion

Figure 4-10.This advanced aircraft includes a variable-sweep
canard design, which provides longitudinal stability about

the lateral axis.

configuration)
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Yaw

Aerodynamic
Rudder Force

Figure 4-11.The effect of left rudder pressure.

4-12

Figure 4-12. V-tail design.
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(trim)

(Fowler) 4-13
Plain Flap
C_ O
Split Flap
Slotted Flap
C:.ﬁ
Fowler Flap

Figure 4-13. Four common types of flaps

(Clmax)
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4-14

Fixed Slot

Leading Edge Flap

Figure 4-14. Leading edge high lift devices.

4-15
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Figure 4-15. Spoilers reduce lift and increase drag during
descent and landing.

(nose-down)

4-16
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Figure 4-16.The movement of the elevator is opposite to the
direction of movement of the elevator trim tab.

(nose-up)
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4-17

Figure 4-17. An antiservo tab attempts: to streamline the con-
trol surface and is used to make the stabilator less sensitive
by opposing the force exerted by the pilot.

4-18
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Figure 4-18. A ground-adjustable tab is used on the rudder of
many small airplanes to correct for a tendency to fly with the
fuselage slightly misaligned with the relative wind.

4-19

Figure 4-19. Some airplanes, including most jet transports,
use an adjustable stabilizer to provide the required pitch trim
forces.

(AFM) (POH)
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(power-to-weight)
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5-1

Figure 5-1. Main components of a reciprocating engine.

5-2
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Intake Exhaust
Valve Valve

—

Spark
Fs Plug

n Exhaust

Figure 5-2. The arrows in this illustration indicate the

direction of motion of the crankshaft and piston during the
four-stroke cycle.

1

108



TR

Figure 5-3. Changes in propeller blade angle from hub to tip.

5-4

Figure 5-4. Relationship of travel distance and speed of
various portions of propeller blade.
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5-5

15 20

1\\I:’ff
IO \_I""I“H f}/ 25
S RPM s

= X100

. E 3 10 550

\. .
\ O HOURS 35 /4
2

Figure 5-5. Emgine r.p.m. is indicated on the tachometer.

100

(throttle)

2300 5000
2300
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(  29.92 )

5-6

Figure 5-6. Engine power output is indicated on the manifold
pressure gauge.

( )
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FUEL/AIR MIXTURE

The blend of fue! and air is routed
to the combustion chambers to be
burned.

AIR BLEED

The air bleed allows air to be mixed with fuel being
drawn out of the discharge nozzle to decrease
fuel density and promote fuel vaporization.

THROTTLE VALVE

The flow of the fuel/air mixture is
controlled by the throttle valve. The:
throtile valve is adjusted from the

FLOAT CHAMBER
Fuel level is maintained
by a float-type device.

cockpit by the throttle. FUEL INLET
Fuel is received into
the carburetor through

DISCHARGE NOZZLE the: fuel inlet.

Fuel is forced through the

discharge nozzle into the venturi

by greater atmospheric

pressure in the float chamber.

VENTURI .

The shape of the venturi creates =1 FUEL

an area of low pressure.

AIR INLET
Air enters the carburetor

through the air inlet. MIXTURE NEEDLE

The mixture needle controls fuel to
the discharge nozzle. Mixture naedls
position can be adjusted using the
mixture control.

Figure 5-7. Floai-type carburetor.

(FULL RICH)

(AFM) (POH)
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5-8

Fuel/Air

To Engine Mixture

Incoming Air

Figure 5-8. The formation of carburetor ice may reduce or
block fuel/air flow to the engine.

21 (70 ) 80%
38 (100 ) 50%
60-70 100 70
30 5-9
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| | |carburetor icing Possible | | | | |
ANEEENENEEENENEEEEEEN
AENEENENEEENENERENEED

-7°C) (0°C 21°C 38°C
tror | Ol:;tside MrTt=,=m|::rerzsluna}| { !

Figure 5-9. Although carburetor ice is most likely to form
when the temperature and humidity are in ranges indicated
by this chart, carburetor ice is possible under conditions
not depicted.
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Fuel
Manifold

Valve —\ T
Fuel J

Discharge
Mozzle

Engine-Driven
Fuel Pump

Fuel Tank

Fuel/Air Auxiliary

Control ' Fuel Pump
Unit

Figure 5-10. Fuel injection system.

(MAP)
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1 1 1
Two Speed |
Supercharged
T Engine
I
- Hi
B LO“’E.bw ! 8o
r 2 14
a =~
k ™
L [ _ | -
H
0
r
s
e
P
0
W
e
r
SL. Density Altitude ——

Figure 5-11. Power output of normally aspirated engine com-
pared to a single-stage, two-speed supercharged engine.
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Turbocharger Throttle Body Intake Manifold

The turbocharger incorporates a This regulates airflow Pressurized air from the
turbine, which is driven by exhaust to the engine. turbocharger is supplied
gases, and a compressor that to the cylinders.

pressurizes the incoming air.

Exhaust Manifold

Exhaust gas is ducted through
the exhaust manifold and is
used to turn the turbine which
drives the compressor.

Air Intake
Intake air is ducted to the turbocharger

Exhaust Gas where it is compressed.

Discharge
This controls the amount of exhaust
through the turbine. Waste gate position
is actuated by engine cil pressure.

Figure 5-12. Turbocharger components.

(MAP)

80000rpm
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Left Magneto Right Magneto

Figure 5-13. Ignition system components.

vk

OFF( )
R-Right( )
L-Left( )
BOTH( )
START( )
LEFT( )

RIGHT( )
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BOTH RIGHT BOTH LEFT

(OFF) (ON)

OFF

5-14

Normal Combustion Explosion

Figure 5-14. Normal combustion and explosive combustion.
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Right Tank

Strainer

m Carburetor

GRAVITY-FEED SYSTEM

q] Carburetor

Electric PUE@ é Erlglne-nrhren
ump
i! Primer

Strainer

Left Tank . Right Tank

Selector
Valve

FUEL-PUMP SYSTEM

Figure 5-15. Gravity-feed and fuel-pump systems.
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(Empty)

LEFT,RIGHT,BOTH  OFF LEFT RIGHT
BOTH
5-16
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Fd o~ g Ot BOTH Lawp,
¥ AT r,'.l{;i_

8

Figure 5-16. Fuel selector valve.
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FAA (STC)

AVGAS
AVGASS80,100 100LL AVGAS 100LL 100
LL JETA,JETA-1  JETB
5-17
FUEL TYPE COLOR OF EQUIPMENT
AND GRADE FUEL COLOR

AVGAS 80 RED
AVGAS 100 GREEN
AVGAS 100LL BLUE

JETA COLORLESS
OR STRAW

Figure 5-17. Aviation fuel color-coding system.
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(Start)
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hwCcm Z—p=

To ground
through
master
switch

IGNITION
SWITCH

External Power
Power _ Relay
Plug I — 1
Ll® o | o+—
@ > I
| 1
| |
L |
Battery
Contactor —o— Starter
(Solenaid). _Contactor_
I —T Il /1 1
D—-;-—u —e—O | &

Figure 5-18.Typical starting circuit.
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Sump 0il and Return Oil =3 TOP VIEW
From Relief Valve

Pressure Oil From Oil Pump T

Qil Cooler

amnd Filter
N

Low Pressure
Oil Screen Qil Sump

High Pressure
Oil Screen

and Dipstick

Oil Temperature Ol Pressurs
Gauge Gauge

Oil Pressure Relief Valve

Figure 5-19. Wet-sump oil system.

5-20
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Figure 5-20. Always check the engine oil level during the pre-
flight ins pection.

5-21
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Opening

Figure 5-21. Qutside air aids in cooling the engine.
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(EGT)

EGT

EGT

EGT

28

14
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(GPU)

(Master switch)

Figure 5-22. On this master switch, the left half is for the
alternator and the right half is for the battery.

(OFF)

135

(GPU)

(ON)
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5-23

>
=™

Clock or

Digitall Clock sizrter

Oil Pressure
Switch

Low-Voltage
‘Warning Light

hEomw <IJPE=-—17T

mecm nHwoO-—-Z20-<>»

T Fuel Quantity Indicators

-To Flashing Beacon
-To Pitot Heat
-Tio Radio Coolling Fan

Tio Strobe Lights
To Landing and Taxi Lights

To Ignition Switch

Tio Wing Flap Systern

rTo Red Doorpost Maplight

I To Low-Voltage Warning Light

FTo Instrument, Radio, Compass
and Post Lights

FTo Oil Temperature Gauge
L To Turn Coordinator
-To Low-Vacuum Warning Light

Switch/Circuit Braaker to
Standby Vacuum Pump

- To White Doorpost Light

[ To Audio Muting Relay
kTo Contirol Wheel Maplight
I To Navigation Lights

LTo Dome Light

To Radio

To Radio

To Radio or Tran r
and Encoding Altimeter

To Radio

Circuit Breaker (Auto-Reset)

@ Circuit Breaker (Push to Reset)

—S Capacitor (Nois Filter)

‘ Fuse —p|— Diode
v Rasistor

Circuit Breaker (Pull-Off,
Pugh-to-Resat)

Figure 5-23. Electrical system schematic.
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Figure 5-24. Ammeter and loadmeter.
( ) ( )

5-24

12v 14v
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5-25

Reservoir Double-
’ﬁ_ Actin
Cylinder
System Relief
Valve
\ \ ] Motion
¥ Pump el Y
c.V. Cc.V. "
/Selectnr Valve
[_| Hydraulic Fluid Supply
I Hydraulic Pressure I Return Fluid

Figure 5-25. Basic hydraulic system.

5-26

Figure 5-26. The landing gear supports the airplane during
the takeotf run, landing, taxiing, and when parked.

3
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5-27

Figure 5-27.Tailwheel landing gear.
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5-28

Figure 5-28. Fixed and retractable gear airplanes.

(disconnect
safety)

8000
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5-29

Altitude (ft) Pressure (p.s.L.) | Altitude (ft) Pressure (p.s.i.)

At an altitude of 28,000
7.3 feet, standard atmospheric
pressure is 4.8 p.s.i. By
adding this pressure to the
cabin pressure differential
of 6.1 p.s.id., a total air
pressure of 10.9 p.s.. is
obtained.

ez 3T
- 12

The altitude where
the standard air
pressure is equal
to 10.9 p.s.i can
be found at 8,000
feet.

Figure 5-29. Standard atmospheric pressure chart.

8000
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Floor

Heat Exchanger

Safety/Dump Valve

CODE

Discharge Air

Pressurization Air

— Ambient Air BROWMN — Pre-heated
Ambient Air
RED - Compressor
— Conditioned

Pressurization Air

I Pressurized

Cabin

Level Outlets

o

Turbocharger
Compressor Section

Flow Contrel
Venturi

To Cabin
Altitude

__—— Controller

---""--.-

o
1!1 /\ QOutflow Valve

Figure 5-30. High performance airplane pressurization

gystem.
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5-31

Maximum Cabin Differential — - .
Pressure Limit Cabin Differential Pressure Indicator

(Pounds Per Square Inch Differential)

Cabin Pressure Altitude Indicator
- {Thousands of Feet)

|
Cabin Rate-Of-Climb Cabin/Differential
Indicator Pressure Indicator

Figure 5-31. Cabin pressurization instruments.

( ) 0.2
0.5

(35000 )
100%
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(gas decompression sickness)

1800-2200
psi ( 1800psi)
100%
40000
8000 0% 100%
34000 100% 0%
45000 40% 60%
100% 10000
8000 5-32

OXYGEN REGULATOR

PRESSURE DEMAND

FLOW

Figure 5-32. Oxygen system regulator.
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40000

0.35 , 1/3

100%
40000

34000

100%

5-33
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Figure 5-33. Continuous flow mask and rebreather bag.

5-34
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Figure 5-34. De-icing boots on the leading edge of the wing.

(weeping
wing)

40
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FROE OF ICER

PROP ANTIFICE AMMETER
When the system is operating,
the prop ammeter will show in
the normal operating range. As
each boot section cycles, the
ammeter will fluctuate.

PROPR ANTHICE BOOT

The boot is divided into two sections: inboard
and cutboard. When the anti-ice is operating, the
inboard section heats on each blade, and then
cycles to the outboard section. If a boot fails to
heat properly on ong blade, unequal ice loading
may result, causing severe vibration.

Figure 5-35. Prop ammeter and anti-ice boots.
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5-36

Intake Compression Combustion Exhaust

T T T
Air Inlet Compressor Combustion Turbine  Exhaust
Chambers

Cold Section Hot Section

Figure 5-36. Basic components of a turbine engine.
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250mph  400mph 18000

25000

”

(bypass ratio)

(APU)

BHP-

THP-

ESH- -

5-37
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Aircraft Drag

Reciprocating

Turboprop

Turbofan
Turbojet

Met ThHrust —

- —————==

Airspeed ———=

Figure 5-37. Engine net thrust versus aircraft speed and drag.
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EPR
EGT
EGT
(TIT)
/
N1
N1
N1
N2
N2

N2

(TaT)

N1

EPR

EPR

(ITT)

EPR

(EGT)

(TGT)

N2
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Figure 5-38. Dual-spool axial-flow compressor.

(FOD)
FOD
FOD
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EGT

5-39

Figure 5-39. Comparison of normal and distorted airflow into
the compressor section.
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Vertical

Speed

Pitot Airspeed Indicator
0 Indicator  (VSI) Altimeter

Heater Switch I

\

Static Port

Pitat
Tube Drain
Opening
Pressure
Chamber Alternate Static Source

Figure &-1. Pitot-static system and instruments.
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Altimeter Setting
Adjustment Knob

area appears
on some altimeters
when displaying
an altituds balow
10,000 feet MSL.

Figure 6-2. Altimeter.
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30°C 15°C 0°c

Figure 6-3. Effects of nonstandard temperature on an altimeter.
6-3
5000
5000

A\ n

( Kollsman Kollsman
http://www. Kollsman.com)
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1000

Love Field DAL
Mineral Wells Abilene Municipal ( ABI) Love
Field (ATIS)
29.85
487
Mineral Wells 29.94
Abilene Municipal Abilene
29.69
800 Abilene 1791
2600 (1791 +800 =2591 2600
)
Abilene
Mineral Wells 29.94 2600 Abilene
250
250
29.94
29.69
0.25
1 1000 0.25*1000 =250
28.75 29.75
1000
1000
30.00 (ramp)
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29.50 " "

7855
7855 -25

75

(VSI)

1500
1000
( )
(AGL)
) 29.92
15 ) 29.92
5048
-5048 30
1232
(AFSS)
(VVI)

6-4
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Dlnph{ngm

N\
Calibrated Direct Static
Leak Pressure

Figure &-4. Vertical speed indicator.

500 (fpm)

500fpm

(IVSI)
6-5
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" Inlet From
Static Port

Calibrated Leak

Figure 6-5. An instantaneous vertical speed indicator incor-
porates accelerometers to help the instrument immediately
indicate changes in vertical speed.

(mph) (knots 1 1.85
) 6-6

Pitot Tube
Ram Air l

Static Air Line

Figure 6-6. Airspeed indicator.

(1AS)-
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(CAS)-

(TAS)-

A\

(GS)-

12500

6-7

”

5669.90
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(CAS)

1000

1945

2%

FAA



Ve (Red Line)

Figure 6-7. In addition to delineating various speed ranges,
the boundaries of the color-coded arcs also Identify airspeed
limitations.

Y -
o (Vs0)-
( )
° (Vfe)-
Y -
o (Vs1)-
(clean configuration,
)

1 (Vno)- (

)
Y -
° (Vne)-
1 (Va)-

90

L (Vlo)-
° (Vle)-
° (Vx)-
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(short-field)

(Vy)-
(Vmc)-

6-8

(Vyse)-

(ramp)
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Static Port

Figure &-8. A blocked pitot tube, but clear drain hole.

6-9
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Figure 6-9. Blocked pitot system with clear static system.
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Inaccurate

Airspesd
Indications

\

Constant Zero
Indication on VSI

Frozen
Altimeter

o

Blockage

Pjrt
5,

/-[

Static

Figure 6-10. Blocked static system.
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Figure 6-11. Regardiess of the position of ite base, a gyro
tends to remain rigid in space, with its axis of rotation
pointed in a constant direction.

90

6-12
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Figure 6-12. Precession of a gyroscope resulting from an
applied deflective force.

4.5-5.5
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Heading Indicator
‘/ g

Vacuum Relief
Valve

Vacuum
Pump

e

Ll

/

Overboard
Vent Line

Attitude
Indicator

Vacuum Air Filter

Figure 6-13.Typical Vacuum System.
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Horizontal
Gyro Gimbal
G Rotation

TURN-AND-SLIP

INDICATOR
Standard Rate
Turn Index
Gimbal
Inclinometer Rotation

Gimbal
Gyro
Rotation

TURN
COORDINATOR

Standard Rate
Turn Index

Figure 6-14. Turn indicators rely on controlled precession for
their operation.

(standard-rate-turn)

3 360 2
10 120
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18 (120/10=12;12+6=18),200

A\Y ”

6-15 (slip)

A\Y n”

Slipping Turn Skidding Turn

Figure 6-15. If inadequate right rudder is applied In a right
turn, a slip results. Too much right rudder causes the airplane
to skid through the turm. Centering the ball results in a
coordinated turn.
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6-16

Pitch Roll
Gimbal Gimbal

Figure 6-16. Attitude indicator.

100 110
60 70

6-17
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Figure 6-17. Attitude representation by the attitude indicator corresponds to that of the airplane to the real horizon.
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Gimbal Main Compass
Rotation Drive Gear Card Gear

/ / Adjustment
Gimbal Gyro  Adjustment Gears KnLh

Figure 6-18. A heading indicator displays headings based on
a 360" azimuth, with the final zero omitted. For example, a 6
represents 060°, while a 21 indicates: 210°. The adjustment

knob is used to align the heading indicator with the magnetic
COmpass.

15
15

A\Y 4

15

55 55
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6-19

Figure 6-19. Earth's magnetic field.
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0 100%

30 0
30 3 300 30 .
6-20
Instrument Float Expansion Unit
Lamp

Lubber Line

Lubber Line

Filler Hole

Compeneating
Magnet

Figure 6-20. Magnetic compass.

6-21
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Figure 6-21. Variation at point A in the western United States
is 17°. Simce the magnetic north pole is located to the east of
the true north pole in relation to this point, the variation is
easterly. When the magnetic pole falls to the west of the true
north pole, variation is westerly.

A 17
17
6-22
FOR (MH) 0° | 30°| 60° [ 90° [120° |150°| 180°|210°| 240°| 270°| 300°| 330°
STEER(CH) [359°| 30° | 60° | 88° | 120°[152°|183° | 212°| 240°| 268°|300°| 329°

RADIO ON RADIO OFF |_|

Figure 6-22. Compass correction card.
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182

=220

360

)
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Figure 6-23. Vertical card compass.

6-24
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Figure 6-24. Outside air temperature gauge.

FAA
(CFR) 14 91
(GAMA)
(POH) FAA (AFM)

FAA 7-1
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[ T

i s

Figure 7-1. Airplane Flight Manuals.
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FAA
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7-2
% mr«m;:" :
KRS
Single-Engine Multiengine
Figure 7-2. Airspeed limitations are depicted by colored arcs
and radial lines.
(Vne) (Vno) (Vne)
(Vsi)
(Vfe)
(Vso)
(Vmc) (Vyse)
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7-3

A

0 6( IS
OIL PRESS

Figure 7-3. Minimum, maximum, and mormal cperating range
markings on oil gauge.

7-4

Manifold Pressure Tachometer

Figure 7-4. Manifold pressure and r.p.m. indicators.

(CG)
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7-5

WARNING

INJURY OR DEATH

WAR ——

TD AVODID DPTICAL 1l
VERTIGOD TURN ANT
OFF UPON ENTERING C

TUAN CFF

WARNING

ASSURE THAT
CONTAMINAN
NCLUDME WATI |
ARE AEMOVED
AND FUEL 3YS
HGHT, FAILUR
HTAMINANT FF
ALL SAFETY |
D OWMER ADN
[0 FLIGHT 'CAN HE
INJURY OF DEATH,

ASSURE THAT SEAT IS LOCKED IN POSITION
PHRIOR TO TAX), TAKE-OFF, AND LAMDING. FAILURE
TO PAOPEALY LATCH SEAT AND HEED ALL

SAFETY INSTRUCTIONS CAN RESULT IN BODILY

CALITIGMN

ROBE LTS

[ oF THi4
NTTED TO

LOCK

Figure 7-5. Placards are a common method of depicting alr-

plane limitations.

A\
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balked landing)

7-6
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s FrHHdE

o

.
1
T

12

mple:

Gross Weight- 2170 Ibs.
Angle of bank 20°

Flap position : 40°

Stall speed, indicated: 44 KTS

b

a—
A RS

Figure 7-6. Stall speed chart.
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(FSDO)

(DAR) 7-9

Figure 7-9. FAA Form 8130-7, Special Airworthiness Certificate.
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(CG)

8-1
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e

=

&aﬂmw Tail Heaviness
Figure 8-1. Lateral or longitudinal unbalance.
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(General Aviation Manufacturers Association)

GAMA
( ) -
(+) (-)
(GAMA) -
(MAC)
( ) -
Delta - A ACG
CG ( )
GAMA

(maximum ramp weight) -

(Type Certificate Data Sheets - TCDS)

(GAMA) -
(MAC) -
( ) - 100 1000 10000
(GAMA) -
(GAMA) -
.................................... 6 /
Jet AJet A-loieeee, 6.8 /
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Jet Buri 6.5 /

.................................. 7.5 /
........................................ 8.35 /
o —
0 +50
[ ] —_
¢ )

Sta 0 Sta 70

Figure 8-2. Weight and balance illustrated.
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(station)

50 100
50 100 5000 8-3

e

(Lb) X {In) = (Lb-In)
50 X 100 = HOOO
MNote: The datum is assumed to be located at the fulerum.

Figure 8-3. Determining moments.

5000
5000 8-4 100
25 ( ) 50

50 ( ) 5000

50 X 50 = 2500
~ TOTAL = 5,000

Figure 8-4. Establishing a balance.
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Item Weight Arm Moment
Airplane Empty Weight | 2,100 78.3 164,430
Front Seat Occupants 340 85.0 26,900
Fear Seal Occupants 350 121.0 42,350
Fuel 450 75.0 33,750
Baggage Aread 80 150.0 12,000
Total 3,320 281,430

281,430 divided by 3,320 = 84 8

3320

100 1000 10000

3400

84.8

8-6

78-86

340
300
40

loading graph
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Maoment
SAMPLE weight | (o
LOADING PROBLEM {Lb} 1000)
1. Ba=mc Empty Weight {Use the data perfaining
to your airplane as it is presently equipped.)
Indludes unusable fuel and full oil 1,467 57.3
2. Usable Fuel (Al & Lb/Gal)
Standard Tanks (40 Gal Maximum) . . 240 11.5
Long Range Tanks (50 Gal Maximum)
ntegral Tanks (62 Gal Maximum)
ntegral Reduced Fuel (42 Gal)
3. Pilot and Front Passenger (Station 34 to 46) . 340 127
4. Hear Passengers . . . . _ _ . .. ... .. 300 218
5. Baggage Area 1 or Passenger on Child's Seal
[ Station B2 to 108, 120 Lb Max) . a0 1.9
6. Baggage Area 2
{Station 108 to 142, 50 Lb Max_) . .
7. Waight and Moment 2,367 106.2
Figure 8-5. Weight and balance data.
Laad Mamant/1 000 {Kilagram-Milimstars)
50 150 200 250 300 350 a0e
200
1 el ;-1?5
450 ﬂ----?trf;_zﬁ? Litsrs} P 3
e H ’\{l_ ISI’:II%:I?{: .t= 150
_ 300 ?SDGSI“” .fén?s [ B
] éﬁ 5 an Riarwriih m e i E 125 4
3 om0 ; - =
g Qg e mas 100 %
200 AT E 1691L=[_e’5 a 3 £
T & INNRENT - £
= P . WO sjht [ =
% om < - 7 %
T 11 5
S H = 5
o i A E"?-‘ﬁg‘g a Mazimum U sable Fuel
I IRERE a ;](,. ";@j e * Standard Tanks
H I ** Leng Range Tanks
0 E‘gﬁ“:‘ i *** |ntarnal Tanks
, AT HHHHHHHHH

Loaded Adrplane Weight (Pounds)

Loaded Adrplane Moment/ 1000 (Kilogram-Millimeters)

i 227 15 20 30

Load Moment/1000 (Pound-=Inches)

25

600 700 800 400 11000 1100 1200 1300
FCENTER OF GRAVITY oo
100 - MOMENT ENVELOPE
2367 ka
2500 1050
200 rma 1000 F
B
g
2100 M poso g
E
P =
2000 ?‘\ oo 2
By 2
1900 £ 5
CL
H £
1800 ]
feoo &
5 k|
1700
0
1500 i -
T [-ro0
1500 L1
45 S 55 e0  B5 TO 75 80 a5 @ 95 100 105 110
fass

Loaded Arplane Moment1000 (Found=nches)

Figure 8-6. CG moment envelope and loading graph.
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hlc‘inimum lﬂ:rinwm
f\ i lomeant jomant
UAD D O Weight 100 100
2100 1617 1800
110 1625 1808
2120 1632 1817
FROMT SEAT| REAR SEATS MAIN WING TANES 2:“33 12:& :ﬁ
ARM &5 ARM 121 ARM 75 2123 lggg :g;‘g
Weight |Moment | Weight |Moment| Moment
il o Il Gatlons | weign | 555" 2 | el | a0
120 | 102 | 120 | 148 5 a0 a2 160 1686 1877
[ 3o | 157 10 B0 a5 o0n e Jase
140 | 118 | 140 | 168 15 a0 68
150 | 1z | w0 | 12 20 120 a0 g2 150 184
160 136 160 194 25 150 11z
2230 1717 1411
70 | 206 30 180 135 5300 1725 1520
180 | 155 | 180 | 218 35 210 :g 2250 1738 1528
190 | 162 4D
2270 1748 1545
zo0 | 170 | 200 ) i = 1 130
2o | 178 135
5TH SEAT
2510 1779 1580
_ARM 140 2330 1786 1988
2330 1794 1997
Weight |Moment MAIN WING TANKS 340 1802 2005
100 ARM 75 2350 1810 2014
T n i = o8 =
i jomen
20 | 28 Gallons | Weight 2380 1833 2040
2390 1840 2048
o : . o = 24 1848 2057
o | 5 Bl e | 2 e | e |
70 | @8 19 114 107 2430 1871 083
g0 | 112 24 1879 2091
an | 126 2450 1887 2100
eren @ |
Cuarts Weight ~ Moment
R I " i 160 248 1811 2125
:gg et 24 1821 2134
w0 | 198 10 13 5 25 1932 2143
150 210 2510 1842 2181
160 | 224 2% | 1o | &
170 238 2540 1874 2178
180 | 252 265 1884 3184
190 | 266 256 1995 2192
200 | 280 257 2005 3200
210 | 284 258 2016 2308
o0 | 308 it ars eaedon e folowing et ard 258 2028 e
230 | 22 af gravity limit data {landing gear down). 26 2037 2224
adg | 536 2610 2048 2232
250 | 350 WEIGHT ~ FORWARD AFT CG LIMIT 2620 2058 2239
260 | 384 CONDITION  CG LIMIT 2630 2069 2247
2050 Ib (mkeoff 8211 847 2880 2101 59
or landing) 2670 2112 2279
2525 Ib 775 857 2660 2123 2287
2475 |b or leas 770 857 2690 2133 2295
27 2144 2
270 2155 23N
2 2166 2319
2730 2177 2326
SAMPLE LOADING PROBLEM im0 | 28 2334
. 1
Weight Moment/{ 00 770 2921 2358
2780 2252 2366
Basic Empty Weight 2,018 1.564 27490 2243 2a74
2054
. 264 188 m%_za
e e e w | s £ 2% |2y
* Frent Seat Passengers 2g$ %g Sﬂ‘?
Rear Seat Passengers 150 230 3660 2320 2426
a0 a2 20| 288 2444
S mo | | ug
Total 27 2278100 2910 2377 2488
2920 2368 2475
* You can interpolate or, as in this case, add appropriate numbers. ggig g‘:ﬁ gﬁ?
2550 2422 2458

Figure 8-7. Loading schedule placard.
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8-8

Item Weight Arm Moment
Licensed Empty Weight | 1,011.9 68.6 £9,393.0
Oil (& gt 11.0 -31.0 -341.0
Fuel (18 gal) 108.0 a4.0 90720
Fuel, Auxiliary (18 gal) 108.0 84.0 80720
Filot 170.0 81.0 13,7700
Passenger 170.0 ai1.0 13,7700
Baggage 700 | 105.0 7,350.0
Total 16489 122,086.0
CG 74.0

Figure 8-8. Sample weight and balance using a negative.

8-9

4400

4240

210

4400




[term Weight Arrm Maoment

Basic Empty Weight 3,230 | CG 90.5 | 292315.0
Front Seat Occupants 335 9.0 2,9815.0

¥d and 40 Seal )
Occupants Fwd Facing 45( 1260 | 44,1000

Eth and 61 Seat

Cecupants 200 167.0 31,4000
MNoese Baggage 100 10.0 1,000.0
Aft Baggage 25 183.0 45750
Zero Fual Weight Max 4400 |k

Sub Total 4240 | CG 95.1 | 4032050
Fuel azz 113.0 92 886.0

Famp 'Weight Mex 5224 Ib.
Sub Total Ramp Weight | 5062 | CG 98.0 | 496,031.0

* Less Fuel for Start,
Taxi, and Takeoff

-24 113.0 2120

Sub Total 5 038 9% 3790
Takeoff Weight CG 979 379,

Lezs Fuel to Destination -4%30 113.0 | -50,850.0

Max Landng Weight 4940 |b.
Actual Landing Weight 45688 | CG 96.5 | 4425290

*Fuel for Start, Taxi, and Takeoff is normally 24 lb.

Figure 8-9, Sample weight and balance using an airplane with
a published zero fuel weight.

100
30 150 12000
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150

100 X 150 =15000
30
100 X30 =3000
= 12000

= 616000+12000=628000
62800/8000( )=78.5

78.5

/ =ACG/

100/8000=ACG/120

ACG=1.5
77+1.5=78.5
...................... 7800
............................ 81.5
................ 80.5
150 30

/ =ACG/
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/7800=1.0/120

=65
........................... 6860
CG 80.0
140 150
/ =ACG/

140/(6860+140)=ACG/(150-80)

140/7000 = ACG/70

ACG=1.4
ACG
80 +1.4 =81.4
.................................... 6100
CG 80.0
150 100
/ = ACG/

100/(6100-100)=ACG/(150-80)
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100/6000=ACG/70
ACG=1.2

80-1.2=78.8

ACG

ACG
ACG

e

L l!l...:.:
T

1 IR I s
ok o T :nii | o H bt
4

HEREE I iia] 1100811 5 AERi]) ESEE TR i

T
F
:
*

4 48 W o8 W N “_—I‘;H:-;'I'_ll-liﬂ".'
ourdibe i TEwh - & N
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78%
35000

21%

1013.2

1%

9-1
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29.92

1]
=

Standard

= Sea Level
25 f Pressure
2 E
= —
e =
2 5/
L= =
o 10—
o —
= —
2 s/
= Atmospheric
Fressure

-

1000 3.5
36000
1000 1
9-2
Standard Atmosphere
Altitude Pressure Temp. Temp.
(f) (in. Hg) (°C) (°F)
0 28.92 15.0 59.0
1,000 28.86 13.0 55.4
2,000 27.82 11.0 51.9
3,000 26.82 9.1 48.3
4,000 25.84 7.1 447
5,000 24.89 5.1 41.2
6,000 23.98 3.1 a37.6
7,000 23.09 1.1 34.0
8,000 2222 -0.9 30.5
9,000 21.38 -2.8 26.9
10,000 20.57 -4.8 23.3
11,000 19.79 -6.8 19.8
12,000 19.02 8.8 16.2
13,000 18.29 -10.8 12.6
14,000 17.57 -12.7 9.1
15,000 16.88 -14.7 65
16,000 16.21 -16.7 1.9
17,000 15.56 -18.7 -1.6
18,000 14.94 -20.7 5.2
19,000 14.33 -22.6 -8.8
20,000 13.74 -24.6 -12.3
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ICAO

(SDP)

29.92

(ICAO)

(ISA)

1013.2

(SDP)

”

”

29.92
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(ISA)
59 15 29.92
29.92
18000
( )



29.92 5000
790
20
7000
1000

9-3 94
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Method for Dieterrnining Alternate Method for Determining

Pressure Altitude Pressure Altitude
If Altimeter Altitude Set29.92 in pressure
Seﬂirg |5 Carrecton wiridew of altimeter and

read altitude. This is

28.0 1,825 ,

28,1 1,725 AN pressure altitude.

28.2 1,630 M

28.3 1,535 \

28.4 1,435

28.5 1,340 \

28.6 1,245 by

28.7 1,150 \

28.8 1,050

mo A4 s R

29.0 BES /

201 770

29.2 675 /

20.3 580 /

20.4 485

29.5 390 /

20.6 300 /

29.7 205

29.8 10/ L ]

g-gg "-g / To Get

0.0 75w Pressure Altitude ——

30.4 -165 L

30.2 -255 N

30.3 -350 N

%-: Subtract g‘g From Field »

3:1 A e Elevation Vs

30.7 -710 e

30.8 -B05 o~

30.9 -895 s Pressure Altitude

31.0 -965

Figure 9-3. Field elevation versus pressure altitude.
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15,000 T

14,000
/ﬁt R f/ //

13,000

Nz,
.
\\
i

&

NS

N

%
\‘1

S y
12,000
A ..F?/ )4
11,000 44—
. / J/IL Nﬁé:gl/ﬁ/ )'( // 1/
10,000 SF TV T

<
v
N\
\
T
g
AN
[
=
i

o
=
=

7,000

Density Altitude — Feet
oo
g
-
~
=
N
%
\\
[
\
N
L

6,000

5,000 |4

4,000

]
3000 A7

i
2,000 /
A IATA T TV
1,000 4
' AVADAE4 A2
% it
SL. yd // / 'I/ /]
-20 -1|l:l 0 1D 2c 20 BID 40 5

T
0 11] 20 30 40 50 B{I ?'I] E{I QD 1'[ICI 111]12

o

QOutside Air Tem perature

Figure 9-4. Density altitude chart.
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Total Drag

S

——Parasite Dirag

Drag—Pounds

Induced Drag

<

Speed—Knots =

Figure 9-5. Drag versus speed.
100 200
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260

(VNE)
9-6
Maximurm
Available F'cwer—\
o
I| High Crulse
8 Speed
g
(o
E Low Cruise
- Speed
‘ |
Speed—Knats 3
Figure 8-6. Power versus speed.
200
130 70(200-130=70)
(Work)
1 1
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1 33000 1

Weight
Component of

e

W SIN y — Weight Along
Flight Path

Figure 9-7. Weight has rearward component.

9-8.
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Thrust Available and

Thrust Required— Lbs.

— Thrust Available

~
Thrust

Required
or Drag

Speed—Knots ——————3-

Figure 9-8. Thrust versus climb angle.

9-9
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Power Required —

/—F‘mer.ﬁmllmle

Power Required—HF.

Power Avallable and

~/

— Speed for Maximum Rate of Climb

Reserve Power

Speed—Knols ——

Figure 9-9, Power versus climb rate.

100
9-10
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___Absolute Ceiling 4

-+ Service Celling i
i AEH o

STAMDARD ALTITUDE - FEET

i. A |
] =] B0 100 110 120

INDIGATED AIRSPEED - KNOTS

Figura 8-10. Absolute and service cailing.

A\ n” A\

w n”

=( )( )
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9-11

Power Required —HP ————

Appicable for
a Particular

— Waight

— Alfitude

— Configuraton

Speed—Knots ————3=

Figure 8-11. Airspeeds for maximum endurance vs. maximum
range.

A\ ”

99% 1%

3-5%
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AFM/POH

A\Y ”

99%

9-11

Power Required —HP ———

Applicable fior
a Particular

— Wig ht

— Alfitude

— Configuration

Speed—Knols m——

Figure 9-11. Airspeeds for maximum endurance vs. maximum
range.
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Power Required —HP —————

Highear Wt

Basic WE.
Lowsear VWit

Speed—Knots ———

Figure 8-12. Effect of weight on speed for maximum range.

Power Required —HP ———=

9-13

At Altitude
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AIRPLANE QUT OF Tip Vortex
GROUND EFFECT

I Ooummist G840

Upwash

Reduced Downwash | Span

and Upwash Reduced
/ Tip
Vortex
= il 1

Height

TR peue iy T |

A GROUND EFFECT
\

60

C Constant

. N
10 \
RH“‘&E\L

o 041 0z 0.3 0.4 05 0.6 0.7 08 09 1.0 1.1
Ratio of Wing Height to Span

Percent Reduction in Induced Drag Coefficient
&

AIRPLANE IN
GROUND EFFECT

AIRPLANE OUT OF
GROUND EFFECT

\AIFIPLANE OuUT OF
GROUND EFFECT

Lift Coaffician! —

Thrust Required —Lbs.

"N AIRPLANE IN
GROUND EFFECT

—— Angle of Altack =—— — D000 —KNOLS —

Figure 9-14. Ground effect.
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(region of normal command)

(region of reversed command)
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(best endurance airspeed)

Maximum
Power Available

t

Excess
Power

ok
oo

-+— Best Endurance Speed

Airspeed

9-16
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MAXIMUM WEIGHT 3800 LBS

TAKEOFF DISTANCE

CONDITIONS: SHORT FIELD) MIXTURE SETTING
Flapa 107 PRESS ALT | PPH
2850 RPM, Full Throttle and Mixture Set at Placard Fuel Flow Prior to Brake Release

Cowl Flaps Open S.L. 144
Bl Ll Dry: Bty 2000 138
0. ing 4000 132

5000 1

NOTES: 1%

1. Shart field technique as specified in Section 4.

2, Landing sear extendsd until tkeol! obatacle i cleared.

3. Where distance value has been deleted, climb performance after lift-off is kets than 150 fpm. Fate of climb is based on
lending gear extended and flaps 10° &t takeol! speed.

4. Decrzase distances 10% for each 10 krots headwind, For operation with tailwinds up to 10 knots, increase distances:
by 10% for each 2.6 knots.

B

TAKEOFF o 0% 2000 0P 40°¢
EIGHT SPEED |PRESS

La8 KIAS ALT TOTAL TOTAL TOTAL TOTAL TOTAL
| |_||:1_'[ AT | FT |GRMD|TO CLEAR|GRND|TO CLEAR|GRAND|TO CLEAR|GRND|TO CLEAR|GRMD|TO CLEAR
— A ipn | lea=xanelnn e ot lenprnoeelonis lepETneelant 1 len ETnRg|
/

9-17
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3%

100 3
9-18
Runway
- el
Airport Name Surface Runway Slope and
| Runway COLORADO Direction of Slope m
JEFFCD (micy/ aww  uTc-7(—60T), N3g=54.53 Wi05°07.03 nEweER
5570 B /54 Wi 100l sETAf ox1 2,34 H-20, L-BE. 1
FWF 139 MEOOUX10D (REFM-GRVD)  5-55, 0-75  MIFL i, il

EWY (1L REIL, VASIVAL—GA 3.0° ToH 42, 1008 doe
RWY 298: MALSH, WASI(VALI—GA 3.0° TCH 45", Rgt tie. 1,05 gl
RWY 1UR-25L: HTOOAXTS (ASPH) S-12.5 MIAL A% up W
RWY 118 REIL. PAPIP2L}—GA 3.0° TCH 41", Ryt tfe.
WY 28L: REIL. PAPI(PILI—GA 5.0 TCH 407,
FWY 02-20: H3E01X75 (ASPH]  5-40. D45, DT-65 MIAL

‘l'm'u?wzu—-m 20" TCH 307
EWY 20: PAPHP2L—GA 3.0 TCH 40, R the,

MRPORT REMARAS: Attended continuadsly, Birds on and in vicinity of
arpl, Walsh for deer on or near rwys, Hall inch depression in Ry
11R-25L full width by 10" length at approximately 2550° from
eastend. One inch depression in Rwy 11R-Z8L full width by 10°
|Ength 81 approximately 3650 from east end. Construction
eau [pment./cranes on and invof et st various times. Pilots are
requesied 1 svoid flight over Staniey Lake bio 8000° MSL. Jeficn
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36 54 (36
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1.05 1.25

10%

10%
5%
9%
21%

21% 22%
25%-30%
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0.3

10% 19%
21%
25%( 75%)
9-20

1
80
|
|
70
! ,é
F L/

Farcent Incresse ?ﬂ /

In Tabeott or | /

Laumciing (D kstamoe 40
| Vi
a0 (
|
1
20
I —
: Rato of Wind Velosoty

1o Fakeeoltor Lamdeng

0.2

Ha adwind

Y

Tailwind

Percent Decrease
I Takeoft or
Landing Distance

10%

21%

239

50%

10%



60%

70%

240

60%

[field elevation]

70%



5000

5%
10%

10%
21%

1000

10%

9-20

21%

19%

3.5%

21%

241

10%
10%
10%
(TAS)
16%



- (CAS)
(TAS) -
(IAS) -
(CAS) -
IAS CAS
(EAS) -
EAS CAS
VsO -
Vsl -
Vy -
VX -

Vie -
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Vlo -

Vfe -

Va -

Vno -

Vne -

9-21
MAXIMUM RATE OF CLIMB |
PRESS ALT | P | PPH
e SL TO 17000 35 | 162
Gear g 18,000 34 | 158
2600 #ﬂ 20,000 32 144
Cowl Flaps Open 22,000 30 | 132
et - e L 24,000 28 | 120
a1 of fuel for engine start, taxi and takeoff allowance
2, W’ﬂluﬂﬂmﬁriﬁmm 10 °C above standard tempsratura.
3. Distances shown are based on Zero wind.
WEIGHT| PRESS | CLIMB | RATE OF FROM SEA LEVEL
LBS ALT |SPEED| cLIMB
TIME | FUEL USED|DISTANCE
FT Klag FPM | MIN | POUNDS NM
4000 S.L. | 100 930 0 0 0
4000 | 100 890 4 1 L G |
8000 | 100 845 9 -,};_J— =
12,000 | 100 790 |
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9-22

TAKEQFF DISTANCE
CONDITIONS: MAXIMUM WEIGHT 2400 LBS
10
Fuill Theotthe Prior to Brake Roleass
Paved, Level, Ory Runway
TAKEOFF [+ e F i o E ] 0
wegnr | SEED | FRESS
LBS HAS AT GAND | TOTALFT | GAMD | TOTALFT | GRND | TOTALFT | GAND | TOTALFT GAND | TOTAL FT
T | AT T ROLL | TOGEAR | ROLL | TOCLEAR | ®OLL | TOCLEAR | ROLL | TOCLEAR ROLL | TOCLEAR
OFF | 50 FT fT | 50 FT0BS Fi |50FTOBS| FT |GOFTOBS| FT |60 FTO0BS FT | 50 FT OBS
2400 Ll 56 5L 795 1450 860 1570 95 1685 s 8o 1065 1945
000 | 6 1608 0 172s 108 1860 1080 200 | 1o 1sa
2000 0 1770 1035 1970 M6 060 1200 0 1290 235
3000 | 1065 1860 1140 20 1230 285 1325 2480 1425 2685
4000 | 1185 2185 1280 2385 135 =0 MES 270 | 1575 3030
5000 | 1235 2085 13890 2680 1500 895 1620 360 | 1745 M55
5000 | 1425 2755 1540 075 1665 300 1800 300 | 1040 2000
000 | 1580 40 110 3450 1850 3805 2000 4220 - -
B000 | 1755 3615 1905 4015 2080 4480 = - = =

To find the takeoff distance for a pressure altitude of 2,500 feet
at 20°C, awerage the ground roll for 2,000 feet and 3,000 feet.

1,115+ 1,230

2

=1,173 feet
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DENSITY ALTITUDE CHART

Altimeler Pressure
Setting  Altitude
{"Hg) Conversion
Factor

280 1,824
281 1727
282 1630
283 1,533
28.4 1436
285 1340
286 1244
287 1148
288 1,053
28.9 957
29.0 863
291 768
29.2 673
29.3 579
29.4 485
29.5 392
296 298
29.7 205
29.8 112
29.9 20
29.92 0
30.0 -73

(o -165)
302 257
30.3 -348
30.4 -440
30.5 -531
30.6 -622
30.7 712
30.8 -803
30.9 -893
31.0 -983

HIEHE

[ EEER e A iR

R oSt
E': :m:: :%‘ ity
g &

APPROXIMATE DENSITY ALTITUDE - THOUSANDS OF FEET

ﬁﬁ: HizH

" :‘HE“;H% Il
-1 4 10 16 21 27 32 38 43

‘F 0 10 20 30 40 50 &0 70 80 S0 100 110
OUTSIDE AIR TEMPERATURE

\\_165" 165
5718(5883-165=5718) 70
5718 5000 6000
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7700

50

50

ASSOCIATED COMDITIONS

POWER FULL THROTILE
2800 HPM

MNTURE LEAN TE) ARPRESRIATE
HEL PRESEIRE

FLaFS LE

LAMINNG GEAR  FETFIAGT AFTER POSTIE
CLME ESTARUSHED

COWLALPE  OFEN

wWEAHT TASEAEF SDEED
. LET-rr =l
POUNGE [auore | e [ mhoTs | wew
M0 | @ | m| n []
0 @ | n| m L
" ] " " ] [
S0 # L e ™
Freel S L2 &3 L]

e &
4
T b 147
HHEES IR il
= L 2608
% g
i i T B - -
e -
1 (51 B [ e -
== b
I3 [EIE] ..=.!.=_4: wifa-bbppalatpt I ¥ me———
Tt T H T T I't ]
1 1T 1 1 11 1
-4 -0 -¥0 -wn % LU f W M M ) [
CUTS0E A8 TEMPERATURE - ¢ WERCHT-FCRROS WIND COMPOMENT  OB$TRCLE HEIGHT
1 KHOTS FEET

Trrrrrirrerrerrrred
=0 20 ¢ N & N 0 W W

DUTHOE AR TEMPERNLEE - °F

600

22 2000

2600

50
50 1200
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50
2600 63 50 68

TAKEOFF DISTANCE

conarmons: MAXIMUM WEIGHT 2400 LE
Pl T Peor e rska Falaasa SHORT FIELD

2 Wind

HOTES:

1. Pricer iy Eake0f froem figicly albowg 3000 lpet plyvation, T miciung ghouid Bo leaned 1o ghe mpsmom RPM s & il teoms, salic nump
2 Dworeasa distanoes 3% for sach § bnobs haadwind. For opantion with Sl wind up o 10 knols. increase distences by 10% for sech 2 inols.
3 For o alicn om 3 dry, €] RIS rurmry, e cRLamGes By 1% of T “prousd il Ao

TAHEDFF
ML i S o e e B B
WENGMT AT
e FT GHND |TOTALFT | GAND | TOTAL FT | GRND | TOTALFT | GHMD |TOTALFT | GAND |TOTALFT
LFT | AT AOLL TG CLEAR | ACLL [ToCAEAR | ROLL |TO SLEAR | ROLL TSELEAR | ACLL [TOCLEAR
OFF (50 FT FT_|SOFTCES | FT |SAFTOBS | FT |SOFTOBS | FT |saFTomEs | FT (SOFT OBS
e | st | 6 | 5L | TS| e B60 1570 se5 | 1685 we w0 | otoes | 19as
oo | 8 |16 wao [ 1728 | 1005 [ 18e0 | wmo | 200 | 11| 2ss
e | 0| Mo | NS | om0 | s | om0 | ame | g | 10| @
| aoEmh | 10 PR g 2120 =¥ 2258 L § 1435 o
SO0 1185 Fal- - 126 M5 1355 2570 1865 270 1575 i)
el 1288 2443 138y 20060 1500 2898 =0 AN 1748 B
RoCT Tas ITHA et k] IS %00 1800 o T840 mEn
Moo | 1880 | M | o [ M50 | ieso | Gms | ae -
eoco | 1785 | eS| unos | as | om0 | dese | - | -
e £ ] EL. L] 1186 Ty 1284 75O 1575 0% 1470 L] 1575
00 Tl palel 1405 B35 1510 =] a1 ] T
2oy | 10| e Bl 1545 1060 s | 17Es | otods | 1618
mog | @S | 15 s | s ims | | odges | i | oz
Nog | wmas | ww | e | o | 00| 20 | ot | DO | | oa@n
5500 1040 L] 1125 2906 1IN0 2ITE 1308 28 1404 ol
mooo | 1150 | 270 | 20 [ mss | 340 | 3ses | das | BEs | ims | g0
T | 1270 | Bess | s [ A8 | iams | Seee | ms | M | 1m0 | ME
B TaRR IT ELb] k] LL A0 T W TR AnCe
oo | 4 | 9 | s | ss| e se5 1088 05| 110 o5 | 11es s | 1265
iogn | Em | e BiS [ 1135 BES | 1mE Mo 1me s | MR
200 & 110 or G 1240 TEn 150 T 14D B0 16E;
300 L TERY Ay 1355 00 1855 ] 1570 kil TEES
&0 T8 L -1k 15040 - 1818 BHE 178 19018 hLL]
RO Lo Pl BOH TERI 5 1m0 Tlis TEC 1120 nm
B0 | w0 | 7o B0 M5 | 90| 1m0 | Jws | M8 | fas | s
1 1 1 ik
moo | 1% | & i e | B | | ¥ 1

9-25
2400
3000 30
1325 50 2480
18 9
10% 18 20% 1325 20% 265
1060 50
1060 50 1984
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9-26

4
.............................................. .6000
(OAT) e .25
................................................... 10000
(OAT) e .10
EEEEERER ELII 59 ) L
MAXIMUL CONTINUOUS POWER®, 2600 LE GROSS WEIGHT
FLAPS UR, 50 KIAS, NO WIND ' 3 & 1
| 2700 FPMA 38 IN M. [-BLADE PAOR) |
2575 HFM R 3 N MLF. 3-HLADE
[
B u |
& !ﬂ‘-__s-'- = __-.iﬂ ‘r! i _a f
4t Lt = }r .L.oyjl
— = L0 i - “b? > g‘f"f
A gﬂﬁ!’;’.’.ﬂ—--‘ e | | ‘Iff ¥ @'
— Vi
mm
o0
B -
00
hj
shLty I
- ﬂ;m!“u_u;__m_mwnm._: ) H.E_'TII:_EHH][H::IIEM[:_:H -
OAT 25
6000
3.5 6.5 9
6.5 11.5 15
(6.5-3.5=3 )
5 10000 6
9-27
5
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............................................................ 8000
.................................................................. 3400
| NORMAL CLIMB - 110 KIAS |
COMDITIONS:
Flaps U
Giogar Up
2500 APM
30 Inches HY
120 PPH Cual Flaw
Cowl Flaps Opan
Standard Tempamiure
T pounds of lusl fer angine o mnd lakeoll alowaros
i,ﬁﬂdh.ngéi.u..uu.;T;.un.mr-:nm..ua.m-q-u..
3. Distances shown are bassd on Faim wind
WEIGHT | PRESS | RATE OF FROM SEA LEVEL
LES ALT CGLIMB [ TiME | FUEL USED | DISTANCE
FT FPM MIN | POUNDS MM
4000 8.L. 806 1] a 0
4000 570 7 14 13
8000 530 14 o8 a7
12,000 485 22 44 43
16,000 430 a 82 83
20,000 f-1-11 41 B2 BT
S.L. 700 0 0 0
3700 4000 665 [ 12 11
A000 B2S 12 24 23
12,000 s80 | 189 37 a7
16,000 525 26 £2 E3
20,000 480 | 34 68 72
s.L. B1o 0 L] 0
4000 775 5 10 g
3400 E000 735 10 21 20
12,000 880 16 az a1
16,000 835 22 44 45
20,000 65 | 29 57 61
3400
0 8000
0
8000 10 21 20
22 15 7
7 10% 10%(10X10%=1) 1
1+10=11 10% 11 23.1 22
6 23.1
3.85 (23.1/6=3.85)

9-28
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............................................................. .38
Gross Weight- 2300 Lbs.
Standard Conditions
Zero Wind Lean Migture
NG_TE.- Maximum crulsa ia normally limitad ta ?ﬁpuwr B
B8 GAL [NO RESERYE) 48 OAL (NO RESENVE)
ALT. |RPM| % |TAS GAL/ | ENDR. | RANGE | ENDR. | RANGE
BHP |[MPH HOUR| HOURS | MILES | HOURS MILES
2500 |2700| 86 | 134 9.7 3.9 525 49 860
i2600| 79 | 128 8.6 4.4 570 5.6 720
'2500| 72 (123 | 7.8 4.9 600 6.2 780
l2400| 65 | 117 | 7.2 53 620 8.7 780
'2300| 58 | 111 | 6.7 5.7 630 7.2 795
12200| 52 | 103 6.3 6.1 825 7.7 790
5000|2700 82 | 124 9.0 4.2 565 5.3 710
'2600| 75 | 128 @ 8.1 47 600 5.9 760
12500| 68 | 122 7.4 5.1 625 6.4 730
2400 61 | 116 6.9 55 635 8.3 805
2300 55 108 6.5 58 635 7.4 805
12200| 49 | 100 6.0 6.3 630 7.9 795
7500 (2700 78 | 133 8.4 4.5 800 5.7 755
2800 71 | 127 7.7 4.9 825 8.2 730
|2500| 64 | 129 | 7.4 5.3 645 8.7 810
|2400| 58 113 | 6.7 5.7 845 7.2 820
2300| 52 | 105 @ 6.2 6.1 640 7.7 810
10,0002650| 70 | 129 76 | S50 640 6.3 810
|2600| 67 | 125 7.3 5.2 650 8.5 820
'2500| 61 | 118 6.9 55 855 7.0 830
2400| 55 | 110 6.4 5.9 650 7.5 825
|2300| 49 | 100 6.0 6.3 635 8.0 800
5000 2400
TAS 116mph 6.9
38 5.5 635
7
......................................................... 6000
(0 PSS 36
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CRUISE POWER SETTINGS

658 MM C:ORTINURDLS POWER [0R FULL THROTTLE]

2mx) POUMDS
1A 20 °C{-38°F) ETANDARD Doty [I2.4) IBA 20 °C {+28'F)
FLUEL FUEL FLEL
F FLOW FLOW
DO G S e TR oo [s ey WO [ EoaiealC 1 idasy orn
AT, AT BPEED||F TAS KA SPEED | PREES| ENGINE TAS AT SPEED |PRESS EMOINE TAG
FEET | F i | AFe il (3 | Foi) GFm | mia et g r | e il | i rRa Fﬁiilﬁl’"ﬁ AL AR AEm iR | Al aeen | Ao | e
sLl 27] -sleaso [ 207 [66]11s]1av] 169 Uea [17 | 2450 [ 212 [66li1 5hso[17a Nealar | 2450 [218 |66 1s]isa [176
2000| 19] -7|2450 | 20.4 |66|11.5]149] 171 |55 | 13| 2450 | 21.0 |66 |11.5[153 176 o1 |23 | 2450 [215 | 66 [11.5]156 |180
dnonl 12lalzasalon g laelarslieolazallan | aloamn loay laaliislieslinn Haalzal 2450 (213 laa o alima lina
G000| 5|-15|2450 | 19.8 (606 11.5|155| 178 41 | 5] 2450 | 20,4 [6.6(11.5|158 (182 |78 26 | 24500 210 | 6 |11.5)161 | 185
B800p) 211012450 1 196 1651 11.611671 181 336 | 212450 | 20.2 | 6.6[11.51161 185 8721301 o450 (008 | 66 111.5]164 180
10000| -8f-22|2450 | 192 |E6| 115|160 184 §28 | -2| 2450 ( 19.9 |66[11.5/163 (188 [64]18 | 2450 65 111'155 191
[F2000-15-20) 2450 [ 18.8 154113 182158 g 29 | -3 2450 | 188 (5.1 105180 188 §5T 141 2450 (185 [ 5.5 [10.5165 185
4000|-22)-30| 2450 | 17.4 [58| 105 | 159 183 | 14 }10| 2450 | 17.4 | 5.6]10.1]160 |184 50| 10| 2450 | 174 | 5.4 | 98160 | 164
16000|-29-34| 2450 | 16.1 [53] S.7 (156|160 § 7 id 2450 | 16.1 |5.1] 9.4|i56 180 45| 6] 2450 161 [4.9 | 51155 |i78
WOTES: 1. Fuil throttie manifoid p g5 e BppIo
2. Shadad ama repeasants operation wath full theottia,
Figure 9-29. Cruise power setiing table.
9-29 6000
20 ( 36 ) 6000 2450 65%
21.0 11.5 161
9-30 65%
8
(0 DO
............................................................. 5000
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BEST POWER MIXTURE RANGE e
ASSOGIATED CONDITIONS: sIEIIEIIE

- MIXTURE LEANED PER SEGTION 4 S

MID CHUISE WEIGHT 2300 LBS., NG WIND

F : X 48 GAL. USABLE FUEL, WHEZEL FAIRINGS INSTALLED

o

: wenfoe 44 MBI NESERVE M
- & 55, POWET t
L i M " 3 ey : ] FEEEEE A -

ke
1
1
b
SHEE
=

{
mi

=Tl ena

i

STANDARD TEMPERATURE - °C
: .L :
- 1
L
FRESSURE AUTTTUDE -FT.

4
-
I

il 1 it i s e A
| i é#

e

Ao
i
H

=

8

TE% J| g5% Jfl 55%
L i .

1

z
it
:

|

=]

1 ' ,!
. . I T ama P
L J L CENTMGRADE RELOW | . T | MW |
- smmnasn TEURERITURE. + 'T"ﬁ;: ‘ e
B ¥ =y prpet ¥ S5 1 B

~15-'SEA LEVEL: |

450 500 550 600 500 550 L 650

FANGE - NAUTICAL MILES
(NCLUDES DISTANCE TO CLIMB AND DESCEND)

Figure 9-30. Best power mixture range graph.
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FAA 90
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.................................................... (15 )

FLARE LOWERED 1O 40 - POWER OFF
HARD SURFACE RUNWAY - ZERO WIND

AT SEALEVEL A 60 *F AT 3600 FT A 50*F AT SO0 FT & &1 *F AT TR0 FT R 33 °F

GROGS AP FROMCH TOTAL TOTAL. TOTAL TOTAL
WEKLHT EPEED GROUND TO CLEAR GROUND TOCLEAR GROLUND TO CLEAR GROUND TOCLEAR
LB A5 MPH HULL SOFT 0B85 HLL 50FTOBS AL SO FT OBS ML 50 FT 0BG

1600 E0 445 1075 470 1135 445 1Mmes 520 1285

MOIRS: ¥, Lecrosss Sw dslbawcm. shown by T ke sach 4 knols of headwind
2. InCroaso o ﬂmh‘“}hﬂrﬁl’lm F nampb il urn INETeasa Ab ove Sncard
3. For Oporason on @Oy, QRESE FUnsay, Neise JSnces Do “growund ol and ol e cloar 50 % obelace™) by 207 of the “I00al o Opar 50 L costack” Sgum.
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2500

1250
2500
1135 2 1250
1105((1135+1075)/2=1105)
457.5

2500
1075
50

LANDING DISTANCE

%
2
-
i

QUTSH0E AR TEWPE L -"C WEIGHT -POUNDS
KRS
=48 -¥ 0 3 40 B0 BD 1G5 12D
DUTEIDE AF TEWFEHATURE - °F

L
e
e el
e = Biren
B B &
e

WD COMPOMENT  DBSTACLE HENSHT

~FEET

DISTAMCE ~ FEET

9-34

OAT 4000
2400

900 50 1300
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ANGLE OF BANK

GROSS
WEIGHT
2750 LBS LEVEL | s0' |BE | e0°
POWER GEAR AND FLAPS UP
ON MPH 62 67 | 74 88
KTS 54 58 64 76
OFF MPH 75 81 89 |106
KTS 65 70 77 92
GEAR AND FLAPS DOWN|
ON MPH 54 58 64 | 76
KTS 47 50 56 | 66
OFF MPH 66 71 03
KTS 57 62 81
45
78 68
(CFR)
14 (14 CFR) 25 25
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V2

FAA
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Vmce (

V1)

Vmca

Vi

Vr
1.05 VMC
V2

V1
35

Vio

vV, 35

400

Vs

V Vl,VR,Vz VFS

Vi(
1. (Accelerate-Go)
Vi Vi
35
35 V,

V1 V1

257




35
15%

9-36

e—————————————— - 15%
ALL ~ ENGINE TAKEOFF DISTANCE TO 38 _i-l-!- AR
o ALl = ENGINE TAKEORE FIELD LEMNGTH =

A\Y ”

9-37
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TAKE-OFF RUNWAY REQUIREMENTS
Standard ISA Conditions
Cabin Pressurization ON
Zero slope runway
No Flaps — Anti-ice RAM air inlets OFF

Anti-skid ON
Distances — 100 feet (V, — KIAS)

TAKE-OFF TEMP PRESSURE ALTITUDE - FEET
GROSS WT, Ty I::::;
AT BRAKE ; , . )
RELEASE F °C UﬂﬁL 1004 (W) 00N (V) 3000 (V) H000 (¥, ) 5000 (W, B (V) (Knotz)
30 =11 47 (121) 430020 &0 (130 581200 70122 62 (11%) To (123
19,612 0 10 | sz | sioen 35 (1213 ol (122} 34123} 69 (124) 77 (125)
7o il sz LT Fid] [0 [N EaY] o 124) T(125) 17(115) B8 (126) "
Va= 126 50 32 | s | s22e 8 (1240 ™ 85 (127) 95 (129)
EQ SLT | 120 | 8 45 (120) 4B (121} 521122) $6(123) 123
V=134 20 it | oy | wo 500121 55 (122} 5740123 (1243 70 (125)
70 F| & (122) 51{022) 35 (123 S0 (128) 63(125) T {125} 7 (126) o
i 2 | gz | sra 62 (124) 6 (125) T1(126) 17027 85 (129)
0 EXIN N AT (11T S0 (118} 544119 59 (120 6 (120
19,000 50 10 | 46 1% | 48018 S8 56 (119 £94120) 63 (121) TAZL)
b | wamm | s ST &6 {121} &64121) 72(122) 80 (123) [
Ve=124 20 32 | ssoam | oseqn2n 640121y TR (122} T3(12%) 80 (124) 90 (124)
0 EERN EETITTE TR IETRTTET) B117) 45 (118) 49¢119) (120) 0 (120)
Vamin 50 1w | 2ms | wms 46 (118) 51119) 540120) $9(121) 66 (121}
70 2 45 (118 4 (119 S2(120) S6(121) (121} 65 (122) T2(123) n
0 2| s | s B2 &% (128 6 (123 T (134 #i (i34)
0 L1 | a0 118 | dL(iLd) 2 (113) S (113) +(114) 53 (113) 60 (115)
13,000 50 10 41 (115 43{114y 46 {114) 5115} ERTFRE] LI IS L
70 21| 451 | 48011S) 510115 56 (116) 59(116) 65 (1146 T2(11T) o
V=119 o0 31 | =S | sa1E S8 (1160 2 (117} 6 (118) T3(118) #0111 9)
K N O G W13 41 (113 45(114) &’(113) S4(1i5)
V=127 0 W | was | W 2114 25115 48(115) 54i116) 600117
70 21 41 (114 H{l15 46 (1158 51 (118 sa(lle) 214 & T m
1) 31 | 46115 | 48(116) 53 {116y SE1T) 40 (118) 66 (118) TI(
0 AL | 3608 | aT(uos) 18 {107y 40 (108) ) FETTIT] S3IL)
17,600 50 10| 37 im {108} 41 {10 45 (110 44110 TN ECTITE
mn 21 40 [ 108) A3y 464111 AW(111) 3y (I} 65115 L
Vu=115 W 31| 48 6112} s24112) 56 (113) 59(114) 65 (1143 T2(114)
M =11 32 (103) A3 (N08) 00T I (108) 4010 Hillm AB(ILD)
V=28 0 10| M | 3508 AT 41 1m 4 18 (111) s40112)
T Pl 36 108y 3{nm 424111 45111 48011y EL T3 IR ) ANy 2
0 32 41 (111) Hi12 47 112 514113y S40114) F9114) 65 (114)
W ENI O 14 4103) 36 (103} 39(105) 3 (108) 48 (106)
T, M0 S0 [T} M (105) A5 (108 3T iy 41 (108 43 (106) 4ATINT) A3 (10T)
) 0 21 36 11040 3 (I05) A1 {105y 45 (106 480107 SE(10T) S8 (108) L
Vp=lll [ O VAT T 46 {107, 516 108 53108 28 (109} o (110
) £ [ 20004 | M) 31103y 32 (103} 35(105) 19(106) H1106)
Wy= 120 El 0| n0s | ooy {104 3T (108) 19(10%) 13 {um 48 {107)
70 2| R0 | M08 37 {105y 41 (196} 4400 AT (T) 53 (108) 20
% R | yos | waom 424107} 45 (108) 48 (108) 53 (109) SE (11
» 0| 298 0(0w) 0 {9%) L% 35(99) W (101) 20101}
LEL] 50 1w | o | w98 33499 36 (100} 38(101) 12(102) 46(102)
70 21 2299 4 (10 AT {10y A 102y 42(102) 46 (102) 51 (103) o
W= 1 ) 31 36 (101} W10 41 {12y 44 (1034 47 (104) 51 (104) 56 (105)
’ 30 -1.1 25 (98] 1T (98) 17 {98) 2 () A2 (9Y) 3 (101) 36 (101
V= 116 1] ] 7 (100) b TU T 30499 (10} 4101) (102 42{102)
0 21 29 (99 (00 334100 36 (102} 19(102) 42(102) 46 (103) 20
E] EF] A2 101y Mo 37 {102) Al (103) A3 (1) 46 (104) 51 (105)

Note: Shaded area indicates conditions that do not meet second segment climb reguirements,
Refer to F.M. for takeofT limitations.
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35

1500
9-38
Final or 4th
Segment
e Clirrab =]
3rd. or ;
|e—Acceleration=—=

nd. Segment Climb —

=1 st. Segment Climb-
~e—Ground Roll——

Vi Vp Vi i
_L {?

— 400 —l-|
1500°

Landing Gear Down Retraction Retracted
i All b
Engine [“—Operating One lnoperative
Air Speed Variable Vs Variable Vis or ]
1.25 Vg Min.
Flaps Down Retracted-
Power |« Takeoff M.C.—
1st.T/O | 2nd. T/O | Transition Final T/O - i i
hems Segment | Segment |(Acceleration)| Segment MC. Malxlumum Oljnhnu.j us
5 Enai - T e o Vy; = Critical-Engine-Failure Speed
ngine ositive 49 | E _
% [ 3Engine | 30% | 27% Positive 1.5% V2 = Takeoff Safety Speed
4Engine | 5.0% 3.0% Positive 1.7% Vg = Calibrated Stalling Speed, or min.
Wing Flaps T.O. TO. TO. Up steady flight speed at which the
Landing Gear | Down Up Up Up airplane is controllable
Engines 1 Out 1 Out 1 Out 10ut Vg = Speed at which airplane can start
Power T.0. TO. TO. M.C. safely raising nose wheel off surface
Air Speed ULOF""_VE Vs Vaaq .25Vs 1.25 vs (Min)] (Rotational Speed)
(Min) Vior = Speed at point where airplane lifts off

* Required Absolute Minimum Gradient of Flight Path

2.4%
1000 24
9-38
35
Vio 35 V,
35 400
V2
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2.4% 2.7% 3.0%

400 Vs Vs
( 5 )
400 1500
1.2% 1.55% 1.7%

35 400 ( )

1958 9 30

( ) 35
200 300
35 1500
0.8% 0.9% 1.0%
( )

9-39
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2.4%

1500
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Vso

Virer 1.3 50

2.1% 2.4% 2.7%

3.2%

Y o T (ILS )
VREF-eereereereeseeeeeeeeeseeseesseeeeseeeeseeeese e 50

( )

(missed approach)
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50

50

50

VREF

50
1000 )
14CFR 91 ( )

14CFR 121
60%
1.3

9-40
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9-41 9-62

78% 21%
1% 10-1.
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19 Trace Gases

Figure 10-1. Composition of the atmosphere.

10-2
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Stratopause

Stratosphere
Tropopause

Troposphere

Figure 10-2. Layers of the atmosphere.

20000 60000
20000 (8 ) 48000
(14.5 )
1000 2 1000
1
(jetstream)
(clear air turbulence)
160000 (50
)
160000
280000 (85 )
90
78% 21%
18000
10000 5000
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14.7
14.7

Area =1
Square Inch

14.7 Ibs.

Figure 10-3. One square inch of atmosphere weighs

approximately 14.7 pounds.

(in.Hg)
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At sea level ina Aftmospheric Pressure

standard atmosphere,
the weight of the:

atmosphere supports
a column of mercury

29.92 inches high.
Heigint
of
Barometer
20.92 inches
(760 mm)

Sea
Level

~

29.92 in. Hg. = 1013.2 mb (hPa) = 14.7 Ibs./in®

Figure 10-4. Mercurial barometer.
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Atmospheric

Press urei

Figure 10-5. Aneroid barometer.

59 (15 )
1013.2

24.92
10-6

(ISA)
29.92

950-1040

1000
5000
29.92
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Station Pressure
(Denver) 24.92"

Standard Atmosphers

Station Pressure
(New Orleans) 29.92*

MNew Orleans 29.92"

Denver 29.92"

Sea Level Pressure

Figure 10-6. Station pressure is converted to, and reported in, sea level pressure.

1000

1000 5000
10-7.
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Pt
el

—

Pressure Altitude:

< 1590 fi. > | 8,000 ft.
[ e
—— Pressure Altitude:
- T451i. > Sea Level
TAKEQOFF DISTANCE
[ef 1)
PRESS oc PRESS oc

AT | GAND| TOTALFT| a7 |GRND| TOTALFT
FT | ROLL | TOCLEAR| Fr |ROLL| TOCLEAR
FT

FT 50 FT OBS 50 FT OBS
S.L 745 1320 50000 | 1185 2125
1000 | 813 1445 6000 | 1300 2360
2000 | 895 1585 70000 | 1440 2635
3000 | 980 1740 8000 | 1390 2960

4000 | 1075 1920

Figure 10-7.Takeoff distance increases with increased altitude.
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Figure 10-8. Circulation pattern in a static environment.

(Coriolis Force)

10-9
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60N

30° N

30° 5

b

60° 5

&
' <)

Figure 10-9. Three-cell circulation pattern due to the rotation
of the Earth.

30

30 60

10-10
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2000
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Figure 10-10. Circulation pattern about areas of high and low
pressure.

10-11

Figure 10-11. Favorable winds near a high-pressure system.
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10-12

Figure 10-12. Convective turbulence avoidance.

(sea
breeze)
(land breeze)
10-13
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Return Flow

—ﬂ

Land Breeze

Figure 10-13. Sea breeze and land breeze wind circulation patterns.

10-14

Figure 10-14. Currents generated by varying surface conditions.
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10-15

Figure 10-15. Turbulence caused by manmade obstructions.

(drop in)

10-16

Figure 10-16. Turbulence encountered over and around mountainous regions.
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180
50

(microburst) 1
1000 15 6000
45
10-17

Figure 10-17. Effect of a microburst wind.
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15

LLWAS
10-18
Calm NW / 5 kis SW s 20 kis
E ;35 kis M s 50 kis W /105 kis

Figure 10-18. Depiction of winds on a surface weather chart.

10 5

10-19.
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Closely spaced isobars mean
a sieep pressure gradient and
Isobars strong winds.

!
Widely spaced isobars
mean a shallow pressure
gradient and relatively
light winds.

Figure 10-19. lsobare reveal the pressure gradient of an area
of high- or low-pressure areas.

2000 3000

2000 20-40
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(lapse rate) 2 (3.5 ) 1000

( ) 3 1000
1.1 2.8 (2 5 ) 1000
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65%

75%

20

65%

90%

20

10-20

AT SEA LEVEL PRESSURE, AIR CAN HOLD

9 grams H20/Cubic Meter of Air at 10°C
17 grams H>0/Cubic Meter of Air at 20°C
30 grams H,0/Cubic Meter of Air at 30°C

If the temperature is lowe red

to 10°C, the air can only hold
| 99 of water vapor, and 8g of
water will condense as water
droplets. The relative humidity
will still be at 100%.

=

A cubic meter of air with 17g of water vapor
at 20°C is at saturation, or 100% relative
humidity. Any further cooling will causa
condensation (fog, clouds, dew) to form.
Thus, 20°C is the dewpoint for this situation.

T

If the same cubic meter of air warms
10 30°C, the 17g of water vapor wil
produce a relative humidity of 56%.
{17g is 56% of the 30g the air could
hold at this temperature.)

Figure 10-20.The relationship between relative humidity, temperature, and dewpoint.
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5.4
(T)= 85
(DP)=71
(CR)=4.4
T-DP= (TDS)
TDS/CR=X
Xx1000= AGL
85-71=14
14/4.4=3.18
3.18x1000=3180
3180
85
4.4
1000

1000

1000

3

4.4
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71

1000

1

14

1000



50

10-21

Figure 10-21. Radiation fog.

15 15
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25

10-22

Figure 10-22. Basic cloud types.

6500

VFR

6500 20000

286



15

20000

20000

5000-20000
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&

Equilibrium Level

na
=]

Altitude (Thousands of feeti———
[ex}]
[=]

3-5 mi. 5-10 mi. - 5-7 mi.
Cumulus Stage Mature Stage Dissipating Stage
Horizontal Distance

Figure 10-23. Life cycle of a thunderstorm.

50000 60000

(METAR)

METAR
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0.02

10-24
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North American air mass source regions. Note
standard air mass abbreviations: arctic (A), continental
polar (cP), maritime polar (mP), continental tropical
(cT), and maritime tropical (mT).

Figure 10-24. Air mass source regions.

10-25
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Table A

Symbols for Surface Fronts and Other Significant
Lines Shown on the Surface Analysis Chart

M B & w.mront (red)*
—ﬁﬁ_ Cold Front {hlue}‘

_.—V_._ Stationary Front
(red/blue)*

_dh A & .quded Front
(purple)*
* Mota : Fronts may be black and white or color, depending
on their source. Also, fronts shown in color code will not
necessarily show frontal symbaols.

“igure 10-25. Common chart symbology to depict weather

‘ront location.
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(VFR)

6000

VFR

25 30
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15000

2000
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10-27

M—'ﬁ!—l Li..ﬂ'.l 11N

COLUMBUS PITTSBURGH
400 MILES GD0 MILES

METAR KSTL 10507 30018KT 10SM
SCT010  0B02  A2070

3 METAR KIND 10507 20024KT 35M +TSRA
f%" OVCOI0 24123 A20T4
Plttaburgh
< METAR KCMH 1050Z 20012KT GSM HZ

BKNO2E 25/24 A2083
METAR KPIT 10502 20042KT 35M FU
SCT035 24/22  A2080

Wi

Figure 10-27. Cold front cross-section with surface weather chart depiction and associated METAR.

VFR 3 3500
2500
6
1000 3
1000 10
300 500
20 35
10-25
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Flu’jL

ST. LOUIS INDIANAPOLIS COLUMBUS PITTSBURGH
400 MILES 600 MILES

1006 1005 1002 55 o 56 002 1006 1006 8071 10°8 00 1020
METAR KSTL 1950Z 31023G40KT 8SM
SCTo3s  os/Mo3 AXTE
=4 o2 METAR KIND 19502 20028G45KT 1/25M TSRAGR
te o j b, 3;355 :‘B—‘x# VV0OS 1816  A2870

= e METAR KCMH 19507 18017KT 25M BR
ovVCos0  1ifi0 AZOT0

017 1020 mE METAR KPIT 1950Z 13012KT 75M
BKNi30 o804 AZDNZ

Figure 10-28. Occluded front cross-section with a weather chart depiction and associated METAR.

10-28

(National Weather Service,NWS)
(FAA) (Department of Defense,DOD)
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100%

ID ( )
/
(PIREPSs)
100000
PIREPs
(DataLink)
(dispatcher, )
WSR-88D NEXRAD
(Doppler)

FAA (TDWR)
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FAA

(route)
(outlet)
(FAA) (NOAA) (NWS)
FAA (FSS)
FAA (FSS)
1-800-WXBRIEF 24
NWS
FSS/AFSS / (Airport/Facility
Directory,A/FD)
(TIBS)
(TIBS)
TIBS
FSS
TIBS 24 TOUCH-PHONE
TIBS / (A/FD)
(DUATS)
FAA
DUATS
DynCorp http://www.duats.com
http://www.duat.com DUATS
DUATS DUATS

(AIM)
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(EFAS)

(Fly Watch) EFAS EFAS
6 10
EFAS EFAS 122.0MHz 5000
17500
(HIWAS)
HIWAS
AIRMETS SIGMETS SIGMETS PIREPs
FSS  EFAS HIWAS
H 11-1.

Symbol Indicates HIWAS

Figure 11-1. HIWAS awvailability is shown on sectional chart.

(TWEB)

T TWEB TWEB
FSS 50 50
TWEB 12 4
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NWS

00N O !

9 ATC
10

FSS AFSS

(VFR)
(IFR) (ID) (ETD)
(ETE)
(VFR) - VFR
VFR VFR
VFR
(Notice to Airmen)-
- ATC

- FSS
(EFAS)
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(METAR)
(PIREPS) (SDs)
(METAR)
METAR
METAR
METAR
METAR KGGG 161753Z AUTO 14021G26 3/4SM
+TSRA BR BKN0OO8 OVC012CB 18/17 A2970 RMK
PRESFR
METAR
1. - METAR METAR
(SPECI)
METAR
2. -
48 K
Country KGGG K GGG
ICAO
IIPAII IIPHII
FSS NWS
3. - (1617532) 6
4 METAR

IIZ n ” n ( UTC)
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(UTC)

(ICAO)
Gregg



Z (Zulu)
4. - METAR
"AUTO”
“AO2"
“COR”

METAR KGGG 161753Z COR

RVR

5. - 99
3
99
G G
6 \Y
6. -
SM
(visual range)
RVR
1400
7. -
11-2
Intensity Descriptor
Proa?lrrnity
1 2

- Light Ml Shallow

Moderate (no BC Paiches
qualifier)
DR Low Drifting
+ Heavy
BL Blowing
VC in the vicinity
SH Showers

TS Thunderstorms
FZ Freezing

PR Partial

is coded as +SHRA.
* Automated stations only

Z uTC
\\AO 1 n”
5 99 6
VRB
3
60
statute mile 5280 1.6
RVR
RVR
R
R17L/1400FT 17L
(+TSRA BR)
) ) ()
\\VCII 5 1 0
Precipitation Obscuration Other
a 4 5
DZ Drizzle BR Mist PO Dust/sand
whirls
RA Rain FG Fog
sQ Squalls
SN Snow FU Smoke
FC Funnel cloud
SG Snow grains DU Dust
+FC Tornado or
IC Ice Crystals SA Sand Waterspout
(diarond dust)
HZ Haze SS Sandstorm
PL Ice Pellets
PY Spray DS Dust storm
GR Hail

GS Small hail or
snow pellets

UP “Unknown
Precipitation

The weather groups are constructed by considering columns 1-5 in this table, in sequence;
i.e., intensity, followed by descriptor, followed by weather phenomena; i.e., heavy rain showers(s)

VA Volcanic ash

Figure 11-2. Descriptors and weather phenomena used in a typical METAR.

301



3
12000 (TCU) (CB)
8 11-3
Less than 1/8 1/8 - 2/8 3/8 - 4/8 5/8 - 7/8 8/8 or Overcast
ol (Clear) (Few) (Scattered) (Broken) (Overcast)
SKC
Contraction CLR FEW SCT BKN ove
FEW
Flgure 11-3. Heporlahle cantractions for Sll)‘ condition,
9. - (18/17) 0
M
10. - 4 (A2970)
A PRESRR PRESFR
11 - METAR
OCNL LTGICCG
RMK
METAR BTR 161753Z 14021G26 3/4SM -RA BR
BKNOO8 OVC012 18/17 A2970 RMK PRESFR
............................... METAR
..................................... Baton Rouge
..................................... 16
..................................... 17 53 (UTC)
.................................. 140 21 26
.................................. 3/4
............................... 800 BKN 1200 ovcC
..................................... 18 17
.................................. 29.70
(PIREPS)
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5000 5 ATC
FSS ATC
ATC FSS

11-4

ENCOI'IHG PILOT WEATHER REPORTS (PIREFS)

Routine PIREP, L

dard intensity and type conliaclius, |

fFL: 4

e

Figure 11-1. PIREP encoding and decoding.

UA/OV GGG 090025/ M 1450/ FL 060/ TP C182/ SK
080 OVC/ WX FV 04R/ TA 05/ WV 270030/ TB LGT/
RM HVY RAIN

................................. Gregg County VOR 90 25
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............................ 8000
[ 4
.................................. 5
..................................... 270 30
(SD)

11-5
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R Rain

RW Rain Shower
5 Snow

SW Snow Shower
T Thunderstorm

: Light
(none) Moderate
+ Heavy

e Very Heavy
X Intense

PPINE Radar is operating normally but there
are no echoes being detected.

PPINA Radar observation is not available.

PPIOM Radar is inoperative or out of service.

AUTO Automated radar report from WSR-88D.

Figure 11-5. Radar weather report codes.

RAREPs
RAREP
o
o
1. (LN) -
25%
2. (AREA) -
3. (CELL) -

30

305

(MSL)



° MT MTS MTS

° AUTO WSR-88D

PM34

TLX 1935 LN 8 TRW++ 86/40 199/115
20W C2425 MTS 570 AT 159/65 AUTO
~MO1 NO2 ON3 PM34 QM3 RL2=

19:35UTC
(86 40 199
115 ) 20 (
10 ) 25 240
57000 159 65
QM 3 (1 6 )
(TAF) (FA)
(SIGMET,AIRMET) (FD)
(TAF)
5 TAF
TAF 24 4 00:00Z

06:00Z,12:00Z,18:00Z TAF METAR
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1 - TAF (TAF) (TAF AMD)
2 IACO - METAR
3 - TAF 6
UTC Z
4 - 6
5 - 5
( KT ) METAR
99
6 -
6 P6SM
7 - TAF METAR
NSW A o "
8 - METAR
TAF METAR
9 - TAF
(FM), (BECMG),
(TEMPO) From
Becoming Temporary
10 -
24 6

TAF

KPIR 111130Z 111212 15012KT P6SM BKNO90

TEMPO 1214 5SM BR

FM1500 16015G25KT P6SM SCT040 BKN250

FMO00O 14012KT P6SM BKNO80 OVC150 PROB40

0004 3SM TSRA BKNO30CB

FM0400 1408KT P6SM SCT040 OVC0O80 TEMPO

0408 3SM TSRA OVC030CB
BECMG 0810 32007KT=

TAF 11 uTC 11 30
24 11 12:00UTC 12 12:00UTC 150 12
6 9000 12 14
5 15:00UTC, 160 15 25
6 4000 25000 00:00UTC
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140 12 6 8000 15000

00:00UTC  04:00UTC 3 40%
3000 04:00UTC 140 8
4000 8000 04:00 08:00
3 3000 08:00 10:00
320 7 =
(VMC) 48 6 3
18
4

DFWC FA 120945

SYNOPSIS AND VFR CLDS/WX

SYNOPSIS VALID UNTIL 130400

CLDS/WX VALID UNTIL 122200...0TLK VALID
122200-130400

OK TX AR LA MS AL AND CSTL WTRS

12 9:45 13 04:00
VFR 12 22:00 13 04:00
2 - IFR

MSL AGL  CRG(ceiling)

SEE AIRMET SIERRA FOR IFR CONDS AND
MTN OBSCN.
TS IMPLY SEV OR GTR TURB SEV ICE LLWS
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AND IFR CONDS.
NON MSL HGTS DENOTED BYAGL OR CIG.

VFR IFR
(AIRMET) S TS
IFR
(MSL)
(AGL) (CIG)

SYNOPSIS...LOW PRES TROF 10Z OK/TX PNHDL
AREA FCST MOV EWD INTO CNTRL-SWRN OK
BY 04Z. WRMFNT 10Z CNTRL OK-SRN AR-NRN
MS FCST LIFT NWD INTO NERN OK-NRN AR
EXTRM NRN MS BY 04Z.

10:00UTC
04:00UTC 10:00UTC

04:00UTC

4.VFR - 12

S CNTRL AND SERN TX

AGL SCT-BKN010. TOPS 030. VIS 3-55SM BR.
14-16Z BECMG AGL SCT030. 19Z AGL SCTO050.
OTLK...VFR

OK

PNDLAND NW...AGL SCT030 SCT-BKN100.
TOPS FL200.

15Z AGL SCT040 SCT100. AFT 20Z SCT TSRA
DVLPG..FEW POSS SEV. CB TOPS FL450.
OTLK...VFR
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1000 3000

3 5 14:00UTC 16:00UTC
3000 (AGL) 19:00UTC 5000

VFR

3000 10000

20000 15:00UTC 4000
10000 20:00UTC (call for)
450 45000
11-6 6

. . W

Figure 11-6. Area forecast region map.
48 6
SFO,DFW,SLC,MIA,BOS, CHI

AIRMET SIGMET
SIGMET
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(AIRMET)

AIRMETs(WAS) 6
AIRMET

AIRMET 30

1000 / 3

AIRMET
SIERRA AIRMET
ZULU
SIERRA,TANGO,ZULU S,T,Z

DFWTWA 241650

AIRMET TANGO UPDT 3 FOR TURBC... STG
SFC WINDS AND LLWS VALID UNTIL 242000
AIRMET TURBC... OK TX...UPDT

FROM OKC TO DFW TO SAT TO MAF TO CDS
TO OKC OCNL MDT TURBC BLO 60 DUE TO
STG AND GUSTY LOW LVL WINDS. CONDS
CONTG BYD 2000z

AIRMET 24  16:50UTC
AIRMET Tango
20:00UTC AIRMET

20:00UTC
(SIGMET)
SIGMETs(WSs)
(CAT) 3
SIGMET 4 SIGMET

120 / 6
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SIGMET N Y

S T SIGMET

UWS SIGMET(Urgent Weather SIGMET)

SIGMET

SFOR WS 100130

SIGMET ROMEO2 VALID UNTIL 100530

OR WA

FROM SEA TO PDT TO EUG TO SEA

OCNL MOGR CAT BTN 280 AND 350 EXPCD
DUE TO JTSTR.

CONDS BGNG AFT 0200Z CONTG BYD 0530Z .

SIGMET R 10
05:30UTC SIGMET
400 (250 15 25 (10 15
28000 35000 02:00UTC
SIGMET 05:30UTC
(WST)
SIGMET(WST)
SIGMET 50 3/4
3000
40%
SIGMET 48
SIGMET (E) (W) (© 55
2
1-99 00:00UTC SIGMET
" SIGMET ....... "(“*CONVECTIVE SIGMET.... NONE.")

MKCC WST 221855
CONVECTIVE SIGMET 21C
VALID UNTIL 2055

KS OK TX

VCNTY GLD-CDS LINE
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NO SGFNT TSTMS RPRTD

LINE TSTMS DVLPG BY 1955Z WILL MOV EWD
30-35 KT THRU 2055Z

HAIL TO 2 IN PSBL

SIGMET :WST SIGMET
22 18:55UTC 21C
21 C 20:55UTC
SIGMET
19:55UTC 20:55UC 30-35
2
(FD)
00:00UTC 12:00UTC
2
12000 18000
1500
2500
100 199 50 100
731960 73 50 19 100
230 119 60 200
99 7799 77 50 99 100
270 199 5
9900 11-7
FD KWBC 1516840
BASED OM 1512002 DATA
VALID 151800Z FOR USE 170021002
TEMPS NEGATIVE ABV 24000
FO | 3000 | so00 | o000 | 12000 | 18000 | 24000 | 30000
AN 2714 | 2725+00| 2625-04 | 2531-15 | 2542-27 | 265842
DEM 2321-04 | 2532-08 | 2434-19 | 2441-31 | 235347
Figure 11-7. Winds and temperatures aloft forecast.
11-7
(FD) 12:00UTC 15
16:40UTC 18:00UTC 17:00UTC
21:00UTC 24000 24000
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(AMA)

2714

21

3605

270

48

9000

14

(DEN)
2321-04

11-8.

6000

5431

230

Figure 11-8. Surface analysis chart.

11-9.
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(sky cover) -
(scattered)

(broken),

10
10 1000

0.1
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(overcast),

(clear),
(obscured)

1000

0.01



8 - 100

10

50

METAR

01:00UTC
11-10

1 IS AUTOMATIC DBE

74 ST OF TR
T e

WEATHER DEPICTION by |
¥6Z THU 24 ALG N

] { P |
B vy s T 4 BHADED AUEAS. FENTH O LTSS Tisn —_— %
P : $900FT ANDIOF VEST LEEE. THAI 98LED Y
[ conmumn MU SAowG_ R A e o AT 5 9
\ FHAM CR BCRIAL TE Wl T00 LB THAS D BCLiAe. 033000 1)
Y | Ao veeY SREATER THA SR EGIAL T 3 TLERR THAN TasM o

1403 COMTUUG. ¥ FF AFRAS wilei Ci GALATER THAk
00 FT AN VEBY GREATER THAKE W1

Figure 11-10. Weather depiction chart.

MVFR(  VFR)

)
3 5 )
3000 5

M

IFR  (
MVFR(

(SDs)
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IFR VFR
1000 3

1000 3000

VFR(

11-11. 35
11-12.



Figure 11-12. Intensity levels and contours, and precipitation type symbeols.

1. —- \\NAII \\NEII
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LM

METAR

FL240(24000 )
FL250 FL600(25000-60000 )

12-  24- 36- 48-
12- 24-
00:00UTC,06:00UTC,12:00UTC,18:00UTC

IFR VFR MVFR
MVFR VFR

4000
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METAR

IFR

400
4
IFR MVFR
"SFC”



CEL HGLEES THAN | 365 7T ARDH
WEELITY LEES THAN M B

R
TRREATEN TLISA L EWCE F
— e
i
NS LoVE. Mo M A VL

Figure 11-13. Significant weather prognostic chart.

11-13

36- 48- 12- 24-

36- 48- 11-14
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(ATC)

ATC ATC
ATC

12-1
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COMMUNICATION/BROADCAST PROCEDURES

FACILITY AT FREQUENCY USE PRACTICE
AIRPORT
OUTBOUND INBOUND INSTRUMENT
ARPPROACH
UMICOM Communicate with UNICOM station on published Before taxiing and 10 miles oot

(No Tower or FS5)

CTAF frequency (1227, 122.8, 122725, 122975,
or 123.0). If unable to conmct UNICOM station,
usc 9c|f-n.nr.munﬂ: PIFIL‘\'HI.II'CS on E‘TAI‘

before taxiing on the

runway for departure.

Entering downwind,
base, and final.
Leaving the runway.

No Tower, F8S, Self-announce on MULTICOM frequency 1229 Befose taxiing and 10 miles cut. Departing final
or UNICOM before taxiing on the Entering downwind, approach fix
runway for departure. base, and final. namel or on
Leaving the runway. final approach
segment inbound.
N Tower in operation, Communicate with F55 on CTAF frequency. Before mxiing and 10 miles out. Approach
F35 open before taxiing on the Entenng downwind, completed/
rumway for departure. basc, and final. terminated.

Leaving the ronway.

FS= closed Self-announce on CTAF. Before taxiing and 10 miles out.
(Mo Tower) before taxiing on the Emtening downwind,
runway for departure. base, and final.
Leaving the munway.
Tawer or FS8 Self-announce on CTAF. Before taxing and 10 miles cut.
not in operation before taxiing on the Entenng downwind,
runway for departure. base, and final.

Leaving the munway.

Figure 12-1. Recommended communication procedures.

(A/FD)

(NOTAMSs)

12-2

A/FD

14

A/FDs 7

A/FDs

A\ ”
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ARKANSAS 21

FORREST CITY MUNI  (Fcy) 45 UTC-6(—5DT) N34°56.52° WBO'46.50° MEMPHIS
246 B FUE 100LL. JETA L-14F
RWY 18-3&: H3O14X50 (ASPH)  5-20 MIRL AP

RWY 36 Trees, [

AIRPORT REMARKS: Attonded Mon—Fri 1400-23002%. 494 ft gt twr 3
miles north on centerdine. Numerous glider ops launched by akr
tow sunrise—sunset.

COMMUNICATI ONS: CTAF/UNICOM 122 8
MOMESBORD F5S (JBR) TF 1-BOO-WX-BRIEF. NOTAM FILE JBR.

(R MEWHIS CENTER APF/DEF CON 135.3

RADID AIDS TO MAVIEATION: NOTAM FILE JBR.

GILWORE (L) VORW/OME 113.0 GQE  Chan 77 N35"20.82'
WE0"28.89' 2077 28.3 NM to fid. 211 /4E.

NDB (MIW) 332 FCY N3A"56.46° WO0"d6.42°  atfid.
Unmonitored Sun, and Mon=Sat 2 300=14007T.

* 35
FORT SMITH REGIONAL  (FSM) 3 SE  UTC—B(-5DT} N35°20.20" W94°22,05' MEMPHIS
469 B 54 FUEL 100LL, JETA  ARFF index & H—4E, L-6H, 130
WWY 07-25: HBOOOK 150 (ASPH-GRVD)  5-75, D-175, DT-285 HIRL 0.6%upW INP, AD
EWT 07: MALSR. Tree . Arresting device.
RWY 25 MALSR, VASHYVAL—GA 2.5" TCH 80, Tree. Aresting device,

FWY Di-1%: HSDO2X1500 [ASPH-GRVD)  S-55, D-TO, DT-120  MIAL
WY 01: Railraad, RWY 10: PAPHPALI—GA 3.0° TCH 40" Thia.
RUNWAY DECLARED DISTANCE INFORMATION
EWY 01: TORA-5002 TODA-5002 ASDA-5002 LDA-5002
EWY 18- TORA-5002 TODA=5002 ASDA=5002 LDA-5007
EWY 07: TORA-B8000  TODA-8000 ASDA=B000  LDA=8000
EWT 15: TORA-B8000 TODA-8000 ASDA-8000  LDA=8000
AIRPORT REMARKS: Attended continucusly. Rwy 01-19 restricted te prop acft unless crosswinds on Rwy 07-25 excead
ach safe operating capability. Acht training prohibited on Rwy 01-19 (including practice approaches, touch and

Figure 12-2. AirportFacility Directory excerpt.
A/FD A/FD

(NOTAM, Notices to Airmen)
(national airspace system) (IFR)
NOTAM NOTAM
NOTAM-D NOTAM-L
(FDC)NOTAM NOTAM-D (AFSS/FSS)
NOTAM-L NOTAM
NOTAM-L (FSS)
NOTAM NOTAM
NOTAM-D
NOTAM 28

(AIM)

323



12-3
VFR

36L( ) 36C( ) 36R( )

(displaced threshold)

(blast pad/stopway)

(aborted takeoff)

(holding
position)

" - 30 "(cleared to land - hold short of
runway 30)

VOR
(non-movement)

VOR
(navigational aid )

ATC

324



ATC

6 12-4

AIRPORT SIGN SYSTEMS

TYPE OF SIGN AND ACTION OR PURPO SE

TYPE OF SIGN AND ACTION OR PURPOSE

Taxiway/Runway Hold Position:
Haold short of runway on taxiway

Runway Safety Area/Obstacle Free
Zone Boundary:

Exit boundary of runway protected areas

Runway/Runway Hold Position:
Hold short of intersecting rumway

- -

ILS Critical Area Boundary:
Exit boundary of ILS critical area

Runway Approach Hold Position:

Hold short of aircraft on approach

J—

Taxiway Direction:
Defines direction & designation of intersecting
taxiway(s)

ILS Critical Area Hold Position:
Hold short of LS approach critical area

L

Runway Exit:.

Defines direction & designation of exit taxiway
from runway

No Entry:

Identifies paved areas where aircraft entry is
prohibitad

221

Qutbound Destination:
Dafines directions to takeoff runways

Taxiway Location:

Identifies taxiway on which aircraft is located

A MIL

Inbound Destination:

Defines directions for amiving aircraft

B

Runway Location:
Identifies runway on which aircraft is located

(I

Taxiway Ending Marker

Indicates taxiway does not continue

Runway Distance Remaining

Provides remaining runway kength
in 1,000 feet increments

tion Sign Array:

Di
{A L _b Identifiess location in conjunction with

multiple intersecting taxiways

Figure 12-4, Alrport signs.

(critical area)

1000
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1000 / 3

12-5

Figure 12-5. Airport rotating beacons.
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0-10

VFR

VFR



VASI

(VASI) VASI

10 4
VASI VASI
VASI VASI 3
3
1/4
VASI
12-6
Far Bar
[ B (]

Moo Bar
- i .

Baiow (i apat On Giidepath Abcm GGidepatn

Figure 12-6. 2-Bar VASI system.
(PAPI) VASI
12-7
OOOO’ ‘ OOO.‘ ‘ OO..’ ‘ O...‘ ‘ ....’ '
High Slightly High On Glidepath Slightly Low Low
(More Than (3.2 Degrees) (3 Degrees) (2.8 Degrees) (Less Than
3.5 Degrees) 2.5 Degrees)
Figure 12-7. Precision approach path indicator.
12-8
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- Amber

Figure 12-8.Tri-color visual approach slope indicator.

12-9

STEADY WHITE

Threshold

Figure 12-9. Pulsating visual approach slope indicator.

(REIL)
REIL

(HIRL) (MIRL)
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(LIRL)

2000
(TDZL) (RCLS), (turnoff)
(flush)
(landing treshold) 75 50
(FSS)
ATC
/ ' 12-10

KEY MIKE FUNCTION
7 times within 3 Highest intensity available
seconds
5 times within 3 Medium or lower intensity
seconds {Lower REIL or REIL off)
3 times within 5 Lowest intensity available
seconds (Lower REIL or REIL off)

Figure 12-10. Radio control runway lighting.
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ATC
FSS
(CTAF)

CTAF

(segmented circle)
12-11 12-12

%&W

TETRAHEDRON

WIND SOCK
OR CONE

WIND TEE

Figure 12-11. Wind direction indicators.
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AppllcatnnnfTrafﬁcPaﬂan
Indicators thmﬂa:lﬂtau:la’dLaﬁHau:l
/,'/ <~ Traffic pattern (depicted) ",/
(Standard Right-hand Traffic
/ Pattem would be the opposite)
W /‘W lZZ .
DOWNWIND // Q-GQ
é BASE SEGMENTED
7 Pricr s 7
- -
% FINAL 7 DEPAR‘II.IHE ///
77 7// i ’ R
LAND|NG DIRECTION
INDICATOR TRAFFIC PATTERN
i j’ POPULATED AREA ,._Eﬂ_\ INDICATORS
J F : Lu i \l ‘ﬂ
e — J/ LANDING RUNWAY | ' 5 winD
-—— (OR LANDING STRIP) ~~-<  CONE
INDICATORS
Figure 12-12. Segmented circle and airport traffic pattern.
(factor)
(FCO)
(VHF Very High Frequency)
VHF VHF 118.000MHz
136.975MHz 720 760 720 760
0.025MHz ( 118.025 118.050) 720 135.975MHz
760 136.975MHz VHF (line of sight transmission)
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(AIM) /

12-14

332

AIM
(ICAO) ATC
12-13
CHARACTER | MORSE CODE TELEPHONY PHONIC (PRONUNCIATION)
A . Alfa (AL-FAH)
B —eee Bravo (BREAH-VOH)
C - Charlie (CHAR-T.EE) OR (SHAR-T.EE)
D e Delta (DELL-TAH)
E . Echo (ECK-OH)
F ve_e Foxtrot (FOKS-TROT)
G — Golf (GOLF)
H il Hotel (HOH-TEL)
I . India (IN-DEE-AH)
J o Juliet (JEW-LEE-ETT)
K .- Kilo (KEY-LOH)
L v_se Lima (LEE-MAH)
M -- Mike (MIKE)
N -e November (NO-VEM-BER)
0 —- Oscar (OSS-CAH)
P o Papa (PAH-PAH)
Q -- 8- Quebec (KEH-BECK)
R e Romeo (ROW-ME-OH)
s i Sierra (SEE-AIR-RAH)
T - Tango (TANG-GQ)
U v Uniform (YOU-NEE-FORM) OR (OO0-NEE-FORM)
v ree. Victor (WIK-TAH)
W "—- Whiskey (WISS-KEY)
x e Xray (ECKS-RAY)
Y e Yankee (YANG-KEY)
7 - Zulu (Z00-LO0)
1 — One (WUN)
2 e Two (TOO
3 - Three (TREE)
4 sane_ Four (FOW-ER)
5 et Five (FIFE)
1] -wess Six (SIX)
7 ——wes Seven (SEV-EN)
8 ---ee Eight (AIT)
9 - Nine (NIN-ER)
0 —— Zero (ZEE-RO)
Figure 12-13. Phonetic alphabet.
D




LIGHT GUN SIGNALS

COLOR AND MOVEMENT OF VEHICLES, AIRCRAFT ON AIRCRAFT
TYPE OF SIGNAL EQUIPMENT AND PERSOMMNEL THE GROUND IN FLIGHT
STEADY Cleared to cross, Cleared for takeoff Cleared to land
GREEN proceed or go
FLASHING Not appiicabie Cleared for taxi Return for ianding
GREEN (o be followed by steady
EEEE green at the pro-per time)
STEADY RED STOP STOP Give way to other aircraft
—— and contin
| SG Tonun 5

FLASHING RED

Clear the taxiway/runway

Taxi clear of the

Airport unsafe, do
not fand

EEEBNR runway in use
FLASHING WHITE Return to starting point on airport Return to starting point Not applicable
o o [ o [ | on airport

ALTERNATING i . . . ) -
RED AND GREEN Exercise Extreme Caution!!!! Exercise Extreme Caution!!!! Exercise Extreme Caution!!!!
Il N .

Figure 12-14, Light gun signals.

ATC

ATC

11

ATC
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(ATCRBS)

(ATCRBS) (Secondary surveillance
radar)
ATCRBS
0 7 ( 4096 )
ATC 4
“squawk” 12-15
RADAR BEACON PHRASEOLOGY

SQUAWK (number) Operate radar beacon transponder on designated code in MODE A/J3

IDENT Engage the "IDENT" feature (military I/P) of the transponder.

SQUAWK (number) and IDENT Operate transponder on specified code in MODE A/3 and engage
the "IDENT" {military I/P) feature.

SQUAWK STANDBY Switch transponder to standby position.

SQUAWEK LOW/NORMAL Operate transponder on low or normal sensitivity as specified.
Transponder is operated in "NORMAL" position unless ATC
specifies "LOW" ("ON" is used instead of "NORMAL" as a
master control label on some types of transponders).

SQUAWEK ALTITUDE Activate MODE C with automatic altitude reporting.

STOP ALTITUDE SQUAWK Turn off altitude reporting switch and continue transmitting
MODE C framing pulses. If your equipment does not have this
capability, turn off MODE C.

STOP SQUAWK (mode in use) Switch off specified mode. (Used for military aircraft when the
controller is unaware of military service requirements for the
aircraft to continue operation on another MODE.)

STOP SQUAWK Switch off transponder.

SQUAWEK MAYDAY Operate transponder in the emergency position (MODE A Code
7700 for civil transponder. MODE 3 Code 7700 and emergency
feature for military transponder.)

SQUAWK VFR Operate radar beacon transponder on Code 1200 in the MODE
Af3, or other appropriate VFR code.

Figure 12-15. Transponder phraseclogy.

VFR ATC
(limited
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vectoring) (sequencing)

(TRSA)
VFR IFR C IFR VFR
(primary airport)FAA 1
VFR B IFR VFR /
VFR
ATC 12
" 10 5 Cessna 152, 3000 "
ATC
ATC 12-16

Figure 12-16. Traffic advisories.
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100 12-17

Figure 12-17. Vortex generation.

12-18

Touchdown Rotation /
0 b— W

Wake Ends Wake Begins

Figure 12-18. Vortex behavior.

( 100 200 ) 2-3
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° 2500 -

) (missed approach) (touch
and go landing) 2

14CFR 91 (right-of-way) VFR

10 1
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VOR

135

(NOTAM)

/
ATC

VOR

(AC)91-73,
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91

(clearing turn)
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(AIM) 14CFR71 73 91

13-1 13-2
13-3

Figure 13-1. Airspace profile.
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BASIC VFR WEATHER MINIMUMS

Class G
1,200 feet or less above the surface (regardess of
MSL altitude).

Night, except as provided in section 91.155(b). ...

Mare than 1,200 feet above the surface but less than
10,000 feet MSL.

More than 1,200 feet above the surface and at or

Day, except as provided in section 91.155(b).  ..........

DU et eus s es s s s s s e s s S0 b s i i

NIGRE oo oot e e e

above 10,000 feet MSL.

1 statute mile

3 statute miles

1 statute mile

3 statute miles

5 statute mies

Alirspace Flight Visibility Distance from Clouds
Class A Not Applicable Nt Applicable
Class B 3 statute miles Clear of Clouds
Class C 3 statute miles 500 feet below
1,000 feet above
2,000 feet horizontal
Class D 3 statute miles 500 feet below
1,000 feet above
2,000 feet horizontal
Class E
Less than 10,000 feet MSL i 3 statute miles 500 feet below
1,000 feet above
2,000 feet horizontal
Ator above 10,000 feet MEL e win i o statute miles 1,000 feet below

1,000 feet above
1 statute mile horizontal

Clear of Clouds

500 feet below

4 AN fant abhae
U BT AU YE

2,000 feet horizontal

500 feet below
1,000 feet above
2,000 feet horizontal

500 feet below
1,000 feet above
2,000 feet horizontal

1,000 feet below
1,000 feet above
1 statute mile horizontal

Figure 13-2. Visual flight rule weather minimums.

Class Entry Requirements Equipment Minimum Pliot
Alrspace Certlficate
A ATC Clearance IFR Equipped Instrument Rating
B ATC Clearance Two-Way Radio, Transponder Private—Except a student or
with Altitude Reporting Capability recreational pilot may operate
at other than the primary
airport if seeking private pilot
certification and if regulatory
requirements are met.
c Two-Way Radio Communications Two-Way Radio, Transponder No Specific Requirement
Prior to Entry with Altitude Reporting Capability
D Two-Way Radio Communications Two-Way Radio Nae Specifie Requirement
Prior to Entry
E None for VFR No Specific Requirement No Specific Requirement
G None No Specific Requirement No Specific Requirement

Figure 13-3. Requirements for airspace operations.
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(Federal Register)
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18000
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(MOA)
VFR

(MTR)

VFR
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(FSS) FSS
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(MTR)

IFR 1500 VFR
\\VRII
FDC NOTAM(
“FLIGHT RESTRICTIONS”
NOTAM
([
([
([
([
([
([
VFR
VFR
VFR B VFR
VFR
(TRSA)
IFR VFR
TRSA D
700 1200 E

TRSA VFR
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FAA
NOTAM

VFR
VFR

1500

TRSA

VFR

A\Y I RII

(flyway)



(segmented line)

TRSA VFR
TRSA

(VFR)

- (dead reckoning) -

VFR VFR
VFR
(sectional chart)
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® VFR
° (World Aeronautical Charts)

(http://www.naco.faa.gov )
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Figure 14-1. Sectional chart legend.
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1:1000000(1 =13.7

/

25 49 14-2 Latitude

Figure 14-2. Meridians and parallels—the basis of measuring
time, distance, and direction.

(Greenwich), 0 180
67 125 14-2  Longiude

39 77 42 88
39.5 121 31
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24 15
15
(75 ) (90 )
(120 )
120° a0
[ I
Pacific Standard ~ '%*"  Cenfral Standard = 1
Time Meridian | Time Meridian \
Mountain Standard

Time Meridian

Eastern Standard
Time Meridia

Figure 14-3.Time zones.

14-3
1
1 0 A\Y n
(FSS)
24
1300 10 2200
(UTC)

90

75

(NWS)

(Zulu Time) UTC
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11

(105 )

0900

10
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oo N O U

14-4

Figure 14-4. Compass rose.

14-5 A B 65
245
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Figure 14-5. Courses are determined by reference to meridi-
ans on aeronautical charts.

(true heading)

065

(TN)

71 96

351

065

1300

(MN)

14-6



Figure 14-6. Isogonic chart. Magnetic meridians: are in black;
geographic meridians and parallels are in blue. Variation is
the angle between a magnetic and geographic meridian.

) 14-6

( 14-7
14-8)
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EASTERLY VARIATION WESTERLY VARIATION
20715 10° &° O° 5710 15® 20°

i

Figure 14-7. A typical isogonic chart. The black lines are iso-
gonic lines which connect geographic points with identical

magnetic variation.
9 9
(heading) 360 360 9 351
81 171 261
60 51 351
360

Compass needle pointing east of true north Compass needle pointing to true Compass needle pointing west of true north
north {(along agonic ling)

Figure 14-8. Effect of variation on the compass.

“east is least(subtract) and west is best (add).”
Least
best
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1 1000

14-9

Figure 14-9. Magmnetized portions of the airplane cause the
compass to deviate from its normal indications.

( A\Y ” )
( )
30
14-10
30
195 180 0 210
2 195 1 (compass
heading)
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FOR (MAGNETIC).........] N | 30 | 60 | E (120|150
STEEHR (COMPASS)......] 0 | 28 [ 57 | B6 (117|148
FOR (MAGNETIC).........] S |210]240] W (300|330
STEEH [COMPASS)......[ 180 | 212 | 243] 274 [303 | 332
Figure 14-10. Compass deviation card.
(TH) TH=+ (V)=MH+
14-11

Figure 14-11. Relationship between true, magnetic, and com-

pass headings for a particular instance.

25

355

(D)=

25

(TC)

(CH)
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70

-
RSPEED
120 KTS

L
AIR NOT MOVING e

GROUNDSPEED 120 KTS

AIRMOVING ‘et

Figure 14-12. Motion of the air affects the speed with which
airplanes move over the Earth's surface. Airspeed, the rate at

which an airplane moves through the air, is not affected by air
miotion.

14-12 120
120 20
120 20 140
120

120
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1 120
20 120

B‘{}i Airspeed Effect (1 Hour)
B

Figurs 14-13. Airplane flightpath resulting from its airspead
and direction, and the windspeed and direction.

(heading)

(true
course)
(drift) 14-14

Wind

Heading >
Drift Angle Desired

T.l'al Iy ﬁ'

Figure 14-14. Effects of wind drift on maintaining desired
course.

14-15
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______ »
i] 'HE%%%% Zoection Al

ﬂ'% Track Desirad

Course

Figure 14-15. Establishing a wind correction angle that will
counteract wind drift and maintain the desired course.

(COURSE)-

0 360
(HEADING)-
(TRACK) - (

)
(DRIFT ANGLE) -

(WIND CORRECTION ANGLE) -

(AIRSPEED) -

(GROUNDSPEED) -

60(60 1) 30 30/60=0.5
60 0.75 0.75X60=45

T=D/GS

T D GS 140 210

210/140=1.5 (0.5 60 30 ) 1
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D=GSXT

120X1.75=210

GS=D/T
270/3=90
(NWS)
(
1 1 6076.1
1.15 1 1.15
20 23
1.85
1 3.785 1 1000
100 400

4X5 20

359

45 120
270
5280
1.15
1
1.85
1 4.546
5
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SECTIONAL CHART SIDE - 1:500,000 _ MAVIGATI ONAL FLIGHT PLOTTER

[0 B = OO0

[o] [a] [] E 4]

o] [-] (=] [T Jv
[] o] [o] [=] 4]

B
ol

14-16
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(pilotage) (landmark)
VFR

1 8 6.86

3.43

(well-travelled)

500
500
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14-17

1
M
| -
I -7
| e.d' - - !
I od Pfs;?a- - , ~e_ Wind
! aﬂm?. - . Direction
' we- - ’ and
: ar” e Velocity
X r
| Course and Groundspeed
|
|
|
1
5
Figure 14-17. Principle of the wind triangle.
14-17
N -7
| - - .l'rl
I — " ..fl
| ~ /
I - - i
| __— " Course /
and Groundspeed /
F.\

Figure 14-18. The wind triangle as is drawn in navigation
practice. Dashed lines show the triangle as drawn in figure

14-1T.
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90 ( ) (NWS) 40

45 120
( 14-19 )
M M
I'u'lil:_i o '
Poing, ] Ei~” TC 090°
| -
Step2 and 3
|
3
N

1
|
1
El TC 090° GS 88
1
| A A2
|
|

Step 4

Figure 14-19. Steps in drawing the wind triangle.

“E(
) 90 ( ) 45 ( )
E 90 “TC
090"
E 45 E 45
40 40
W 120
(  0.25
10 )
(W) 120 “AS120”
P 1

364



88

)
(076 ) 14-20

N

E TC 090° GS 88 P
—

76" _,r"”ﬁ
0 T'E' p,.g‘l.?:ﬂ
W
é_l

Figure 14-20. Finding true heading by direct measurement.
2]

14
14 76 14-21
N
|
el TC 090° GS 88
: WCA= 14°/J(§
|
| = ng;
_'_'_ﬂ_o—'-"lr-'-'-'-'_'_ H-THGTE. hs
— |
i
|
s

Figure 14-21. Finding true heading by the wind correction
angle.

) 220
2.5 2 30
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8 2.5 20

° (TRUE COURSE) -
° (WIND CORRECTION ANGLE)-
° (TRUE HEADING) -
° (VARIATION) -
° (MAGNETIC HEADING)-
° (DEVIATION) -
° (COMPASS HEADING) - (
° zTOTAL DISTANCE) - (
° )(GROUNDSPEED) - (
° (ESTIMA)TED TIME EN ROUTE,ETE) -
° (FUEL RATE)- ( )
14 91 (pilot in
command)

ATC
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11

/
(NOTAM) /
(A/FD) 14-22
SOUTH CENT
. RAL U.s, sc
Figure 14-22. Airport Facility Directory.
(UNICOM) ( ), AFSS/FSS
28 (NOTAM)

/ (A/FD)
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FAA
14-23
Chickasha,
(Guthrie)
(TAS) 115
360 10
38
8
2
14-24

(A ) (F )
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- VOR

( )
(splashe)
- (
)
1
2 Will Rogers
3  Wiley Post
4
Will Rogers C
(floor) 2500 (ceiling)
5300 (B ) Wiley Post (c )
D 3800
91 14 CFR 91
3000
1500
2749 (D )
quadrant
2900 (E )
C D
5500
91 0 179 500
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Figure 14-23. Sectional chart excerpt.

14-24

(true course)
31

TC = WCA =TH = VAR = MH = DEV = CH
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360 10
3 TC TH 28
14-23 G 6 30
7 ) 21
2 MH 23
106
106 35 (30 5 )
4.7 14-24
PILOT'S PLANNING SHEET
PLANE IDENTIFICATION  N123DB DATE
WIND WCA VAR TOTAL TOTAL| FUEL[TOTAL
COURSE |TC [KNGTS [FROM |R+ L- | 'H | w4 E- |[MH|DEVICH | yj; Es | GS| TIME | RATE| FUEL
W 031" 0 3607 L 28 TE 2917 +2° 23 53 106kt=s| 35 min B GPH 38 gal
o: Guthrie
From:
To:
VISUAL FLIGHT LOG
TIME OF NAVIGATION ELAPSED
DEPARTURE AlDS COURSE | DISTANCE | “hp it GS |CH REMARKS
POINT OF NAVAID T0 RO RO = 0 &

DEPARTURE IDENT. 00N SIWBOPY | SR 57| | WEATHER
Chickasha Airport EREQ FROM |19, pC & |96 | AIRSPACE ETC.
CHECKPOINTS 11 NM 6 MIN 106 ki3] gog-

+b
#
10NM 6 MIN 108 023
L 21 NM
10.5 NM 6 MIN 108 ks | oo
3 31.5 NM
13 NM 7 MIN fos 023
#4
4.5 NM
DESTINATION P— 5 MIN
Guthrie Airport 3 NM

Figure 14-24. Pilot's planning sheet and visual flight log.
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VFR 1

14-25
(self-explanatory) VFR
( 13 )
C-150/X
(AIM)
uTC Z
\\VFR"
FAA
“direct”

VFR
(VOR)
(NDB)
(LORAN-C)
(GPS)
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(VHF) ( VOR)

VOR (NAVAIDs) VOR VOR/DME  VORTAC
VOR DME
VOR/DME  VOR (TACAN)
VORTAC DME  VORTAC
(VOR VOR/DME  VORTAC) VOR
VOR VOR/DME  VORTAC VOR

\\omnill

) (VHF)

VOR
001 1
360
VOR VHF 108.0-117.95MHz
(line-of-sight)
(AGL)1000
40-45 14-26

Meither “A™ or "B
Hacaived

Figure 14-26.VHF transmissions follow a line-of-sight course.

VOR  VORTAC
T( )
L( )
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H(

VOR/VORTAC
C )
T 12000 25
L 18000 40
H 14500 40
H 48 14500 | 100
-17999

H 18000 -FL450 130
H FL450-60000 100

50 /

(A/FD) / (Comm/NAVAID)
VOR 1 VOR
VOR VOR
VOR VFR
VOR
® FAA VOR (VOT)
°
°
VOR VOR
4
/
VOR VOR
VFR VOR (tolerance)
IFR 4
6
VOR (Morse) VOR
VOR
VOR
VOR

VOR
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VOR

VOR
VOR (omninavigation instrument)
(1) (OBS OmniBearing Selector)
(course selector) (2) (left-right needle) (3)
(TO-FROM)
(radial)
(CDI)
( A\Y n” ) ( A\Y n
)
A\Y n A\Y n”n \\TOII
14-27 “FROM”
VOR

Figure 14-27. VOR indicator.
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VOR

A\ n A\Y ” VOR 14_28
VOR VOR 115.0 Bravo VOR
VOR VOR
“TO-FROM” “TO” “FROM” 180
A\} ” VOR
350
350
VOR
350
10
360
360 10
5 355
VOR “TO"( ) “FROM”( )
“FROM”

“FROM"( )
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350"
FROM

as0°
FROM

“/m BRAVO
1‘& BRA :*= 115.0

TO \!
akhe
O+
)
350° /
TO f
O2p.
NN
350° N
To .

Figure 14-28. Tracking a radial in a crosswind.

VOR
) VOR
. VOR A\Y ”
) VOR

(heading)
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. A\ II(TO) VOR \\TO ”
\\FROM"
VOR
“FROM” VOR “TO"
(point away)
(DME)
(DME) VOR/DME  VORTAC (UHF)
VOR/DME VORTAC( VORTACQC)
DME DME
DME VORTAC DME
" " VHF VORTAC
UHF DME DME
VORTAC VORTAC
( 6076 VORTAC DME
1 )DME VOR VOR
DME
VOR
DME (
) VORTAC
VORTAC DME
VORTAC
DME ILS
VORTAC VORTAC
VOR/DME RNAV
(RNAV)
RNAV LORAN-C GPS
VOR/DME RNAV VOR/DME RNAV (gournd-based)
VOR/DME  VORTAC
RNAV
VOR/DME RNAV VORTAC

(waypoint)
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VORTAC VOR

VORTAC
VOR/DME RNAV
VORDME RNAV
/ (AFM/POH)
<> N
Area Navigation * x
Direct Route W
FIGURE 14-29. Flying an RNAV course.
VOR/DME RNAV VOR (En Route)
VOR (parallel) VOR
DME RNAV DME VOR
RNAV
VOR ( RNAV) RNAV DME VOR
14-30 VOR
VOR VOR
FIGURE 14-30. RNAV controls.
RNAV
RNAV VORTAC
VORTAC
RNAV (En Route)
VORTAC

VORTAC DME
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RNAV ( 2755 ) (  25.2
) RNAV

RNAV CDI RNAV
RNAV RNAV CDI
5 RNAV
CDI 1.25 RNAV
CDI
RNAV ( )
VOR VORTAC
CDI ( ) ( )
VOR VORTAC
VORTAC
VOR

VOR/DME RNAV

RNAV
(ADF)
(ADF) ADF
(NDB NONDIRECTIONAL RADIOBEACON
) NDB 200 415KHz
/

(compass locator)
(ILS)

ADF

VOR
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NDB

Figure 14-31. ADF with fixed azimuth and magnetic compass.

14-32 ADF
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(NDB)
( )
(
25 15
MH 50 25
H 50-1999 *50
HH 2000 75
* 50
ADF
ADF
ADF
0 180 14-31




s

Magnetic North

9

Radio
Station

Figure 14-32. ADF terms.
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360 570-360=210

330 30
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Figure 14-33. ADF tracking.

180 ADF

ADF VOR

C(LORAN-C) RNAV
VFR
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VOR ADF ATC LORAN-C
LORAN-C LORAN-A LORAN-C
LORAN-C
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LORAN-C AFM/POH

(1) (2)
LORAN-C
LORAN-C
LORAN-C LORAN-C
(USCG)

(703)313-5900

1752
1749
LORAN-C - 0.25
LORAN-C  RNAV
VOR/DME RNAV 90-110KHz (RF)
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VOR/DME  RNAV
VOR/DME  VORTAC LORAN-C
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ATC
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385

LORAN-C

VFR
( )
LORAN-C
(HSI)
LORAN-C
LORAN-C
LORAN-C
(GPS)
RNAV
GPS
(DOD)
GPS GPS
26 10900
GPS

LORAN-C

(NOTAM) LORAN-C

12

GPS



GPS

VFR

GPS

GPS

GPS VFR
)

GPS

GPS

GPS

GPS

A\

n

)

Springs Falcon
GPS
4
) ( )
GPS
IFR
VFR GPS
GPS
( )
( VOR NDB
GPS
ATC LORAN-C
( )
VOR HIS
( LORAN-C )
(NOTAM)
GPS

(SVN)

386

GPS

GPS

LORAN-C

GPS

VOR NDB

GPS

(PRN)



GPS

VOR

FSS GPS

LORAN-C  GPS

(sense procedure)

VOR ADF
GPS

(DF)

121.5MHz 7700

VOR
VOR

A\ ”

387



VOR NDB

388



(ADM)

ADM

389



