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INTRODUCTION

Welcome to Pro Pilpr '99!

The Pro Pifoi 99 Flight Companion is designed to inform you of the basic
instruction required for flving in Pro Prlor '99. Tt is by no means an in-depth
flight instruction manual, although we hope you find it comprehensive and
informative. The intent is to give you enough of an understanding of flying
to make Pro Pilof '99 more enjoyable. After all, if you weren’t familiar with the
techniques required to keep a plane in the ait, it wouldn’t be much fun.

The Pro Pifps '99 Flight Companion is written with all kinds of pilots in
mind, from the first ime, pre-solo student, to the licensed pilot desiring to
brush up on certain areas, to the person who simply enjoys the flight simula-
tion experience. Use the Flight Companion in conjunction with the library of
tlight instruction AVIs (movies) found inside Pro Pifaz 99, These AVIs cover
the flight maneuvers used in all aircraft such as power on and power-off stalls,
takeotts, and landings. They are not designed to replace an actual flight
instructor, but they will greatly enhance your undersranding of the correct
principles of flight. Application of proper flying skills and good judgment
make the best pilots and Pro Pilbs 99 will hopefully help you in both areas.

There are hundreds of publications and Web sites on, and related to,
flying, Those that were most useful in the development of this Flight
Companion are listed in the bibliography. For a thorough explanation of any
concept that may only be touched on here, consult any of these additional
resourees.

Overview

Chapter One: [eariing To Fly covers the fundamentals of flying and the
physics of tlight. [t covers the basic airplane controls, and flight maneuvers
such as takeoffs and landingg, stalls, climbs, glides, and turms.

Pro Pifot 99 allows you to fly six different aircraft, all with significantly
different specifications. Chaprer Two: Aéreraft and Systemr lists the flight
specifications of the light, single-engine trainer, multi-engine and high
performance aircraft, and jets, so you’ll have some understanding of your
airplane even before vour first flight,

Chapter Three: Adrpace Classification and Radio Communication defines the
dimensions, operating requirements, and restrictions of each airspace classifica-
tion. It also covers the proper radio communication techniques required in
these alrspaces.

Chapter Four: Navigation is a detailed explanation of radio communica-
tions venues, facilities, and agencies, Most of the navigation methods are
covered, including NDB, VOR, DME, GPS, and good old-fashioned dead
reckoning,
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Learning To Fly

The challenge of learning to fly via instruments only is a rewarding
experience and one that significantly broadens a pilot’s skill level, as well as his
opportunity to fly. Chapter Five: Instriment Flying is a comprehensive look at
the basics of this advanced area of study and training.

Chapter Six: Lagging Your Howrs lists the FAA requirements for obtaining
student, private, and commercial pilot certificates, as well as an instrument
rating. The flight assignments given here will allow you to fly a variety of
cross-country trips while testing your knowledge of everything else covered in
the Flight Companion.

The acronyms and abbreviations used in flying are a language unto
themselves. The Aaronyms and Abbreviations section defines the common ones
used throughout the Flight Companion, although there are many more that
are not used here. Appendize A contains important tables and legends that are
included in all Instrument Approach Procedure Chart hooks, but are reprinted
here for your convenience. Finally, Appendiz B contains some additonal handy
reference tables which vou may want to consult from time to time.

Itis always a unique and rewarding challenge to bring the flight experience
to the desktop computer. We hope you enjoy flying Pre Pifer '99 as much as
we've enjoyed creating it.

— The Pro Pitsr 99 Development Team

Note: The navigational charts depicted in the Plight Companion are for
illustration purposes only. They are notintended for use in actual flight.
Navigational charts are continually updated with new, potentially critical
information. Therefore, you should maintain your own library of the most
recently published NOS or Jeppesen charts for your flight planning and
navigarion.

CHAPTER 1: LEARNING TO FLY

The Four Forces

Four forces act on an airplane in flight: lift, weighr, thrust, and drag,

Thrust

Figure 1.1 The four forces that act on an airplane in flight.

Lift

Liftis a force exerted by the wings which is created by the airfoil, the cross-
sectional shape of the wing being moved through the air. The “relative wind”
(the wind moving in relation to the wing and the airplane) is a big factor in
producing lift.

Lift acts perpendicular to the wingspan. Therefore, as the wing moves
through the ait, lift is produced.

Lift

90°

Figure 1.2 Lift acts perpendicular to the wingspan.

Iifr works because the distance that air must travel over the top of the
airfoil is greater than at the bottom, As the air moves over this greater distance
it speeds up in an attemnpt to reestablish equilibrium at the trailing edge of the
airfoil. The faster moving air exerts less pressure on the top of the airfoil than
the slowet moving air on the bottom. 'This causes a lifting effect across the
wing that supports the weight of the aircraft in flight and overcomes the effect
of gravity.
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Angle of Attack

Angle of attack is the angle between the relative wind and the chord line
of the airfoil. This is not to be confused with the angle of incidence, which is
the fixed angle between the wing chord line and the reference line of the
fuselage.

Fuselage Reference Line

% Angfeoflncrdenca
— £ (Fixed)

anngrd Line/’_\

Ang:eolAﬂackC

{Variable)

Relative Wind

Figure 1.3 The angle of attack, angle of incidence, chord line, and fuselage
reference line.

Angle of attack is controlled by the elevators. By easing back on the voke,
the elevators are raised. The force of the relative wind pushes the tail down
(and the nose up), so the wings are rotated to z new zngle of attack. Ar this
new angle, the apparent curvature of the airfoil is greater, and for a short
period, liftis increased. However, a higher angle of attack also produces grezter
drag (more on drag coming up), so the plane slows and equilibrium is once
again attained (even though the plane could continue to climb).

The beginning pilot may belicve that the reason an airplane climbs is
because of an increased angle of attack. However, as angle of attack is
increased, the plane slows because of increased drag at low airspeed and ata
higher angle of attack. So the pilot continues to increase the :11'1?_1(: of attack
until it becomes so great that air can no longer pass smoothly over the airfoil,
This results in a stall, which is the complete separation of air flow over the top
of the wing, and all lift is lost.

In an airplane stall, the engine may be humming right along, but the lift
has broken down so the wing is no longer doing its job of supporting the
aitplane. For the airplane to recover from the stall, the angle of attack must be
decreased and the airflow reestablished to restore lift. For most light airplanes,
the stalling angle of attack is 15,

15°Nose-up Attitude

g M 10° Angle of Attack
@:\\Jﬂ,’%ﬂ J—-*+ | 5°Climbangle
e A '

Horizon

Figure 1.4 The angle of attack, attitude, and climb angle.
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Adr density also affects lift. This is discussed to some extent in the section
on dead reckoning (sce page 89). Air density decreases with increased altitude
and/ ot temperature. Airplanes require more runway to take off on hot days or
atairports of higher elevaton because of decreased air density, Not only is the
lift of the wing affected, but the less dense air results in less power being
developed within the engine. Because the propeller is nothing more than a
rotaring airfoil, it also loses lift (or more properly, thrust). Lift remains at an
almost constant value during climbs, glides, and straight and level flight at a
given airspeed.

Thrust

Thrust is furnished by a propeller or jet. Newton’s law states that “for
every action, there is an equal and opposite reaction.” The propeller or jet takes
a large mass of air and accelerates it toward the rear of the plane. The equal and
opposite reaction is the plane moving forward, There is also the theory that
because a propeller is made of two airfoils, the plane is pulled by the low
pressure of the prop, not by an opposing reaction, however, we'll leave that
argument for another manual.

Horsepower Defined

Thrust is a force and is measured in Lerms of pounds, just like the other
three forces (lift, weight, and drag). A force is defined as a tension,
weight, or pressure. A force can be exerted on an object without the
object moving. However, if it does move, then work has been created.
Work, in engineering terms, is force times distance. If you lift your 20-
pound computer ten feet off the floor, you've dane 200 foot-pounds of
work. If you lift a 200-pound computer one foot off the floor, you've
done the same amount of work, whether you take all day or one
second to do it. However, if you do take all day, you won't be general-
ing as much power. The power used in lifting your 20-pound computer
10 feet in one second is expressed as:

Power = 200 foot-pounds per seconc

The most common measurement for power is horsepower, One
horsepower is equal to 550 foot-pounds per second, or 33,000 foot-
pounds per minute. This gives you a whole new appreciation of horses,
doesn'tit.

The airplane engine develops horsepower in its cylinders and, by rotating
the propeller, exerts thrust. In straight and level flight, the thrust equals the
drag of the airplane.

For light trainers with fixed-pitch propellers, the measure of power being
used is indicated on the plane’s tachometer in rpm’s (revolutions per minute).
The engine power is controlled by the throttle. For more power, the throttle is
pushed forward or “opened”; for less power it is moved back or “closed.”
You'll use the throttle to establish certain rpm settings for cruise, climb, and
other flight requirements.

11
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Torque

Because the propeller is a rotating airfoil, certain side effects are encoun-
tered. One of these side effects is drag caused by the slipstream (see note
below). Another less important contributor to the torque effect is the tendency
of the airplane to rotate in a direction opposite that of the propeller. The
plane’s manufacturer may “wash in” the left wing so it has a greater angle of
incidence than that of the right wing, This results in more lift and drag on the
left side which may also cause a left-yawing effect.

Two additional factors that can contribute to the torque effect are gyro-
scopic precession and propeller disk asymmetric loading, or “P factor.”
Gyroscopic precession is created during attitude changes of the plane, such as
moving the nose up or down or yawing it from side to side. Asymmettic
loading is 2 condition usually encountered when the plane is flying at a
constant, positive angle of attack, such as in a climb. The downward moving
blade, which is on the right side of the propeller arc when viewed from the
cockpit, has a higher angle of attack and higher thrust than the upward
moving blade on the left, This results in a left-turning movement.

In summary, torque is a component of thrust, and usually includes the
slipstrcam, gyro precession, asymmetric disk loading, and any other power-
induced forces that tend to turn the plane left.

The Slipstream

The prapeller rotates clockwise as seen from the cockpit of an airplane.
This causes a rotating mass of air (slipstream) to be accelerated toward
the rear of the plane. This air mass strikes the left side of the vertical
stabilizer and rudder, which causes the plane to yaw left. Right rudder
must be applied to hold the plane on a straight track. This reaction
increases with power so it is most critical during the takeoff and climb
portion of flight.

An offset vertical stabilizer may be applied to counteract this reaction. The
vertical stabilizer is usually set for maximum effectiveness at the airplanc’s rated
cruising speed, since the plane will be flying most of the time at this speed.
The balance of forces results in no need for right rudder being held.

Verticol Stabilizer {Fixed)
N

b

Rightrudder carrects
theleft-yawingtendency
Wind -

Figure 1.5 An illustration of the propeller’s slipstream.
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Drag

A plane moving through the air produces drag. Drag acts parallel to and in
the same direction as the relative wind. Total dragis composed of parasite
drag and induced drag.

Parasite Drag — the drag composed of the form drag (the landing gear,
radio antennas, the wings, fuselage), skin friction, engine cooling air, and
airflow interference between components, such as where the wings meet the
fuselage. Parasite drag increases as the square of the airspeed increases. Double
the airspeed and parasite drag increases four times. Triple it and parasite drag
increases nine times.

Induced Drag — the drag that results from lift being produced. The relarive
wind is deflected downward by the wing, giving a rearward component to the
lift vector. The air moves over each wing tip roward the low pressure on the
top of the wings and vortices are formed that are proportional in strength to
the amount of induced drag present. The strength of these vortices increases
at higher angles of attack, so the slower the airplane flies, the greater the
induced drag and vortices.

Weight

The fourth force acting on an airplanc is weight, Gravity always acts in an
earthward directon. Lift may not always be in equal opposition to the weight
of the aircraft, therefore the plane will climb or descend.

Speed Definitions

There are several speed ranges that an airplane should be flown within
depending on its acrodynamics, power capabilities, and structural capabilities.
You will encounter the symbols for these limits frequently as vou learn to fly.

Those symbols are defined on the next page:

White:
I Y., flapoperatingrange
Red line

Ve
Yellow:
cautionrange
|
Vo
Green:

normal operating range

Figure 1.6 The color coding on the airspeed indicator.
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Symbol finition Airspeed Indicator Color Code

[V The stall speed at the

plane’s maximum weight with
landing gear up (if possible), |
flaps up, and power on.

L d speed 2 the highest red line Is.
Vio The maximum speed while Notindicated.
the landing gear is being Consultyour airplane’s
extended or retracted. Flight Manual.

V,orV,.  Themaximum maneuvering speed. Not indicated.
i Censultyour airplane’s
Flight Manual.

Consult your airplane’s
Flight Manual.

Flight Controls

Control Affects:  Which is: Controller
Elevators  Pitch Rotation about the In and out motion on yoke wheel,
plane’s lateral axis or forward and back on the “stick”
Rudder Yaw Rotation about the Foot pedals
plane’s vertical axis
Ailerons  Roll Rotation about the Left and right motion on yoke,

plane’s longitudinal axis  wheel, or “stick”

Yaw

Loteral Axis ---

Rudder Elevator

Longitudinal Axis
Roller Bank

| Vertical axis

Rudder
TrimTab

Figure 1.7 The axes and controls of an airplane.

Elevators

The elevators contral the pitching motion of the airplane (horizontal
axis), or angle of attack, and therefore act as the airspeed control for a given
throttle setting, Under normal conditions, pulling back on the yoke moves the
elevators up. The relative wind forces the tail downward, the nose moves up,
and with sufficient power and airspeed, the plane climbs. Push the yoke
forward and the rail rises, the nose dips, and the plane descends. Another way
to put this into perspective during @/ plane attirudes, is to think yoke forward,
nosc forward; yoke toward you, nose toward you.

15
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Figure 1.8 The elevator, elevator trim tab, and stabilator.

Atlower airspeeds, an up clevator position, though intended to create a
climb, may only cause the plane to decrease airspeed. The nose moves up, but
the increased drag causes the plane to climb less or even sink. This is known as
being on the back side of the power curve. Increased power combined with
up elevator control makes the airplane climb.

Because most light planes don’t have angle of attack indicators, you'll use
the airspeed indicator to determine the plane’s reactions to elevator control,
This is why the elevators are considered to be the airspeed controller. The
plane you're flying may be equipped with a stabilator. This is a stabilizer that
pivots to act as the elevators, The principle of operation is the same, where the
stabilator is an angle of attack and airspeed control and, like the elevator, has a
trim tab to help correct for various airplane loadings and airspeeds.

Elevator trim tabs, as just mentioned, are used to reduce eleva tor or
stabilator pressure for the pilot. For instance, if an unusually heavy load is
placed in the rear baggage compartment, the tail would be heavy and the nose
would rise. You would have to hold forward pressure to maintain level flight.
The trim tab is controlled from the cockpit and can be set to hold the aircraft
inaclimb, glide, or straight and level flight with minimum control pressure.

Rudder

The rudder controls the yaw motion of the airplane (vertical axis). Push
the left rudder pedal and the nose yaws to the left. Push the right rudder pedal
and the nose yaws right. The primary purpose of the rudder is to overcome
the adverse yaw of the aileron (more on this later) and to counteract the “p”
factor of the propeller. Most of the time aileron and rudder are used together,
however, in slip and crosswind landings, they are used in opposition to cach
other,

Unlike the rudder on a boat, the rudder on a plane is not the primary
control for turning. It is auxiliary to the ailerons for that pu 1'posc.' However,
the plane will rurn using rudder only, although in a process known as
skidding, where one wing moves faster than the other. This creates added lift
for that wing and causes the plane to bank.

A rudder trim tab is used to offset the left yawing effect of the slipstream
and other torque effects (see page 12). This trim tab is sometimes controllable
from the cockpit and can be adjusted as necessary for the desired reaction.

16

Ailerons

Ailerons control the roll of the airplance (longitudinal axis). As the yoke is
turned to the left, the left aileron moves up and the right alleron moves down,
"The relative wind moving over the control surfaces causes the airplane to banlk
left. The plane will continue to roll as long as the ailerons are deflected.

Obtaining Flight Maneuver Proficiency:
The Four Fundamentals

After familiarizing yourself with the controls, you may begin to work on
the four fundamentals: the turn, the normal climb, the normal glide, and
straight and level flight.

The Turn

It would he pretty easy if is all you had to do for a balanced turn was the
same that you have to do in a car: turn the wheel. Although this will accom-
plish the rurn in a plane, it is inefficient at best. With a turn of the voke to the
right, for instance, the right aileron moves up and the left aileron moves
down. This creates more drag over the left wing because of the down aileron.
The plane rolls to the right but the nose yaws left. This creates a slipping turn
to the right although a balanced turn will eventually result. The left yaw
tendency is called adverse aileron yaw. The rudder is used to correct for this.

Note: The rudder is used anytime the ailerons are used in a turn. To make a
smooth turn to the left apply left rudder while turning the yoke to the left. As
soon as the desired amount of bank is reached, neutralize the controls. This
means smoothly returning the yoke to a neutral position and easing off on
rudder pressure. The plane will remain in the turn even while the controls are
neutralized. If you were to continue applying yoke and rudder pressure, the
bank would become steeper and steeper, and eventually the airplane would
perform a roll.

But, with the controls neutralized, a plane will nor stay in a constant turn
forever, For a simple explanation, suffice it to say that all of the lift is no
longer vertical, or in balance with the weight of the plane. With this new
imbalance, the plane loses altitude. To avoid losing altitude, the angle of attack
musrt be increased, This is done by pulling back on the yoke to raise the
elevators. So, the steps for a smooth bank are:

1. Apply left aileron and left rudder as needed to keep the ball centered.

2. As the bank increases, start applying back pressure on the yoke.

3. When the desited bank is reached, neurralize the rudder and ailerons while
holding back pressure steady.

Toroll out of the turn:

1. Apply right aileron and enough right rudder to keep the ball centered.

2. As the bank decreases, ease off the back pressure on the yoke.

3. When the plane is level neutralize the rudder, ailerons, and elevators.
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If the rudder s used too little in a rurn, slipping occurs. If it is used too
wich, skidding occurs. A slipping turn feels like you are sliding toward the

inside of the turn. A skidding turn feels like a turn in a car, where you tend to
slide to the outside of the turn.

Figure 1.9 How the turn coordinator appears in a skidding and a
slipping turn.

To improve your turning ability, think not in turns of control movement,

but of control pressure, The smoother the pressure, the smoother the turn,

One other note about rurns: in a side-by-side airplane vou will be sitting

to the left of the center of the fusclage. As vou turn left, the nose will seem
high and you’ll have a tendency to correct for this, losing altitude in the

process. The opposite holds true for a right turn, where you will have tendency
to gain altitude. Experience will teach vou to use a reference point on the
cowling directly in front of you.

Figure 1.10 Use a reference point on the cowling to avoid inadvertent
altitude adjustments while turning.

The Normal Climmb

Proper climbs are made through a combination of elevator and rudder

position, as well as power. The rudder is used ro offser the effects of torque
trom the engine and slipstream and the engine is used to generate power
(horsepower).

As a pilot, you will need to consider the recommended climb speed and

power setting in order to attain a proper rate of climb (in feet per minute or
fpm). The power setting is indicated by the tachometer (rpm). Rpm on a

fixed-pitch propeller plane is affected by the throttle position. The decreased
airspeed in a climbing attitude will decrease the rpm below the cruising setting.
Therefore, it is necessary to apply more throttle to attain climb power. Normal
climb speed is about 1.4 to 1.5 times the stall speed and results in the best rate
of climb.

rwerct STALLING SPEEDS _, veri-

Celibrated Air Speed

.
Gross Weight

2400 lbs.

CONDITION

Figure 1.11 Stall speeds under various conditions.

To climb:

1. Ease the nose up to normal climb position and maintain back pressure to
keep it there.

2. Increase power to the normal climb value.

3. As speed drops, apply right rudder to correct for torque.

4. Don’t let the nose wander during the climb or the transition to the climb.

To level off from the climb:

1. Ease the nose down to level flight position.

2. As speed picks up, ease off on right rudder.

3. Throttle back to mainrain cruise rpm.

4. Don’t let the nose wander during transition,
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The Climbing Turn

This is a combination of the two fundamentals described so far. To begin,
make the turn out of an established straight climb. Make all climbing turns
shallow, no more than 107, Steeper turns during a climb result in a reduced
rate of climb because more back pressure is required to keep the nose up
(therefore, more drag is created).

The procedures for a climbing turn are:
1. Begin the straight climb.
— Apply back pressure.
— Apply right rudder to keep the ball centered.
2. Begin the climbing right turn.
— Apply right aileron and more right rudder — keep the turn
shallow.
— Add back pressure.
—Neutralize the ailerons and apply right rudder as needed to keep
the ball centered.
3. Roll out to resume the straight climb.
— Leftaileron and very little left rudder.
— As the wings become level, neutralize the ailerons and apply right
rudder as needed to keep the ball centered.

The Normal Glide

In a normal glide, the throttle is pulled back to idle and the ailerons are set
for straight flight. However, back pressure is maintained in order to avoid too
steep a descent during the glide. With an engine in idle, the slipstream from
the propeller becomes negligible. Airspeed decreases considerably because of
this and because the drag becomes greater than the thrust. This means the
relative wind speed also decreases. The plane noses down as a result. Normal
glide atritude in most light planes is only slightly more nose-down than in
straight and level flight.

Recommended normal glide speed is the one that produces the best glide
ratio, that is number of feet forward versus feet in altimade lost. For a fixed
gear traine, this is 9:1. If the airspeed is too great, the 9:1 ratio drops to
around 3:1. Watch the nose position and airspeed increase and feel for firm
controls. These are all indicators of a glide that is too steep.

The symptoms of a glide with a nose-high atttude that is too steep are a
high nose, a decrease in the wind noise, and elevator pressure thar feels mushy.
The angle of attack is so high that drag holds the plane back while gravity goes
about its job of pulling the plane down with the same force as always. This
results in a lower glide ratio.

To establish a glide from straight and level flight:
1. Pull the carburetor heat on (always recommended before closing the
throttle in flight, unless the Pilot’s Operating Manual indicates otherwise).
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2. Close the throtde {to idle).

3. Hold the nose in level flight position,

4. As the airspeed drops to normal glide speed, ease the nose down slightly
to the normal glide position. This position will vary by airplane,

You'll notice that quite a bit of back pressure is required to hold the nose
up. You may use elevator trim to relieve this pressure. To return to straight
and level flight:

1. Push in the carburetor heat and simultaneously increase power to cruise
RPM. You will need to use a good amount of forward elevator to keep
your pitch attitude the same.

2. Push carburetor heat off after cruising flight is established.

3, Re-trim the elevators for straight and level flight

When gliding to a specified altitude, begin leveling off about 50 feet
before the desired altitude. The larger the plane and the faster the descent, the
more margin you want to allow,

If back pressure is not eased off as soon as the throttle is opened, the
nose will rise sharply in reaction to the newly created mass of air rushing over
the elevators from the propeller.

Remember, the carburetor heat is the first thing on before the glide, and
the last thing off after the glide.

The Gliding Turn

Again, this is 2 combinaton of two fundamental maneuvers, the glide
and the turn. An extended steep, gliding turn is called a spiral. The biggest
difference in the feel of the controls between a gliding turn and a climbing
turn is that the rudder will seem to be ineffective. This is because of the lack
of slipstream while the engine is at idle. Remember, anytime a turn is made,
back pressure is required to maintain airspeed. More pressure is required in a
pliding turn than in a straight glide. 1f insufficient back pressure is used:

1. In the climbing turn — no climb, only turn.
2. 1n the level turn — turn plus a shallow dive.
3. In the gliding turn — turn plus a steeper dive.

Straight and Level Flight

As easy as this sounds, even the experienced pilots have trouble with it.
Viewing an airplane in straight and level flight is not the same as maintaining
one in that position from inside the cockpit. The rendency for student pilors is
to use the nose position to determine a straight direction, as well as longitudi-
nal and lateral level flight, even though one wing may be low for a long time
before the nose ever shows it

A visual check for straight and level flying occurs at three points: the nose
should be heading in the desired direction (no yaw); the nose should be at the
proper position with respect to the horizon (longirudinally level); and the
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wings should be at the same distance above (for the high-wing craft) or below
(for alow-wing craft) the horizon (laterally level),

The problem of unlevel flying occurs when you are unconsciously holding
alleron one way or the other. This happens when you rest your arm on the
stick or yoke which tends to pull the control left or right. Then, while the plane
is in this slight bank and wants to turn, you hold opposite rudder to counter
the nose yaw. Now you're in a slip and the plane gradually loses altitude, So
you apply back pressure. Suddenly, you have three controls going on to
maintain straight and level flight when you should be able to fly “hands free.”

The proper pracedure for attzining straight and level flight begins as soon
as you reach the assigned practice altitude. Place the nose at the correct attirude,
leave the climb power on until the expected cruise aitspeed is reached, set up
the cruise rpm, then trim until the wheel force against your hand is zero.

Larger planes are equipped with controllable tabs for the elevarors,
rudders, and ailerons which allow the pilot to trim the plane for attitude and
speed desired. Smaller planes have bendable tabs which the pilot can adjust
while on the ground.

Instrument Indications of the Four
Fundamentals

During the practical flight test, the FAA requires that you demonstrate the
ability to recover from an emergency situation such as accidentally flying into
clouds or fog, This means that you must be able to recover from such a
situation using flight inscruments. Once you have artained visual proficiency in
straight and level flight, glides, trns, and climbs, vour instructor will direct
your attention toward the instruments as you perform each one, Later, you
will use a hood which will restrict your vision to the instrument panel. This
will teach you to “see” what the plane is doing through the instruments.

Figures 1.12 through 1.17 illustrate the instrument indicatons of the four
fundamentals, as well as climbing and descending turns.

Figure 1.12 The Turn: the airspeed is lower than normal cruise; the heading
indicator shows a left turn, and the turn coordinator shows a balanced,
standard-rate turn; altitude indicator is constant.

Figure 1.13 The Normal Climb: the climb airspeed is steady; the attitude is
nose up, wings level; the heading indicator shows a constant heading; the
turn coordinator shows balanced, straight flight; and the altitude is
increasing as shown by the altimeter and the vertical speed indicator.
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Figure 114 The Normal Glide: the glide airspeed is steady; the attitude is
nose low, wings level; the beading indicator shows a constant beading; the
turn coordinator shows straight, balanced flight; and the altitude is
decreasing as indicated by the altimeter and vertical speed indicator.

Figure 1.15 The Climbing Turn: the climb airspeed is steady; the attitude
indicator shows 8 of bank, climb attitude; the beading indicator shows a left
turn; the turn coordinator shows a balf standard-rate, balanced turn; altitude
is increasing as shown by the altimeter and vertical speed indicator.

Figure 116 The Gliding Turn: the glide airspeed is steady; the attitude
indicator shows 5° of bank; the beading indicator shows a right turn; the
altitude is decreasing as shown by the altimeter and the vertical speed
indicator.
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Figure 1.17 Straight and Level Flight: the cruise airspeed is steady; the
attitude indicator shows nose level, wings level flight; the beading indicator
shows a constant heading; the turn coordinator shows straight and balanced
flight; the altitude is constant as shown by the altimeter and the vertical
speed indicator,

Basic Precision Maneuvers

A Brief Note About Load Factors

Any force applied to an airplane to deflect its flight from a straight line
produces a stress on its structure. The amount of this force is termed
“load factor.” A load factor is a ratio of the total airload acting on the
airplane. For example, a load factor of 3 means that the total load on
an airplane’s structure is three times its gross weight. Load factors are
usually expressed in terms of “G", that is, a load factor of 3 may be
expressed as 3 G's.

Thisis defined here because load factor is important to pilots for two

reasons:

1. the obviously dangerous overload that is possible for a pilot to impose
on the aircraft structures; and

2. increased load factor increases stalling speed and makes stalls possible at
seemingly safe flight speeds.

Note: A 60" bank turn produces a 2 G turn,

Steep Turns

A steep turn is one with a bank of 30" or more. The only difference
between a steep turn and a normal turn, is the steepness of the bank. Recall
that in order to create increased lift during a turn, it is necessary to apply
increased back pressure. [n a steep rurn, the amount of back pressure required
can become so great that the angle of attack becomes too steep and results in
an accelerated stall.

In a steep mutn, increased power may be necessary for two reasons: the
additional back pressure means a greater angle of attack and greater induced
drag; and the added load factor in the turn causes an increase in the stall speed
(for more on stalls, see the Stalls section on page 32).
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The 720" Power Turn

"T'his maneuver is used to build confidence because it requires a coordina-
tion of bank angle and power adjustments. Locate a point on the horizon or a
road below as a reference point for starting and ending the turn, The turn is
done at an altitude of at least 1500 feet above ground level.

Look around for other traffic before starring the roll-in. As you begin the
turn, open the throttle slowly to achieve a speed approptiate for climbing, This
should be accomplished at the same time the desired bank angle is reached.
Once the desired bank is reached, neutralize the ailerons and use rudder to
correct for torque. Also use back pressure to maintain the nose position
relative to the horizon.

Decrease the bank angle if you are losing altitude; increase the bank angle
slightly if the plane is climbing, Check your wings, nose, and altitude as you
turn, then watch for the reference point to indicate the completion of the first
360 turn. As vou turn through the second 3607 you will encounter your own
wake turbulence. Make corrections as needed. You should begin your roll-out
around 43" before returning to the reference point. Be sure to maintain a nose
level attitude when rolling out of a steep turn.

Correcting For Wind Drift

A crosswind is one that is at an angle to the direction you are flying, A
good course for practicing crosswind cotrections is along a straight road with a
wind crossing it diagonally. If youwere ro fly directly along the road, the wind
would eventually blow vou off track. 1f your destination is a point some-
whete along the straight line of the road, vou’d have 2 hard time reaching it by
attempting to fly directly at it,

To correct for the wind, point the nose of the plane ar an angle toward the
wind. How much of an angle depends on the speed of the wind and your
airspeed.

- Gy
) Wb Air-mass ,ﬁ@
Air-mass | S % i
/ \
I

X ®

Figure 1.18 A proper crosswind flying angle is shown at the right.
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Flying A Rectangular Course

This is where you'll learn to “steer” the plane on a track that your instruc-
tor designates. It is usually done around 2 rectangular field, at an altitude
around 600 ft, and helps you coordinate your attention between the cockpit
controls and outside references. It will also teach you crosswind flying and
how to fly in a traffic pattern (see fig, 1.20).

For this example, we will assume that the wind is parallel to the two long
legs of the course. This way, you will be cortecting for wind drift on the
crosswind legs of the pattern. The idea is to maintain a track that is about V-
Y2 mile away, equidistant from and parallel to all four sides of the rectangle.

- Startfurnaf i Moeroh
‘boundary | e

gl

Turn morethan 90°
Rellsuzwithera
.w;r e

e beM

~ Tum morethan 90°

gl

i Turniessthan 907
| Raolioutwitherol
7 wetablishad

i}

i " Completeturnathoundary
| /

Stariturm of e
Boundary - lbadis o ’L_‘_-.«
I | | Ul Startturn athoundary
Completeturn 1 i L
atbeundary MNocrab

Figure 1.19 The rectangular course.

Enter the pattern from a 45 angle, flying downwind. The tailwind on this
leg will result in increased ground speed. The first and all subsequent turns
should begin when the plane is abeam the corners of the field boundaries.
The bank should not exceed 45", The first turn must be entered with a fairly
fast rate of roll-in and relatively steep bank. As the turn progresses, gradually
reduce the bank angle to compensate for the diminishing tailwind component
and the decreasing ground speed.

The wind will tend to drift the plane off course on this leg, (the equivalent
of the base leg in an airport traffic pattern) so a crab angle must be established
into the wind. This means that the rurn must be greater than 90 from the
downwind leg to the base leg, As the wings become level, crab the airplane
slightly toward the field and into the wind. Continue this track as you
approach the upwind leg,

On all turns, you should always anticipate the drift and the turning radius
prior to the turn. Since you are holding a crab angle on the base leg, vou will
need a turn of less than 90" into the upwind leg to align the plane parallel to
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the field boundary. This turn should be started with a medium banlk angle
with a gradual reduction to a shallow bank as the turn progresses. The rollout
should be timed to assure a parallel track when the wings become level.
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Figure 1.20 The basic airport traffic pattern.

Drift should not be encountered on either the upwind or downwind legs,
although it may be difficult to find a situation where the wind is blowing
exactly parallel to the field boundaties. This would make it necessary to crab
the airplane on all four legs. Itis important to anticipate the turns to correct
for ground speed, drift, and turning radius. When the wind is behind the
airplane, the turn must be faster and steeper. When the wind is zhead of the
airplane, the turn must slower and shallower.

Flying §-Turns Across a Road

S-tutns, like the fectangular course, are a good maneuver for dividing your
attention between the airplane and the ground while compensating for drift
during turns. S-turns consist of a series of semicircles of equal radii on each
side of a selected road or other straight line on the ground. The straight line
must lie perpendicular to the wind and should be of sufficient length to allow
for a seties of turns.

A constant altitude should maintained throughout the maneuver and
should be low enough to easily recognize drift, but never lower than 500 feet
above the highest obstruction. Cross the road ara 90" angle then immediately
begin a series of 180" turns, of uniform radius in opposite directions, re
crossing the road at a 90" angle just as each 180" turn is complete.

To begin, enter the S-rurns downwind. As soon as you cross the road,
begin the first rurn. This will be a steep turn to account for the wind “push
ing” the plane away from the road. At about the midpoint of the semicircle,
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the turn must be shallowed to account for heading into the wind. Otherwise
the plane would continue at the same rate of turn, but as it begins to head
into the wind, the ground speed drops. The plane would zppear to pivot and
would not follow the smooth curve of the semicircle.

' Moderate %
bank

 Shallowest
bank

3 Adéaarnre..
bank

. Steepest :
. bank

hank

Figure 1.21 §-Turns across a road.

The shallowing of the first turn should be such that the wings are level as
the plane crosses the road at the same altitude as the first crossing, After
crossing the road, the bank should be a shallow one in the opposite direc-
tion. Remember, when the wind is ahead, turns should be shallower. If the
turn is too steep, the curve of the semicircle becomes too sharp. The degtree
of bank should be that which is necessary to attain the proper crab so that the
ground track describes an arc that is the same as the one established on the
downwind side.

Halfway through the second turn, the wind from behind the airplane will
require a steepening of the bank angle to get your wings level and pérpcn—
dicular to the road just as you cross it a third time. The steeper bank is
required because the tailwind increases your ground speed so the rate of
closure with the road is faster. A constant altitude must be maintained
throughout all turns.

With a strong wind, you may not have a shallow encugh bank on the
upwind side of the road, thus creating a flatrer semicircle than on the down-
wind side. Another probable error is to begin the turn on the upwind side of
the road with too much bank angle, thereby crossing the road again before the
180" turn is complete.
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Other Proficiency Maneuvers

Several other maneuvers exist which help you develop the ability to
subconsciously control the airplane while dividing attention between the flight
path and ground references as you watch for other air traffic in the vicinity.

Turns Around a Point

In this training maneuver, the airplane is flown in two or more complete
circles of uniform radii or distance from a prominent ground reference point
using a maximum bank of approximately 45" while maintaining a constant
altitude.
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Figure 1.22 Turns around a point.

Eights Along a Road

Here, the ground track consists of two complete adjacent circles of equal

radii on each side of a straight road or other reference line on the ground. The

wind may be parallel to the road or directlv across it.

Shallower ' ="
gl g
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Figure 1.23 Eights along a road.
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liights Across a Road

This is a variation of eights along a road, except that at the completion of
each loop of the figure eight, the airplane crosses an intersection of roads, or a
§pecific point on a straight road. The loops are across the road and the wind is
perpendicular o it.
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Figute 1.24 Eights across a road.

Eights Around Pylons

This maneuver applies the same principle as turns around a point,
however, two ground points are used as references, 2nd turns around each
pylon are made in opposite directions to follow a ground track in the form of
a figure eight.
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Figure 1.25 Eights around pylons.

Fights-On-Pvlons
This maneuver varies from cights around pylons in that no attempt is
made to maintain a uniform distance from the pvlons. Instead, the
airplane is flown at such an altitude and airspeed that a line parallel to the
airplanc’s lateral axis, and extending from the pilot’s eye appears to pivot
on each of the pylons.
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Figure 1.26 Eights on pylons.

Stalls

A stall is a condition in which the angle of attack becomes so great that the
flow over the airfoil breaks down and the wing can no longer support the
airplane. During the practice of intentional stalls, the objective is not to learn
how to stall the airplane, but to recognize an incipient stall and take prompt
corrective action. The proper recovery is always to decrease the angle of attack
and get the air flowing smoothly apain regardless of your airspeed.

A normal landing is nothing more than a stall. The average light plane
landing begins at an altitude of 15 to 20 feet from a normal glide. From there,
it becomes 2 matter of judgment to have the plane completely stalled (the
wheel full back) just as it touches down.

Several practice mancuvers will help you recognize impending stalls in
various situations and give you the ability to take appropriate corrective action.

Imminent Approach Stalls

1. Clear the area.

2. Turn catb heat on.

3, Throttle back to idle. i

Once the airspeed falls to within the white arc, full flapsshould be added.

4. Apply gentle back pressure to raise the nose to about the landing touch-
down attitude.

5. Keep the nose directionally straight by referencing a point on the horizon.
As the airplane is slowed by the elevarors, the nose will tend to drop. This
requires more back pressure to maintain the nose up attitude, thus
slowing the plane even more, which requires still more back pressure, and
so on, until full back pressure is applied. 'The point where the wheel is full
back and the nose drops is called the stall “break.” An approach to stall
does not complete this break. Instead, you should recognize the impend-
ing stall through sight (attitude and airspeed indicators); feel (ineffective
and mushy controls, the plane shudders and vibrates); and sound
(diminished wind and engine noise).
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6. Lower the nose to level flight and throttle up to full power.
7. Turn the carb heat off.
8. Flaps should then be slowly retracted to 07,

Note that power is not the key to recovering from a stall. With enough
altitude, a recovery can be made by altering the plane’s attitude.

Imminent Departure Stalls

The only variation to this mancuver from the power-off stall is that vou'll
have to maintain a higher nose-up arttitude to compensare for the increased
airspeed. Also, the increased airspeed creates more torque and gyroscopic
effects, thus making it more difficult to keep the wings level.

1. Clear the area.

2. Slow the airplane to climb speed or slightly below by throttling back and
mainraining a constant altitude. Then set the rpm to takeoff power.

3, Apply slightly more back pressure than in the power-off stall (zbout 5
higher nose atttude).

4. Align the nose with a reference point on the horizon.

5. Note the approaching stall through sight, sound, and feel. Apply full

power and lower the nose simultaneously.

N T i | e
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Figure 1.27 An approach to a stall.

Practice these mancuvers with as little altitude loss as possible. Itis a good
habit to form in case you find yourself low someday with little time to reason
and recover.

Normal Stall — Power-Off

This is good for landing practice with altitude. Unlike the approach to
stalls, the normal stall completes the break described earlier. Itis easy for
student pilots to create what's called a secondary stall. This occurs when the
back pressure is released to recover from the stall, then, in an attempt to lose as
little alttude as possible, the student re-applies back pressure too soon or too
heavy-handed. 'The plane stalls again and the process repeats itsclf. Always
tecover firmly, but don’t get rough with the airplane,

1. Clear the area.
2.'Turn carb heat on.
3. Throttle down to idle.
4. Fasc the nose up to a landing attitude.
Once the airspeed falls to within the white arc, full flaps should be added.
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5. Maintzin the nose-up attitude with continued back pressure. If you are
simulating a landing, check your view our the left window while keeping
the wings level and the correct nose-up position.

6. When the stall breaks, apply full power and lower the nose while mini-
mizing altirade loss.

7. Flaps up in increments, if used.

8. Turn carb heat off.

9. Level the wings with coordinated use of ailerons zand rudder,

Normal Stall — Power-On

1. Clear the area.

2. Hase the nose up into a slightly higher nose-up attdtude than in the
power-aff stall,

3. Keep the wings level.

4. When the stall break occurs, lower the nose and apply full power while
keeping the wings level,

Stalls In Climbing Turns

This type of stall will give you practice in recovering from stalls encoun-
tered in a climbing turn during takeoff and departures. They are practiced in
both straight flight and with moderate 20" banked turns. They are always
practiced with lift-off speed and the angle of attack is slowly increased until the
stall occurs,

L. Throttle back and slow the plane to a landing approach speed.

2, With the airspeed about 5-10 knots above the stall speed, open the
throttle to the recommended takeoff power and begin a 20" bank climbing
turn in either direction,

3. Conrtinue to increase the angle of attack until the stall occurs,

4. When the brealk is definite, lower the nose and apply full power.

5. Level the wings with coordinated controls.

Stalls In Gliding Turns

This is similar to the climbing turn stall, although it emulates the landing
approach stall. Because of the decreased airspeed, the rolling tendency is
minimized, however the stall break will not be as pronounced. This may
require a faster rate of back pressure. Heavier planes don’t require much effort
to stall and faster planes will stall with comparatively little warning,

1. Tutn carb heat on.

2. Establish a normal gliding turn in either direction,

3. Add back pressure until the nose is at the landing attitude or slightly
higher.

4. When the break occurs, stop any rotation, release back pressure, and apply
full power.

5. Turn carb heat off.

6. Raise gear and flaps (if applicable) and climb to an altitude at least 300 feet
above the recovery altitude.

Flying at Minimum Controllable Airspeed

This mancuver demonstrates the flight characteristics and degree of
controllability of an airplane at its minimum flying speed. This is important
in that pilots must avoid stalls in any airplane they may fly at lower airspeeds
which are charactetistic of takeofts, climbs, and landing approaches.

By definition, flight at minimunm controllable airspeed means a speed at which
any further increase in the angle of attack or load factor, or reduction in power
will cause an immediate stall. This critical airspeed depends on various
circumstances like gross weight and CG (center of gravity) location of the
airplane, maneuvering loads imposed by turns and pullups, and the existing
density altitude,

1. Throttle back to a power setting much less than required to maintain level
slow flight.

2. Maintain altitude as the plane slows by slowly raising the nose.

Once the airspeed falls to within the white arc, full flaps should be added.

3. As the required speed is approached, add power to maintain a constant
aldtude.

4. Maintain a constant heading,

5. Maintain airspeed through a coordinated use of throttle and elevators.

6. Make a shallow turn in each direction while maintaining altitude.

7. Level the wings and gradually decrease power to idle.

8. Lower the nose to maintain a glide at the minimum controlled airspeed
of 5-10 K abave the stall speed. Make 20-30" banked turns in each
direction.

9. Return to level, slow flight by applying power and easing the nose up.
Maintain airspeed during this transition.

Slowly retract the flaps to (0",

10. Increase power and raise the nose to a climb at minimum speed. Make

shallow turns in cach direction.

This series of transitions from level light to glide to climb without
varying the airspeed with minimal variaton in the airspeed will require heavy
concentration, but will give you an excellent feel for the aircraft.

L
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Takeoffs and Landings

Takeoffs and Departure Climbs

Although the takeoff and departure climb is one continuous maneuver,
there are essentially three parts to it: the takeoff roll, the lifroff, and the initial
climb. Before taxiing onto the runway, the pilot should ensure that the engine
is operating propetly and that all controls, including flaps and trim tabs, are set
tor takeoff.

Figure 1.28 The normal takeoff and climb.

Takeoff Roll Procedure

1. The takeoff roll begins from a standstill at the center line of the runway.
Line up with a reference point at the end of the runway and use it to
maintain directional control duting the takeoff.

2. Open the throtde slowly to get the plane rolling then smoothly apply
full power. Keep your hand on the throttle and check your engine
mstruments.

3. As the airplane starts to roll forward, slide both feet down the rudder
pedals so the balls of your feet are on the rudder portions, not the brake
portions of the pedals.

4. Maintain directional control with smooth, prompt, positive rudder
corrections.

5. As the speed increases, the pressure increases on the flight controls,
especially the rudder and elevators.

Liftoff Procedure

The ideal takeofF attitude requires only minimum pitch adjustments after
the airplane lifts off in order to attain the speed for the best rate of climb.
“ach type of airplane has its own best pitch attitudes for normal liftoff.
Varying field and runway conditions may make a difference in the required
takeoff technique.

1. Gradually apply back pressure to raise the nosewheel slightly off the
runway, thus establishing the takeoff attitude. This procedure is often
referred to as “rotating,”
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2. Not the position of the nose in relation to the horizon and apply elevator
pressure as necessary to maintain this attitude.

3 Apply aileron pressure to keep the wings level.

4. Allow the plane to gain altitude withourt applying undue back pressure.

5, In strong, gusty wind conditions, allow the plane to attain a greater
takeoff speed before it is allowed to leave the ground, because a takeoff at
the normal speed may result in a lack of positive control, or a stall, if the
airplane encounters a sudden lull in the wind.

nitial Climb Procedure

1. The plane should be at an attitude that will allow it to accelerate to its best
rate-of-climb airspeed. This airspeed is the one at which the most altitude
is gained in the shortest period of time. Apply back pressurc to hold this
attitude.

2. After it is certain that the airplane will remain airborne and a definite climb
is established, retract flaps and landing gear (if the airplanc is so equipped).

3. Maintain takeofl power until an altitude of at least 500 teet above the
surrounding terrain or any obstacles is attained.

4, Control the airspeed by making slight pitch adjustments using the
elevators, Watch the attitude of the airplane in relation to the horizon first,
then glance at the airspeed indicator to check for corrections. The airplane
will not accelerate or decelerate immediately upon pitch changes, so don’t
chase the needle on the airspeed indicator. Continue pitch adjustment
until the desired climbing attitude is established.

Takeoffs for Airplanes with Tailwheels

Training will also occur in tailwheel type airplanes, and the takeoffs vary.

1. Align the tailwheel with the center of the runway before the takeoff roll.
Atlow roll speeds, the rudder will have little or no effect, so youll be
steering via the tailwheel, As the speed picks up, the rudder becomes more
effective.

2. Hold the elevators at neutral or slightly ahead of neutral. Don’t force the
tail up abruptly as doing so might cause loss of directional control.
Without effective rudder, the plane may be turned to the left before it can
be stopped with rudder. If the elevator trim tab was set at neutral during
pre-takeoff, then the tail will come up by itself when the time is right.

3. While the plane is rolling out in three-point position, you have both
tailwheel control and effective rudder control at higher speed. When the
tail comes up, all control relies on the rudder, which will have to be
adjusted for torque correction. This is the tricky part of the rollout for
student pilors.

4. As the plane picks up speed, the controls become firmer and the plane
assumes the attitude of a shallow climb. This makes it possible for the
plane to lifroff itself as flying speed is reached.
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5. If the plane begins to skip or bounce, apply back pressure to bring the
plane off.
6. Follow steps 2-4 as outlined above,

As you progress, your instructor will teach you crosswind, shorr field, and
soft field (grass, sand, mud, snow) takeoffs and climbs.

Approach to Landings and Landings

There are five phases involved in the last part of the approach and the
actual landing:
1. the base leg.
2. the final approach.
3. the roundout.
4. the touchdown.
5. the after-landing roll,

“ pdterla ndilng ;
. roll

. Bose -
log A

: 'ToucHdown'
L 'Iiounaout'

Final
. approach

Figure 1.29 Segments of the approach and landing.

All of the phases will be discussed assuming normal approach and
landing conditions: engine power is available, the wind is light or the final
approach is made directly into the wind, the final approach path has no
obstacles, and the landing surface is firm and of ample length to gradually
bring the airplane to a stop.

The Base Leg

This is the portion of the traffic pattern along which the airplane proceeds
from the downwind leg to the final approach. It is on this leg that the pilot
judges the distance and altitude which the plane must descend to the desired
landing point.
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1, The landing gear should be lowered (if necessary) prior to reaching the

base leg,

2. Start the descent at 1.4 times the stalling speed with power off, landing

- gear and flaps down (V).

3, Partially lower the landing flaps.

. Establish drift correction to follow a ground track that is perpendicular to
the extended centerline of the runway. Since the final approach is usually
made directly into the wind, the base leg will have a crosswind that will
require establishing a crab angle to maintain the proper ground track.

5. Continue the base leg to the point where a medium to shallow-banked
turn will align the airplane’s path directly with the centerline of the runway.

This turn should be high enough above the runway elevation to permit a
final approach long enough for the pilot to estimate the touchdown point
while maintaining the proper approach airspeed.

6. If an extremely steep bank is required to prevent overshooting the final

approach path, it is advisable to discontinue the approach, go around, and

attempt a smoother landing,

‘T'he Final Approach

This is the last part of the traffic pattern during which the airplane is
aligned with the landing runway, and a straight line descent is made to the
point of touchdown.

1. Set the flaps and adiust the pirch attitude for the desired rate of descent.
Adjust pitch attitude and power to maintain the desired approach
airspeed, approximately 1.3 times the power off stalling speed (V).

2. With pitch attitude and airspeed stabilized, re-trim the airplane to relieve
any control pressutes.

3. Control the descent angle so the airplane will land in the center of the first
third of the runway. Because all four forces affect the descent angle, vou
will need to adjust airspeed, attitude, power, and drag,

4. Descend at an angle that will permit the airplane to reach the desired
touchdown point at an airspeed which will result in a minimum of
floating just before touchdown.

5. If the approach is too high, lower the nose and reduce power. If the
approach is tao low, add power and raise the nose, If the approach is
extremely high or low; reject the landing and go around for another try.
6. Flaps decrease airspeed (assuming no other adjustrments zre made). Use
more {laps if it appears that the airplane will overshoot the desired
touchdown point. However, never retract flaps to correct for undershoot-
ing as this will resultin a sudden decrease in lift. Instead, increase pitch
attitude and power to adjust the descent angle and airspeed.
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Figure 1.30 The effect of pitch attitude on approach angle.

The Roundout

This part of the final approach, also called the flare, is where the plane
makes the transition from the approach attitude to the touchdown attitude. It
begins when the plane is within 10 to 20 feet above the ground, by gradually
applying back pressure to increase the angle of attack and pitch attitude, The
angle of artack should be increased at a rate that will allow the airplane to
continue settling slowly as forward speed decreases.

When the angle of attack increases, the liftis momentarily increased,
thereby decreasing the rate of descent. Since power is normally reduced to idle
during the roundout, the airspeed will also gradually decrease. As airspeed
continues to decrease, lift will also decrease, so the nose must be held higher to
maintzin lift. The roundout should be executed so that the proper landing
artitude and the proper touchdown airspeed are achieved just as the wheels
contact the runway.

The rate of the roundout depends on the airplane’s height above the
ground, the rate of descent, and the pitch attitude. An airplane with full flaps
has a considerably lower pitch attitude than in 2 no-flap approach. This means
the nose must travel through a greater pitch change to attain the proper
landing attitude before touchdown, Therefore, the rate of roundout is much
faster in a full-flaps approach although the rate is still proportionate to the
plane’s downward motion.

Once the roundout is begun, elevator control should not be pushed
forward. If too much back pressure has been exerted, then slightly relax or
hold the pressure constant. It may be necessary to advance the throttle to
prevent an excessive rate of sink. Therefore, it is recommended that you keep
one hand on the throttle throughout the approach and landing,

Recheck that the landing gear is down and that the propeller control is in a
high rpm position, if the plane is so equipped.
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igure 1.31 Changing the angle of attack during roundout.

I'he Touchdown

This is the actual point of the wheels making conracr with the landing
surface and where the full weight of the plane is being transferred from the
‘wings to the wheels. It is done with the engine idling and the airplane
traveling at approximate stalling speed. The way to make an ideal landing is to
hold the plane’s whels a few inches above the ground as long as possible
ising elevators. Because the airplane is already close to stalling and is already
settling, the additional back pressure will only slow the settling and resultina
._'::genrler landing, .
Tricycle-gear type airplanes should touchdown in a tail-low attitude with
the main wheels touching down first, so that little or no weight is on the
‘nosewheel. The main gear and tailwheel in a tailwheel type airplane should
& touch down simultaneously, in a 3-point landing,
In tricycle-gear type airplanes hold back elevator pressure after touchdown
to maintain a positive angle of artack for acrodynamic braking and to hold the
nosewheel off the ground until the plane decelerates. Gradually decrease back
L-pressure to allow the nosewheel to settle. In tailwheel type planes, also hold
back pressure after touchdown ro hold the tailwheel on the ground.

~ rotatationof
' theplane

G gk e Lundmg s
: Holdlundmg " afitude at

attitudeas 1.2 feet
‘ planesetiles '~ - :

Figure 1.32 The proper tricycle-gear landing.
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Figure 1.33 The proper “tail-dragger” landing.

After-Landing Roll

The landing isn’t complete until the airplanc decelerates to the normal raxi
speed or has been brought to a complete srop clear of the landing arca.
Directional control must be maintained duting the touchdown and after-
landing roll. Loss of control may lead to an aggravated, tight turn on the
ground, called a “ground loop.” Tailwheel type airplanes are most susceptible
to ground loops late in the after-landing roll because radder effectiveness
decreases as the aitplane slows,

The brakes of an airplane can be used to reduce the speed on the ground
and to maintain directional control when the rudder becomes ineffective. Slide
your toes up the rudder pedals to use the brakes. If you are using rudder
pressure at the time, do not release it or control may be lost before the brakes
can be applied.

Aileron control can zlso be used on the ground in the event that one wing
starts to rise. Like the rudder, aileron control becomes less effective as the
speed of the airplanc on the ground decreases,

After the plane is clear of the landing area, the plane may be “cleaned up.”

There are z wide variety of conditions that are present during approaches
and landings which require you to take corrective action. These include slip and
power-off approaches, go-arounds (rejected landings), as well as approaches
and landings for crosswind, turbulent air, short and soft field, and emergency
conditions. Your instructor will teach you the procedures required for all of
these conditions.
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PTER 2: AIRCRAFT AND SYSTEMS

This chapter provides you with some of the more useful specifications

nd limitations of the six aircraft that are available to fly in Pro Piler '99. All of
e figures included here are excerpted from the specific Pilot Operating

dbook for each airplane. Itis important to remember, however, that the
nbers in a POH zre arrived at under conditions which are almostimpos-

-_"n ¢ to replicate. The planes are flown by a certification test pilot sitting behind
2 yoke of 2 brand new airplane with optimum conditions all around. These
\umbers do provide a foundation for planning flight operations, but should
e considered as guidelines only.

Trainer: Cessna Skyhawk 172P

Speed:

123 Knots
120 Knots

Max. @ Sea Level
Cruise, 75% power @ 8,000 ft

Cruise: Recommended lean mixture with fuel allowance for engine start, taxi,
takeoff, climb, and 45 minutes reserve.
75% power at 8,000 ft
40 gallons usable fuel

Range 440 NM
Time 3.8 hours

Range 520 NM
Time 5.6 hours

Max. range at 10,000 ft
40 gallons usable fuel

Rate of climb at sea level 700 fpm
Service Ceiling 13,000 ft
Takeoff Performance _
Ground Roll 890 ft
Total distance over 50-t obstacle 1,625 ft
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172

3BFT1IN.

Speed

Maximum Structural
Cruising Speed

11 FT 4 IN.
Landing Performance
Ground Roll
Total distance over 50-ll obstacle
Stall Speed (KCAS):
Flaps up, power off
Flaps down, power aoff

Maximum Weight:
Ramp Takeoff or Landing
Standard Empty Weight
Max. Useful Load
Baggage Alluwance
Oil Capacity
44

540 ft
1,28011

51 knots
46 knots

2407 pounds
2400 pounds
1474 pounds
993 pounds
120 pounds

8 quarls

Max. Flap
Extended Speed:
10" flaps 108

T LI St e LT

i
i

| 44-127 _
i Lower limit: Max. weight V

~ Normal operating range.

]. " at most forward C.G. with
. flaps retracted. %
- Upper limit: Max. structural |
' cruising speed. |

] i A
Max. speed for all
- operations.

Red Line
Maxim Limit
= :

’Red Line

Red Line
(s L

Green Arc

Fuel, 2 standard tanks: 21.5 gallons each; 1.5 gallons unusable fuel each tank
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KIAS

rspeed Limitations eed KCAS
Cessna Skyhawk 172R o —L

Maximum Structural
Cruising Speed

Max. Flap
Extended Speed:
10" flaps

Speed:
Max. @ Sea Level 123 KTAS
Cruise, 75% power @ 8,000 ft 120 KTAS

Cruise: Recommended lean mixture with fuel allowances for engine start, taxi,
takeoff, climb, and 45 minutes reserve.

80% power at 8,000 ft Range 580 NM Max. speed for all A
53 gallons usable fue! Time 4.8 hours operations. |
Max. range at 10,000 ft Range 687 NM S 7N
53 gallons usable Tuel Time 6.6 hours Green Arc Red Line
) : imi ing  Maximum Li
Rate of climb at sea level 720 fpm ! : e TR )
Service Ceiling 13,500 ft '

245 F (118'C

100° - 245' F

Sovp

Takeofl Performance

Ground Roll 945 1t
R e Total distance over 50-ft obstacle 1,685 ft Fuel, 2 standard tanks: 28 gallons each; 1.5 gallons unusable fuel each tank
| Landing Performance

Cround Roll 550 ft
Total distance over 50-ft ohstacle 1,295 ft
Stall Speed (KCAS):
Flaps up, power off 51 knots
Flaps down, power off 47 knots
Maximum Weight: 2457 pounds
Ramp Weight 2457 pounds
Maximum Takeoff Weight 2450 pounds
Standard Empty Weight 1600 pounds
Max. Useful Load 857 pounds
Baggage Allowance 120 pounds

: Oil Capacity 8 quarts

‘—h B6FT 1IN,

' / T EFTIN
s S 2R
-~ F | 11 F ;

L— a FT{Tg 1IN, —= 47
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High Performance Aircraft
Beechcraft Bonanza V35

Capacilies

Qil

Fuel
Total Capacity
Total Usable

Weights
Maximum Ramp Weight
Maximum Takeoff Weight
Maximum Landing Weight
Maximum Weight in Baggage Compartment

Airspeed Limitations
peed KCAS KIAS

Maximum Structural
| Cruising (V,, or V)

- Maximum Flap Extension/
Cxtendled (V)

|
|

48

12 guarts
50 gallons

44 gallons

3,412 pounds
3,400 pounds
3,400 pounds
270 pounds

Remarks

Do not exceed this

caution.

operate with flaps

extended above this
speed

speed except in smooth
air and then only with

ps or

e

Aircraft and Systems

Liftoff

50 Ft.

aximum Climb
Best Rate (V)
Best Angle (V)

ise Climb

ked Landing
ding Approach

ergency Descent
de

Bonanza

Airspeed For Safe Operation

aximum Turbulent Air Penetration

ximum Demaonstrated Crosswind

Emergency Airspeeds

mergency Landing Approach

71 KIAS
77 KIAS

96 KIAS
77 KIAS
107 KIAS
134 KIAS
70 KIAS
70 KIAS
17 knots

154 KIAS
105 KIAS
83 KIAS

33FTEIN.

)=

—10FT 2 IN;
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Airspeed Indicator Markings

KCAS KIAS

Description

r

Power Plant Limitations

Engine Speed
Cylinder Head Temperature
Ol Temperature
Oil Pressure
Minimum
Maximum
Fuel Pressure
Minimum
Maximum

2700 rpm
460'F / 238°C
240°F/116°C

30 psi
100 psi

1.5 psi
17.5 psi

Power Plant Instrument Markings

Oil Temperature
Caution (Yellow Radial)
Operating Range (Green Arc)
Maximum (Red Radial)
Qil Pressure
Minimum Pressure (Red Radial)
Operating Range (Green Arc)
Maximum Pressure (Red Radial)
Fuel Flow
Minimum (Red Radial)
Operating Range (Green Arc)
Maximum (Red Radial)
Tachometer
Operating Range (Green Arc)
Maximum RPM (Red Radial)
Cylinder Head Temperature
Operating Range (Green Arc)

Maximum Temperature (Red Radial)

Manifold Pressure
Operating Range (Green Arc)
Maximum (Red Radial)
Instrument Vacuum
Minimum (Red Radial)
Operating Range (Green Arc)
Maximum [Red Radial]
Fuel Quantity

Yellow Band

100°F/ 38 C
1007 —240°F/ 38 ~116'C
240°F/116°C

30 psi
30 - 60 psi
100 psi

1.5 psi
6.6 — 24.3 gph
17.5 psi

1800 — 2700 rpm

2700 rpm

200" - 460°F /937 —238°C
460 F/238°C

15 ~29.6 in. Hg
29.6in. Hg

3.75 in. Hg
3.75-5.25 in. Hg
5.25 in. Hg

E to 14 full

Approved Maneuvers

Maneuver
Chandelles
Steep Turns
Lazy Eight

Entry Speed (CAS)
132 knots
132 knots
132 knots

Aircraft and Systems

A Note On Flying Twin-Engine Planes

Light twin-engine aircraft (Baron and King Alr) sound and look different
1an their single engine counterpart (Skyhawk and Bonanza), and, in general,
1ey are faster, However, climb rates and overall takeoff performance are not
jteatly enhanced by the dual power plant configuration. Turbojets
tation]et) on the other hand, do greatly enhance aircraft performance
:cause of the extra power provided with relatively little increase in weight.

When one engine fails during flight on 2 twin-engine plane, the airplane
ill experience an immediate and significant yaw toward the dead engine side.
[ this happens, you must use a combination of aileron and radder pressure
[0 maintain a degree of straight flight. However, unless the minimum
gontrollable speed (V) is maintained there won’t be enough airflow over
rudder and aileron to offset the asymmetrical thrust of the remaining

ngine.
Aulti-Engine Aircraft: Beechcraft Baron B58

Capacities
12 quarts
Total Capacity 142 gallons
Total Usable 136 gallons
Weights

5,524 pounds
5,500 pounds
5,400 pounds

- Maximum Ramp Weight

Maximum Takeoff Weight

~ Maximum Landing Weight

Maximum Weight in Baggage Compartment

Main Cabin Extended 400 pounds
Aft Compartment 120 pounds
Nose Compartment 300 pounds
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Airspeed Limitations
KCAS KIAS
S

i
E
s

Maximum Structural ' ! "

195 195
L1 ]

|
; Cruising (V,, or Ve

- Maximum Flap Extension/
| Extended V)

Approach (157}

Full Down (307}

152 152
122 | 122

i i
| gle Eng inimum
‘z Control Speed (V) z |
! :

Airspeed For Safe Operation
Takeoif
Rotation
50 Ft. Speed
Maximum Climb
Best Rate (V,)
Best Angle (V)
Cruise Climb
Maximum Turbulent Air Penetration
Balked Landing Climb
Landing Approach (5,400 Ibs., flaps down 307)
Minimum During Icing Conditions
Maximum Demonstrated Crosswind

Do not extend flaps

% L

of engine.

Remarks

Do not exceed th

speed except in
smoocth air and then
only with caution

operate with flaps
extended above this
speed

Minimum speed for
directional controlla-
bility after sudden loss

85 KIAS
100 KIAS

105 KIAS
92 KIAS
136 KIAS
156 KIAS
95 KIAS
95 KIAS
130 KIAS
22 knots

Emergency Airspeeds (5,500 pounds)}

One-Engine-Inoperative  Best-Angle-of-Climb (V)
One-Engine-Inoperative Best-Rate-of-Climb (V,,)
Air Minimum Control Speed (v,
One-Engine-Inoperalive En Route Climb
Emergency Descent
One-Engine-lnoperative Landing (5,400 |bs.)
Maneuvering to Final Approach
Final Approach (Flaps Down 307)
Intentional One-Engine-Inoperative Speed (V
Maximum Clide Range

SSE)

52

100 KIAS
1071 KIAS
84 KIAS

107 KIAS
152 KIAS

107 KIAS
95 KIAS
88 KIAS
115 KIAS

Aircraft and Systems

Baron

37 FT 10 IN.

18 FT 11 IN.

Airspeed Indicator Markings
KIAS

Description
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Power Plant Limitations
Takeoff and maximum

continuous power Full throttle and 2700 rpm

Cylinder Head Temperature 235°C
Oil Temperature 116 C
Minimum Takeof? Oil Pressure 24°C
Minimum Qil Pressure (Idle) 10 psi
Maximum Oil Pressure 100 psi

Power Plant Instrument Markings
Oil Temperature

Caution (Yellow Radial) 24°C

Operating Range (Green Arc) 24" -116°C

Maximum (Red Radial} 116'C
Oil Pressure

Minimum Idle (Red Radial) 10 psi

Caution Range {Yellow Arc) 10 - 30 psi

Operating Range (Green Arc) 30 — 60 psi

Maximum Pressure (Red Radial) 100 psi
Fuel Flow

Operating Range (Green Arc) 3.0 - 30.0 gph

Maximum [Red Radial) 30.0 gph
Tachometer

Operating Range (Green Arc) 2000 = 2700 rpm

Maximum RPM (Red Radial) 2700 rpm
Cylinder Head Temperature

Operating Range (Green Arc) 116" -238°C

Maximum Temperature (Red Radial) 238°C
Manifold Pressure

Operating Range (Green Arc) 15-29.6 in. Hg

Maximum (Red Radial) 29.6 in. Hg
Instrument Pressure

Operating Range (Green Arc)
Deice Pressure Gauge

Operating Range (Green Arc) 9 - 20 psi

Maximum Operating Pressure (Red Radial) 20 psi
Propeller Deice Ammeter

3.75-5.25in. Hg

Operating Range (Green Arc) 14 - 18 amps
Fuel Quantity
Yellow Band E to 1/8 full

Aircraft and Systems

Viulti-Engine Aircraft:

Maximum Weight:
Ramp
Takeoff or Landing
Baggage Allowance
with fold-up seats

Takeafl {Flaps Up)

Rotation

50-ft Speed

Takeoff (Flaps Approach)

Rotation

50-t Speed

Two-Engine Best Angle of Climb (V,)
Two-Engine Best Rate of Climb (V)
Cruise Climb:

Sea Level - 10,000 ft

10,000 - 20,000 ft

20,000 ~ 25,000 it

25,000 - 35,000 ft

Maximum Airspeed for Effective
~Windshield Anti-icing
Maneuvering Speed (V)

Turbulent Air Penetration

12,590 pounds
12,500 pounds

510 pounds
550 pounds

Airspeed For Saie Operation

95 KIAS
1271 KIAS

94 KIAS

106 KIAS
100 KIAS
125 KIAS

160 KIAS
140 KIAS
130 KIAS
T20 KIAS

226 KIAS
181 KIAS
170 KIAS
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- 54 FT 6 IN. =

Airspeed Limitations

Airspeed Indicator KCAS Value KIAS Value Remarks
Marki . r Ra or Range

Full-flap operatirg range

ower‘Narrow White Arc102 - 15575 - 99

Lower Limit = Stalling Speed at max
weight with flaps up and idle power.
£
H

Upper limit is max. speed permis-
-——— 17 FT 2 IN. pp peed p
‘ sible with flaps extended beyond

40%.

One engine inoperative, best-rate-of- "
“limb d - |

Blue Line 122

* (or value equal to .52 Mach, whichever is lower).

Fuel and Oil Capacity

| L Total Usable Fuel Quantity: 544 gallons

- ~Each Main Fuel Tank System: 193 gallons

" G E - Each Auxiliary Fuel Tank: 79 gallons 71N

: Total Oil Capacity (Each Engine) 14.2 quarts :
Power Plant Instrument Markings
Red Line Green Arc Red Line
Instrument Minimum Limit Normal Operating  Maximum Limit
G AN

erature

Ol Temé%

* A dual-band yellow green arc extends from 85 to 100 psi indicating the extended
range of normal oil pressures for operation at or above 21,000 feet.

\——13 FT5IN. —-‘

[ Airspeed Limitations
e Speed KCAS  KIAS Remarks

| Max. Flap Extended Speed
| Approach Position: 40% 200
- Full Down Position: 100% 155
i
il

e
wea | A Minimum : Lowest airspeed at which the | e
| Control Speed 91 | 86 airplane is directionally control |
! | lable with one engine inoperable -
“and the other at take-off power.

Do not extend flaps or operate | . i
200 | with flaps in prescribed position
157 above these speeds. 2
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Jets: Cessna CitationJet 525

Capacities
Approx. 2.5 guarts
Approx. 476 gallons (3220 pounds)

Oil {Usable Each Engine)
Fuel (Maximum Usable)

Weight Limitations

10,500 pounds
10,400 pounds
9,700 pounds
8,100 pounds

Maximum Design Ramp Weight
Maximum Design Takeoff Weight
Maximum Design Landing Weight
Maximum Design Zero Fuel Weight

Speed Limitations
Design Speed Envelope
Al a maximum design zero fuel weight of 7,900 pounds:
Maximum operating MACH - M,, . [above 30,500 ft) 0.710 Mach (indicated)

ML

Maximum Operating KNOT — Vm {SL to 30,500) 263 KIAS
Maximum Flap Extended Speed - V|

Full Flaps — Land Position (357) 161 KIAS

Partial Flaps — Takeoff and Approach Position (157) 200 KIAS
Maximum Landing Gear Operating/
Extended Speed — V /V,, 186 KIAS
Minimum Control Speed, Air =V, 92 KIAS
Minimum Control Speed, Ground =V, 95 KIAS
Maximum Autopilot Operation Speed 263 KIAS

Takeoff, Landing, and Operating Limitations

Maximum Takeoff or Landing Altitude 10,000 ft.
Maximum Calibrated Operating Altitude 471,000 ft.
Minimum Airspeed for sustained flight in icing conditions 160 KIAS
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descent and 45-minute reserve)
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[®]
5]

. 2 G

| 18.75 FT

Performance

all figures are under International Standard Atmosphere conditions and at a weight
of 10,400 pounds, unless otherwise indicated)

Range (includes takeoff, climb, cruise at 41,000 fi,
1,485 NM with full fuel

Stall Speed (landing configuration) 85 KCAS

Single Engine Climb Rate (sea level) 868 fpm

Takeolf Runway Length (sea level) 3,080 ft

Landing Runway Length (sea level) 2,750 ft {at 9,700 |bs.)
- Cruise Speed (max. cruise thrust at 35,000 ft) 380 knots

(TAS at 8,800 Ibs.)
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CHAPTER 3: ATRSPACE CILASSIFICATION
AND RADIO COMMUNICATION

This chapter discusses the airports within the various classes of airspace
and the “rules of the road” that pertain to each. It begins with a discussion on
the busiest controlled airports, Class B and Class C airports, Next, controlled
airports with part-time Towers or Flight Service Stations on the property
(Class D when the Tower is open; Class E when it’s closed) are covered,
followed by unicom-serviced airports (cither Class G or Class E). This section
concludes with a discussion on uncontrolled airports, where there is no air-to-
ground radio communication. This sequence follows a pattern of airports
with a decreasing volume of air traffic and, therefore, less complex communi-
catlons requirements.

Controlled Airspace/Airports

This section covers classified airspace and airports (Classes A, B, C, D, and
E) where air traffic is controlled for IFR (Insttument Flight Rules) and VER
(Visual IFlight Rules) flights.

Class A Airspace

Only IT'R tratfic is permitted within Class A airspace. It begins at 18,000 ft
MSL and extends to 60,000 ft MSL (FL600), Itincludes the airspace over ocean
waters within 12 nautical miles of the coasts of the 48 contiguous states and
Alaska, as well as designated airspace bevond the 12 mile limit within which
domestic radio navigation signals or ATC radar coverage is possible and
domestic procedures are applied.

Class B Airspace

Class B airspace is defined as the airspace surrounding the 34 busiest
airports, based on passenger enplanements and [FR operations. Fach Class B
airspace is designed to meet the needs of the airport so the size and structure
of the airspace varies. All however, are circular shaped and increase in radius as
altitude increases. The core of the airspace, measured from the center of the
airport, has a radius of five to 15 nautical miles, depending on the airport,
while the highest layer may extend 20 to 30 nautical miles or more, The ceilings
of Class B airspaces vary, but the most common is 8,000 ft MST..

Class B airspace is designated on sectional charts by blue rings that radiate
outward from primary airports, each ring representing a different altitude layer,
and is boxed in by a thick blue line that represents the geography covered in
the VIR Terminal Area Chart (TACs are explained on page 87), TACs should
be consulted when flying in Class B airspace and pilots are always required to
establish radio contact with Approach Control and have permission before
entering Class B airspace.
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lass B Airports
Traffic control is accomplished at Class B airports by Approach and

Joparture Control through the use of the Automatic Radar Tracking System,
The locations of the Class B airports are:

drews AFB Kansas City Phoenix
Las Vegas Pittshurgh
Los Angeles St. Louis
Memphis Salr Lake City
Miami San Diego
Minneapolis San Francisco
Newark Seartle

as/ Ft. Worth  New Otleans Tampa

LaGuardia New York)
John E Kennedy
Otlando

Philadelphia

Dulles (Washington, D.C)
National (Washington, D.C.)

eparture. Atall times, the VER pilot must remain VEFR and clear of
Ouds, regardless of instructions, and must advise the controller if a given
Instruction, other than a non-V1IiR altitude assignment while in the airspace,
would result in a VI'R violation.

Clearance Delivery (CD}, an agency at Class B airports, has its own assigned
ftequency to communicate clearances to departing VFR and IFR aircraft in
yrder to reduce congestion at the Ground Control frequency. CDs and their
ftequencies are listed in the Airport/Facility Directory. CD clears the pilot for
, parture, establishes the initial post-takeoff heading and altitude, and gives
the pilot the appropriate departure control frequency and the transponder
seuawls code,

Arrival at a Class B Airspace and Airport

As a VFR pilot, you must be cleared by Approach Control prior to
entering any of the airspace of a Class B primary airport. Once cleared,
Approach Control vectors and directs altitude changes to propetly sequence
out alreraft with others for landing. When you near the ATA (Airport Traffic
Atea), approach control then has you contact the Tower for landing instruc-

A VIR aircraft is only required to remain clear of clouds when flying in
Class B airspace, instead of complying with the standard clearances of 500 £
below;, 1,000 ft above, and 2,000 ft horizontal (see VIR Visiblity and Clond
Distances on page 74). This is because the standard clearances could resultin
‘hazardous air traffic conditions for the high volume of TFR traffic, as VFR
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pilots climb, descend, or otherwise alter their routes to comply. The standard
clearances still apply in all other controlled airspaces.

Approach Conrrol has the option of denying any VFR aircraft access to the
controlled airspace. This usually cccurs because of a heavier-than-normel
volume of TFR traffic, pilot incompetence, or lack of a Mode C transponder
(more on transponders starting on page 137). The controller is also not
obligated to explain the denial and no appeal of the denial is allowed. Most
controllers, however, clear VIR pilots into the airspace as long their ability to
handle the IFR traffic is not affected.

Finally, a transiting VFR pilot must also contact Approach Control to
receive clearance into the airspace. Usually, the pilotis vectored through the
airspace around any existing 1FR traffic, even if this means an indirect route for
the VFR aircraft.

Class C Airspace

This 15 the airspace associated with more than 130 airporrs that are just
busy enough to warrant communication and radar control of all air traffic. Like
Class B airspace, Class C airspace (formerly called an Airport Radar Service Area,
ARSA) is circular and the radius from the center of the airport increases as
altitude increases. This radius starts at five nautical miles at ground level and
extends to 10 nautical miles starting at 1,200 ft AGL. Class C airspace has a
ceiling of 4,000 ft AGL, but this varies from airport to airport. A third outer
area that extends to a radius of 20 nautical miles is not shown on secticnal
charts and radio communication with Approach Control is optional.

Figure 3.1 The Albany Class C airport as shown on the New York
sectional chart.
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All of the regulations around Class B and D airspaces apply to Class C
lirspace with one important addition: Class C airspace is designated by

penta rings around it on sectional charts. Each ring represents a different
ltitude layer, as noted above. Two-way radio contact with Approach Control
i required prior to entering the outer ting (at 10 nautical miles) of Class C
itspace. This means a positive acknowledgment by the controller who must
Ie your aircraft identification in the response to your initial contact, It is also
llegal to enter the airspace when there is no response by Approach Control to
call.

Mode C transponders are required within Class C airspace from the
rface to 10,000 ft MSL, as is the standard VFR cloud separation (see table
page 75).

ass D Airspace

This identifies all other airspace over tower-operated airports that are not
e enough or busy enough to justify a Class C rating. Class D airspace is
tylindrical in shape (with extensions for instrument approaches) within a five-
nautical-mile radius from the center of the airport, and typically exrends to
2,500 ft AGL., Sectional charts show Class D airspace by a blue dashed circle
itround the airport. The airportitself, like all tower-controlled alrports, is
shown in blue, The upper limit of the airspace is indicated, in hundreds of
feet MSL., in a blue dashed square. Radio contact with the Tower before
entering the airspace is mandatory and must be maintained while in it.

L THW RADAR

Figure 3.2 Only the dashed circle here indicates the Class D airspace
around Zamperini,

. The arca within the dashed bive circle surrounding Class D airports is
known 2s the Airport Traffic Area, or ATA, It is the area where all traffic is
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controlled, two-way radio communication is required with the Tower, and
clearance from the Tower is required for operation within the area. This same
ATA exists at all Class B and C airports even though it is not depicted on
sectionals. The reason for this is that Approach Control must separate and
sequence all IFR and VFR aircraft within Class B or C airspace, an area that
extends much further from the aitports than the ATA itself.

Radar coverage at Class D airports is unlikely. Instead, if a Class B or C
Approach Control facility is ncarby, and the Class D airport is equipped with
Bright Radar Tower Equipment (BRITL), then Approach Control receives the
radar images and transmits them to the Class D Tower via a television
microwave link. This allows the Class D controller to provide radar-deter-
mined advisories to all transponder-equipped aircraft operating within the
five-mile Class D area.

Cerrain Class D airports may show an accompanying magenta shape near
the dashed blue circle on the sectional chart, This area is established to protect
and expedite arriving and departing IFR traffic in Instrument Meteorological
Conditions (IMC}. This airspace is Class E if it extends for more than two
nautical miles from the ATA, with its ceiling extending only to the floor of
Class E airspace, 700 or 1,200 ft AGL, If the extension is two nautical miles or
less, itis included in the Class D ATA.

ATIS (Automatic Terminal Information Service)

Most Class D airports offer an airport weather and advisory service called
ATIS (Automatic Terminal Information Service). ATIS is a continually-
running recording that provides, in this sequence:

— Airport name.
— ATIS ID.
—Time in “Zulu”,
— Winds.
— Visibility.
— Restricted visibility description.
— Sky Condition.
—Temperature in degrees Celcius.
—Dewpointin degrees Celcius.
— Altimeter in inches if Mercury,
—Landing and Departing runways.
—TLocal NO'TAMs.

ATIS 1D once again,

ATIS improves control effectiveness and reduces the amount of racio

chatter, thus freeing the controllers (and the frequencies) for flight
operation matters.
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Here’s an example of an ATIS broadcast:

“Los Angeles information Sierra. One eight five zero Zulu. One zero
thousand scattered. Temperature five niner. Dewpoint five five. Winds
calm. Altimeter two niner niner one. ILS two five left approach in use.
Landing and departing runway two five left. Advise controller on initial
contact, Information Sierra.”

You should tune to the ATIS frequency (listed on sectional charts and
0 the Airport/Facility Directory) just prior to starting your engine on
eparture, or about 15-20 nautical miles out on arrival. Write down the
1formation if necessary.

You should advise Ground Control, on departure, that you have listened
the ATIS broadcast when requesting taxi instructions. Likewise, vou
should advise the Tower of the same when requesting landing instructions.
is is done by terminating your initial contact with the phrase “with
Chatlie,” assuming Charlie is the current broadcast. For example: “Cheyeane
Ground, Skyhawk 9572 at the terminal taxi for takeoff with Charlie.” This
indicates to Ground Control that you are ready ro taxi out for takeoff with
the ATIS information,

Ground Control

Ground Control is responsible for regulating all traffic (aircraft and ground
vehicles) moving on the taxiways and on runways not currently in use. Active
tunways arc the responsibility of the Tower which is on a different frequency.
The Tower controller has jurisdiction over aircraft in the process of landing or
taking olf. Ground Control must clear any aircraft to touch a taxiway, ot to
cross an active runway. If a ground controller authorizes you to taxi to an
assigned rakeoff runway without any holding instructions, then this auto-
matically authorizes you to cross any active runway except the assigned takeoff
runway. Only if the controller issues a “Hold short...”
need to wait for clearance to cross that active runway.

Always acknowledge all runway crossings, hold short, and takeoft
clearances. If vou're not sure how to proceed, wait until you do. Don’t hesitate
to ask for help,

Ground Control frequencies range from 121.6 to 121.9 MHz (with a few
exceprions) and are reserved for communications between Ground Control
and aircrait on the ground. In addition to controlling ground movements,
these frequencies are used to provide information such as where a given FBO
(Fixed Base Operator) is located, or, if you're unfamiliar with the airport, how
to taxi to a certain location.

After landing, wait until directed to do so by the Tower controller before
5{xritc11ing to the Ground Control frequency.

instruction do you
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Clearance Delivery (CD)

At smaller airports, there is usually only one Ground Control frequency.
Arthe larger ones with heavy IR traffic, however, 2 second frequency is
provided for Clearance Delivery (CD). This is the agency that provides
pre-taxi clearances for both VEFR and IFR wraffic. The frequency for CD is
listed in the Airport/ Facility Directory along with the frequencies for
Ground and Tower Control,

Nate: Clearance Delivery has nothing fo do with ihe divect control of aiv or
eronnd iraffic.

Taxiing

Hereis a good summary of some taxiing requirements:

— Always obtain clearance from Ground Control before touching any
taxiway or runway. This does not include ramps, parking areas, hangar
spaces, fueling areas, and other terminal building facilities.

— Always state your position on the ground when contacting Ground
Control for taxi clearance,

—Upon clearance by Ground Control to taxi to a particular runway, you are
allowed to cross any intersecting runways, active or inactive, as /ong as e
“hold clear” or “bold short” insiruciions were issued along with the clearance.

— Clearance to taxi f a particular runmway does not constitute permission to
taxi on that runway.

— Taxi clearances are based on known information by Ground Control. It
still remains the responsibilicy of the pilot to avoid collisions with other
aitcraft or other obstructions.

—Don’t hesitate to ask for clarification of any instructions, especially when it
COMES fO CrOSSing an acrive runway,

Class E Airspace

This ranges from a floor of 700 to 1,200 feet AGL, up to 18,000 ft MSL,
Included in this airspace classification are non-towered airports, areas reserved
for IFR aircraft making the transition from a terminal to an en route environ-
ment and vice versa, and the federal aitways from 1,200 ft AGL to 18,000 ft
MSL. Also included are Class D airports that have part-time control towers,
When the tower is closed, the airport becomes Class E.

VIR Flight Within Class E Airspace

It’s important to understand the operating freedoms and hmits imposed
on flying within Class F controlled airspace. VER aircraft operating within this
airspace could potentally fly coast to coast along VOR airways, receiving
continuous traffic advisories from Centers, and land at non-towered, Class G
airports, without once being controlled by a Center or other ATC agency. The
only requirements are that you abide by all VFR regulations. If vou have been
receiving air traffic advisories, you are responsible for advising the controller of
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te deviations or altitude changes, or if vou intend to leave the controller’s
(equency for any reason, Most important, however, is that you remain VFR at
Il times and sray on the alert for other aircraft.

These freedoms end when landing or taking off froma Class B, C, or D
ontrolled airport or when flying an TFR flight plan. On IFR, you areina
'cﬂy controlled environment and subject to ATC clearances, instructions,
approvals. The advantage to IFR is added safety in VIR weather condi-
lons and to be able to fly in bad weather conditions. IFR pilots are also in
stant conract with ATC controllers who clear you to cettain altitudes and
adings, advise you of potential conflicting traffic, approve or deny route
viations, monitor your progress, transfer vou between controllers as yvou
NOVE across country, coordinate your arrival with Approach Control as you
Near your destination, and generally watch over and assist you from flight
leparture to termination,

Uncontrolled Airspace/Airports

All airspace between the sutface and up to 700 ft or 1,200 ft AGL that s
notincluded in Class A, B, C, D, and E airspace, as well as airports without
control towers, is uncontrolled. When the tower is closed at airports with part-
ime control towers, the airport is uncontrolled, but pilots are still subject to
FAA visibility and cloud separation minimums, as well as certain radio
tommunications responsibilities.

~ About 95 percent of the airports in the U.S, arc uncontrolled. This means
at they arc open to the public for unrestricted use. These uncontrolled

orts fall into one of two categories: unicom and multicom.

Unicom

Unicom airports are identified on sectional charts by their magenta
coloring, the airport field elevation (MSL), the length of the /osgest runway (in

hat have no Tower and no I'SS, the unicom frequencies are almost universally
122.7,122.8, or 123.0. However, you should consult the appropriate Airport/
Facility Directory for the frequency of cach airporr,
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Figure 3.3 A unicom airport from the Seattle sectional chart.

Unicom operators provide information on wind direction and velocity,
altimeter settings, runway in use, and reported traffic in the pattern. This is
done so at the request of the pilot as a “field advisory.” The unicom operator
should not be considered a traffic controlling agency, but only as a source of
basic airport information.

Unicom is also useful for requesting ground transportation (upon
arrival) and phone calls, alerting the FBO to needed mechanical repairs,
and 50 on. Calls like this should be delivered as: “(Airport name)
unicom,” followed by your request, For field advisories, the initial contact
is made beginning with “(Airport name) unicom,” followed by your
aircraft type, call sign, position, altitude, intentions, and ending with,
“Request field advisory.” Subsequent position reports are similar to those
ata multicom airport (see page70) except they are addressed to “(Airport
name) Traffic,” instead of “(Airport name) unicom.”

Smaller airports with part-time Control Towers are considered uncon-
trolled when the Tower is closed. Field advisories are still available over the
unicom frequency (if the FBO is open). Once the advisory has been received,
all calls are then addressed to “(Airport name) Traffic” over the Tower
frequency, not the unicom Common Traffic Advisory Frequency (CTAF). The
structure of these calls are handled the same way as atany uncontrolled airport.

Airport Advisory Service (AAS)

In a situation where the airport has no tower, but where there is an FSS on
the field, the I'SS provides an Airport Advisory Service on the 123.6 frequency.
Included in the advisory is wind direction and velocity, the designated runway,
the current altimeter setting, known traffic (traffic that has elected to communi-
cate with the I'SS), NOTAMSs, airport taxiways, airport traffic patterns, and
instrument approach procedures,

The FSS is not a traffic controlling agency, nor does it perform the courtesy
services of a unicom. You are not required to contact it to land or take off,
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{ 'though itis strongly recommended. Calls to the FSS are addressed as
“(airport name) Traffic.” When opening, closing, or filing a flight plan, or
When requesting an airport advisory, address calls to “(Airport name) Radio.”

Because there are so many combinations of open and closed communica-
tions facilities, along with the existence of Remote Communication Outlets
(RCOs), the table below should help you sort them out.

On-Sile  On-Site
FSS RCO
Status

FBO
Status

Field Frequency ATC
Advisories for position  Radio
type/frequency reports  frequency

Tower

AASTower?

UFA/unicom’

Tower
Tower

Closed
S

UFA/un

o FBO 2,

Om F55 over RCO, if weather Dbﬁér’\‘.’ér on cuty.

FS5 RCO " No

! ast hour's official weather observation fr

* Or aslistec in A/FD.,

PWhere available. Some AFSSs may not offer this service.

IMulticom.

FESS will reply on tower frequency.

AFSS: Automated Flight Service Station

ATC: Alr Traffic Control

FBO): Fixed Base Operator with unicom

FSS: Flight Service Station

RCO: Remote Communications Outlet

ASS: FSS Adrport Advisory Service (winds, weather, favored runway, altimeter setting,
reported traffic within 10 miles of airport)

FEA: I'SS Tield Advisories (last hour’s winds, weather, and altimeter setting, i observer
is on dury at airport)

UFA: Unicom Field Advisories (winds, favored runway, known traffic, altimeter
serting [at some locatons])
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Multicom

Multicom airports have no air-to-ground {and vice versa) communication.
All communication is between aircraft only. All calls made around a multicom
airport are made over the Common Traffic Advisory Frequency (CTAF),
always 122.9, and are for the purpose of “self announcing.” This announce-
ment should inchude your aircraft tvpe, call sign, present position and aldtude
and your intentions (whether it’s to land, practice touch-and-goes, etc.).

Approximately 10 to 15 miles out from the airport, tune in the frequency
and listen for other aircraft in the pattern, if any, and what runway they zre
using. If you are doing touch-and-goes or landing, your self announce should
be followed by reports on the downwind leg, base leg, final approach, and
when clear of the runway. If you are transiting the area, below 3,000 ft AGL,
announce your position once you're over the ficld and again when vou’re clear
of the arca,

k)

Multicom airports are indicated on sectional charts in the same manner as
unicom airports.

Figure 3.4 Odessa Municipal, a multicom airport on the Seattle
sectional chart.

Nate: This chapler covers Class A, B, C, D and E airspace, and mentions Class G
airports, Why na Class F aitspace? In 1993, the UL.S. adapted the Infernational Civil
Awviation Organization’s (1CAQ) systens and reclassified its airspace 1o cosneide with
commion nomenclalnre and structure. However, the U.S. has no alrpace that is
comparable fo the Clais F definition.
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dentifying Airspace

After some practice, airspace can easily be identified when referting to
ectional charts. The legend of a sectional chart is a useful reference for
entifying the markings of zirspace information and airport traffic. Refer
these legends for a detailed description (in color) of every symbol and
Il airspace.

. it i
- Thick blue line Class B Airspace
Thick magenta line Class C Airspace
- _];asgd_bh; lin_c a Class D Airspace

Dashed magenta line Class E Airspace

Thick [ading magenta line ! Class E Alrspace with 700 ft
AGL Hloor
f T e
Thick fading blue line  Class I Airspace with 1200 fr AGL

floor that abuts Class G Airspace

I
et

o b

\ S Y
(ol PN

12,7 ¢h 74 BOS B bR

TTTTTBRIDGEPORT] NE®

Figure 3.8 The Class B aivspace around Logan International Airport in Boston, MA.
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Figure 3.7 The Class D Airspace around Nassau Island.
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‘Figure 3.9 The Class E Airspace (700 ft floor) aound Marathon in the

Florida Keys.
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Figure 3.10 The Class E Airspace (1260 ft floor) off the coast of Oregon.

Airspace and VFR Requirements

The Federal Aviation Administration has established rules which govern
VER flight to assist pilots in secing and avoiding other aircraft. The two basic
requirements are those relating to flight visibility and distance from clouds;
and those that designate VIR altitudes and flight levels.

The definition of Visual Flight Rules is that you can maintain control of
the aircraft via direct visual reference to the ground, ground obstacles, cloud
formations, and other aireraft in the arca of opetation. VI'R conditions require
no ceiling or a ceiling that is greater than 3,000 ft AGL and the visibility is
greater than five miles. Marginal VFR (MVFR) is a ceiling of 1,000 to 3,000 fi
AGL and/or 2 visibility of three to five miles inclusive.

VIR Visibility and Cloud Distance

Pederal Aviation Regulation (CFR) 91.155 states the minimum distances
for cloud separation and visibility in both controlled and uncontrolled
airspace. T'he chart below outlines these minimum distances. An casy way to
remember cloud separation distances in the majority of VFR flving (in the
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ontrolled airspace between 1,200 fr AGL and 10,000 ft MSL) is to starr with
300 ft below (clouds), double it to 1,000 ft above, then double it again 1o

._" 00 ft horizontally. In all cases, the visibility between 1,200 ft AGL and
10,000 ft MSL is three miles. Above 10,000 ft, it's 1,000 ft below, 1,000 ft
._Ove, and one mile horizontal, or “1-1-1.”

Distance from clouds

Not Applicable
i ﬁ& ek
500 it below
1,000 fr above
2,000 ft horizontal

500 ft below
1,000 ft above
2,600 ft horizontal
1,000 ft below
1,000 ft above
1 statute mile horizontal

3 statute miles

Atorabove 10,000tMSL  5statutemiles

" For airplanes, when the visibility is less than three statute miles, but not less thanl
‘one statute mile during night hours, an airplane may be operated clear of clouds if
operated in an airport traffic pattern within one-half mile of the runway.
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VFR Altitudes

The regulations governing east and west flight altitudes for VFR flying
between 3,000 ft AGL and 18,000 ft MSL are as follows:

Heading East — When flying a magnetic course of 0" to 179" inclusive,
VFR altitudes are at 944 thousands plus 500 ft. For example, 3,500 ft;
7,500 ft; etc.

Heading West — When flying a magnetic course of 180" to 359" inclusive,
VFR altitudes ate at ezen thousands plus 500 ft. For example, 4,500 ft;
8,500 ft; etc.

A good acronym for remembering this is WEEQ (west even, east odd).

Note: Rememtber that flying over 18,000 ft MSL is reserved for IFR flight onty.
Visual Flight Rules (Daytime)

Required instruments and equipment for daytime VFR flight:

1. Alirspeed indicator.

2. Altmeter.

3. Magnetic direction indicator.

4. Tachometer for cach engine.

5. Oil pressure gauge for each engine using pressure system.,
6. Temperature gauge for each liquid-cooled engine.

7. Oiltemperature gauge for each air-cooled engine.

8. Manifold pressure gauge for each altitude engine.

9. l'uel gange for cach tank.

10. Landing gear position indicator if aircraft has retractable landing pear.

11. Flotation device for each occupant and one pyrotechnic signaling device if
aircraft is operated for hire over water and beyond power-off gliding
distance from shore,

12. Approved safety belts for all occupants at least rwo years old.

13. An approved shoulder harness for each seat on planes manufactured
after July 18, 1978,

Visual Flight Rules (Nighttime)

Required instruments and equipment for nighttime VIR flight:

1. All of the required daytime instruments and equipment.

2. Approved position lights.

3. Anapproved aviation red or whire anti-collision light system on large
aircraft, on small aircraft when required for an air worthiness certificate,
and on all small aireraft manufactured after August 11,1971,

4. One electric landing light if the aircraft is operated for hire.

5. An adequate source of electrical energy for all installed electrical and
radio equipment.

6.

=

One spare set of fuses or three spare fuses of each kind required.
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special Use Airspace

It is critical for the VER pilot to understand the purpose of Special Use
\rspace (SUA) and how to identify it on acronautical charts. Most SUAs are
§tricted to military aircraft and are established for the purpose of national
curity, welfare, or environmental protection, as well as military training,
search and development, testing, and evaluation. All of these areas, except
it Controlled Firing Areas, are depicted on zeronaurical charts.

" Mostof the airspaces reserved for security, welfare, and environmental
nsons require flight detours or altitude changes which are small and infre-
uent enough to be relatively minor. Any areas restricted for military reasons,
. cever, are usually geographically large, and involve training maneuvers,
bing runs, missile launches, aerial guanery, and artillery practice which

Prohibited Areas

All aircraft flight is prohibited in these areas which are defined by an

pitol in Washington, D.C., presidential homes or retreats, atomic or
clear testing areas, and similar critical government or military facilities,
The tigure below shows a sectional chart with a prohibited area indicated

» a blue hash-mark border.

Prohibited areas, as well as other special use airspace, are further defined in

the airspace reference number, location, minimum flight altitude, times that
ying is prohibited, and the conrrolling agency.
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Figure 3.12 Table of restricted/probibited airspace locations,

Restricted Areas

Restricted areas are similar ro prohibited areas in that they conrain hazards
to non-participating aircraft, such as artillery firing, missile launches, and aerial

gunnery. While prohibited areas are gencrally off limits continuously, restricted

arcas arc only oft limits during certain time petiods. They are also designated
by the same blue hash-mark borders as prohibited arcas, and are listed in the
same tabie on sectional charts.

Warning Areas

Warning areas also contain hazardous activity and are off limits to non-
participating aircraft. There are two types of warning areas, both located in
offshore airspace:

Non-regulatory Warning — Over international waters in international
aitspace beyond 12 nautical miles from the U.S. coastline, these areas are
not regulated by the FAA,

Regulatory Warning — These areas extend from three to 12 nautical miles
from the US, coastline in U.S. territorial waters and contain the same
hazardous activities as non-regulatory warers, They are regulated by the
FAA and the operating rules of CFR Part 91 apply.

Warning areas are designated by a blue hash-mark border, They are also
listed in a table on the reverse side of the legend of all sectional charts,

Military Operations Area (MOA)

"These are by far the largest special use areas and, as such, they represent the
biggest obstacle to VFR flight, MOAs are airspaces of defined vertical and
lateral limits established for the purpose of separating certain military flight
training activities from non-military II'R traffic. Whenever an MOA is in use,
non-participating IFR traffic can be cleared through the area as long as IFR
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aration can be provided by Air Traffic Control. Otherwise, the non-
icipating IFR traffic is rerouted or restricted. N

Unlike in restricted areas, VFR pilots are not prohibited from flying
ough MOAs at any time, but extreme caution should‘ be used if doing so
iting any military activity. MOAs are designated on sectional charts by
agenta hash-mark borders and also appear in a separate MOA table on the
.'.ersc side of the sectional chart’s legend.
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igure 3.13 The Boardman MOA near Pendleton, OR.
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Figure 3.14 Table of MOAs from the Seattle sectional chart.

Note: The time of wse in these MOA tables can be amended at any tfine as long as
the using agency mtzﬁw the controlling ARTCC, which then coordinates the é}ifd'ma-
tion with the appropriate FSS. 1t is your responsibility ar a pilot to contact the ]’-'._?:V and
confirme that amy MOA through which you plan to fly is, in fact, inactive al the tine

yau plan to enter if.

Also, a single altitude listed in the “iltitude of Use” colimn is the floor of the
MOA. Tor instance, a listed altitude of 14,500 f¢ means that the MOA & from ‘
14,500 #o 18,000 % (18,000 is the base of Class A airspace). If a range is listed, such
as “100 AGL TO 6,500, then these are the floor and ceiling altitudes of the MOA.
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Military Training Routes (MTRs)

MTRs are established by the FAA and the Department of Defense for the
purpose of low-altitude, high-speed pilot training in the interest of national
sccurity. They are identified by thin gray lines on sectional charts, brown lines
on en route low altitude charts, and pink on VFR wall planning charts, MTRs
are subject to change every 56 days.

The type of route is identified by “IR” for IFR flights, and “VR” for VFR
flights. All routes flown below 1,500 ft AGL are assigned a four-digit number
(Le., VR 1355). Routes with one or more segments over 1,500 ft AGL are
assigned a three-digit number (i.e., TR 340),

The small arrow symbol next to the route number indicates the direction
of flight within the route. Flight is always one way in an MTR. If there is
traffic in the opposite direction along the same route Line, then it is indicated
by a different MTR number.

The standard MTR width is 5/5 (five miles from either side of the routc
center line}, although it can vary from 7.5/7.5 t0 10/10 to 16/25.

When planning a VFR cross-country flight, you should note where MTRs
cross or parallel your {light path, then obtain information from the FSS on rhe
military activity within those M'TRs at the time you will be crossing or in them,
Updated activity reports can be obtained en route from the nearest FSS or

from the appropriate Air Route Traffic Control Center when within 100 miles
of an MTR.

1maRks /g
WATERTG Wy |

1 Gollon
Il

Figure 3.15 A military training route (IR 801) that extends over Lake
Ontario.

Defense Identification Zones (ADIZ)

"These zones are established in the interest of national security. An ADIZ
u area of airspace over land ot water in which the ready identification,
pation, and control of civil aircraft is required in the interest of nadonal

ity. CFR Part 99 lists the rules that pertain to operations wirthin an ADIZ,

By e 1)
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Alertareas exist only to warn pilots of high levels of activity, such as pilot
training, or of unusual types of aerial activity. Neither activity is hazardous to
‘non-participating aircraft, however, they may be of such an intensity thatall
pilots should be particularly alert. .

Alert areas are designated on sectional charts with the same markings as
‘prohibited and restricted areas, and are also listed in the table on the reverse
side of the chart’s legend. In the “Controlling Agency” column of this rable,
all alert areas list “No A/G” which stands for “No air/ground communica-
tions.” While radio communication may be taking place, it has nothing to do
with the control of air traffic, radar control, or the issuance of traffic advisorics

in the area.
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Temporary Flight Restrictions

These kinds of restrictions exist because of the possibility that some
planned or unexpected event may cause hazardous traffic congestion aloft,
Major catastrophes, big sporting events, or other events that attract large
crowds, may also attract a large viewing audience from the air. Temporary flight
restrictions in the vicinity of the event are designed to prevent hazardous
situations, and are issued via NOTAMSs, Such NOTAMs describe the area
where the restrictions apply, normally the airspace within five miles of the
event site and 2,000 ft AGTL.. Once the NOTAM is issued, aircraft is allowed to
operate in the restricred area only under the following conditions:

1. The zircraft is participating in disaster relief activities and is to be directed
by the agency responsible for disaster relief,

2. The aircraft is operating to or from an zirport within the area and such
operation will not hamper or endanger relief activities.

3. The operation is authorized under an IFR ATC clearance.

4. Flight around the area (to avoid it} is a) impractical because of weather or
other considerations; b) advance notice is given to the air traffic facility
specified in the NOTAM, and ¢) en route flight through the area will not
hamper or endanger relief activities.

5. The pilotis carrying accredited new represenrartives or persons on official
business concerning the incident, the flight is conducted in accordance with
FAR 91, and a flight plan is filed with the air traffic facility stated in the
NOTAM.

Operating In Controlled Airspace

With the exceptions of Class A, B, C, and D airspaces, and certain Special
Use Airspaces, VER pilots are relatively free of any ATC facility control as long
as they adhere to the VFR visibility, cloud separation, and east-west altitude
requirements,

This freedom also applies when flying VOR airways on a cross-country
flights. In doing so, you can climb, descend, or deviate from the planned route
as long as you comply with VIR requirements. You must also maintain
appropriate radio communications at all times while in contact with a Center.

ARTCCs exist primarily to control IFR flight plan aircraft. This
includes ensuring proper separation, issuing traffic advisories, warnings,
or alerts, monitoring the IFR aircraft’s fix-to-fix, point-to-point progress,
and sequencing the aircraft both en route and into the terminal environ-
ment. Also, Centers will provide en route traffic advisories, workload
permitting, such as alerting you to other traffic that could present a
potential hazardous situation, guide you to the nearest airport in the
event of an emergency, advise other ground agencies in the event of radio
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tilure, reorient you if you are lost, and alert you to MOAs. Centers will

inly provide this service under the following conditions:

1. You have established contact with a Center controller,

2. You have requested the service (referred to as “flight following” or “rraffic
advisoties™).

3. The controller has agreed to provide the service,

4. You remain in radio contact with the Center until the service is
terminated.

TCC Locations

Thete are 24 Centers that cover the 48 contiguous states, plus Hawaii,
\laska, Guzm, and San Juan. The map in figure 3.17 illustrates the area that
h Center covers.

These 24 centers are located in:

Alaska Honolulu Minneapolis
Albuguerque Houston New York

Boston Indianapolis Oakland

Chicago Jacksonville Salt Lake City
Cleveland Kansas City San Juan

Denver Los Angeles Seartle

Fort Worth Memphis Washington, D.C.
Guam Miami

Each center has remote air-ground stations and remote radar antennas that
are connected via 2 network of microwave links and land lines that allow for
continuous coverage.

Hawail Puerto Rico

Figure 3.17 ARTCC Locations.
"3
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To establish radio contact with a Center, you need to know the frequency
to use, given your location at the time of contact. The I'SS is a good source
while filing a flight plan or receiving a weather briefing, So is Ground Control,
Clearance Delivery, the Tower at a controlled airport, or Departure Control at
Class B or Cairport. While in flight, call the nearest F'SS for the frequency of
the area where you are currently flying,

After contacting a Center, the controller tracks your progress on radar at
your request and notifics you of when you are leaving that particular sector
and what new frequency to tune in for the approaching secror, Usually, the
controller zlso advises you of when you are approaching the boundary
between Centers.

Contacting a Center: Pilot Responsibilities

— Be sure the controller responds to your initial call before you announce
your position and request traffic advisories.

— After the controller acknowledges your call, state vour present position,
present or intended cruising altitude, the first poiat of landing, route of
flight, then request en route advisories.

— Write down and repeat back the transponder code the controller gives you
to avoid hesitation or confusion later.

— Listen carefully for calls addressed to your N-numbet, then respond
promptly.

—Do notleave the controller’s frequency withour advance notice, Be sure to
reestablish contact when you are back on the frequency.

— Do not change altitudes or deviate from the planned flight route without
first informing the controller. Doing so can create a hazardous situarion.

— Remain VER at all times, regardless of altitude or flight route, If it is
necessary to climb or descend to do so, advise the Center controller
beforehand.

When being transferred from one controller to another, it’s only necessary
to give the receiving controller your N-number and the phrase “with you,”
followed by your present altitude.

Publications Used In Flying

This is 2 brief outline of the publications which are necessary to plan
flights and communicate properly with the various air traffic facilities you will
encounter over all phases of flight.

Acronautical Information Manual (AIM) — Provides hasic flight
informarion and Air Traffic Control (ATC) procedures in U.S. national
airspace. The AIM contains fundamentals required to fly in the US. and
provides instructional and educational material, as well, It also contains a
glossary of terms that are used in the ATC system, and other items concerning
medical factors and flight safety. It is available by subscription and is issued
every 112 days.
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we 3.18 The Aeronautical Information Manual.

Airport/Facility Directory (A/FD) — Issued in seven volumes each
Overing a specific geographic area of the US. Itis designed as a pilot’s
perational manual and contains all aitports, seaplane bases, and heliports that
e open to the public. It is indexed alphabetically by state and airport, and

‘.w ntains all relevant airport information, such as communications data,
vigational facilities, and special notices and procedures. Itis also subscription
bused and is issued every 56 davs.

| NORTHWEST S,

MAR 15

Figure 3.19 The Northwest U.S. Airport/Facility Directory.

Notice To Airmen (NOTAMS) — These arc used in pre-flight planning
nd contain information not known sufficiently in advance to publish by
Other means. There are three types of NOTAMs:

= NOTAM D — Transmitted distantly. These contain time critical informa-
tion which may affect safety, such as runway closures, or non-operating
navaids.

—NOTAM L~ Locally circulated by voice, phone or other means. These arc
used to satisfy local user requirements such as men or equipment crossing
the runway, or a closed raxiway. NOTAM Ls are of a “nice-to-know”
nature and are given by request upon departure, while en route, or just
prior to landing,
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= FDCNOTAMs — These are regulatory NOTAMs issued by the National

Flight Data Center and are used to amend charts or establish restrictons to

flight. They are given system-wide dissemination and contain information
such as airports that are recently closed.

AINOTAMs are available from Flight Service Stations (FSS).
Sectional Charts — There ate 37 sectional charts that cover the contiguous

Unired States. Each one is named after the principal city that is located within
the area it covers (e, Houston, Chicago, Klamath Falls). The scale is

1:500,000, or one inch equals 6.8 nautical miles. Sectional charts are issued every

six months and their expiration dates arc printed on the front panel of the
chart. Also printed on the front panel is a color-coded elevation graph that
indicates the highest clevaton point on that particular chart.

5T LOUIS
Al BERONALTICAL CHART
SCALE 1,500,000
s Tk, e o 4 T
70

‘ Kifias

BECTIC

BaATH ’

e 330 1
e s s

STPAETE.
e ot i VAT
g L T
CGAITIG 1 APEMAT.

Do nstens e bt d by srinan
o tha g st o "2

Figure 3.20 The front panel of the St. Louis sectional chart.

Sectional charts are provided as a reference for navigation to medium and
slow speed aircraft. They contain many of the topographic landmarks thata
standard road map contains, like stadiums, railroads, outdoor theaters, and oil
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ter blue numbers that are enclosed by parentheses.

TO avoid going into too much detail here about all of the information

1t can be found on a sectional chart, you should refer directly to a sectional
 starting with its legend. The legend explains everything printed on the

rt. On the panel thatis usually on the opposite side of the legend, vou'll
icl a table that lists the frequencies of the various control towers within the
. You'll also find the eritical information for all of the Special Use

pace contained in the chart, such as restricred areas and Military Opera-
ons Area (MOA).

Sectional charts also show isogonic lines (straight dashed magenta lines).
se are the lines that connect points of constant variation between magnetic
il true north.

Terminal Air Charts (TACs) — Thesc are detailed charts of the 30-40

¢ radius around Class B airspace which show landmarks, names, and

VER/IFR Planning Charts — These are also called wall charts because

ley measure 417" x 52”7 and are more suitable for mounting on a wall than for
Ie inside a cockpit. For this reason they are used in planning cross-country
ights. Planning charts are scaled at 1:2,333,232 (one inch equals 32 nautical

es) which means that two charts cover the entre Unired Srates, plus some.
ning charts display data for IFR planning on one side and data for VER

US. is on the opposite side of the IFR darta for the eassers half of the US.
s means that both charts are required to display the entire country for either
'R or VIR flight planning.

En Route Low Altitude Charts — These are used primarily tor IR flight
low 18,000 feet. However, they are useful to the VIR pilot, when used in

beginning on page 88).
There are 28 en route charts that cover the 48 contiguous states, each

rner of the United States and, through a fairly meandering process, chart L-
covers part of the northeastern seaboard.

The data found on en route charts covers limited airport information,

o aids to navigation data, FSS frequencies, VOR airways, Special Use
space, and essential data for IFR operations,
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CHAPTER 4: NAVIGATION

The pilot uses many forms of electronic navigational aids (navaids) to fly
from point A to point B, whether it’s berween two airports within ten miles
of each other or east-to-west coast. The navaids covered in this section
include the Very high frequency Omni-Range/Distance Measuting Equip-
ment (VOR/DME), the Non- Directional radio Beacon (NDB), and the
Global Positioning System (GPS). This section also covers dead reckoning
and instrument approaches.

The Compass Rose

Because all forms of navigation involve references to the directions ona
compass, we will begin with a very brief discussion about the compass rose.
There are eight cardinal directions on a compass rose: north, south, east, west,
northeast, southeast, southwest, and northwest. North is at 360°, south is at
180", northwest is at 315°, and so on. Pilots need to memorize the eight
cardinal directions and their accompanying degree headings. Compass
readings are based on magnetic information and do not align with true north
as shown on a charr.

Figure 4.1 The compass rose.

88

Navigation

vigation By Dead Reckoning

All of the electrical navigation aids that every plane is equipped with, make
1t process of getting from point A to point B rather painless. As technologi-
advanced as they are, however, they would be useless in the event of an
trical malfunction, This is a primary reason for understanding one of the
nost fundamental forms of navigation: dead reckoning,

Dead reckoning is the determination of position by using distance

piveled, direction traveled, and speed. In other words, it is a way of determin-
where you are by knowing where you've been. The name dead reckoning
inates from “deduced reckoning” or “ded. reckoning.”

Assuming no wind, it is fairly simple to predict the airplane’s flight path.
You know the en route time and you fly the proper direction for that amount
time,

Aircraft speed is measured in many ways. Assuming no wind, the
airplane’s ground speed (GS) equals its true airspeed (TAS). Because this is
ilmost never the case, ground speed accounts for the speed of the wind.
erefore, an airplane traveling at a true airspeed of 250 knots ggaznsf 2 20 knot
wind, has a ground speed of 230 knots. Likewise, if the same airplane is
traveling #7th that same air mass, the ground speed is 270 knots.

10 Kis,
- Taegibwing

SR
Headwind

Figure 4.3 Wind direction and wind speed affect ground speed.
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Unfortunately, an airplane’s airspeed indicator rarely displays the airplane’s
true airspeed because of varying outside air densities, In order for a plane to
fly, the wings of the plane must fly through enough air molecules to generate
lift. Less dense air (such as at higher altitudes) means fewer air molecules.
Therefore, the plane must travel faster to generate the same lift as at lower
altitudes. The airspeed indicator is really an indicator of how many molecules
are impacting the pitot tube, the measuring device for airspeed indication,
which is displayed in knots (nautical miles per hour). The outside air density
affects indicated airspeed (IAS).

Two planes traveling at identical indicated airspeeds (IAS) in air masses
with two different densities, will have different true airspeeds (TAS). The
airplane traveling through less dense air has a higher true airspeed than the
airplane flving through more dense air.

e
Aircrof sty fuste pocl
airmolecyles. Hence higher true airspeed.
W e ik

I. E - i - . » - L] -
Some numberof airmolecules

Figure 4.4 Less dense air results in bigher true airspeeds than more dense air.

LAS is also affected by instrument etrors. The hoses and rbing that lead
to the indicator contain bends that create errors. This is compounded by errors
inherentin the instrument itself. Aircraft manufacturers determine these crrors
and provide information for correcting them. Corrected indicated airspeed
results in calibrated airspeed (CAS).

Calibrated Airspeed

Figure 4.5 The airplane’s “plumbing” also affects indicated airspeed.
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One more definition: When flying near the speed of sound, air com-
sses ahead of the airplane. This compression affects the airspeed indicator

'_ ust be taken into account. Equivalent airspeed (FAS) is calibrated

ced cotrected for compressibility error,

r density affects true airspeed. Air density, in turn, is affected by tempera-
¢ and pressure, Generally, less dense air is associated with higher tempera-

b and lower pressure, and vice versa. Indicated air temperature (TAT) is

l directly from the temperature gange.

§ temperature increases, air density decreases. Adr density also decreases
1altitude. The left diagram below shows how air density decreases with

Lowerthan
normal
N cirdensity

\gure 4.6 Air density is lower at higher air temperatures.

The air density of the warmer day can be described in terms of altdtude. In
next diagram, the true altitude excends from 0 feet (sea level) up to 2000

t. However, on a warmer day, the air density at sea level is the same as the air
sity at 2000 feet on the standard day. This is called density altitude. The
armer day can be szid to have a density altitude of 2000 fect at sea level.
Jensity altitude can be thought of as the standard altitude that the airplane
feels™ ir’s flying through. It is calculated by correcting pressure altitude (the
ltitude read from an altimeter set to 29.92" mercury — more on pressure in the
Instrument Flying chapter; see page 144; for non-standard temperature
ariations. An air data computer can sense air pressure, temperature and
Ititude, to compute density altitude. It can then determine true airspeed by
orrecting indicated airspeed for density altitude.
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2000foot
density
altitude

Figure 4.7 An illustration of density altitude.

Direction

Speed is one facet of dead reckoning. Direction is another. True north
refers to the earth’s geographic north pole. It you plota course and measure it
in relation to true notth, you can determine your true coutse (T'C). However,
the issue of magnetic north must be addressed.

. Truecourse
| ([Q)ismeasured
inrelationtofrue
North :

Figure 4.8 Truee course is an angle measured from true north.

All compasses point to magnetic north. The earth has a magneric field
that converges at magnetic north. Unfortunately, magnetic and true north are
not located at the same points, Navigation charts are dtawn according to true
north yet the compass in an airplane points to magnetic north. You must
account for this difference when plotting a course. This difference is called
magnetic variation.

Magnetic variation is the angular difference, in degrees east or west, that
magnetic north varies from true north ar a given location.
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True North

// Muagnetic North

ligure 4.9 Variation is the difference between true and magnetic north.

On navigation charts, lines of constant variation are drawn and are called

This diagram shows a course from airport A to airport B. The true course,
§ measured from the line of longitude, is 315",

I'i_gurc 4.10 Isogonic lines shown on charts indicate the magnetic variation
in that area.

"The variation is shown by the dashed isogonic line, It indicates that the
iation in this area is 16 west. If variatian is easterly, swbtrac the variation
om truc course. [f variation is westerly, add it to the true course. This

tovides your magnetic course. In this example, your magnetic course equals
15"+ 16" = 331",
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Remember:

MC=TC + westetly vatiation
MC=TC — casterly variation
or “cast is least, west is best.”

Wind affects an airplane’s path over the ground. This path, along with the
ground speed, is determined by wind and heading (the direction the airplane is
pointed in relation to magnetic north).

Wind will push the plane off the desired course. The result is a ground
track that varies from the desired course. The difference between ground
course and desired track is called drift angle.

Figure 4.11 The wind, combined with the airplane’s heading, determines the
plane’s track.

1f you fly slightly into the wind, vou can maintain your desired course.

As shown in the diagram on the next page, you fly slightly left into the
wind. This causes your ground track to be the same as your desired course.
You are angled slightly left into the wind. This is called wind correction angle,
and is the angle at which an aircraft must be headed into the wind in order to
hold a desired ground track. It is the difference in degrees between that
airerafl’s true heading and true course.
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re 4.12 The difference, in degrees, between the airplane’s true beading
d trie course equals the wind correction angle.

In summary, these are the steps required to provide a dead
oning course:

W 1at Tq Do: This Example:

2. Use your performance charts to
determine vour true airspeed at the
density alritude vou’ll be flvi

o
Determine vour true course

e

Adjust magnetic heading for compass
errors, called deviation, to find compass

2] i A

Compute wind correction angle using
aflight computer, and add or subtract 5
it to find true heading,

Pl

St

me en route

0. Determine estin.mtcdn;;‘l
(ETE = distance/GS).
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T8 i

Tigure 4.13 The first step in dead reckoning navigation: plot a true course.

Figure 4.14 Factor in the deviation and variation to determine the

compass beading.

Figure 4.15 Factor in the wind speed and wind direction to determine

triee heading.
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4.16 Estimated time en route (ETE) = 13 minutes and three seconds.
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VOR/DME Navigation

There are four types of VOR (VHE Omnidirectional Range) radio aids:
1. VOR — the basic navigation facility, the VOR has only lateral sensing
without the benefit of distance capability.

O

Figure 4.17 The VOR chart symbol.

2. VOR/DME — provides lateral VOR information plus distance (with
Distance Measuring Equipment; see page 101) capability which indicates
straight line distance from station.

/
N\

Figure 4.18 The VOR/DME chart symbol.

3. TACAN - Tactical Air Navigation, used only by the military, This
requires special airborne TACAN receivers which are not generally found
in civilian flying,

Figure 4.19 The TACAN chart symbol.
4. VORTAC — comprised of VOR, DME, and TACAN,

Figure 4.20 The VORTAC chart symbol.

For the purposes of our discussion, we will only refer to VOR and VOR/
DME navaids.

There are two main components to the VOR/DME navigation system
the VOR stations (or transmitters) located on the ground, and the radio
equipment installed in the aircraft. VORs are located all over the country and
allow pilots to navigate from one point to another,
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VOR’s stations transmit radio signals which, when received by the nav
itlio, can help pilots calculate position. Itis the pilot’s responsibility to tune in
i navigation radio (nav) equipment to use the VOR for navigation.

Igure 4.21 A VOR has 360 radials that correspond to the 360 points of

e compass,

A VOR transmis its signal in a 360" circle, with the transmitter as the hub
f the circle. Imagine a wheel with 360 spokes coming out from the hub, Each
poke is a radio signal, or a radial which aligns with the magnetic heading from
station. Radials are named for the degree heading they extend toward. The
dial that extends from the VOR to the east is the 90 radial. The VOR that
stends from the VOR to the southwest is the 225 radial. Remember, radizls
xtend FROM a VOR, not TOWARD it (they only extend TOWARD a degree
leading). A radial only has one name — the 360 radial is not also the 180 radial,
s only the 360 radial.

The VOR operates in the frequency range of 108.00-117.95 MHz and uses
ven tenths frequencies (108.2, 109.6, 110.8, etc...). VHF and UHF always use
'_ecimal point. Frequencies are read by individual digits. For instance, 117.95
yould read “one-one-seven-point-nine-five.”

There are three VOR class (service volume) designations:

12,0004,

25 NM

1,000

_=

’Igute 4.22 The Terminal VOR.

Terminal VOR — Up to and including 12,000 ft AGI. at radial distances out
to 25 NM.
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" ipment) radio, and a NAV display. Each ground-based VOR has « three-

1.000f. - VORTAC

EUGENE
112.5 Ch78 EUG se=

- Morsecede for EUG

Figure 4.23 The Low Altitude VOR.

Low Aldtude VOR — Up to and including 18,000 ft AGL at radizl distances
out to 40 NM.

60,000 ft.

7 ; 45,0001+,

-
\i&( AT //
~L ¥ -

igure 4.25 The VORTAC at Mahlon Sweet Field, Eugene, Oregon.

. 18,000 The NAV radio is first tuned to the correct frequency of the VOR. Then
W 14,500, he audio panclis turned on to listen to the NAV radio and to ensure the
e ‘OR is operational. When the NAV radio is tuned to the correct frequency

R you are tracking,
Many VORs also have voice identification. In the example, above, the

Figure 4.24 The High Altitude VOR,

High Altitude VOR = Up to and including 14,500 ft AGT. at radial disrances
out to 40 NM; plus, from 14,500 fr AGL up to and including 60,000 ft
AGL at radial distances out to 100 NM; plus, from 18,000 ft AGL up to
and including 45,000 ft AGL at radial distances out to 130 NM.

A VOR’s class 1s designarted by its abbreviation in the Airport Facility
Directory (A/FD), such as TVOR (terminal class VOR) or HVORTAC (high
class VORTAC).

Service volumes are important for determining the distance {rom the VOR
where voull pick up or lose its signal, Also, if a VOR has a non-standard e :
service volume, it will be classified as restricted in the A/FD, or it may be L ME radio is tuned to the desired VOR in the same manner as the NAV
published in a Notice To Airmen (NOTAM). 'j.-.- o‘ The DML r.acho th?n cmitls the Morsc code for the tuned VOR, A

Typical VOR receiving navigational equipment inside 2n airplane can o showsl the distance in nautical m:.le_s o the VOR. D cpﬁtnd_ing on the
consist of an audio panel, a NAV receiver,a DME (distance measuring plpent, 1t als_o shows the number of minutes to the station, and the
jround speed of the airplane in knots. This is only true if you are flying
directly to or from the station. 101

1_; 4.26 The audio panel found on board Pro Pilot 99 aircraft.

The DME tells a pilot how far the airplane is from the VOR at line of
Sight. In other wards, if you’re flying at an altitude of 6,000 ft directly over
the VOR, the distanice indicator will never show less than one mile. The
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Figure 4.27 The DME radio found on board Pro Pilot *99 aircraft.

On certzin DME radios, there are switches for three sertings: the N1
setting shows that the DME is set to the NAV 1 radio; N2 is the NAV 2
radio; and Hold keeps the DME on the last selected frequency even if the
NAV frequency selectors are subsequently changed.

The VOR instrument head, or indicating device (as opposed to the NAV
radio) tells vou where the airplane is in relation to the VOR selected. The
Omni Bearing Selector (OBS) on the VOR is used to dial in the radial being
referenced on the VOR. As the OBS is turned, the compass rose inside the

VOR head rotates, The number at the top of the instrument shows the radial
being referenced for navigation,

GLIDE SLOPE TO NAV flag
OBS —— ——— FROM NAV
flag

Figure 4.28 The NAV display found on board Pro Pilot *99 aircraft.

The NAV instrument displays “T” (or TO), “F” {or FROM), and “OFF”
flags. These reference the position of the plane relative to the station and the
assigned radial. OFF indicates a zone above the VOR where the signal
becomes unreliable. The higher the altitude above the station, the larger the
diameter of this zone. This is called the zone of ambiguity or the cone of
confusion. The VOR will display the NAV flag while in this zone or when the
plane s roo far away from the station to reliably detect the signal.
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Igure 4.29 Where the VOR signal becomes unreliable is called the zone of
mbiguity.

When the plane is in this zone, the OTTF flag is displayed and the VOR
Jinnot be used for navigation.

Suppose the 180 radial is dialed in. As the plane turns south and heads
way from the VOR, the flags switches to the FROM flag, indicating that the
line is in the FROM sector of the VOR relative to the referenced radial. Note
hit heading doesn’t affect the TO-FROM flags, If the plane is heading north,
it is still located south of the VOR, it is still in the FROM sector because the
80 radial is dialed in.

180 Degree Radial

ligure 4.30 The NAV displays a FROM flag when the plane is on the same
Mde of the VOR as the dialed-in radial.

On the other hand, if the 360 radial is dialed in, and the planc is south of
the VOR, the plane would then be in the 1O secror and the T'O flag is
lisplayed on the NAV. Again, in this example, the plane could be heading in
iny of 360 directions. But because the 360 radial is dialed in, the plane is in

!‘ at radial’s TO sector, The TO sector is always on the opposite side of the
adial that is being referenced.
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If the plane is south of the radial, the CDI is to the left of center. If the
ne is heading due east (figure 4.33), the pilot must fly to the left to bring
1¢ plane in line with the radial.

For quick reference of your location from a VOR, center the OBS with the
ROM indication. Turn to that magnetic heading and you will be flying

ight away from the VOR on that radial. Reverse the direction 180" and you
be flying directly to the station. To track in-bound, change the OBS 180
d track the opposite in-bound course to the station.

Figure 4.31 The NAV displays a TO flag when the plane is on the opposite
side of the VOR as the dialed-in radial.

The vertical bar at the center of the compass rose is the Course Deviation
Indicator (CDI), also known as the “needle.” This shows where the airplanc is
in relation to the selected radial. ‘The needle moves as the OBS is adjusted
when near the designated radial. It also moves as the position of the plane
shifts relztive to the position of the radial. If the needle is centered, then the
plancis on the referenced radial. However, the CDTwill appear to the left or
right of center if the plane is not on the referenced radial. If the plane’s
heading is toward the selected radial, then the CDI will shiftin the direcdon of
the radial.

For example, the 90 radial is selected and the plane is northeast of the
VOR heading due east (so the FROM flag is displayed). This puts the plane
north of the 90 radial and the VOR head would appear as shown. You must
fly to the right to bring the plane in line with the radial. An intercept zngle of
five degrees toward the RADIAL will get you back on course. Further
distances away may require an intercept angle of up to 45 degrees.

 090DagrosRadial

igure 4.33 The NAV display as it appears when the plane is on the same
side of the VOR and “to the right” of the referenced radial.

If the plane is heading due west (figure 4.34), the CDI doesn’t change.
he pilot, however, would have to steer right to align with the radial.

090 Dogros Radiol

~ 550Dagrefodial

Figure 4.32 The VOR bead display as it appears when the plane is on the

; i lane i idered to be “to the left” of the
same side of the VOR and “to the left” of the referenced radial. A3 Booboyyl 1he plene iscrumidered.tober tn e teft ol the

adial, note how the CDI doesn’t change. T 5 N
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Justa few more examples for clarity. If the plane is on the opposite side
of the VOR from the selected radial (in the TO sector), the flag will rezd TO,
In figure 4.35, the plane is over the reciprocal of the selected radial, so the flag
reads TO,

Figure 4.35 The NAV display as it appears when the plane is on the
reciprocal of the referenced radial.

In figure 4.36, the plane is north of the reciprocal, so the CDI is to the
right of center. The pilot must steer right to align with the radial.

(90 Dagres Radiol

Figure 4.36 The NAV display as it appears when the plane is north of (or “to
the left of”) the reciprocal radial,

106

Navigation

'inding Position
There are two methods used for finding position: one VOR and DME;
il two VORs.

e VOR and DME
For this example we will use the Eugene VOR (EUG), 112.9, and we
'I ASSUIME WE are On a Course as sho\m in ﬂgurc 4.38. Fjrm, the N ‘\V

orking pruperly.

VORTAC

ELUGENE .

Ch78 EUG »e— «——— Morse code for EUG

112.%

L

A T

/’

To determine where the plare currendy is relative to the selected VOR,
center the CDI using the OBS with a FROM indication. Then read the
number at the top of the NAV,

figure 4.37 The Eugene VOR.

/s piagres Redial |

Figure 4.38 Finding your way in the world.
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For this example, the plane is opposite the 225 radial. Note the TO flag
which indicates that the plane is on the opposite side of the VOR as the
referenced radial. The DME indicates a distance of 3.1 nautical miles, a ground
speed of 125 knots, and a tme of 15 minutes to reach the VOR station.

Two VORs

Navigation via two VORs requires two sets of NAV radios and instru-
ments or switching one radio between two VOR radio frequencies. This
method of finding position is also referred to as triangulation. [t is useful
when the DME is inoperative or unavailable. For this example, refer to the
lustration below which shows the Eugene and Corvallis VORs and their
corresponding frequencies,

YOR/DME

CORVALLIS
[15,4 Ch101 cCvo

~ VORTAC
EUGENE
112.9 Ch78 EUG

Figure 4.39 The Eugene and Corvallis VORs.

The NAV 1 radio is tuned to 112.9 (EUG) and the NAV 2 radio is tuned
to 115.4 (CVO}. The Morse codes on both radios are identified. At first, the
NAV instruments show whete the plane is relative to both VORs, But to
make sense of it, the OBS is used to center the CDI on NAV 1 with a FROM
flag, This pives an indication of which radial the plane is on from the Eugene
VOR. In this example, the plane is somewhere along the 360 radial. A linc is
drawn on the chart to represent the 360 radial from the Fu gene VOR.
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 EugeneVOR

lgure 4.40 Determining the Eugene radial.

The next step is to determine at what point along that 360 radial the plane
ocated, Following the same procedure as with the NAV 1 instrument, the
edle on the NAV 2 instrument is centered with a FROM flag, Doing so

170 Degres Radick

Figure 4.41 Determining the Corvallis radial.
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Both lines are drawn long enough o interseet. The point of the intersec-

tion is the location of the plane. This is the triangulation method of deter-
mining position,

CORVALLIS
CVD =

1154 Ch1di

. 30Degreskadial |

VORTAC

EUGENE .
Ch7a  EUG

112.% e —
—— ——

Figute 4.42 The Triangulation method.

Note: Although we know the pusition of the airplane relative to the two 17ORs, the
Dlane can be beading in any directivn,
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lvigation Via VORS

It’s one thing to understand your position relative to 2 VOR at a single

ition over z period of time. Using VORSs to move from point A to point
s where the navigation comes in. It’s pretty simple: track inbound a

cular radial as you head roward 2 VOR. When you reach the VOR, track

_' er radial outbound. When in range of another VOR, track a radial
hound to ir.

= ¥ OR/DAI

| CORVALLIS
15.4 Ch101

Yo

Tra
e ¥adial';?cm'_iﬁcrqgna
VORTAC AL i

EUGEMNE .
Ch78 EUG se—

29

\ Trackinathe 170 Degrae
f ialte Eugane i

re 4.43 Tracking inbound and outbound radials between VORs.

- Heading also plays a role in VOR navigation. Heading is indicated by a
directional Gyro (DG), or Heading Indicator. Although the DG is nota
ompass, it still provides heading information. Set the heading on the
Jeading Indicator to match the heading of the compass ptior to use. As the
plane turns, the compass rose on the DG also turns to indicate the heading at

lhe top.
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Figure 4.44 The Directional Gyro found on board the aircraft in Pro Pilot *99,

To determine the plane’s location, first center the CDI on the NAV
with the FROM flag showing. In the example below, the plane is on the
165 radial with a heading of 325. This puts the plane roughly south-
southeast of the VOR. _

165 Degres Radial

Figure 4.45 The Directional Gyro and NAV 1 instrument.

In the example below, the goal is to track the 180 radial to the VOR. To
do this, you must first join the 180 radial, then turn north on 2 heading of
360. In order to use the NAV most effectively, the 360 radial is dialed in using
the OBS so the NAV shows a TO flag, the sector the 180 radial is in. The
CDl s positioned left of center (just as the 180 radial is positioned to the left
of the airplane).

L 180 Dagree Radicl -

Figure 4.46 Tracking the 180 degree radial.
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So why tune the 360 radial with 2 TO flag, instead of the 180 radial with a
TROM flag? As the example shows, this allows for a direct interpretation of
the CDI needle where the needle is positioned relative to the center of the
NAV, in the same way the radial is positioned relative to the plane (imagining
he plane as at the center of the NAV). As the plane moves closer to the 180
idial, the CDI moves closer to the center of the NAV.

. Witha heading of 325, the CDI is positioned to the left of center, just as
the radial is positioned to the left of the airplane. Because the current heading
i northwesterly, the plane will eventually join the radial. The general rule is to
ly toward the needle to ger on the selected radial. As this happens, the CDI

| move toward the center of the NAV. Once centered, you must turn to a
leading of 360 to track inbound to the VOR.,

Figure 4.47 Switching to a heading of 360.

With the needle centered, the plane is on course, but will it stay this way?
Most likely not, unless it was a perfect world and the wind was always at our
tail. Since this is not always the case, the CDI will drift left or right over time
;Tgll\a‘cn a constant heading, In this example, the wind is directly out of the cast.
Notice thar the needle has drifted to the right (just as the radial has “moved”
'to the right of the plane).

~ 180Degree Radial

Figure 4.48 Recognizing drift.

This means that yvou must turn the plane to the right to get back on
course. The amount of correction will depend on the wind speed and
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direction, as well as the plane’s distance from the VOR, The closer the plane is
to the VOR, the more sensitive the CDI becomes. This means that smaller
corrections should be made as the plane nears the VOR. Larger intercept angles
can be used at farther distances. The amount of correction will be more
recognizable with more experience.

Once the plane is back on the desired course, you must make a constant
heading adjustment in order to maintain the course while considering the
wind factor. The appropriate adjustment should be roughly half the angle
required to bring the plane back on course. In this example, if a heading
correction of 20 degreesis required to re-intercept the radial, then a new
heading of 10 on the DG should keep the plane on track.

180 Degree Radial

Figure 4.49 Compensating for wind.

In stronger winds, more of an angle into the wind is required to
maintain course. Even so, you may find yourself off course, which requires
turning to re-intercept it. This process is called “bracketing,”

As mentioned earlier, the closer to the VOR, rthe more sensitive the CDI
becomes. You can tell how close to the VOR the plane is when the needle
begins to fluctuate radically or by reading the DME. As this happens,
continue on the heading that maintained the course before. This holds true
for when the OFF flag appears on the NAV indicating that the plane is in the
zone of ambiguity.

Once the plane passes through the VOR, the flag will shift from OFF to
FROM. The same needle fluctuation will occur until the planc is far enough
away from the VOR on the other side. Once the CDI is stable, you will
probably need to maintain the same heading that worked earlier in order to
ITIAIntaln Course,
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| Inderstanding the Global Positioning System

As mentioned eatlier, the Global Positioning System is basically a dead
ckoning computer that uses satellites as its source of navigational informa-
1. The Navstar Global Positioning System s 2 satellite-based radio
Ositioning system which allows for highly accurate positioning and guidance.
il recently, GPS was available only to the military which began its develop-
pent in the mid 70%. GPS is currently under the control of the United States
it Force Space Command, Second Space Wing, Satellite Control Squadron at
ileon Air Force Base, Colorado.

' Sonie of the advantages of GPS over other forms of navigation are its
Ibal coverage and that it is available 24 hours a day. It is also not limited by
’ number of people using the system simultaneously.

The GPS system consists of 24 satellites which orbit the carth on similar
paths in six groups of four. The orbit altitude is 10,900 nautical miles and a
Mngle satellite completes its orbit twice every 24 hours.

igure 4.50 The GPS satellite array.

"T'he satellite array makes up a constellation thatis used much like celestial

navigation uses the stars, The GPS receiver calculares its position based on a

telative position from these satellites. The even spacing ot all satellite groups

ensures complere coverage worldwide at all times,

The GPS system comprises three segments:

1. Space — 24 satellites orbiting the earth

2. Control — the master control station at Falcon Air Force Base, Colorado
and four monitoring stations located in Hawaii, Ascension Island,
IKCwajalein, and Diego Garcia

3. User — end users tapping into the system from all around the world.
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The four monitor stations collect orbit and track data from all 24 satellites
and send it directly to the master control station. At Falcon AFB, the perfor-
mance, position, and timing of the entire satellite network is maintained and

updzltf:d.

Figure 4,51 The four earthbound receiving stations collect satellite data and
transmit it to the master control center,

Four atomic clocks are contained inside cach orbiting satellite. An atomic
clock s a finely-tuned, precision timepiece without which the GPS system
wouldn’t work. The accuracy of every land-based GPS receiver’s internal time is
maintained by the satellite-based atomic clocks. This accuracy is important for
two reasons:

—The satellites are moving at such a speed in space that their timing requires
measurements in millionths of a second.

— Accurate positioning on the earth requires accurate distance measurement
between the user and the satellite. This requires that the satellite’s clock and
the GPS receiver’s clock be in exact synchronization.

The GPS system offers two standards of navigational accuracy:

1. Precise Positioning Service — this service allows accuracy to within 16
meters vertically and horizontally, It is used only by the military.

2. Standard Positioning Service — 2lso called Coarse Acquisition Mode. This
service is open to the general public during peacetime. It allows accuracy
to within 100 meters horizonzally, or 156 meters horizontally and
verticallv. This service can be biased or shut down by the military during
war or conflict.

GPS is a passive service. This means that it works constantly and does not
require a signal from the user. Each satellite transmits its own unique radio
signal. All satellires transmit this signal at exactly the same time which is
another reason for the onboard clocks,
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luded in the radio signal arc the almanac (the satellite’s constellation) and
phemeris (the satellite’s position data). This tells us exactly where the
tellite is. Now, by multiplying the signal transmission time by the speed of
lit, it is casy to determine your distance from the satellite. IKKnowing the
ition and location of the satellite relative to the earth, you can get an idea
your location.

The satellite transmits an omnidirectional signal. When the signal reaches
rplane’s receiver, a line of position (distance and position) is calculated.

18 indicates that the airplane is somewhere at the edge of the satellite’s radio
Insmission sphere.

figure 4.52 Each satellite transmits an omnidirectional signal.

However, in order to calculate the plane’s position, more information is
tequired. A second satellite’s signal is received and a second line of positon is
Jetermined by the airplane’s receiver. Now vou know that the plane is
omewhere nezar the intersection of the two lines of position.

Figure 4.53 The signals from two satellites provide a more accurate position.
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The receiver now recognizes a third satellite, thus providing a third line of
position, You now have a three-way intersection which allows the receiver to
calculate the plane’s position on earth, Since the intersecting signals are
spherical, the point of intersection actually extends above the carth. This
means that the receiver can also calculate the plane’s altitude. However, because
of civilian use of the Standard Positioning Service, altitude computations are
not precise enough for aircraft altitude conrrol,

Figure 4.54 The signals from three satellites provide even more accurate
position information.

Finally, a fourth satellite is recognized for rime synchronization and
altitude measurement although altitude measurements are still unusable. This

four-satellite arrangement ensures that the receiver corrects for the proper time
when making its calculadons.

Figure 4.55 Feedback from four satellites provides position and altitude
information.

Many GPS reccivers are capable of tracking up to cight satellites at 2 time,
which, in some cases, improves the recelver’s accuracy.
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qured.56 The NDB symbol as shown on aeronautical charts.

DB Detined

NDB, or Non-Directional Beacon, is a form of navigation that allows you
' y between two locations using ground-based transmitters and aircraft
ieivers. Of all the navigational methods discussed in this manual, NDB
vigation is the easiest to use.

Point A

re 4.57 NDB uses ground-based transmitters to guide you from point A
) point B.

The NDB itself is a ground-based radio transmitter which aircraft use as
lavaids, and which instrument-rated pilots use to locate airports during
trument approaches. Sometimes even AM radio stations are used as NDB
ransmitters,

An NDB emits a continuous radio signal which an airplane’s ADF,
\utomatic Direction Finder, picks up, assuming it is within range of the
nal. Like the VOR, every NDB, assuming it is in working order, is
lentified by an audible Morse code signal which is broadcast continuously
wer the NDB' frequency. NDB frequencies lie between 190 kHz and 535

iHz, The Morse code ID and the frequency of every NDB is displayed on
eronautical charts,

o f?ws il
5 i {MNaon-Directianal Beaeon)

figure 4.58 The main components of NDB equipment.
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To understand NDB navigation better, you must memorize the cardinal
directions on a compass rose,

Figute 4.59 The compass rase.

Also, as explained in VOR navigation, envision a bicycle wheel with 360
spokes coming out from the hub of the wheel. Each spoke (bearing) is a path
that can be taken to reach the hub (NDB).

/

Tm,//’i”m-ng

"--.___‘_‘;_:‘

Figure 4.60 Envision the NDB bearings as 360 spokes on a wheel.

Hach spoke of the wheel is represented in degrees, as in the 360 degrees of
2 compass, and is referred to as a bearing, But here’s where the potential
confusion comes in: an NDB bearing is the 180" opposite of a compass
direction. For instance, a plane on a 180 bearing is actually due north of the
NDB, as illustrated on the next page. Think of the bearing as the path the
plane must take to reach the NDB. Therefore, a plane on the 180 bearing must

travel 2 180" course to reach the NDB, If i’ tempting to think of this as a 360
bearing — think again!
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/ 180 Bearing

ure 4.61 Every NDB bearing is the 180°-degree opposite its
ompanying compass point.

Likewise, figure 7 shows the 315 beating, not the 135, To further illustrate
concept, figure 8 shows a plane on the 36 beating, It also happens to be
2 360 heading, so it is tracking the 360 bearing TO the NDB. However, the
inc in figure 9, although on the same bearing, is traveling a 180" conrse, It is
king the 360 bearing FROM the NDB.

315 Bearing

e 4.62 This is the 315 NDB bearing, but the 135 point on the compass.

¢ 4.63 The airplane is on the 360 bearing to the NDB.
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Figure 4.64 Airplane is still on the 360 bearing to even though it is
beading 180"

Let’s apply these concepts to an actual situation. Roberts Field (Redmond,
Oregon) along with the BODEY NDB is shown in the map below. You
must fly from the NDB to the airport.

Roberts Field

Figure 4.65 Roberts Field near Redmond, Oregon and the BODEY NDB
nearby (artist’s concept).

Drawing a straight line from the NDB to the airport shows that you must
travel along the 223" bearing from the NDB to Roberts Field. This means
traveling a course of 223,

Roberts Field

Figure 4.66 On the 223" bearing from the NDB with a course of 223",

122

If youwere to fly from the airport to the NDB, then the plane would he
Il 2 course of 43" and a bearing of 43.

NDBs are classified four ways depending on their range of use, or their
‘tvice volumes,

‘Compass Locator Class — 15 nautical miles

MH Class — 25 nautical miles

H Class — 50 nautical miles

HH Class — 75 nautical miles

The service range of individual facilities may vary from what is listed here.
onsult the latest Notice To Airmen (NOTAMs) and your Airport/ Facility
directory (AF/D) for individual station specifications.

truments for Navigating With NDB

The on-board instruments for navigating via NDB include the Automatic
ection Finder (ADI) Receiver, the ADF Indicator, and the ADF switch on
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Figure 4.70 The audio panel found in Pro Pilot *99 aircraft. This unit also
contains marker beacon lights.

Morse codeforPEN

Figute 4.71 This shows the KARPEN NDB near Astoria, Oregon. The name

of the NDB is shown, along with its frequency (201), the alphabetic identifier
(PEN), and the Morse code identifier.

Click on the frequency digits on the ADF receiver in Pro Pilos ‘99§ aircraft,
to tune the ADF receiver to the desired frequency. The frequency displayed on
the left is the current one. The frequency displayed on the right is the standby.
Use the double-headed arrow button to toggle between the two frequencies,
Then push the ADF button on the audio panel to hear the Morse code signal,
If the plane is within range of the sighal and the NDB is in working order,
the appropriate Morse code tones will be audible. If you plan to navigate via
NDB, yvou must continually identify the station by leaving the ADF butron
depressed. You have to rely on the audible Morse code signal to determine the
integrity of the NDB,

Once the NDB has been identified using the receiver/audio panel combo,
the needle on the ADF Indicator points in the ditection of the NDB station.
That’s all there is o it.
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The ADF Indicator on board Pro Pifor '99 aircraft has an adjustable
compass rose which can be rotated to align it with the magnetic compass.

In this example, the ADF receiver is tuned to the PRAHLNDB ata
lteciuency of 366. Note that the indicator needle shows that the NDB station
I located somewhere off the right wing of the airplane.

Vigure 4.72 With the PRAHL NDB frequency tuned in, the ADF needle
points to the direction of the NDB station.

You can orient the location of the airplane relarive to the NDB sration by
1 Bing relative beating. Relative hearing is simp]}' the direction to the NDDB,

I "Blaﬂvc to the nose of the airplane. For instance, in the illustration below, the
flitplane is on a heading of 360" and the NDB station is off to the left, Given
the airplane’s current position, it is on the 295" bearing to the station. This
means that measuring clockwise on the ADT Indicator’s compass rose, the
station is 295 relative to the plane’s nose. Another way of looking at this is
that the NDB is 65" to the left of nose,

Figure 4.73 The relative bearing of the NDB here is 65 to the left of the
airplane’s nose.

In this next example, the plane is heading east-southeastand the NDB
§tation is to the right of the plane. The ADF Indicator needle points to the
station and shows a relative bearing of 65°. In other words, the station is 65°
tight of nosc.

125




Navigation

Navigation
£

Figure 4.74 The relative bearing of the NDB is 65 to the right of the
airplane’s nose.

Determining Position With NDB

Position cannot be determined by relative bearing alone. Heading is
another required ingredient. This is shown on the Directional Gyro, or
Heading Indicator.

Figurce 4.75 The Directional Gyro.

In the example below, the directional gyro shows a heading of 45 and the

ADT needle is pointing to the NDB station with a relative bearing of 30",
This puts the station northeast of the plane as shown in the diagram. So by
knowing the heading and the relative bearing, the position of the plane can
be plotted.

Figure 4.76 Knowing the heading and relative bearing of the NDB allows
you to plot the position of the airplane.
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In the previous example, you could determine that the plane was
puthwest of the NDB, but there is still 2 way to determine the exact NDB
bearing the plane is on. In the example below, simply superimpose the ADF
gedle over the directional gyro face to determine the beating you're on. Here,
the gyro shows a heading of 270" and the superimposed ADF needle is
pointng ta 2107,

igure 4.77 Superimpose the ADF needle over the directional gyro face to
etermine the bearing yoi’re on.

This means that the plane is on the 210° bearing from the NDB station,
o a heading of 2707 as shown below;

e
' :,239“_33“49__,% i

Vigure 4.78 The plane on a 270 beading and on the 210 bearing puts it

northeast of the NDB.

Another way of finding position for practical use is by this formula:
Magnetic Heading + Relative Bearing = Magnetic Bearing

Therefore, if your magnetic heading is 230 and your relative bearing is 070,
1 5 : i 5 4

then your magnetic bearing is 300, If the total is more than 360, then subtract
B60 from the total for your magnetic bearing,
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Figure 4.79 Magnetic Heading + Relative Bearing = Magnetic Bearing.

Flying NDB’s
There are three ways to fly NDB’s: Homing, Intercepting, and Tracking,

Homing

This is the easiest method of flying NDB’, although it is also the most
inefficient because it does not take into account winds aloft. In the example
Lelow, the directional gyro shows a heading of 270" and the ADF shows that
the NDB is straight ahead.

Figure 4.80 Heading 270 with the NDRB directly abead.

In a perfect world, you could fly directly to the NDB just like this. But
wind is part of everyday flying, so before long the plane will be off track if it
continues on the same heading,

gure 4.81 Wind from north weers the plane south, but the gyro still
hows 270.

Note how the ADF now shows the station at 10 degrees right of nose
ith the same heading of 270", To carrect for this, the plane must be turned
ight 10”so the needle once again points strzight ahead (360).

Figure 4.82 A 10 correction puts the NDB straight abead once again.

Note the new heading of 280 to get the plane back on a course for the
NDB. The wind will continue to veer the plane off course. As this happens,
continue turning the plane so the ADF needle always points to 360 (straight
lhead). After a while, the plane will cover a track as illustrated on the next page.
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Figure 4.83 Typical NDB homing track.

Intercepting

Inrercepting an NDB is required when your flight path does not allow for
a direct roure to the station. In this example, vou'll need to intercept the NDB
shortly after takeoff. However, a restricted Military Operations Area (MOA)
requires that vou fly around it.

Figure 4.84 A hypothetical MOA situation.

To intercept the NDB course to the station, you need to first establish the
intercept bearing, In this case, itis the 135 bearing that will allow you to safely
track the NDB while avoiding the restricted airspace. To intercept that bearing,
you will need to fly a heading of 090,

Figure 4.85 Establish the intercept bearing that will allow you to navigate
around the restricted area.

Next, vou need to determine an intercept angle. This is the angle between
yvour heading and the bearing, in this case, 45"
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__ re 4.86 Establish the intercept angle which will allow you to pick up the
litercept bearing.

As the plane approaches the 135 bearing, the needle of the ADIY will start

ligure 4.87 When the needle reaches the relative bearing that is equal to the
ntercept angle, the plane has reached the intercept bearing.
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Another way of knowing when you have reached the intercept bearing is
by superimposing the ADF needle over the face of the directional gyro. In this
case, when it points to 135, then the plane is on the bearing,

Remember to turn on course {rurn until the needie points to 360) once
you have reached the intercept bearing ot you’'ll fly right through it.

Tracking
"To track a bearing requires more work, but it is also a more precise and

mote efficient method of navigation. In this example, you will track the 270
bearing to the station. Your heading is 270 and you are on the 270 bearing,

Figure 4.88 On a heading of 270" with the NDB directly ahead.

Eventually the wind will blow you off course so that you are south of the
station even though your heading doesn’t change. Now the needle points to
the right because the station is to the right of nose. Note that if you are still
flying the same heading as the course (in this case, the heading and the course
are both still 270) then the needle will always point toward the course.

Figure 4.89 The wind bas blown the planc south of the NDB station.
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Now you must correct to get back on course. How much to correct
pends on the wind speed and direction, the speed of the airplane, and the
stance from the station. For this example, correct your heading by 30" to re-
itercept the bearing,

igure 4.90 Correct the plane’s heading by 30° to re-intercept the bearing.

This makes the new heading 300°. Now the ADF needle points 20°left of
10se. Once the needle reaches the re-intercepr mark of 330" (30" left of nose),
¢n the plane will be back on course, as indicated below.

igure 4.91 With the new heading the plane eventually re-intercepts the
wriginal bearing.

Now, to prevent the plane from being blown off course again, youw’ll want
10 fly a crab angle somewhere in between the re-intercept angle and the original
course. If you make this new correction 207, then your new heading should be
200" and the needle should point to 20" left of nosc (or 340),
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Figure 4.92 Fly a crab angle somewhere in between the re-intercept angle ¥

ure 4.94 If you’ve flown through the course on the same side as the wind,
and the original course to stay on track.

the wind blow you back on course.

It’s possible, however, that this new crab angle will cause you to fly right
through the intended course. In this case, you would end up north of the 270
bearing as shown below,

Now the plane is back on course, but with the wind, will soon be south
the course unless corrective action is taken. This time, however, vou’ll want
cottect less than the 207 angle you flew before. Try a 10" correction this time,
y shown.

Figure 4.93 Too much correction for the wind can cause the plane to fly right
through the course.

You know you've flown through the course if the needle falls toward the
tail beyond your intercept angle. To correct, fly the original 270" heading and
allow the wind to blow the plane back on course.

igure 4.95 To avoid flying through the course again, crab at a lesser angle
the wind.
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The heading indicator now reads 280° and the needle points to 10°left of
nose. At this heading into the wind, you should cross directly over the NDB
station. As this happens, the needle will fall rapidly toward the tail. As the
plane leaves the NDB behind, the needle should be 180° opposite where it
was when the plane was heading toward the station.

Figure 4.96 Leaving the NDB station behind, the beading indicator reads
280° and the needle points to 170°.
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ransponders

A transponder is a small, aircraft-based receiver/ transmitter which assists
lots and controllers in radar navigation. The transponder is one component
' the Air Traffic Control Radar Beacon System (ATCRBS). The other
Jmponents are the interrogator and the decader.

lgure 4.97 The transponder panel found on board all aircraft in
o Pilot *99.

The interrogator is part of the radar antenna that transmits a coded pulse
euence signal in a 360" arc over the 1030 MHz frequency. This signal “interro-
ates” all transponder-equipped aircraft and awazits a reply. Transponders reply
et the 1090 MHz frequency which ultimately results in a distinct image on
lie controller’s radarscope. This image indicates that the airplane is equipped
With a transponder, that it is functioning, and is able to receive z discrete
tequency assigned by air traffic control on the standard VER transmission
‘e of 1200, If the transponder is Mode C equipped, it also supplies altirude
linformation to the controller when the transponder’s function knob is turned
10 ALT (sce below),
The transponder acts as the aircrafl’s identifier. In fact, it consists of an
IDENT (identifier} button that, when depressed by request of the controller,
{ransmits a signal to the interrogating antenna, and ultimately to the
controller’s radarscope, to specifically identify the zircraft. The IDENT button
I never to be activated unless requested by an ATC controller.
A reply light flashes each time the transponder is interrogated. Interrogator
weeps are made every 10-15 seconds, however, if the light is flashing almost
eontinuously, this means it is responding to multiple interrogators.
- Transponders also have a mode selection knob with five positions: OFF,
SBY (Standby), ON, ALT (Altitude), and TST (Test). Standby is used after
gngine start to allow the transponder to warm up. It must be turned to ON or
ALT (if Mode C) before takeoff, unless otherwise instructed by ATC. Return
this knob to SBY or OFF as soon after landing as possible.

Transponder Codes

On a typical transponder, there are four control knobs for entering a code
assigned by the controller (or by the pilot in emergency situations). Each of
these knobs can select a digit from 0 to 9. The common terminology for
teferring to transponder codes is “squawk.” For instance, a controller may
tequest you to “squawk VFR,” which means your set should be dialed in to
he standard VER code of 1200. Codes ate spoken as individual numerals (e,
"“Squawk Two Five Three Four”).
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Note: The transponder on board the aircraft in Pro Pilot *99 is controlied via mons
input. Therefore, the control fiobs described above are absent.

Certain codes are restricted to military or emergency use, as indicated in the
chart below.

Transponder Code
) @%w e
1200

Type of Flight When Used

Up to 18,000 feet
otherwise by ATC

g

185 of radio communications
When using Center or / pproach
Control and ATC assigns a
specific, or discreet, code

* For military operations only — never to be used by civilian pilots.

When making routine code changes on the transponder set, be careful not
to inadvertently enter restricted codes. For example, on the way to dialing in
7200 from 2700, switch first to 2200, then to 7200, thereby avoiding 7700 and
momentary faise alarms.

Transponders are limited to line-of-sight use. Any obstructions between
the aircraft ser and the interrogating radar antenna will reduce the signal’s range.

If Mode C equipped, you should report your exact altitude to the neatest
100-foot increment when establishing initial contact with an ATC facilicy. This
confirms that the stated altitude matches that on the Mode-C readout. ATC
requires this information before relying on Mode-C altitudes for separation of
air traffic.

Transponder Modes

There are seven transponder modes that are currently available, however,
only two are important to point out here:

1. Mode 3/ A transponders are used by both military and civilian aircraft.
Any aireraft equipped with this rype of transponder is required to have it
turned to the ON position.

2.Mode Cis a 3/ A transponder equipped with altitude reporting capability.
Any aircraft equipped with this type of transponder is required to have it
turned to the ALT position.
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Mode C transponders are required in certain airspace areas:

~ At or above 10,000 ft MSL over the contiguous 48 states or the District of

Columbia, excluding the airspace below 2,500 ft AGL.

~ Within 30 nautical miles of a Class B primary airport below 10,000 ft MSL,
“with certain exceptons for balloons, gliders, and aircraft not equipped with

an engine-driven elecrrical system.

Within and above Class C airspace, up to and including 10,000 fr MSL,
Within 10 miles of certain designated airports, excluding the airspace that
is both outside the Class D surface arca and below 1,200 ft AGL. Bal-
loons, gliders, and airplanes not equipped with an engine-driven electrical
system are also excluded from this requirement (per AIM 4-19(3)).
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CHAPTER 5:; INSTRUMENT FLYING

This secrion is divided into categories of instrument tlight as it pertains to
departures, en route flight, approaches, and arrivals, However, becausc a
majority of instrument-related topics cover all instrument flight, we will begin
with a general discussion,

Instrument Flight Rules

A ceiling of 500 ft to less than 1,000 ft AGL and/or visibility of one to
less than three miles constitute IFR (Instrument Flight Rules) conditions.
Marginal VI'R (MVFER) is ceiling 1000' to 3000 and/or visibility between 3-3
miles. Mode C transponder required above 10,000",

The required instruments and equipment for IFR flight are:

1. All of the required daytime and nighttime VIR instruments and
equipment (see page 74),
2. Two-way communications equipment. NAV equiptment appropriate to
the ground facilities used.
3. Gyroscopic rate of turn indicator except on large aitplanes with a third
attitude instrument system usable through flight attitudes of 360°of

pitch and roll and installed in accordance with FAR 121,

4. Slip-skid indicator.

5. Sensitive altimeter adjustable for barometric pressure.

0. A clock that displays hours, minutes, and seconds with a sweep-second
pointer or digital presentation.

7. Generaror or alternator of adequate capacity,

8. Gyroscopic pitch and bank indicator (attitude indicator).

9. Gyroscopic direction indicator (heading indicator or equivalent).

10. Distance Measuring Equipment (DME) if aircraft is operated above

24,000 ft MSL.

Instruments and Scanning Techniques

All of the aireraft in Pro Pilos 99, with a few exceptions, have the standard
six-instrument configuration arranged in two rows of three each. These are
divided into gyro instruments and pressure instruments,

Airspeed Indicator
Attitude Indicator

Altimeter

Heading Indicator
Vertical Speed
Indicator

Turn Coordinator —

Figure 5.1 The standard six-instrument configuration.
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Liyro Instruments

The gyro instruments are the attitude indicator, the heading indicator,

fstrument.

Vgure 5.2 The attitude indicator showing: A) Straight and level flight; B)
15 degrees of left bank, level pitch attitude; C) 18 degrees of right bank, two
lots below the borizon.

The first 30" of bank are shown on the bank index in 10" increments. Then
there is 2 tick mark for 60" and 90" banks. Pitch attirude is named by reference
._Iu the center dot in the airplane symbol, as one dot above the horizon, two
ots below the horizon, etc. ..
" Note that a bank indicated on this instrument doesn’t necessarily translate
84 turn. A plane in a forward slip with one wing low, for instance, will appear
118 2 bank on the attitude indicator event though it is not turning, Likewise, a
plane in slow flight with a nose up attitude will appear nose high on the
ndicator, although this does not translate 1o a climb. In fact, a plane in descent
gan appear nose-high on the artitude indicator, so be careful about how you
fiterpret this instrument.

The heading indicator, or directional gyro appears just below the
ittitude indicator on the panel. It operates on an internal gyroscope that

the mmagnetic compass. This should be done by the pilot prior to taxiing. The
plane’s heading then appears at the top of the instrument. Set yourheading
indicator to your mag compass every 15 minutes due to precession error. The
King Air and Citation Jet have “slaved” heading indicators that normally do
ot need resetting,

Consult the heading indicator as you approach a runway to confirm its
heading, This is especially useful in circling approaches (more on this later in
is section.
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The heading bug (pointer) on the heading indicator is set to a desired
heading for the autopilot to hold (if the airplane is so equipped). It can also
be used as a reminder to stop turning when flying manually. When tracking a

VOR orlocalizer, and the course is set on the OBS (Omni-Bearing Selector; sec

VOR/DME Navigation on page 100), the heading bug can be adjusted to
reflect the wind correction required to stay on course,

Figure 5.4 The Horizontal Situation Indicator.

The Horizontal Situation Indicator (HSI) is 2 combined heading
indicator and VOR display. It also comprises a course selector, a heading bug, a
CDI (Course Deviation Indicator), and TO-FROM flags.

FURN
UPRDINATOR

Figure 5.5 The Turn Coordinator.

The turn coordinator is the lower left instrument on the panel. It
consists of a rate of turn/ quality of turn indicator (the miniature airplane)
and the slip-skid indicator (the floating ball). It shows two hash marks that
indicate standard left and right turns, In instrument flight all turns are made at
a rate of 3" per second. At this standard rate, a complete 360" turn is made in
two minutes. Smaller turns (5-10" heading changes) require a less-than-
standard rate turn.

Ina coordinated turn, the airplane’s weight (carthward force) and centrifu-
gal force (the force exerted toward the outside of the turn) are balanced so that
the resultant force is directed straight through the floor of the cockpit. A
centered ball proves a coordinated rurn. A ball on the inside of a turn (planc
banked right, ball to the right of center) means the turn is slipping This
means the plane isn’t turning fast enough for the degree of bank. Apply
rudder pressure to increase the rurn rate.

A ball on the outside of a turn (plane banked right, ball to the left of
center) means the turn is skidding, This means the plane is rurning too fast for
the degree of bank. Relieve rudder pressure to decrease the turn rate.
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igure 5.6 Turn Coordinator showing a skidding and a slipping turn.

The attitude indicator provides information about angle of bank. The

itot-Static Instruments

‘The pressure instruments are the airspeed indicator, the altimerer, 2nd the
yertical speed indicator. They are driven by the pitot-static system which
ncludes the pitot tube, static port(s), a plumbing system, and an alternate
'_mtic source.

Kollsman Window

Figure 5.7 The altimeter.

The altimeter is located at the top right corner of the six-instrument

“plane serri ng which is adjusted with the knob at the lower left of the instru-
ment. The altimeter setting at an alrport is the local barometric pressure
adjusted to sea level, not the actual atmospheric pressure at the station.
Therefore, if the Kollsman setting is the current sea level pressure, then the
altimeter reads vour altitude above sea level.
. Standard sc;t]c\'cl pressure is 29.92 inches of mercury. At higher altitudes,
there is less air above you, so the pressure is less. Atmospheric pressure
‘decreases by one inch of mercury with every 1,000 feet of aldtude. At Denver
ona SEﬂﬂdﬁ.;'d day, where the altitude is 5,000 feet, the barometer reads 24.927,
ot five inches below standard sea level pressure. Adjusted to the standard sea
level pressure however, the correct altimeter (Kollsman) setting is 29.92, just as
itis anywhere else.

Controllers are required to give the local altimeter setting at least once while
you are in their sectors. Prior to IFR flight, however, itis important to input
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the correct altimeter setting and compare the altimeter reading to the local field
elevation. The difference should be no more than 75 feet, although there are
exceptions to this.

If pressure drops during flight, the altimeter will read higher without an
appropriate adjustment ro the altimeter setting. This means you would
descend to maintain a certain indicated altitude. Pressure can change by several
inches over a long flight, and without the appropriate adjustment to the
altimeter setting, you could find yourself at a dangerously low altitude. There
is a saying about pressute drops that goes: “From high to low, look out
below.”

Likewise, an increase in pressure will result in a lower indicated altitude and
would cause you to climb to maintain an indicated altitude. Eufer the new
altimeter setting each time a controller provides i,

There are five definitions of altitude that pilots need to understand:

1. Indicated Altitude — the number read off of the altimeter, This should
agree with true altitude if the altimeter setting is accurate znd there is no
instrument error.

2. True Altitude —actual height above mean sea level (MSL), This is used
by all aircraft below 18,000 frand is the basis for IFR separation.

3. Absolute Altitude — the height above the terrain. The aneroid altimeter
cannot measure this. Only a radar altimeter can, as well as your own direct
observation.

4. Pressute Altitude — the height above the pressure plane which is where
the pressure is 29.92”, The pressure plane is also called the standard
datum plane and is equal to true altitude on a standard day. To determine
the pressure altitude, enter 29.92 as the altimeter setting and read the
indicated alitude.

5. Density Altitude — this is pressure altitude corrected for non-standard
temperature. Itis a computed value that accounts for temperature and
pressure variations. At the 29,927 pressure plane, 15°C is the standard
temperature. On a standard day, this temperature decreases predictably
with increases in altitude (it’s usually colder in the mountains, right).
When the temperature varies from this standard, aircraft performance
is affected.

Higher temperatures and altitudes reduce air density and decrease aircraft
performance. Lift decreases so airplanes need a longer takeoff roll, have a
slower rate of climb, and have slower indicated airspeeds on hot days and
at higher elevations.

Density altitude is found by using 2 computer or a density altitude chart as
shown below. It is the basis for calculating true airspeed which you show
on IFR flight plans.
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igure 5.8 A density altitude chart.

The Vertical Speed Indicator (VSI) is another pressure instrument
ocated at the bottom right of the six-instrument array.

Figure 5.9 The Vertical Speed Indicator.

The VSI measures the rate of climb or descent via a combination of static
and ambient pressure. In level flight, the instrument reads zero. The needle
will indicare i;nmediatcij; any change in vertical speed (the trend), but the rate
displayed tends to lag behind what is actually happening except in sustained
climbs, descents, and level flight. Don’t rely on the VSI for pitch information
especially when the pitch is constantly changing, such as in turbulent weather.
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Figure 5.10 The airspeed indicator.

The airspeed indicator is in the upper left corner of the instrument
panel. Modern airspeed indicators show knots on the outer scale and mph on
the inner scale,

There are three definitions of airspeed:

1. Indicated Airspeed — this is what the needle points to on the instru-
ment and is the dynamic pressure sensed by the pitot/static system.,

2. Calibrated Airspeed — the pitot tube may receive dynamic pressure
differently at different angles of attack. Calibrated airspeed is indicated
airspeed corrected for instrument error. A table in the airplane’s operating
manual shows the acrual error at different airspeeds. Calibrated and
indicated airspeeds can be used interchangeably for instrument flight.

3. True Airspeed — This is the calibrated Airspeed corrected for density
altitude. Basically, as the air pressure decreases, TAS increases for a
given CAS,

0.

L70

Generally, true airspeed is higher than indicated for each 1,000 ft of
altitude. True airspeed is entered on the flight plan and if it varies by more

than 5% or 10 knots (whichever is greater), you have to report to ATC,

The Magnetic Compass

Figure 5.11 The magnetic compass.

The reading on the magnetic compass fluctuates during turns and speed
changes because of “dip errors.” The compass also bounces around in
turbulence and pitch changes which makes it less reliable than the heading
indicator. Set the heading indicator to the compass only during smooth,
straight and level, cruising flight.
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Dip errors are caused by the compass attempting to align itself with the
magnetic lines of force. Brietly, as the plane turns to the north, the compass

'_ s behind. As vou turn to the south, the compass reading leaps ahead. The
number of degrees of lag or lead will roughly equal your degrees in latitude.
Also, as the plane accelerates the compass reading swings slightly to the north.

There are a few more instruments ourtside of the flight gauges that are
Importtant to the instrument pilot. The power instruments are used in

igure 5.12 The manifold pressure/fuel flow gauge and tachometer.

The power instrument is the tachometer in a fixed-pitch propeller airplane
‘and the manifold pressure/tachometer combination in a controllable prop
airplane. The tachometer measures the speed of the propeller in revolations
per minute (rpm). The hours of operation are indicated on
the center of the tachometer, Tach time is measured by the number of engine
revolutions, not by elapsed time, so an hour of engine time may not equal an

the number dial at

‘hour of clock time. Only near the cruise setting will the two be equal. At
slower speeds, the tach time is slower than the clock time, and vice versa,

The manifold pressure gauge measures the pressure inside the engine
intake manifold. This gauge shows standard atmospheric pressure (about 30™)
‘with the engine off. At full throttle, the manifold pressure in the non-
turbocharged engine will be slightly lower than the ambient pressure. Ata
constant throttle setting, the manifold pressure decreases approximately 1" per
1,000 feet of aldrude.

Both the manifold pressure gauge and the tachometer are used o set
engine power and should be consulted at each power adjustment.
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Figure 5.13 The oil temperature and pressure gauges.

The oil pressure and temperature gauges are usually the first instru-
ments to give some warning of engine problems. Sudden changes or other
unusual readings may be a good reason to terminate a flight. Low oil pressure
could indicate a possible oil leak. Combine this symptom with high oil
temperature and it becomes almost a certainty. High cylinder head temperature
may indicate too much engine load or insufficient cooling airflow over the
engine. Remedy this by opening cowl flaps, increasing airspeed, using a
reduced power setting, or setting a richer mixture.

Figure 5.14 The center zero type ammeter found on board Pro Pilot 99
aircrafi.

The ammeter measures electrical flow into and out of the electrical sysrem
via the alternator or generator, There are two types of ammeters in use: the
center zero and the left zero type. A negative reading (center zero type) ora
load drop (left zero type) could indicate complete or partial alternator failure.
Electrical failure is always indicated by the ammeter, so it is a vital instrument
in the scanning process, which is discussed in the next section.

Instrument Scanning

As important as it is to instrument flying, the discussion of instrument
scanning could easily comprise an entire volume, which is not possible in this
manual. In order to provide you with enough information within this limired
space, certain key points are bulleted below, and others are condensed. Consuli
the bibliography on page 266 for references to excellent publications on
instrument flying.

— Pitch can be said to control airspeed.

Power changes at a constant angle of attack will not immediately aftect

airspeed.

—Power controls altitude, of rate of climb and descent.

A combination of pitch and power controls airspeed and altitude.

— Use pitch to make altitude changes of 100 feet or less. Above 100 feer, also
make a power change.

Inan ILS approach (discussed later), slight pitch changes are made with

the elevators to maintain the glide slope.

— Within the speed range used in instrument flight, trim sets airspeed.
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During flight in clouds or in total darkness, your instruments become

our senses and provide you with critical information that your actual senses
in only unreliably detect. Your sense of sight is still reliable, however, and is
sed to scan all of the instruments discussed in the ptior section. To simply
understand how valuable sight is in maintaining balance, stand on one foot
ind vigorously shake your head. It’s not too difficult to remain balanced. Now
the same thing with your eyes closed. The average person stays upright for
out two seconds.

Your sight is used to read the flight and engine gauges, as well as the

oid gmitting any of the instruments in the scan.

The instruments already discussed can be categorized by control and
performance. The controf instruments are those that show the attitude and the
power settings directly. They are used in making control inputs. The attitude
Indicator is the only control instrument among the basic six, and the tachom-
eter or manifold pressure gauge is the only engine control instrument. The
other five basic instruments (altimeter, airspeed indicator, VSI, turn coordina-
tor, and heading indicator) are performance instruments, which show indirect
Indications of the airplane’s attitude. In other words, they show the results of
control inpurs.

The attitude indicator is the focal instrument in all scan patterns. It
should be included as every second ot third instrument scanned. However,
ecause of this, fixating on it and omitting other instruments arc also
tommon problems,

e Six Scanning Configurations
With instrument flying, there are six flying attitudes for which itis
portant to know your airplane’s performance settings: climb, cruise, cruise

owing these settings for cach flying attitude for your particular airplane will
Illow you to fly more efficiently.

"T'he scan for starting a climb is illustrated in figure 5.15.

1. Set the power using the tachometer,

2. Raise the nose using the attitude indicator.

3. Check for decreasing airspeed using the airspeed indicator.

4. Check for straight and coordinated tlight using the turn coordinator.

149




Instrument Flying

Instrument Flying

5. Confirm a constant heading on the heading indicator.
6. Return to the power instrument to confirm the proper power setting (or
with a fixed pitch propeller simply confirm full throttle).

Figure 5.15 The recommended scan for starting a climb.

Transitioning To Level Flight
Subsequent scans depend on the instrument readings and individual
preference.
1. To level off from a climb to cruising airspeed (figure 5.16), lower the nose
on the attitude indicator. .
2. Check for increasing airspeed.
3. Confirm a constant heading,
4. Monitor altitude, airspeed, and heading until the desired airspeed is
reached.
5. Reduce power using the power instrument,

Figure 5.16 The scan for leveling off from a climb at cruise airspeed.

Tolevel off at approach airspeed, as in proceeding to a holding fix after a
missed approach, immediately lower the nose and reduce power. The scan is
then altimeter, attitude indicator, power instrument.

Straight and Level

In straight and level flight, an unusually low airspeed indicates a nose-high
attitude. Confirm this by looking for increasing altitude on the aldmeter and a
positive reading on the VSI. Use the attitude indicator to lower the nose.
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The suggested scan for straight and level flight is shown in figure 5.17:

ttitude indicator, heading indicator, back to attitude indicator, VSI, altimeter.
Add the aitspeed indicator and the turn coordinator every few cycles for
onfirming information.

Figure 5.17 The thicker, dashed arrows show the primary scan sequence for
straight and lewvel flight. The thinner arrows show secondary scans.

Cruise Descents

A cruise descent is 2 descent to the last 1000 ft typically done at a rate of

500 feet per minute. To establish a cruise descent:

1. Reduce power (power instrument).

2. Lower the nose (attitude indicator).

3. Maintain a constant airspeed {airspeed indicaror).

4. Check the attitude indicator again.

5. Maintain a constant heading (heading indicator).

6. Check the attitude indicator again.

7. Check for proper decreasing altitude and rate of alttude decrease
(altimeter and VSI).

8. Check the attirude indicator,

9. Check the power instrument.

10. Check the attitude indicator one more time,

The scanning sequence is illustrated in figure 5.18: attitude indicator,
airspeed indicator, attitude indicator, altimeter-V8I, attitude indicator,
heading indicator.

Figure 5.18 The scan sequence for a cruise descent.
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To level off from a cruise descent, raise the nose and add power to the

cruise level setting at 50 feet (10% of the descent rate) above the target altitude,

Approach Level

Approach level is the attitude used on approach. Tn most single-engine
planes, the ideal approach speed is 90 to 100 knots. In light, twin-engine
planes, it’s 120 knots. To transition from cruise descent to approach level:

1. Set the power to the approach speed (power instrument).
2. Set the approach pitch attitude (attitude indicator).

3. Check the turn coordinator for any slipping or skidding,
4. Recheck to the attitude indicator.

5. Check the VSI/altimeter for any altitude changes.

6. Check the attitude indicator again,

7. Watch for declining airspeed (airspeed indicator).

After the approach attitude is reached, the instrument scan becomes the
samc as for a cruisc descent (figure 5.18).

Approach Descent

To transition from approach level to approach descent:

1. Check that the power is at the approach speed setting (power instrument).

2. Check for proper approach pitch attitude (artitude indicazor).

3. Check for constant airspeed.

4. Check back with the attitude indicator.

. Check the heading.

. Back to the attitude indicator.

. Check the VS and altimeter for the appropriate rate of descent {500
feet per minute for singles; 630 feet per minute for twins).

8. Atticude indicator, one more time.

9. Make any necessary power adjustments.

-1 oot

Perform your GUMPPS check before landing:
1.G—Gason
2. U— Undercarriage down
3. M — Mixture rich
4. P— Propeller full forward
5. P — Fuel pump on
6. Safety — (seatbelts, doors, etc.)

Non-Precision Descent

On non-precision approaches, the idea is to be out of the clouds, at the
minimum descent altitude, and in a good positdon for the final descent to
landing well before the missed approach point. This means a normal
approach airspeed at a higher descent rate (usually 1,000 feet per minute). It
also means a lower power setting than for approach. The key is maintaining
airspeed control.
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Hold the nose ar the desired pitch attitude by referencing the attitude
Nidicator, and use the airspeed indicator to monitor the airspeed. In some
iiplanes, increasing the descent rate by decreasing power alone may overcool
e engine. In this case, use partial flaps to slow the airplane.

Study and practice the procedures and instrument scan sequences
touired for normal and steep rurns, climbing 2nd descending turns,
yrtial panel turns, rate climbs and descents, and unusual attitudes,
icluding stalls. All of these should become part of the repertoire while

raining for your instrument rating,

\ir Traffic Control Communications

Below is a checklist of the required Air Traffic Control communication

itocedures and dialog between two major terminals. These procedures will

ity slightly when {lying into or out of smaller airports,

1. Tune to ATIS and write down the recorded departure airport

information.

2. Contact clearance delivery and copy the IFR clearance.

3. Contact ground control for permission to taxi to the active runway.

4. The tower gives permission to takeoff.

5. Departure control becomes your ATC contact while in the terminal arca.

6. For IFR flights of less than two houss within approach control airspace,
the tower can clear you for a tower-to-tower flight, called “tower en
route control” (TEC). In this case, you will talk to several approach
control sectors and no center. For longer flights, you are likely to talk to
atleast one center,

7. Tune to ATIS at the arrival airport and write down the recorded airport
information.

8. Approach control provides approach clearance.

9. The tower clears you to land.

10. Ground control provides permission to taxi to the ramp,

11. Contact unicom for parking instructions and to request fuel.

DME/TACAN

Distance Measuring Equipment (DME] is first discussed in the chapter on
lavigation. For instrument flying, it pinpoints the airplane’s position and
me-to-station. It also helps identify intersections on en route charts when
flying toward or away from a DME fix.

- DME operates in conjunction with several navaids includin g VOR,
FACAN, ILS or localizers and even NDBs. It provides useful time/distance to
ftation information to the pilor,
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The Five T's

A common method for remembering all of the tasks required during an
instrument procedure is known as the “Five T%.”

1. Turn — This is the initial action: as you cross a fix or begin a turn, first
focus on completing the turn.

2. Time — Note the time or start the stopwatch to begin tming the leg,

3. Twist —Sct the OBS to the desired course and change frequencies, 1f
necessary.

4. Throttle — Set the power to approach speed, or to slow down and/or
descend.

5. Talk — Make any required communication to ATC.

Figure 5.19 shows a good example of how the Five T’ are applied.

TURM inbound. .
TIME-notnecessary,
TWIST - alreadydone.

- THROTTLEto descend if necassary.
TALK~"Procedure Turn Inbound".

Figure 5.19 Use the Five T’ to create efficient instrument procedures.

Get inro the habit of saving the Five T°s out loud as you cross fixes and
make tutns.

Determining An Alternate Airport

When filing an IFR flight plan, you are required to list an alternate airport
in the event of radio failure and you are unable to land at your destination
airport. An alternate is not required if the destination airport has an instru
ment approach and the weather forecast indicates a minimum 2,000 foot
ceiling with three miles visibility for one hour before, until one hour after
vour ITA.

The forecast for the alternate airport must show the weather above
alternate minimums at your ETA. Alternate minimums are listed in the front
of NOS approach chatt books or on the airport diagram of Jeppesen charts.
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'R Clearance

After you file a flight plan, it is transmitted by Flight Service to a computer
L the Air Route Traffic Control Center (ARTCC). A flight strip is produced at
center and transmitted via teletype to the approach control facility, if one
kists, at your departing airport. You are still required to copy the clearance
tom ATC prior to takeoff,
Ata controlled airport, listen to the ATIS broadcast prior to calling for
pur clearance. Then contact the clearance delivery controller or the ground
ontroller and advise them you have the current ATIS and request your IFR
learance. If the controller says, “clearance on request,” it means he has
iquested your routing from the appropriate ARTCC facility and is waiting on
tesponse from them.
- Atbusier fields with a clearance delivery facility, tune to the frequency for
the “clearance pre-taxi” instructions and copy the ATIS, Then call clearance
I ivery, copy the clearance, and call ground control for taxi information.
Atuncontrolled airports, the clearance procedures vary according to local
PUstom,
When receiving an IFR clearance:
1. Copy it down. It helps to develop your own form of shorthand to keep
pace with the instructions as they are delivered, but if you don’t catch it
all, don’t panic and don’t interrupt the controller. Wait untl he is
- finished to get clarification.
~ 2. Read back the instrucrions you do have, Don’tinterpret them and don’t
try to remember anything you haven’t written down. Just read what vou
have. If the instructions are incorrect or incomplete, the controller will
let you know. Then repeat these first two steps until you have it all,
3. Compare the clearance to the one you filed in your flight plan. Trace the
route from departure to destination on your charts and make sure it
gets you where you want to go. Also, check the minimum en route
altitudes along the way and that you and your airplane are comfortable
with them.
4. Request anv changes or clarification, such as a lower altitude, or a more
direct route.
5. Set up your radios. Dial in the tower frequency in the first COM radio
and your first departure control or center frequency in the second
COM radio; set the first NAV radio to the first en route fix and dial the
OBS to the course for this fix; set the second NAV radio to identify the
first intersection and dial in the second OBS to the proper radial.
6. Set your transponder to the assigned squawk code after vou have been
cleared onto the assigned runway.

IFR clearance information contains the same seven items:
1. Your plane’s full identification — make sure it’s your 1D,
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2. Your clearance limit, which is your destination airport unless you've

been cleared shott for some reason.

3. Your route. Usually, this is “as filed.”

4. If the controller issues a standard instrument departure (SI1D),they will
tell you at this point. Should the controller leave out this information, an
instrument departure is implied and you should refer to your IFR charts
for the textual description of the departure,

5. Your altitude after takeoff and en route.

6. The frequency for departure control.

7. The transponder squawk setting,

Standard Instrument Departures (SIDs)

A Standard Instrument Departure (SID) is a coded, established departure
route found at busier airports that simplifies clearance delivery procedures. SID
charrs are included along with an airport’s approach charts in both NOS and
Jeppesen books.

There are two kinds of SIDs:

1. Pilot Navigation — The pilot is primarily responsible for navigation
along this kind of route. Terrain and safety-related factors usually call for
pilot nav SIDs which may contain vector instructions that pilots are
expected to comply with until instructions are given for resuming normal
navigation on the filed route.

2. Vector — A'T'C provides radar navigational guidance to a filed route or toa
fix depicted on vector SID charts.

Both types of SID charts are shown in figures 5.20 and 5.21.

Instrument Approaches

Reading Instrument Approach Procedure (IAP)
Charts

There are literally thousands of instrument approach procedure charts for
all of the runways around the United States, and to desctibe all of the
symbols, abbreviations, and uses of a typical chart would require a separate
manual thicker than this one. To read charts, take some time to review the
legends of an approach chart publication, called U.S. Terminal Procedures.
Some of the more useful legends are detailed in Appendix A (beginning on
page 252).

The U.S, Terminal Procedures comprise 16 volumes that cover the various
US. regions and are updated every 56 days.

Approach charts, or plates, are a detailed blueprint for an instrument
approach with specific instructions for each part of the approach. NOS and
Jeppesen charts show a top-to-bottom presentation of information about
the procedure. The start of the approach is called the Initial Approach
Segment and the necessary information is shown in the plan (bird’s eye) view

see fioure 5.22).
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Figure 5.20 The pilot navigation standard instrument departure for
Pompano Beach Airpark, Florida.
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DEPARTURE ROUTE DESCRIFTION

TAKE-OFF ALL RWYS: Fly runway heading, or os assigned by ATC; for radar
vectors to assigned ROUTE/NAVAID/FIX. Maintain 3,000 feet or os ossigned by
ATC. Expect clearonce to fited altitude/Hight level 5 minutes after departure.

NOTE: Turbo-jets daperting Runways 11 and 36 routed via CON, CAM, S5YR
VORTACS use departure fraquency 125.5/353.9,

Figure 5.21 The vector standard instrument departure for Portland
International Jetport, Maine.
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The approach has already begun by the time the profile view comes into
e, and the approach is almost finished when the minimum altitudes come
Nto play. Remarks are listed below the minima and should be read first
ccause they contain exceptions and qualifiers to the approach data.

There are two kinds of instrument approaches: precision and non-precision.

Non-Precision Approaches

Non-precision approaches provide lateral navigation assistance via an
lectronic avigation aid. A non-precision approach starts with a clearance to
flescend at a fix to an MSL altitude called a Minimum Descent Alttude
(MDA). The plane is then flown in level flight at the MDA while the pilor

disible by the time the plane reaches the Missed Approach Point (MAP), then
e approach is aborted and another attempt is made from the beginning, The
MAP is based on a specific position fix o timing from a specific position fix.

A pproach Clearance

A clearance for approach means that you can fly the published instrument
ocedure and descend to the altitudes published on the approach plate. Upon

lirway, transition, or segment. In an airway, you may descend to the mininmum
n route zltitude (MEA) as long as you are within 22 NM of the VOR. You
fllso cannot descend when flying direct to an approach fix unless you are on a

Minimum Sector Altitudes (MSA)

MSAs are published at the top of NOS approach plates in a 25 nautical
mile circle. The center point reference of the circle is the three-letrer fix ID listed
it the top of the circle. MSAs are for emergency purposes only,

On the plate for Laconia Muni (figure 5.23), the MSA center point is the
Belknap (BLO) NDB. The MSA for the sector berween the 135 and 225°
bearings is 5500 fr. The MSA for the sector from the 225 to the 315" bearing
5 4700 fr. And the MSA for the remaining sector is 4300 ft.

Approach Segments

There are several segments to an overall approach which, when individually
defined, make the procedure much easier to understand. Each segment is

early defined on approach plates, with a defined beginning and end, and each
tequire specific tasks by the pilot. Not all of these segments are part of all
Instrument approaches. The NDB approach plate for runway 16 at Eugene

Ai port is shown in figure 5.24. A three-dimensional view of this approach is
llustrated in figure 5.25 to help vou visualize the segments.
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The initial approach fix (IAT), the Frakk LOM (locator outside marker),

is where the approach begins. The LOM is collocated with 2n NDB. Upon
reaching the fix, in this example, you turn to the 340 bearing (see profile
view) outbound from the LOM to start the initial segment. The initial
segment includes the entire procedure turn (more on this later), which begins
with a 45-degree turn ro a heading of 025°, followed by a 180-degree turn to
a heading of 205%, and ending with another 45-degree turn back onto the
160" bearing /¢ the LOM, zll at an altitude of 2500 fr. The intermediate

f 4097 IM’ e ATIS®125.2
| f [ Corvatis GASCADE APP CON
115.4 CVO BESET 119.6 748.7
w101 BUGENE TOWER+
Ty e 0 VIB.9 (CTAFEG 371,60
GND CON
131% [5.9) 121,7 2605
CUNG DEL
HOCUM 121.7 2495
INT UNICOM 122,95
000 -..
140T 12,24
iy T S
//
w
/ )
/ 'P‘ ?96?‘&
3437 ;’ 1523 S. \
I\
1959 Lo 1A |
' vaaKr é 4
60 B 2o ~ 1.
o L
30601 1OM :
3.’
me i
f‘ EU
/' zeon / _&““\"\
7 S0
A o - 97 |
ey /
At 47000 /,
ELFY, 363 T| [
13 MIESED APFROACH P B O
Remain 0“’/“ Climb tg 1000 thee el mbing leke @' 91
within 16 HM A ! turn te 2300 dicect Frakk LOM +j TDZE
! and hald s
2500 TDI/CLRwy 16 @
e |
e i
[ b —
CATEGORY A 1 [ | C 7]
N 780140 470 15004 ,3,,3";':;‘5‘?,} |
§00.1 | 82040 820.0% | 9202 |
GIRCUNG | 435 (500.1) | 45505001} | 434 (300.1%) | 545 oz} |
v {]
ﬂ A A2
Kxel\ } g 1
. i 5ec | 4:38] 304 z}azt..olnz.
EADIN 2T GEME, DREGOM
ﬁgﬁgﬂ GPS RWY 16 EUGENE/MAHLON SWEET FIELD {14111 )

Figure 5.24 The NDB approach for RWY 16 at Eugene Airport.
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I Approach Segments:

1. Transition
2. Initial segment

1| 3. Intermediate segment
Ir 4. Final segment

Initial approach fix

] Fina}upprﬁach fix |

Missed approach segment

egment begins at this point and continues until the final approach fix
HAF), which is also the Frakk LOM. This intermediate segment descends
tom 2500 frat the end of the procedure turn, to 2000 ftat the FAE

The final segment starts at the FAI" and ends ar the missed approach
wint (MAP). The final descent is made to the Minimum Descent Altitude
A} on this NDB approach, or 780 feet for a straight-in (with a runway
uzal range of 4000 ft}, while still tracking the 160" bearing from the NDB. If
you sec the runway, you can land, If not, you must execute a missed approach.
The MAP in this approach is 4.6 NM from the FAF (see profile}. You
nust time your segment from the FAF to the MAP to know when you’ve
gached it. Consult the ground speed/time box in the lower right corner of
he chart for assistance. The hashed curved line shows the path for a missed
pproach and the profile view gives a written description as tollows: Climb to
)00 ft then make a climbing left turn to 2500 ft, proceed directly o the Frakk
.OM, and enter the hold. Holding patterns are the “racetrack™ symbol on
ipproach charts.

More on holding, missed approaches, procedure turns, and other

lements of the instrument approach appear later in this chapter.

Precision Approaches

Precision approaches provide additional vertical navigation assistance via an
ectronic glide slope. On precision approaches, the plane picks up the glide
llope and descends to alevel called the Decision Height (DH). If the runway is
ot in sight by the time the DH is reached, then a missed approach procedure
I8 required.

The principle difference between precision and non-precision approaches
8 that the planc is in descending flight versus level flight at the minimum
iltitnde.
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A clearance for an instrument approach means you have permission to
descend to the MDA or DH while following the procedure. To descend below
the MDA or DH, you must have the runway, runway markings, or approach
lights in sight and flight visibility cannot be less than specified on the approacl
chart. The airplane must be in a position from which a normal descent can be
made to the runway. If these conditions do not exist, then you must perform
a missed approach.

Instrument Landing System (ILS)

The goal of an Instrument Landing System (1LS), is to electronically guide
the instrument pilot to where he or she can see the airport or ranway at the
correct time from the prescribed altitude. There are three areas of the Instru-
ment Landing System: guidance, range, and visual information (see page 162),

Guidance consists of the localizer, which provides lateral guidance, and the
glide slope, which provides vertical guidance.

Range is distance informarion, which is provided by the outer and middle
matkers. On some ILS approach charts, DME (distance measuring equip-

1ent) or other fixes may be shown as substitutes for the markers,

Approach lights, centerline lights, touchdown zone lights, and runway
lights provide the visual information of an instrument landing svstem.

The Localizer

The localizer is an electronic extension of the centerline of the runway. The
localizer transmitting antenna is located 1,000 feet beyond the rollout end of
the runway. The transmitter operates on one of 40 ILS channels within the
frequency range of 108.1 and 111.95 MHz. On approach charts, localizets are
indicared by the letter “I” preceding the three-letter Morse code identifier. This
avoids confusion with VOR fixes. Incidentally, the average localizer is four
times mote precise than a VOR.

Localizer signals are 700 feet wide at the approach threshold of the runway,
ot 350 feet to cither side of the centerline of the runway,

The localizer has two close relatives. The Localizer Directional Aid (LDA)
is a localizer with a signal that is more than 307 off the centerline of the
runway, as demonstrated below. Some DA approaches are created by using
the localizer signal from one aitpott for an approach at a nearby airport.
Others are created out of necessity for the surrounding terrain or neighboring
prohibited airspace.
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Figure 5.27 The Runway 27 localizer at Helena Regional Airport in
Montana.
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Localizer Signal

pure 5.28 All localizer signals cover a width of 350 feet to either side of the
enterline at the approach threshold of a runway.

Although rarely used, the Simplified Directional Facility (SDF) is a localizer
vithout a glideslope, and with a signal that may or may not be aligned with
e runway. All signals, however, are produced the same way, and all are

v

figure 5.29 The signal from a Localizer Directional Aid.

The localizer signal is modulated at different frequencies on each side of

ow one side of the localizer signal shaded. This is the 150 Hz side.

The CDI readings are as indicated in the above illustration when the

Al plane is positoned on course, and to the left and right of course. When
the centerline of the runway is to the left of the plane, the needle is posi-
tioned left of center. When the centerline of the runway is to the right of the
plane, the needle is positioned right of center. Imagine the needle as a
symbol for the centerline of the runway, Nofe: W hen flying a localizer, the CDI
tannot be sentered by using the OBS. This can only be done by positioning the alrplase
on e localizer centerfine. 167
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Figure 5.30 An ILS approach chart for RWY 17 at Barre-Montpelier,
Vermont.
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‘Figure 5.31 An LDA approach chart for RWY 23 at Elko, Nevada.
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Figure 5.32 The dual-modulation localizer signal.

Localizer signals (including LDA’s and SDFs) are transmitted on the front
and back side of the localizer antenna, The two sides are called the front course
and back course, respectively.

Back Course | FrontCourse

Localizer Signal

Figure 5.33 The front and back course.

The frontand back course for a single localizer are displayed on two
different approach charts. The back course chart is designated by a “BC” in the
name of the chart. Note how the shaded side still appears on the same side of
the runway for both the front and back course in the comparison of the two
charts in figures 5.35 and 5.36.

Notall localizers have an approach for a back course. If this is the case, no
chart exists for the back course.

When an approach is made using the back course, note, in the illustration
below, how the CDI needle is positioned when the plane is on, left of, and
right of the centerline. The left and right needle positions are the exact
opposite of how they appear on a front course approach.
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Pigure 5.34 CDI needle positions on a back course approach.

This means that to correct toward the centerline while inbound on a back
tourse approach, vou would need to correct opposite the needle.
ing the Localizer

As mentioned earlier, the localizer signal spans approximately 350 feet to
tither side of the centetline at the approach threshold of the runway. This

The tendency when flying the localizer, is to overcorrect for CDI readings
at are off center. This results in flying S-turns across the extended centerline.

‘The best practice is to limit heading changes to five degrees or less (unless the

needle is fully deflected from center). As you can see from figure 5,34 above,
the localizer signal becomes narrower as you get closer to the runway, so even
smaller corrections are necessary.

. Use the OBS to set the inbound heading — indicated on the chart —
around four to seven miles out from the runway threshold. At this point, use
i vo-degree heading changes to center the CDIL Be patient when correcting
your heading — allow a little time for the CDI to reset. Also, you should only
make these smaller heading changes with the rudder since there usually isn’t
enough time to do so by banking the airplane.

larker Beacons

Marker beacons serve as the range components in the Instrument Landing

L

System. Their signals are projected upward, from the ground, in an oval
pattern (as indicated on approach charts) and provide distance informarion
(see figure 5.39).

At 1,000 ft altitude above the marker beacon antenna, the dimensions of
e marker beacon signal are 2,400 feet wide by 4,800 feet long, The airplane
must be within the signal pattern to receive the signal.
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Figure 5.35 This chart shows the localizer back course approach for RWY 2 Figure 5.36 The ILS “front course” approach for RWY 20 at Idaho Falls.

in Idaho Falls.
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Figure 5.37 The dimensions of @ marker beacon signal. 4670
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audio panl flashes and you will hear a steady, low-tone series of beeps at the
rate of two per second.
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Figure 5.38 The audio panel found on board Pro Pilot *99 aircrafi.

Middle markers are situated about 3,500 feet from the approach end of
the runway. At the middle marker, the glide slope centerline is about 200 feet

! -
i i %

above the runway touchdown zone, When the plane passes through the G5 300" | 5000'[ "*-w.‘_”,/ LI

i . - ; TCH 51 | LOE galy Balh i nFh
signal, the amber middle marker light (labeled “M™) located on the audio =t s IE;'."'"—_ S T

. . 3 R ¢ B C o J
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reserved for inner, back course, and fan markers. Before discussing the inner A 293036 47 NMA

e fram FAF
e Rowys 391 and 14R-3208

FAF 1o MAP 4.7 M

marker, a little background on the categoties of LS approaches is required.

"There are several categories of TLS approaches. Most fall into Category 1
ILS. The lowest possible DH in this category is 200 feet above the touchdown
portion of the runway with a minimum visibility of ¥ statute mile. The
flight visibility may drop to 1,800 feet runway visual range (RVR) if the
runway has touchdown zone and centerline lighting (more on lighting
systems later in this section). RVR is a machine-measured hotizontal visibility
at the approach end of the runway.

Figure 5.39 Marker beacons are displayed on approach charts as shaded
ovals along the approach roite.
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At the other end of the spectrum is the Category 3¢ ILS which has a

minimum DH of 0 feet and a minimum visibility of zero. This is a computer

flown approach.

Category 2 and 3 ILS approaches use the inner marker which is located

between the middle marker and the runway. Back course markers, though rare,

are used as a final approach fix on a localizer back course approach. Inner and
back course markers are identified by the flashing white light on the audio
panel and a continuous high-pitched beep at the rate of six per second.

Fan markers, also rare, are used to establish a fix which is not partofan
ILS or localizer approach.

The marker signal alone cannot be used to navigate to a marker beacon.
Therefore, NDBs are situated at many marker sites and are referred to as
compass locators, Compass locator signals can be received out to 15 miles and
can be navigated to by using the ADE

Outer compass locators (or locator outer markers, LOM) are identified by

the first and second Morse code letters of the localizer identifier (see figure 41),

Middle compass locators (or locator middle matkers, LMM) are identified by
the second and third Morse code letters of the localizer identifier. In the
example in figure 5.42, the localizer for runway 22 at Albuquerque, New
Mexico, is identified as ALG. The outer marker (LOM) is identified as AL
Similarly, in figure 5.43, the localizer for ruttway 16R into Reno, Nevada is
identified as RNO. The middle marker (LMM) is identified as NO,

The Glide Slope

The glide slope provides vertical navigation for precision approaches. Glide

slope signals are transmitted on ultrahigh frequencies. There are 40 localizer
frequencies each paired with a glide slope frequency. On most receivers, the
glide slope frequency is automatically tuned along with the localizer frequency,

Figure 5.40 The glide slope signal height above the approach threshold of
the runway is 55 feet.

‘Think of a glide slope as a localizer turned on its side, only more accurate,
The glide slope antenna is positioned on either side of the runway about
1,000 feet from the approach end so that the signal height above the approach
threshold is 55 feet. The total depth of the signal is 1.4”, or 0.7" to either side
of the glide slope centerline.
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5.43 The two-letter designation for the middle marker as depicted on
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The optimal angle for a glide slope is 3" above the horizon, Because glide
slope signals are reflected signals, false glide slope signals may be picked up by
the glide slope indicator. Approach procedures are designed to prevent
intercepting a false signal. These false signals are always positioned ahove the
real glide slope with the lowest one at 10 above horizontal. You will recog
nize a false glide slope by the high angle of descent (over 1,000 feet per
minute) required to maintain it.

The glide slope indicator is the horizontal needle on the NAV instrument,
When the needle is above center it means the plane is below the glide slope.
When the needle is below center, the plane is above the glide slope. Glide
slopes are only used when the approach chart specifies one.

The glide path is that portion of the glide slope that intersects the localizer
signal. The dimensions of a typical glide path are shown below.
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. GOONY QM H
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Helding Pattarn | right turn to 2000 direct QOD
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TCH 57 *LOC enly ! b i il

| 1§ MM it 1.7 ] 0.5 Lo

Figute 5.44 A typical ILS glide path.

The outer marker is 5.6 miles from the middle marker, which is 0.5 miles
from the approach end of the runway. The outer marker glide path signal is
about 2,000 feet above the runway elevation and the middle marker glide path
signal is about 200 feet above the runway.

At the outer marker, the total depth of the glide slope signal is 400 feet
above and below the centerline of the glide path. Therefore, a fully deflected
needle on the glide slope indicator means the plane is 400 feet above or below
the centerline of the glide path, Subscquently, a half-scale deflection represents
about a 200-foot variation.

At the middle marker, the total depth of the glide slope signal is 50 feet
above and below the centerline of the glide path. Therefore, a fully deflected
needle on the glide slope indicator means the plane is 50 feet above or below
the centerline of the glide path. Subsequently, a half-scale deflection represents
about a 25-foot variation.

The rate of descent to stay on a Sﬂglide pathis a function of the planes
groundspeed. The formula for determining this rate of descent is:

groundspeed/2 x 10
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Therefore, 2 groundspeed of 60 knots requires a rate of descent of around
00 feet per minure (fpm) and a groundspeed of 180 knots requires a rate of
lescent around 900 fpm. Rate of descent tables can be found inside the NOS
‘.-. proach chart books.

Before you begin your approach, estimate your average proundspeed

i nsidt':r.ing the wind speed at your aldtude and the surface wind. As you
ntercept the glide path, reduce power to the setting that gives you the proper
lite of descent. Any altitude deviations at less than half scale above or below
e glide path should be corrected by pitch adjustments alone. Any deviations
sreater than half scale, or deviations that are happening quickly, should be
cotrected by a power adjustment.

Half scale or
greater deviation

Half scale or
smaller deviation

ute 5.45 Half scale or smaller deviations: correct with pitch changes;
alf-scale or greater deviations: correct with power change.

Power adjustments should be kept small. If you are close to the proper
power setting and the glide path deviation is small or happening quickly, an
idjustment of 50 rpm for fixed pitch propellers, or a 2 inch in manifold

1

ressure on constant speed propellers, is adequate.

rt Lighting Systems
Approach lights, touchdown zone lights, centerline lights and runway
lights provide the visual component of an TLS. The Approach Light System
(ALS) assists IR pilots in making the transition to visual flight for landing, It
tonsists of a variety of configurations and sophistication depending on the
complexity of a particular runway. For the most part, the ALS consists of
tlashing and steady lights that provide direction to the runway in use. 'or
precision runways, the lights begin at the runway threshold and extend for
2,400-3,000 feer down the runway. For non-precision runways, the lights only
‘extend 1,400-1,500 feer.

Runway lighting comes in many configurations. For a complete list, refer
Appendix A where you will find reproductions of the approach lighting
ystems legends found in all NOS charts, To see what the lighting system is
for a pa.rticular runway, consult the airport diagram in the lower right corner of
that runway’s approach plate.
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Figure 5.46 The airport diagram on approach plates lists the runway
lighting systems on each runway.

VOR Approaches

Almost zll en route navigation and many instrument approaches use VOR
(VHF Omni-directional Range) signals. The IFR en route airspace structure
consists of airways that are defined by VOR’s. VOR was first discussed in the
scction on VOR navigation, so here we will simply summarize: Poine the
airplane toward (inbound) or away from (outbound) the VOR station on a
specified radial while making a heading correction (if necessary) to account for
any wind.

ADF Tracking and NDB Approaches

The Automatic Direction Finder (ADF) is covered in the section on NDB
Navigation. Tracking NDB’s on inbound and outbound radials using the
ADF is a common method of instrument flying, In the United States, there
are hundreds of airports served by NDB approaches that would otherwise be
inaccessible for IFR conditions. ADF tracking is also a vahiable option when
other equipment fails.

DME Arcs

DME (distance measuting equipment) arcs are used as initial segments of
some VOR-DME approaches (figure 5.44); as initial segments of some ILS
and localizer approaches; and as intermediate, final, and missed approach fixes
on some VOR approaches. In the latter case, radials from the VOR that
intersect the arc are used as fixes.

ocedure Turns

Procedure turns were first mentioned in the discussion of approach
segments. They are used to reverse direction on a specified course (L.e., from
180° to 360°). The procedure turn is part of the initial segment in an ap-
proach, which follows the initial approach fix (IAL). A procedure turn is
“tssentially two 457 turns and one 180" turn. It is begun two minutes after
erossing the IAF, on the outbound portion of the initial segment, Make a 45
urn to the specified side (the approach plate will show you whether a left or
ght turn is called for) and maintain that heading for one minute.

At this point, use the heading indicator to show the 45 heading change.
Also, if vou are tracking a VOR outbound, the CDI will move off center. Dial
in the reciprocal of the outbound heading you were just on to set up for the
Inbound course. If you are tracking an NDB, the ADF should point to 45 off
fail at the start of the turn.

The next step is to make a 180" turn to re-intercept the inbound course
(the 180" reciprocal of the outbound course). At the end of this turn on a
VOR fix, the CIDI should be centered again and the heading indicator should
have come a full 180°. On an NDB fix, the ADF needle should be 45" off the
nose. Complete the 45" turn back to the inbound course to start the intermedi-
iite segment of the approach.

Procedure turns appear differently on Jeppesen and NOS charts. The only
difference is that Jeppesen shows the entire turn, where NOS charts only
show the initial 45" turn. The outbound and inbound 180" -turn headings are
always displayed.

olding

Holding is requested by ATC to delay your landing for any number of
teasons, usually heavy traffic. You will also enter a hold after a missed
approach or to allow minimum conditions to settle in should they not initally
exist. Holding is a complex element of instrument approaches that requires a
lotof study and pracdce. Only the rudimentary terms are covered here. Refer
1o 2ny of the instrument publications in the bibliography for a thorough

. xplanation on this topic.

. The components of a standard holding pattern are:

Standard Hold — a hold where all turns are made to the right.
Non-Standard Hold — a hold where all turns are made to the left.
Holding Course — the course flown on the inbound leg o the holding fix.
Inbound Leg — the one-minute leg to the holding fix; this leg varies (1.5

minutes when flown above 14,000 ft MSL) if specified in a clearance.
Holding Fix — this can be a VOR, NDB, LOM, DME fix, or intersection.
Outbound Turn —a standard rate, 180-turn, which is begun at the
holding fix.
Abeam — the position opposite the holding fix where the outbound
leg begins,
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Figure 5.48 The procedure turn for the NDB approach at Rawlins Muni,
yoming. The ontbound course from the IAF is 079°; the 45° turn is to the
left on a heading of 034°; the 180" turn is made to a beading of 214°; and the
second 45" turn is to the inbound course of 259,

Figure 5.47 A DME arc serves as the initial approach segment for the
Pocatello VOR/DME approach to runway 21.
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Outbound Leg — this leg is defined by the inbound leg; adjust the
outbound leg so the inbound leg is one minute and so the inbound turn
(standard rate, 180"-turn) is completed just as the holding course is
intercepted.

Holding Side — the side of the course where the held is accomplished.

Non-Holding Side — the side of the course where you shouldn’t be
holding.

P &
(a8 | -

- Outboundleg
~ HoldingSide

Flytothe fix

Figure 5.49 The components of a standard holding pattern.

The maximum legzl holding speed is 175 knots for all propeller-
driven aircraft,

There are three types of entries into a holding pattern depending on
your initial orientation to the fix. The three possible entry regions are
| shown in figure 5.50. The respective entry procedures are displayed in
figures 5.51, 5.52, and 5.53.

igure 5.51 The proper direct entry into a bholding pattern.

Direct Entry Region

DirectEntryRegion

Figure 5.50 The three possible entry regions to a holding fix are direct, re 5.52 The proper teardrop entry into a holding pattern.

teardrop, and parallel,
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et S e B RN R SR SR e

Figure 5.53 The proper parallel entry into a holding pattern.

Straight-In and Circling Approaches

Straight-in approaches are to the runway specified on the approach plate
and require that the final approach course be ara 30" angle or less from the
extended centerline of the runway. If the final approach angle is greater than
30", or if the straight-in would require excessive descent upon making visual
contact with the runway, then a circling approach is required.

Approach plates that are designated by a letter (i.e.,, VOR-A, NDB-B) in
the title do not have any straight-in approach options.

One of the primary requirements of a circling approach is that vou
maintain visual contact at all imes with the airport during the circling maneu-
ver. A missed approach must be made if any part of the airport is not
distinetly visible while circling at or above the MDA, A descent can only be
made from the MDA or DH when the airplane is in a position where a normal
rate of descent can be made using normal maneuvers.

The size of the circle flown is related to the speed of the aircraft as follows:

Approach
Category

1.3 x V,, speed*
(knots)

Approach Area
Radius(miles)

i V:_o = the stall speed at the maximum weight in the landing configuration [power
off, flaps down, gear down).
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igure 5.54 The airport at Hopedale, Massachusetts has only one circling
nly approach.
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Figure 5.55 The minimums excerpt from the Hopedale approach plate.

The minimums listed for the circling approach at Hopedale are translated
as follows: for aircraft in category A on a non-precision approach, the MDA is
1,060 ft with a one mile runway visual range. At this altitude, the plane is 791
ttabove the runway elevation, The numbers in parenthesis are for military
use only.

Likewise, the MDA for aircraftin category B is 1,060 ft with an RVR of 1-
1/4 mile. The altitude above the runway elevation is stll 791 fi. Category C
aircraft have an RVR of 2-1/4 miles.

T'he minimums for a precision approach, which involves a decision height
instead of an MDA, are listed below the non-precision minimums.

On a circling approach, you should mancuver, by the shortest distance
possible, to the base or downwind leg to set up for the landing,

Missed Approaches

All instrument approach procedures include a missed approach point
(MAP). This is the point along the minimum descent altitude (MDA) or at
the decision height (IDH) where, if you do not have the runway in sight, you
must execute a missed approach. Missed approach instructions vary, but
usually reguire an immediate climb or a climbing turn, or both, followed by a
route directly to a holding fix. Once in the hold, you must decide if the below-
minimum ceiling was temporaty or not. If so, you may try another approach
if cleared. If not, and if you so request, you’ll receive a clearance to fly to the
alternate airport you listed on your flight plan,

Missed approach procedures are displayed in the profile view of all
approach plates. The chart for the Centerville VOR runway 2 is shown in
figure 5.56.

The procedure, printed next to the profile view, reads: “Climb to 2600
then right turn direct GHM VORTAC and hold.” The GHM VORTAC in
this case also happens to be the IAL, so upon a second clearance, you would
begin the approach procedure from this fix to the procedure turn.

Standard Terminal Arrival Routes (STARS)

Standard Instrument Departures (SIDs) were mentioned eatlier in this
chapter, Think of STARS as their arrival counterparts, STARs are ATC coded
TFR arrival routes established at busier airports to facilitate clearance delivery
procedures.
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HAPTER 6: LocGING YOUR HOURS

The FAA has established a specific course of study, testing and hours-to-
Jg in order to earn your student, recreational, private, commercial and ATP
Aitline Transport Pilot) certificares as well as all Flight Instructor and other
eraft ratings. The Code of Federal Regulations that cover these require-
nents are pataphrased in this chapter for your convenience.

ProPilot allows you ro log simulated hours through the completion of

DO APP CON

CORLAN
125.55 328.2 OOMDOS&N?OID
?’Wm INTL ATIS

d hours within ProPilot, of course, cannot replace the hours logged in an
etual atrplane with the guidance of an authorized flight instructor, but they
ire helpful supplements to your real world flight training,

Because, at this stage, ProPilot features several fixed-wing land-based
lirplanes, the selected CFR references describe all of the requirements as they
tlate to airplanes only. Therefore, you may find references in other sections
vithin the complete list of regulations that do not appear here. Please refer
b the bibliography beginning on page 266 for sources of the complete

listings of regulations.
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clearonca ta cross ot 11,000,
Orlnnda Intl landing north Bapect
cleorance to erow ot OO0

Notes:

AC-61-126 Update

The FAA issued an Advisery Circudar in June 1997 that aliows the use of devices
based on Personal Computers fo be wsed in training for the insirument raiing. The
AOPAY Air Safety Foundation, AC-61-126, entitled “Qualificaiions and Approval

200,
1L

900,
2 fm VERG BEACH
NCH ’ ] 117 3 vREIEEET
H2F*R6.13 |

Chan 120
WG4 L74 (Hz7 15,75 wio-20.387
7 t“s. H.5

‘ v [ rameeacy |
\ ‘P(}b R

Ly a3l 4 of Personal Computer-based Aviation Training Devices,” esiablishes personal computer-
liz. z \;}“’TW‘Q . ed training devices (PCATD) as a new category of training device, distined from
[ ranomee % / _ apd-alone fHeht sipmilators and dedicated deskiop devices. The new AC allows a 10-
:v:“gi:;:_fv_ll \ P ”7_;:;25{_‘:.‘.’ hour flight time credit for training with an approved PC-ATD under the guidance of a
T s . = i E}’/ e light instructor.
FAOKEE TRANSITION (PHK.GOQFY2]: From ovar PHK YORTAC via PHK R-342 1o BAIRN Hawever, the FAA has not approved ihe devices for maintaining instrument
AP EEACH TRANSITION (PBI.GOORY2: From over PBI VORTAC via PBIR-327 Io BAIRN rrency of for any portion of the instrument rating practical test. The new AC afso
FERQ BEACH TRANSITION [VRS.GQOFY2); From over VRE VORTAC via YRE R-300 to Wpetls out approval reguirements for PC-ATDs. In addition to response and display
ORLANDO INTL:

quality reguirements, the FAA requires aircrafi-like physical controls including a seif-
entering control yoke or stick, self-centering rudder pedals and a physical throttle lever.

| oo .. RWY 17718: From over BAIRN INT vio the ORL R-162 o SABOT INT. Depart SABOT
| INT haading 360° for vactors to final approach course.

i . WY 35/34: Depart BAIRN INT haading 360° for vector to final opprooch course.
EXECUTIVE, KISSIMMEE, OR FORD;

- .. . From over BAIRN INT vio ORL R-162 fo SABOT INT, Expect rador vectors

to the airpart,

Format Update

GOOFY TWO ARRIVAL (BAIRN.GOOFY2) GRLANDO, FLORIDA Duse to the fact that the Federal Gopernment pubifshes revisions to the CIRs every
s11e Wi calenear wmonths, ailempts to recreate the CERs are for informational purposes
only and reference fo the curvent CFRs showld be made for legal or instructional
purposei.  These paraphrases are based on the interpretation of the CFRs as of
Sepresmber 151, 1998,
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Reference 14 CFR 61

14 CFR 61.51- Pilot Loghooks

The zeronautical training and experience used to meet the requirements for
a certificate or rating, or for the purposes of currency, must be shown by
reliable record. Any other flight time is not required to be logged.

Logbook Entries:

Al FAA approved logbooks contain the appropriate information required
to log a flight “by reliable record.” A sample loghook page is included on the
Prg Pilpt °99 CD and can be printed to make your own logbook. (loghook
path here) Below are descriptions of “flight time™ as related in the CFRs,

Solo flight — A pilot may log solo tlight time only when he/she is the
sole occupant of the aircraft.

Pilot-In-Command flight time - Anytime an appropriate rated pilot is the
sole manipulator of the controls of the aircraft (including solo time).
Authorized flight instructors can log all instruction time as PIC.

Second-In-Command — Only loggable when you are the second pilot of
an airplane that requires more than one pilot. Logged when you are not
the PIC or Plight Engineer.

Instrument flight time — Logged when vou operate the aircraft solely by
reference to the instruments, whether in simulated or actual instrument
conditions. If you fly “under the hood”, you must be accompanied by
either a flight instructor, or a private pilot or better that is rared in your
airplane.

Duzl or instruction time — All time logged as dual must be certified by
the instructor from which your instruction was received.

Presentation of loghooks

When asked by an FAA inspector or nearly any law-enforcement official,
vou must be able to produce your logbook.

Student Pilot logbook requiremenits

A student pilot must have their loghook on their person during all solo

flights. Fach student pilot must be appropriately endorsed by an authorized
instructor for each solo flight.

194

14 CFR 61.56 Flight Review

The FAA requires each licensed pilot complete a flight review every two
years. This Biennial Flight Review (BI'R) mustinclude at least one hour of
pround instruction and one hour of flight instruction. It can be given by any
ippropriately rated flight instructor. The only exceptionis, if you earn a
certificate or rating, you are good for another two-vears from the date you
completed the practical test for your new rating. Also, if youwere to take a
checkride with the military or the aitlines within the preceding two vears, you
ton’t need a BFR.

14 CFR 61.57 Recent Flight Experience

In general terms, in order to be qualified to carry passengers you must
have done three landings as the sole manipulator of the controls, in the
preceding 90 days. These landings must be made in the category and class of
aircraft you intend to actas PIC in.

To be night current, the same applies, 3 landings in 90 days (at night). If
you are flying a conventional gear airplane (a taildragger) you must complete
these items in a taildragger to remain tailwheel current. The difference here s,
both night and tailwheel currency must be full-stop landings, touch and go’s
don’t count.

~ And finally, in order to remain instrument current, vou must complete the

following within 6 calendar months:

6 instrument approaches in actual or simulated conditions

3 approaches must be in an airplane

must complete holding procedures, intercepting and tracking of
navigation courses or, an Instrument Proficiency Check

14 CFR 61.65 Instrument rating requirements

This section spells out the requirements for an instrument rating. Please
refer to the current federal regulations and advisory circulars available at your
local FBO for more information.

14 CFR 61.87 Student and Recreational Pilots

"T'his explains what is required for a student pilot to be allowed to solo.
Basically, you are required to have completed certain {light maneuvers and
ground tests. Then, when your instructor deems you ready, he/she signs your
logbook endorsement, your medical and wishes you a fond “Good Tuck!”
Solo endorsements are good for 90 days.
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14 CFR 61.93 Cross-country tlight requirements (for student
and recreational pilots seeking private pilot certification.)

A student pilot must have completed and demonstrated competency in
various flight maneuvers and cross-country planning, Fach cross-country
flight over 25nm must have a separate endorsement by the instructor. There
are also endorsements for repeated flights within 25om of the airport and
flights into Class B airspace,

14 CFR 61.98 and 61.99 Recreational Pilots

Explains the knowledge required for the Recreatonal Pilots license.
(refer to current Practical Test Standards for more information)

14 CFR 61.105, 61.107 and 61.109 Private Pilots

‘These sections spell out the requirements to earn a Private Pilots license,
(refer to current Practical Test Standards for more information)

14 CFR 61.125, 61.127 and 61.129 Commercial Pilots

These sections spell out the requirements to carn a Commercial Pilots
license. (refer to current Practical Test Standards for more information)
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Eugene, OR to Palo Alto, CA

Flight Assignments

This section contains 20 flight assignments. The flight assignments help

you log hours as vou pursue your licenses and ratings. Each one coversa

tiery of distances, airspace classifications, and navigatonal aids. Most are

VFR assignments, but a few are flown under IFR conditions.

VFR Flights

: Departure / Destination

Sectionals Used
Los Angeles, Sar
Omaha

rsfield, CA to Madesto, CA
Des Moines, |A 1o Grand Isldnd NE
MN to Grand Marais, ME

€, OR to Paine Field, Wi
Fargo, ND to Sioux Cily, 1A
AN to Oshkosh, Wi

let.rmur(, CA to Reno NV

()range Lounty, CA to Van Nu»s CA
tland, OR to Lewiston, 10D .
Rochester, MN to S[)dild"'Fort MLCoy, WI Chicago
The Bay Cruise (UL San Frabciseo)
Traverse City, Ml t:) Mosmce WI - Green Bay

\Walla, WA to Yakima, WA Seattle il

FR Flights

Departure / Destination Type of Approach
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Bakersfield, CA to Modesto, CA

From the San Francisco and Los Angeles
Sectionals
Fiight Skills: Cross-Country Flight Using 1VOR-DME Navigational Aids

You will be departing Meadows Airportlocated at Bakersfield, California,

which lies at the southern end of the San Joaquin Valley. This area of
California is known for its dairies and crop lands.

_Idcnllfler Checkpoint Time Off

- | Bakersfield- Mag Hdg Er-l)[stam:oa Speed Altltudé Tlme Rwy-
BFL | Meadows 313 :

'110 | 2500 12L/30R- |
i Ajr Dort | 10860
i | e G R
od 327 56.2 110 | 4500 32
VIS Visalia VOR ENRISURUNU: NN RO SO S S
IS S 306 [ 67.5 110 | 4500 | 37
{HYP | EINido [} |
 ——— 1 .. 298 1359 110 | 1000
{MOD | Modesto I SR R S
Airport ; 1 i | 101/28R-
: ? 5910

Distance: 1633 | Time: 1:32

You should first check ATIS on 118.6 for current airport conditions. Set
your VOR radio for the Shafter VOR on 115.4 and set the OBS to 313", The
first leg to Shafter VOR is very short —only 3.7 miles,

When ready to deparr, contact tower on 118.1 for a departure on Runway
30R. For this flight, you can cruise at 4,500 ft. After crossing Shafter, turn the
OBS to 327 while turning the aircraft to the same heading for the next
checkpoint, the Visalia VOR. It is 56.2 miles away. When you are approxi-
mately halfway, tune the VOR radio to Visalia on 109.4 and continue to track
inbound with the OBS set to 327",

After crossing the Visalia VOR, the heading will be 306” to the El Nido
VOR, frecuency 114.2. As you cross the El Nido VOR, vouwill turn to a
heading of 298" to the Modesto Airport.

Modesto Airport has a VOR on the field on a frequency of 114.6. About
20 miles away from Modesto, listen to ATIS on 127.7 for airport landing
information, then contact Modesto approach on 120.95 for landing sequenc-
ing instructions. Approach control will turn vou over to Modesto Tower on
125.3 as you approach the airport. You will be landing on Runway 28R.
Modesto’s field elevadon is 97 ft. The pattern altitude is 1,000 ft MSL.
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Des Moines, IA to Grand Island, NE
(Central Nebraska Regional Airport)

From the Omaha Sectional
Flight Skills: VER Cross-Country Using NDB Navigational Aids

This is a cross-country flight using NDB navigational aids from Des
Moines, Iowa to Central Nebraska Regional Airport over some very flat
farming land known for its great corn production. NDB navigation is not as
accurate for cross-country flying, so make sure to keep track of your times,
Also, watch out for landmarks along the way. These can be found on the
sectional charrs,

Hdentifier Checkpoint Time Off

'DSM | Des Moines Mag. Hdg. Distance Speed| Altitude Time Rwy-L

| 247 374 1110 24 5/23-6500
Grz | Greenfield F==r=p=- g e ey ey
i 92 24.3 i 13 i
CRZ - Corning S, N
} s 969 |22.5 12
RS e ~1 259 30.2 110 17
CPMV Plattsmouth et 3 ANV
== i R 54.5 110 130
SWT Seward | — ) RS : S -
JYR EYork ek O RS NN -
i 1263 172 110 [10
P AUH CAurora : S R, - :
G AN 114.8 110 L1
| GRI Central | !
| Nebraska
| Regional i
CAirport | 1 4/22-7190

EIDisiancé‘:' 223.9 C O Time:  2:10

Listen to ATIS on 119.55 for current airport information at Des Moines.
You will depart from Runway 23, When ready to depart, contact tower on
118.3 for a straight out departure.

Your first heading will be 247" and will require only a slight right turn after
departure. Your first checkpoint is 37.4 miles to the Greenficld NDB ar a
frequency of 338. The needle should be pointing straight up. Continue to
maintain your heading. As vou pass Greenfield, vou will notice that the needle
swings to the tail of the airplane.

Next, dial in the Corning NDB on a frequency of 296. The new heading
to Corning is 2127, a distance of 24,3 miles. Again, the needle should be
toward the nose of the airplane on the ADF and should swing to the rear of
the airplane as you pass Corning,
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Next, dial in Red Oak on 2 frequency of 230. Red Oakisona heading of
269" at a distance of 22.5 miles from Corning. Follow the same procedure of
watching the ADF for the needle swing indicating station passage.

Your next checkpoint is at Plattsmouth on a frequency of 329. The
heading to Plattsmouth is 259° at a distance of 30.2 miles from Red Qak.
Again, note the swing of the ADF needle indicating station passage as you
head on to your next checkpoint, which is Seward. Itis found on 2 trequency
of 269, and the heading to Seward is 259", The distance is 54.5 miles from
Plattsmouth. Again, watch for the needle swing,
Seward.

Your next checkpoint is the York NDB, found on a frequency of 257.
Yorle is 23 miles away at a heading of 270°, Again, watch the needle for
station passage. The nexr checkpoint is Aurora at a heading 0f 263" and a
distance of 17.2 miles from York. Aurora’s frequency is 278.

After leaving Aurora, turn to a heading of 282°, You should have already
listened to ATIS on 119.55 and contacted approach control on 127.40. The ‘
field elevation at Central Nebraska Regional Airport is 1,846 ft, and its pattern
altitude is 2,646 fr. Approach will turn you over to tower on 118.2 for
clearance to land. You will land on Runway 22,

Often because of winds aloft, you will drift off course and start homing
to the NDB. If you have trouble, consult the chapter on tracking inbound )
and outbound on NDB,

which indicates passage of

Ident.

Location

NDB Tower Unicom ATIS App./Dep. Ground

Red Oak
| Plattsmouth
SLWd rcd

’mrk

Aurara
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Duluth, MI to Grand Marais, MI

From the Green Bay Sectional

Flight Skills: International flight ssing 1V OR and NDB navigational aids.

This flight departs Duluth International Airport and will take you along
the western shore of Lake Michigan using NDB navigational aids. You will
land at an uncontrolled airfield and will not have radio communications with a
control tower for clearance to land. You will announce your position as you
?Ppmach the field and also on final for other aircraft in the vicinity.

denhiler Chcckpomt Time Off o
'Mag Hdg Dist. Speed Altltude Time
DLH Duluth Ap i docrresodn

9/27-10150

. |46 {222 110 | Chmb to 15
i f | 5500
TWM [ Two Harborsi e T —
NDB ; ; | j !
| SRS H AT 1Y 18.0 1 110 5500 10 i
BFW Silver Bay i 5
'NDB e ! ; 4 4 - ot
- . 46 54.6 110 | Patt. Al 30 | |
CKC | Grand j ' 1638 5
EMara'.s | | | {
L Alrport | : 14/32-2350
| Distance: 94.8 | Time: 55

Listen to Duluth ATIS on 124.1 for current airport conditions before
departure. You will depart on Runway 9 from Duluth Airport for a straight
out departure. You should have your VOR set to the Duluth VOR on 112.6
and your OBS set to 46", Keep looking for a FROM flag in the TO-FROM
window.

When cleared by the tower, takeoff and climb to 5500 ft. Since the VOR is
south of the field, our route is slightly to the east. Fly the runway heading
until the needle on the VOR comes off from full deflection. As it centers, turn
to 2 heading of 46" on the Heading Indicator. Two Harbors NDB is your first
checkpoint, so set the ADF to a frequency of 243 and watch for the needle
swing 2s vou pass the station. Note the time for a double check of your flight
plan estimated time.

Continue on the heading of 046", The VOR needle should be centered.
Set the ADF for your next checkpoint of Silver Bay, and check for the ADF
needle swing as you pass by again. Note the time. About halfway between
the Silver Bay and Grand Marais NDBs, switch to the final navigational aid at
Grand Marais.

Start your descent te a pattern altitude of 1638, The field is at 838 ft.
Use the Unicom frequency on 122.8 to announce your arrival and land on
Runway 32,

203




Logging Your Hours

Logging Your Hours

Location

Ident.

VOR NDB ATIS App./Dep. Tower Ground Unicom

Two Harbors

CKC

COOKCO
1 358CKC =:=°|

| SILVERBAY

| s g

GRAND MARAIS/COOK CO. (CKC)

1798142122.8
s = Runway 32,2350feet

e . TWO HARBORS :
DULUTH INTL{DLH) |

. Cr-1183 L
ATIS124.1270.1

14281101 122.95

Runway27,10150feet

- DULUTH
| 112.6 Ch.73DLH 3::.

vesw

Chartnottoscale. Alignment of airports and navigational aids do not reflect actual compass headings.
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Eugene, OR to Palo Alto, CA

From the Klamath Falls and San Francisco Sectionals

Flight Skills: 1ong Cross-Country Using VOR Ouver Mountainauns Terrain

Some people, because of weather concerns and a lack of alternatives, will
usually avoid long cross-country flights over mountainous terrain because of
potential problems that can develop with the airplane. This flight is con-
ducted over the Siskiyou Mountain Range in Southern Oregon and Northern
California. Good route planning can help provide a margin of safety over the
mountains.

IFR usually stands for Instrument Flight Rules, but there is another
acronym that you can use for flights over mountain passes and long cross-
country trips over mountains, It is “T Follow Roads.” This flight will follow
the [aterstate 5 freeway somewhat from Oregon to California.

Identifier Checkpoint Time Off
_ Mag, Hdg. Distance Speed Al

tude Time Rwy-L

EUG  Eugene Apt. 167 |57 1110|5500 34 16/34-8000

RBG  |Roscburg | ! R S :
VOR 136 |53 11107500 29

MR (RogueValley | |

: VOR 122 15 110 9

S@3 Ashland Apt, A i

146 | 59 110 |32

106 Dumsmuic

- Airport 165 |45 (110 | | 25

VOR 1159 4 (110 24 |

| BESSA Elntersection 168 0 S | ,T.O Gt 29 R

Palo Alto |

' | Distance: 414 \2' “Time:  3:51 i

You will be departing on Eugene’s Runway 34, and will be reques ting a
downwind departure to a heading of 167", Listen to the ATIS on 125.2
before departing, When ready to takeoff, contact the tower on 118.9 and
request a right downwind departure. Tune and identify the Eugene VOR on
112.9 and set the OBS to 167", Depart Eugene and climb to 5,500 ft,

206

Airport i 3 | 12/30-2500

Nexr, you will dial in the Roseburg VOR on 108.2. Again, identify and
track inbound on a heading of 167 to the stadon. At the Roseburg VOR,
turn o 2 new heading of 136" and climb to 7,500 £t for a trip over the
Siskiyous. The next checkpoint is the Rogue Valley VOR, which is 53 miles
from Roseburg. Approximately halfway there, dial in the Rogue Valley VOR
on 113.6. Maintain 7,500 ft.

After crossing the Medford VOR, turn to a new heading of 122, By now
you should have been tracking your speed and distance and calculating your
time en route. Ashland Airportis 15 miles from the VOR. There are no
navigational aids at Ashland. After identifying Ashland Airport, turn to a
heading of 146 to the Dunsmir Airport, which will take you down through a
pass ovetlooking Interstate 5. The distance is 59 miles.

Mt. Shasta is an identifying landmark for the route on this trip. After
passing the Dunsmuir Airport, turn to a heading of 165" for the Redding
Airport, which has a VOR on a frequency of 108.4. Dial 165” on the OBS, and
track it for a distance of 45 miles from Dunsmuir. Note station passage by a
swing of the needle on the VOR at Redding, then dial in the Maxwell VOR at
110.0. Maxwell is 72 miles from Redding,

Upon leaving Maxwell, turn to a heading of 159", You will be turning at
your next checkpoint, which is an intersection identified by BESSA. Itis
adjacent to | ake Berryessa, which will be on the right of the airplane. The
intersection is also identified by the Williams VOR on 114.4, on a radial of
173", and also by the Sacramento VOR on a radial of 270°. At BESSA, turn
to a heading of 168 for the Oakland Airport, which is 52 miles away.

In route from the BESSA intersection, you will cross over the Carquinez
Straits. You should contact Bay Approach on 127.0 for clearance into the San
Francisco Bay Area. After crossing Oakland, turn to a new heading of 147",

Reser the OBS and track outbound to the Palo Alto Airport. Monitor the
Palo Alto ATIS on 120.6. Bay Approach will assign you a new frequency of

120.1 for the approach into Palo Alto. As you near the airport, Bay Approach
will hand you off to the Palo Alto tower on 118.6 for clearance to land. You
will be landing on Runway 12.

Ident. Location VOR  ATIS App./Dep. Tower  Ground
o

RBG | Rosebu rg VOR
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Eugene, OR to Paine Field, WA

From the Klamath Falls and Seattle Sectionals
Flight Skille: VIR Cross-Conntry Using VOR/DME

Eugene is located in the southern end of the Willamette Valley. This

flight will have us following the meandering Willamette River to Portland,

Oregon on up to Paine Field up in the beautiful waterways of the Seattle area.

Identn‘ler _Checkpoint_Time Off

T Climb ta

16/348000
14500 112 !

EUG Eugene Apt :

CVO ("Olnillf,
. YOR

UBGC  Newberg | L

.._\’_'..OR et 076 |

BTG | Battleground
e WOR 1331

OLM | Olympia |

[VOR ... 351
LOFAL |ﬂter5€€t'°" T TUTIS et IS (OINITON | MRS O SR Pt |

056 116.3 1110 | Pattern | i
! | {Altitude] 12

PAE Paine Field | ' .

11’29 4510

You will be departing Fugene on Runway 34. Listen to the ATIS on
125.2 for current airport information. When you are ready to depart, contact
the tower on 118.9 for a straight out departure.

Your first checkpoint is at a magnetic heading of 334" which is to the
Corvallis VOR, a distance of 22.7 miles. The Corvallis VOR frequency is on
115.9. Make sure that you have the proper heading of 334° in the OBS. A
switch of the TO-FROM flag will note station passage.

Turn to a new heading of 357" at an altitude of 4,500 ft to the next
checkpoint, which is the Newberg VOR. Turn the OBS to the same setting
and fly outbound on the radial. Halfway to the Newberg VOR, which is 52.9
miles away, switch frequencies to Newberg on 117.4, Always listen to the
Morse code identification to confirm the proper station,

After passing the Newberg VOR, your next checkpoint is the Battleground
VOR. Itis 28.7 miles away from Newberg at 2 magnetic heading of 016",
Battleground’s frequency is 116.6. Upon reaching Battleground, turn to the

‘new heading of 331" and set the OBS for the checkpoint of Olympia VOR,
which is 74.5 miles away. Track outbound for approximately 35 miles until
you are able to receive the Olympia VOR on 113.4. Note station passage at
Olympia.
209
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Ident.

Location VOR Tower Unicom ATIS App./Dep. Ground

ugene A
Corvallis VOR

1159

attlvgmuncl VOR 116.6

| 1202 |

 Paine held Apt 121.3 | 122.95 1128.65 L1218

Fargo, ND to Sioux City, TA

From the Omaha and Twin Cities Sectional Flight
Skiils: Long VER Cross-Country Using 17OR/ DME Navigational Aids

This is 2 long, VI'R cross-country flight using VOR/DME navigational
aids. This is a relatively flat area of the United States, and the VOR’s are a
substantial distance apart. "To increase your reception of the stations, you will
climb to a higher altitude than normal for better radio reception,

Identifier Checkpoint Time Off
T : ag. Hdg Dlstance Speed Altitude Time Rm L
FAR - Hector 181 1 10.1 110 Climb 9 17/35-9950
] lnt .F\pt I to 8500
[FAR " “Fargo VOR'| S (N N |
{181 1107 110 8500 59
JATY  Watertown | i -
- VOR 1163 81.3 110 8500 44
FSD Sioux Falls  — .
L VOR 1163 50.1 110 8500 28
ESTIS | Intersection " - L.
R P 5 26 110 Pattem 18
- o Al 2451
SUX - Sioux City i i -
 Airport | 5 I S . 17/35-6600
Distance: 275 Time: 2:38 |

Atan altitude of 4,500 fr, you will be below the Seattle Class B airspace.
You will be flying on airway V-165-287 to the Intersection of LOFAL, which is
defined by the 351" radial from Olympia and the 307" radial from the Seartle
VORon116.8.

As the needle centers, turn right to 2 heading of 036" to Paine Field. Itisa
distance of 16.3 miles.

After listening to ATIS on 128.65, contact the tower on 121.3 for landing
instructions. You will be landing on Runway 29, Paine Field’s elevation is 606
ft, and its pattern altitude is 1,406 ft.

210

You will be departing on Runway 17. Tune into ATIS before departure
on 124.50 for current airport information. Setyour VOR to a frequency of
116.2 and the OBS to a magnetic heading or 183", Contact the tower on 118.6
when you are ready to depart. After departure, climb up to 8,500 ft for this
flight.

The Fargo VOR is 10.1 miles away. After this, turn to a heading of 181°
while changing the OBS to the same setting. You will track this VOR
outbound for approximately 50 miles until you are able to pick up the
Watertown VOR on 116.6. The length of this leg is 107 miles.

Once you have reached the Watertown VOR, wirn to the new heading of

163", Be sure to turn the OBS to the same heading, Track outbound for
211
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Chartnotto scale. Alignment of airports and navigational
aids do notreflectactual compass headings.

dipproximately 40 miles, then switch to the Sioux Falls frequency of 115.0 for
racking inbound on the same heading,

After you have crossed over Sioux Falls, the next checkpointis the ESTIS
Antersection. Itis ona heading of 163", and is identified by VOR radials. You
ay also identify it by a distance of 5{.1 miles from the Sioux Falls VOR. At
FSTIS, rurn to a new heading of 157", Track inbound to the Sioux City
Airport. Ttis 26.8 miles away. Sioux City Airport’s field elevation is 1,651 ft,
and its pattern altitude is 2,451 ft.

Within about 20 miles of the zirporr, listen to ATIS on 119.45 for current
airport information. Contact Approach on 124.6 for landing sequencing.
Approach will murn you over to the tower on 118.7 for clearance to land on

Location VOR Tower Umcom ATIS App./Dep. Ground
; : 124, 50'21‘294@ 121 9

Akran

W194s 26 d2ie

Gary, IN to Oshkosh, WI

From the Chicago Sectional

Fiight Skills: 1'FR Cross-Comntry in Heavy Traffic Class B Aivspace and Busy
Communiecation Aveas Using 1VOR Navigational Aids.

Your flight from Gary, Indiana to Oshkosh, Wisconsin begins at the

‘southern end of Lake Michigan, This flight will take you through some of
the busiest aitspace in the US.—Class B airspace for Chicago into Oshkosh,
“which, for a short period of time during the Experimental Aircraft Associa-

tion Convention, is the busiest airport in the world,

dentifier Checkpoint _ Time Off
Mag. Hdg. Distance Spced Allltude Tlme Rwy-| L

2

[y

GYY Gary Regional _ 112/30- 7009
- | Airport 329 {43.7 {110 | 27 |
OBK | Northhrook o i | _ e
VOR 292 118.9 110 (10
FARMM, V228 ] i
321 653 1110 | 36
UMSN_ Vv9-341 | _ _
1036 ... 1608 1110 . 36
OSH Oshkosh, ! | ! 5 IS,’S() 8IJ’10
i I SN N— S
Distance:  118.7 Time: 1 49
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Ident. Location VOR  Tower Unicom ATIS App./Dep. Ground
ary Regional Ap
Northbrook YOR
- Oshkosh Ai

e i

e 1226 voRTAC
: MADISON
k[ o 108.6 ch.23 SN i

Livermore, CA to Reno, NV

"] oReENBAY | . _
L From the San Francisco Sectional

FARMM  otxe . o ) . . g om m i
. Fiight Skills: Cross-Conntry Using VOR Navigational Aids

1 *‘%? | NORTHBROOK
i i H ; \ i

113.0 Ch, 77 OBK =75

| ankakee |

-

Livermore, California is just east of the San Francisco Bay area and is
protected from much of the bay fog by hills. It is open for VFR flight most
of the time. Reno is the destination that will take you over the Sierra Moun-

1% 18 o
ot

tains of California. The flight weather is forecast for clear and unlimited
wvisibility which will give a great view of the Sierras and Take Tahoe.

GARYREGIONAL [GYY) » . )
NECT1256 7@ ldentifier Checkpoint Time OFf
Runmsfelo,}%%ofee} ' 'Mag. Hdg. Distance Speed Altitude Time Rwy-L
ey LVK Livermore ! | i
Ehu&fnoHoscala,Mignmen!ofnirpndsund navigational aids do not reflect actual compass Airport 044 1 44.9 110 Climb {7L/25R-5260!
Stek - S [— | to 5500 29
LIN Linden VORL il il i i g
On departure at Gary, you will be entering Chicago’s Class B airspace .03 483 1110 19500 129 | é
almost immediately. The tower frequency is 125.6. You will be departing on 00k [ Intersection T T i e o g
Runway 30. Make a slight right turn after departure to 329" to the FMC Mustang | '
Nortabrook VOR on 113.0. Immediately after departure, contact Chicago VOR 344 8.0 110 Pattern |5
Approach on 119.45 for clearance through this Class B traffic area, Climb to B it Altitude
- ) RNO Reno Apt. | 15212 | ! }
; -~ . - . | | {16L/34R-9000
At your first checkpoint of Northbrook VOR, you will pass well over old _ | ; |
Meigs Field. Northbrook VOR is 43.7 nautical miles from Gary. As you pass i Distance: 1512 Time: 1:12

the Northbrook VOR, turn to a magnetic heading of 292" and track out-
bound for 18.9 miles to the FARMM intersection which is defined by three
radizals: the Janesville VOR on 114.3, 109" radial; the Madison VOR on 108.6,
135" radial; and the Badger VOR on 116.4, 180" radial. Next, turn to the right
following airway V=217 to the Madison VOR on the 321" radial—a distance of
65.3 miles,

You will depart Livermore which is 397 ft MSL on Runway 7L. Listen to
ATIS on 119.65 for current airport information. Set your navigational radio
for the Linden VOR on 114.8 and set the OBS to 044", When cleared by the
tower, depart Runway 7L and then make a left turn to a heading of 044" on
¢ heading indicator and climb up to 5,500 ft.

Check your progress on the DME and watch for station passage at Linden
on the TO-FROM indicator. Begin your climb to 9,500 ft before vour next
checkpoint. Next, vou will head to the SPOOK intersection on V-28-113
airway, which is on a heading of 031" from Linden and 48.3 miles DME.
ISPOOK is also identified by a FROM indication on the 120" radial from the
Squaw Valley VOR on 113.2. Departing SPOOK, climb to 11,500 ft for terrain
clearance for your inbound course o Reno.

Oance 2t Madison, you will turn to the right and fly outbound on a
heading of 36" on airway V-9-341 for a distance of 60.8 miles. You will be
tracking inbound on the Oshkosh VOR on 111.8.

Listen to the ATIS on 125.9 as you approach and then conract the tower
on 118.5 for landing instructions. You will be landing on Runiway 36.
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- AtSPOOK, turn to a heading of 013" to the Mustang VOR on 117.9 for
850 miles. Start your descent to land at 10 DME from the Mustang VOR and
make your final heading of 334" into Reno Airport.

As you fly over [ake Tahoe, you should listen to Reno ATTS on 135.8 and
tontact Reno Approach on 119.2 for a sequence to land. Approach will hand
you off ro the rower on 118.7 for clearance to land on the 9,000-foot, Runway
4R, The pattern altitude is 5,212 ft and the field elevation is 4,412 ft.

Reno has 4 high clevation and is often hot during the summer, and the
_'__ensity altitude can be a real problem. Review the section on this topic (page
144) for its effects on aircraft performance.

viustang VOR
... Reno Apt.

orris, MN to Flying Cloud, MN

om the Twin Cities Sectional

_'!}{gbﬁ Skills: TFR Cross-Conntry Using VOR and NDB Navigationa! Aids

The middle of the US., around Minneapolis, Minnesota is a beautiful area
to fly because of its many surrounding lakes. Navigation in the middle of the
country is made up of VOR’s and NDB’s. This 120-nautical mile VFR trip
will hop from VOR to NDB to VOR, etc. You will depart the uncontrolled
airport at Mortis, MN and arrive under the heavy traffic volume of the Class B
pirspace at Minneapolis—St. Paul. You will be landing at Flying Cloud, MN.
The terrain is flat, but watch out for towers en route which are scattered
throughout the Midwest.

Identifier Checkpoint Time Off I
‘Mag. Hdg. ' Distance Speed Altitude Time Rwy-L
| Morris Apt. | 130 19.7 110 Climb [14/32-3400
] i - : [0 350014 |
| Benson, MNL____.... b

| ' {110 {3500 15 |

[ Willmar VOR TN SO S
bisswseisnd T3 110 13500 119
| Butler 1088 [39.3 110 13500 25
| Flying Cloud: I T—
Airport, MN 1 9L/27R-3600]
Distance: 1197 | Time: 1:13 |
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Youwill depart Morris Airport on Runway 14, After departure, climb to

L ke e 5,500 ft, or any odd aldtude plus 500 feet (because your headings will be

5 é' -:E e between 0-179 degrees magnetic).

s o Sdne il You will be intercepting the 130" radial flying outbound to the Benson

38 x5 é%ég. SN NDB, which is 19.7 miles away. To do this, you will set the VOR radio to the
210 am 5.'5*:5“':?; ég sz; Mortis VOR on 109.6 and the OBS to 130", On climb out, you will turn left
qlzz g £ 2 a0 20" from the 140° heading of the runway to intercept the 130 radial. When
2 Sl :‘?-g e the needle centers, turn to 130° magnetic.

L Eﬁi”‘a“ 7 T Use Benson’s NDB for your next navigational aid. You should have the

it e ADF sct to 239khz for navigation. The needle on the ADF should be pointed

straight up. As you near the Benson NDB, switch the VOR radio to the

-l i Willmar VOR on 113.7 and set the OBS to 113" and look for the TO flag.
by g B g | Don’t forget to check the Morse code identifier with the audio panel switch for
‘2‘9% 'g E | the VOR and the ADF, to make sure the nav aids are working, As the ADF
gf;‘_% E ; ':EE.';S I needle swings to the tail indicating the Benson station passage, rarn to 113°

_ 3_%’% . :éé i : ' magnetic heading for the Willmar VOR, 27 nautical miles away.
!;gg / il Hutchinsoq-But]cr airport is your next checkpoint and is on the same
@ heading of 113", Station passage at Willmar VOR will be indicated by your

*sBuippay ssDAWod PN §93§3 JOU OP SPIR [PUOHDBIADU PUD SPIOA.ID O JUBWIUBI|Y "B|D3S OfjouU LIDYY

W VOR switching to the FROM flag, You will then be tracking outbound on the
Loenl e e o 113" radial. You also will track inbound on the Hutchinson NDB on 209kHz.
. - %:,f LY g @ Along your route, you should continue to monitor weather, Through the
N 8§ .__f{‘ 5 \ = ‘9 < S audio panel on the VOR and ADF, make sure the volume i s turned up.
%Eo s ¢;§&’ % REm Hutchinson Station passage will again be indicated_by a 180" needle swing on
- :g L A J1E g g the ADF. The final leg is now on a heading of 088" to fly direct to the Flying
_ﬁ{‘:g AR g Lea® Cloud Airport tracking the VOR on 111.8. (Set the OBS to 088°.)
E a = o e As you approach Flying Cloud, vou will enter the Class B zirspace of
a c;}" : J Minneapolis-St. Paul and should contact them on 123.0 before you enter their
P %% o T airspace at 30 miles out from the center of Class B. Remember that you
N o g & cannot enter unless they repeat your call sign and give you permission to enter.
fc',, Z = 2 ‘They will give you a discrete transponder code and advise you of traffic. The
o8E oz weather must be at least three miles visibility and clear of clouds. Your
» f.'ﬁ 2¥s (ZD landing pattern altitude should be 1,900 ft MSL at Flying Cloud, so plan your
oA 3 descent accordingly. Center will hand you off to the Flying Cloud tower
@ % around 5 NM out and clear you for landing. Enter north of the airport in a
g @ tight downwind traffic pattern for a landing on Runway 27R.
‘?q § : E | Idenl. Location V(JR NDB  Tower Unicom AWOS ATIS . App .
é %30% {.K’@“.\' o B :.Mams pt. 109 1261
NEEDD [ | T2 Benson 239 |
~’°“33-'°',°°'¢*" Go? :
KNREG J1306%
oNwo o ¥ (et J e
3B dm A L BER
g = [ \
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Orange County, CA to Van Nuys, CA

From the Los Angeles Class B Airspace;
Terminal Chart
Fllight Skills: Heavy Traffic Alrea; 1"FR Fiight.

John Wayne Airport-Orange County lies in one of the heaviest, small
aircraft, VFR traffic areas in the nation. This flight will take you from John
Wayne Airport to Van Nuys through a VFR corridor over the Los Angeles
International Airport. After departure, you will align vourself with this
corridor for a direct flight in to Van Nuys.

:_ldEﬁtIfIEr Checkpoint Time Off :
Mag, Hdg Dlstance SpeedAIhtude Tlme Rwy L
CSNA - John Wayne, _ !

i - Airport- | : ! ;

i Orange €o. 274 1203 110 ;4500 14 1LA19R-5700
i WILMA Intor%ortlon i | ! : : )

1323 28,7 110 Paftern
Altitude!
- PR | (1600 16
VNY ©Van Nuys ) i } i
- * Airport ' _ _ ' : 16R/341L-8000
\Distance: 490 | Time: :30 |

Tune and listen to the ATTS frequency on 126.0 before departure. You
will be deparring on Runway 19R. When ready to takeoff, contact the tower
on 119.9. After departure, you will turn to a magnetic heading of 274 which

will take you over the Queen Mary Cruise Line ship and Dome visual reference

pointand align you with the VER corridor, which is on the 140" radial from
the Van Nuys VOR on 113.1.

Alr traffic control will normally assign an altitude through this corridor.
You will fly at 4,500 ft. Van Nuys is equipped with DML capability, and as
vou approach within 20 miles, you should contact Van Nuys Approach on
124.6 for arrival procedures. Their ATIS is on 118,45,

You will be landing on Runway 341.. Van Nuys Airport is 799 ft above
sealevel.

Ident. Location VOR ATIS App. Dep. Tower Ground

1281 1199 1208
1204 | 1193 | 1217

CVNY | Van NuysApt 1131 | 118.45 | 1246 |
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VANNUYS -
119.3 E(s‘mnz* < ‘ﬁf .

: : _  VANNUYS
- ATIS118.45 "’"7 Vailee e i coldgans
799+ 80 122'95 i \‘_ 9’? i 13.1 Ch_; 78 YNY ol G

i Runwny34!. 3000 Feef A -~ .

-t et

WILMA

JOHN WAYNEORANGE CO{SNA}
CT-119.9*@
ATIS 126.0
54 %157 122.95
Runway 19R, 5700 feet

Chart nottoscale. Alignmentofairports and navigational aids do not reflect

actual compass headings.

Portland, OR to Lewiston, ID

From the Seattle Sectional

Flight S &ills: VER Cross-Conntry Flight Using VOR Navigational Aids

This flight begins in Portland, Oregon, adjacent to the Columbia River,
which flows all the way down from Canada. Hydroelectric power drawn from
the Columbia supplies electricity throughout the Northwest. These dams can
be good checkpoints on VER flights. The tiver also provides a pass for VER
aircraft when clouds obscure the Cascade Mountains.

Identlfler Checkpoint Time Off
Mag Hdg.| Dlstaﬂce Speed Altltude Tlme Rwy-L
PDX | Pnrrland i
| Alrport 064 632|110 |Climb 138 | 10R/28L- 11000
. : | 11055000

LTI Klickirat | | |
L VOR 1047 89.0 110 15500 49

| 065 |87 L1110 5500 (o 48 8/26-6510
LWS Lewiston | Pattern |
L L Airport. 5 Altitude.

AN N QL2500 .

| Distance:  251.8 JTime:  2:247
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On this flight, you will be departing Portland International Airport on
Runway 10R. Monitor the ATIS frequency on 128.35 for current airport
information. When ready to depart the runway, contact Tower on 118.7. You
will be making a straight out departure on Runway 10R.

After departure, turn left to a magnetic heading of 064, and set the OBS
to 064", The first checkpoint is the Klickitat VOR found on frequency 112.3,
03.2 miles away from the Portland International Airporr. Climb to 5,500 ft.
Remember, when traveling between headings of 0"and 179, always pick an
odd altitude plus 500 feet for VER flight.

After reaching rhe Klickitat VOR, the next checkpoint will be at the Pasco
VOR, on a heading of 047", with a frequency of 108,4, You will follow the
airway V-520 with the OBS setting of 047" to Pasco. Upon reachin g Pasco,
turn to a heading of 065°, reset the OBS, and follow airway V-187 into the
Lewiston Airport, which is 93.5 miles away. Halfway between the Pasco and
Nez Perce VORs, switch to the Nez Perce frequency on 108.2 for navigational
information.

There is no approach control at Lewiston Airport. Therefore, contact the
tower on 119.4 for landing instructions. Make sure to listen to the ATIS
beforehand on 135.575. You will be landing on Runway 26. The pattern
altitude is 2,500 ft.

Location VOR Tower Unicom ATIS App./Dep. Ground

land Alrport. || 1187 122,95 12835 1184 1219 |

Klickitat VOR | 112.3 | | - :

L Psce VOR i

| MQG | Nez Perce VOR | 108.2 |
! g k;,,msto rrpnrt Tl

Ident.

e ghes aey LR ABe
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Rochester, MN to Sparta/Fort McCoy, WI

From the Chicago Sectional
Flight Skills: Marginal 1'FR Cross-Country into IMC with Landing at Alfernate
Alirport.

Part of the learning process in flying involves developing good judg-
ment. This flight involves cross-country flight in marginal VFR conditions
into instrument meteorological conditions (IMC) with a landing at an
alternate airport.

Identifier Checkpoint Time Off
5 Mag. Hdg. | Distance Speed Altitude

! - [ Climb
(110 5500 32

TimeRwy-L
13317530

. Rochester

090 |

i) £

. T e 315 .
Altitude,

Alrport

CMY

You will be departing Rochester Airport. Monitor ATIS on 120.5 for
current airport information. You will be using Runway 13. Contact the tower
on 118.3 when vou are ready to depatt.

You will he making a left turn to a magneric heading of 090", You will be
using the LaCrosse VOR on 108.4 for navigation.

As you approach the Mississippi River, vou will notice that the visibility is
reducing and the ceiling is dropping, After you have crossed the LaCrosse
VOR, indicated by & TO-FROM switch in the flag of your VOR, turn to a
magnetic heading of (075" and reset your OBS to (175 for the Sparta Airport,
22.9 miles from the LaCrosse Airport.

Sometime during this leg, the visibility will decrease and eventually drop to
zero, which indicates that you have entered IMC (Instrument Meteorological
Conditions) and are unable to fly by visual reference. The proper procedure
when this happens is to turn 180" using a standard rate turn on instruments
only, and plan on a landing at LaCrosse Airport. The proper way to navigate
back to LaCrossc is to turn the OBS on the VOR uatil the needle centers with
a'TO flag. This is your new magnetic heading back to the station. LaCrosse
Alrport is on the Mississippi River and is 9 miles east from the LaCrosse VOR
station. In normal flight conditions, you would never allow yourself to
proceed into these conditions unknowingly. LaCrosse’s pattern altitude is
1,454 feet. You will be landing on Runway 3. Monitor ATIS as you approach
the field, and then contact the tower on 118.45,

224

LA 'CROSSE’A}RPGRT&SE}
CT-118.45*
ATIS 12495
654*185122.95
Runway 3, 5300 feet

=
Q!
T
OO0~
L Og™
,{x Ug;'l
EF‘R
"_.
A -%U@
l.._
<
A
@
]
uw
i i
ie
Ly b
=30
Qo -~
oz & o=
G2
i
>35
5
-]
-
Ll
i3,
ﬁ:‘ 4
Wy Q
iy
l"t'!m-cﬂ“" 3 8~
ZoS=2 o6l T n
_;1 “-—-ﬁm “ ﬁ | K
e "N o=
I T e e mU
BOZN & o
T
= -7
e TR
£ ke
4 : N
I!‘D 0y
L '__.II
\'( o
\‘:\__ 5 yf

Chart not to scale. Alignment of airports and navigational aids do not reflect actual compass

headings.




Logging Your Hours

Logging Your Hours

Inan actual flight where you had filed a flight plan, vou would contact the

Flight Service Station to let them know of the deviation from your flight plan,

You would then request that they close your flight plan by telling them that
you have landed at LaCrosse Airport,

Ident Location VOR Tower Unlcom ATIS App "Dep Ground
! ' Rﬁx‘h&srerf:_ 5 1 :

The Bay Cruise (Concord, Sausalito, Oak-
land, San Jose, Concord)

From the San Francisco VFR Terminal Area Chart

Flight Skills: TFR Uling Pilotage and Dead Reckoning

This flight will take you on a beautiful tour through the San Francisco Bay
Area, a destination for many tourists. However, many busy airports serve this
arca, so you should be in contact with controllers throughout the entire flight.

Identifier Checkpoint Time Off
‘Mag. Hdg. Dlstance Speed Altitude Time Rwy-

|CCR Buchanan 235 1235 110 Climb 16 1LA9R-5010
1 Airport i o 4500
SAL Sausalito | ! i :
: . VOR 1103 16.3 110 3500 |9
OAK Oakland e L
L VOR 132 1249 110 (3500 14
is|c | Sanjose | o C—
! - VOR 337 137.3 110 Pattern 24
! | Altitude
| i } 823
CCR . Buchanan i
i | Field i
| - R W 14L/32R-4600
| Distance: 102 Time: 1:03

You will be departing Buchanan Field, which is located in Concord,
California, Listen to the ATIS frequency on 124.7 before departing on
Runway 19R. When ready to depart, contact the tower on 119.7.

You will be making a right-hand turn after departure to a magnetic
heading of 2357, Also, set the OBS to the same heading, Sausalito VOR ON

116.2 1s your first checkpoint which is 23.5 miles away. Climb to an altitude of

4,500 ft. The next leg is from Sausalito to Oakland. You will be using the

Oakland VOR as a navigational aid on 116.8. You should have a view on your

right of the Golden Gate Bridge from the air after you have flown past

226

. CONCORD - |
117.0Ch 117CCR 28

BUCHAN N{CCR]

» L 119 7 é@ 1239*
23 Lsmzz 95

Runwray 328, 46007feet

 SAUSALTO
1 116.2Ch. 109 5AU =

| i
VORTAC | § 24
8

OAKLAND. el A
116.8Ch. 115 OAK T3 Eidiry
=
__.') ‘& } \\
2 b SAN JOSE
| 114.1 Ch.88 SIC 32

Chné-i nattascale. Alignment of girparts and navigational aidsdo not reflect actual compass
headings.

Sausalito en route to Oakland, which is 16.3 miles away. Descend to 3,500 ft.
Male sure the OBS is set to 103" for the Oakland VOR.

After you have passed the Oakland \-TOR turn to the San Joscarcaona
heading of 132 and set the OBS accordingly. The trip to San Jose is 24.9
miles. After you have gone about halfway, dm lin the San Jose VOR on 114.1
and track inbound. After arriving ar the San Jose VOR, noted by a swing on
the VOR needle, turn left to a new heading of 337" and climb back up to
4,500 fras vou fly back to Buchanan Field, which will take you over the hills on
the east bay. Track outbound on the San Jose VOR. Turn the OBS to 337" as
SOO0M 48 YOu Caf.

Tune to the Concord VOR at 117.0 and track an inbound heading of 337,
As you approach Buchanan Field, listen to ATIS on 124.7 and contact
Approach on 119.9 for landing sequencing. Approach control will turn you
over to the tower on 119.7 for landing instructions. You will be landing on
Runway 32R. Concord’s altitude is 23 ft MSIL, and its pattern altitude is 823 ft.

Ident,. Location VOR Tower Unicom ATIS App./Dep. Ground

CR Buchanan Arport | 1197 1z
| Sausalito VOR .
Oakland VOR

e

e

i

| San Jose VOR ; : ! : !
CCR  Buchanan Airport | 1197 12295 1247 1199 | 1219
| CCR | Concord VOR _1170 .

o
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Traverse City, MI (Cherry Capital
Airport) to Mosinee, W1 (Central
Wisconsin Airport)

From the Green Bay Sectional

Fiight S&illr: VR Cross-Country Using NDB Navizational Aids

"This flight is intended to build your cross-country skills using NDB
navigational aids. NDBs are prevalent throughout the Midwest for naviga-
tion. They are Non-Ditectional Radio Beacons that do not have the advan-
tages of the heading indications received from VOR’s. However, they srill can
be used quite accurately. This flight will depart across Lake Michigan onto a
landing in Mosinee, Wisconsin, which is the Central Wisconsin Airport.

_Identifier Checkpoint Time Off

CTVC . Cherry | Mag. Hdg. Distance Speed Altitude Time Rwy-L
. Capital Apt. | 280 785 110 Climb 46 10/28-6500
_ ; to 4500
SUE | SturgeonBay i ;
! 280 1209 110 4500 12
0CQ  Oconto | i I
269 74.9 110 Pattern 44
Altitude
P 2077
Cwa Central
! Wisconsin
 Airport _ B/26-7650
 Distance:  174.3 Time: 1:42

Listen to ATIS on 126.0 for current airport information before departing
on Runway 28. When ready to depart, contact Tower on 124.2 for a straight
out departure. Climb to 4,500 ft. Remember, on headings from 180" to 359,
fly at altitudes of even thousands plus 500 feet on VFR flights. As a cross-
reference on your flight across Lake Michigzn, you can always dialin the
Traverse City VOR on 114.6 and use vour DME to tell the distance across Lake
Michigan.

Your first navigational aid is Sturgeon Bay, which is 78.5 miles from
Chetry Capital Airport. The frequency on your ADF should be set to 414,
The needle should center to the nose of the airplane on your VOR indicator,
Track inbound on the 280" magnetic heading unti! you reach Sturgeon Bay. At
Sturgeon Bay, you will notice that the needle on the ADF will swi ng to the tail
of the airplane indicating station passage.

Your next checkpoint is Oconto, also at a magnetic heading of 280", The
frequency is 388, and the distance is 20.9 miles from Sturgeon Bay. Again,
watch for station passage by a 180" needle swing on your ADE,
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The next heading is 269" to the Central Wisconsin Airpott. The frequency
18 377, Itis 74.9 miles away. The NDB is located on the field at Central
Wisconsin Airport. Contact ATIS on 127.45 for current information, and
then contact the tower on 119.75 for landing instructions. You will be landing
on Runway 26. The field clevation in Central Wisconsin is 1,277 fr and the
parrern altitude is 2,077 fi.

There is an excellent chapter on tracking inbound and cutbound using
NDB navigational aids beginning on page 117 in this manual. Itis very
helpful in refining your navigational skills and will eventually help vou in the
instrument landing approaches.

Ground
Aapl ialsy nabd ToiE

Ident. Location NDB
(IVC | Cheny Capital Airport, |
| SUE | |
| CWA ECentral Wisconsin Alrport,

Tower Unicom  ATIS

Sturgeon Bay ‘ 414
; 3L

e e T

Walla Walla, WA to Yakima, WA

From the Seattle Sectional
Figght 8 kitls: Cross-Cosntry Using VVOR Navigational Aids

This flight takes you over some very productive farmland in eastern
Washington that is well known for its apple orchards.

Identifier Checkpoint Time Off I
ALW | Walla Walla Mag, Hdg. | Distance Speed Altitude Time Rwy-L

CAirport 269 1358 170 Climb 23 2/20-7190
: - : 'to 4500/
PSCT T Pasco VOR | B N |
b b 1270 {580  [110 [6500 33
YKM | Yakima VOR | | |
' ! 250 4 {110 {Pattern 2

- - 5 | Altitude.

; | 11895

CYEM 7 Yakima Apt | ' 9/27-7600

Distance: 989 1 Time: :58

You will depart Walla Walla Airport on Runway 20 and request a straight
out departure. You will be using the Walla Walla VOR on 116.4 as a naviga-
tional aid. There is no ATIS at Walla Walla. After completing the takeoff
checklist, contact the tower on 118.5 for departure. Climb up to 4,500 ft. The
OBS should be set for 269" and you should see 2 FROM flag in the window.
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You will be flying on airway V-520 to Tri-Cides Airport where the Pasco
VOR islocated. After reaching 4,500 ft, tunc in to the Pasco VOR on 108.4
with the OBS seton 269", After passing Pasco VOR, you will turn to a new
heading of 271" for the nextleg of the flight. You should climb to 6,500 ft as
you travel on airway V-204 to the Yakima VOR.

Twenty miles from the Yakima Airport, contact Yakima Approach on
123.8. You should have already monitored ATIS on 125.25. As vou approach
the Yakima VOR, start your descent for the approach into Yakima Airport.
The airportis on a heading of 250" and is 4.1 miles from the VOR. You will
be landing on Runway 27. Yakima’s field elevation is 900 ft, and the pattern
altitude should be 1,895 ft. Approach control will rarn you over to Yakima
Tower on 134.2 for clearance to land,

Ident. Location YOR ATIS
Pasco VOR

108.4

12565 |

IFR Introduction

Preparing for an Instrument rating is considered the graduate school of
flying. The diversity of informaton needed to fly by reference 1o instrumenss
only, understanding weather patterns, aircraft systems, airway structure, ATC
communications, and applicable Federal regulations, is truly a challenge worth
achieving.

Pro Pilot 99 gives you an overview of instrument flving in its instructional
chapters, and it gives vou a chance to practice simulated II'R flights in these
flight assignments. Each assignment has the informaton needed to complete
the flight just as much as in the real world, This information has been taken
from aviation charts that were current at the time of printing, but you should
nererrely on this information in an acrual flighr. Information can be changed
or updated often by the FAA, so always make sure you have the most current
information for an actual flight.

A clearance has been prepared for each flight as in an actual IFR flight, A
copy of the clearance is printed in each assignment along with approach plates
tor landing, and an abbreviated en route chart.

You will receive air traffic control instructions throughout your flight as
much as you would receive in an actual flight.

Albany, NY to Manchester, NH
Flighr Skitts: IFR flight, Landing with a Localizer Approach

Weather Forecast:

Albany, NY report: 500 scattered, 900 overcast, visibility 2 miles in haze. En
route report: 1500 broken, 3 miles in haze, Pilot reports tops at 12,000,
Manchester, NH: 900 overcast visibility 3 miles in haze. Freezing level for the
flight is at 14,000 ft.

Clearance: Cessna 72 LIMA, cleared to Manchester Airport via the Cambridge
VOR then as filed. Maintain 4000. Departure frequency will be on 118.05.
Squawk 0523,

ldentifier Checkpoint Time OFf .. . . . .
i Mag. Hdg. = Distance  Altitude = Rwy-L

|ALB Albany, NY | 068 | 25.0 © 4000 | 1/19-7200

[CAM | Cambridge PRSI S

.| NOR 108 1 G000

| Va3 Manchester, '

(MHT. U NHL ... 065 28 6000

i VOR 179 8.7 3000

IMHT | Manchester | e

! Alrport i R . . 17135-7000
Distance: 117.7
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You have already received the weather brief and have filed a flight plan for
your trip from Albany, NY to Manchester, NH. You will be flying direct to
the Cambridge VOR on the V-72-123 airway and then on to Manchester on
the V-490 airway. This flight will terminate using a localizer approach to
Runway 17,

To begin this flight, you first listen to ATIS on 120.45. Before you are
ready to taxi, contact clearance delivery for your IFR clearance. Copyitdown,
and then read it back to the controller for accuracy. You will depart on Runway
1. Contact the tower on 119.5 for takeoff clearance,

After takeoff, the tower will transfer you to Albany Departure on 118.05.
As you climb out, they will instruct you to turn to a heading of 068 to the
Cambridge VOR. You should have already ser the VOR radio to 115.3 and
the OBS to 068 before departure. As you climb out, intercept the course and
climb to 4,000 ft. This first leg is 25 miles.

After crossing the VOR, turn outbound to a heading of 108" and climb to
6,000 ft. When you are 37 miles from Cambridge, vou will be at the crossover
point for radio navigation, and you should switch to the Manchester VOR on
114.4. Since our initial approach fix is the Concord VOR, vou will follow the
V-490 airway on the 246" radial up to Concord using a heading of 065" from

the Keene VOR on 109.4. Perform the 517 for the approach. You are also
cleared to descend to 5,000 ft. Before reaching the Concord VOR, Manchester
Approach, on 124.9, gives you the clearance to the Localizer 17 approach. Turn
tight to a heading of 173", Maintain 3,000 ft until you pass CRTLA on the
Localizer 17 approach. CRTLA is identified on the approach plate by two
radials: PSM VOR, a 286" radial on 116.5, and Concord VOR, a 179" radial on
112.9. Switch to the localizer frequency on 109.1. Passing CRTLA, vou are
cleared to 2,300 fruntil 11.4 miles DME at BETEY. Your heading should be
173" Fly to center the needle,

When you reach the final approach fix at the KIMBR outer marker, it is
identified on the marker beacon radio with a tone and light. Start your times
after checking your groundspeed to calculate the missed approach point. You
are cleared down to 660 ft. You should break out of the clouds at 850 ft fora
straight in landing on Runway 17. Approach transfers you to Tower and you
can report inbound and receive your clearance to land on Runway 17.

Idenl. Location
(ALB Albany, NY

MHT: Manchester,

[114.41109.1/119.55 135.9 | 1249 1213 121.9 124.9
NH | ? |
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Bangor, ME to Boston, MA
(Logan Int'l. Airport)

Flight S&ills: IFR flight, Landing with an IS Approach

Weather Forecast:

Bangor weather is 1500 overcast and 3 miles visibility. En route forecast is
1000 overcast and 3 miles visibility. Boston forecast is 800 overcast and 3 miles
visibility. Freezing level for the flightis 10,000 feet.

Clearance: Cessna 72 LIMA, cleared to Logan Field via the Manchester VOR
as filed. Maintain 3000. Departure frequency will be on 1249, Squawk 0476,

Jdentlfler Checkpoint  Time Off

; ! Mag. Hdg.  Distance Alhtud_e Rwy-L

[BGR  Bangor, Maine | 239 72,4 13000 115/33-11440

? | .

IBRNNS  Intersection | .l

3 o 242 41 3000

iE\IE Kennebunk VOR I

- S— 241 47.0 6000

- MHT Manchester VOR . ;

| 180 342 4000

' BOS Boston Logan ! _

| Airport 15R/33L-10000

L - | 4R/22L-10000
Distance: 194.6

You begin this flight by listening to and copying AT1S an 127.75 and then
dialing in clearance delivery on 135.9. Request your clearance from Bangor to
Boston. This clearance is based on information received in the weather brief
and on filing a flight plan with a briefer. There are always possible changes
from the flight plan you gave the briefer and what may appear on your
clearance. You should always read back the clearance to confirm you have it
correct.

Contact Tower when ready to depart on Runway 33. You should have
your VOR radio set and identified to Bangor VOR on 114.8, and your OBS
setto 239,

After departure, turn left to a heading of 239" and fy to center the needle.
Climb up to 3,000 fi, which is the assigned altitude for the first segment of
this flight. You are to maintain the assigned altitude by plus or minus 100 ft.
Tower will turn you over to Bangor Departure on 124.9 for radar vectors and
traffic separation. After reaching about 1,500 ft AGL, you will enter the
overcast, which was reported at Bangor, and fly by reference to instruments
only. Remember to keep your instrument scan going and don’t fixate.
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114.8 BGR

 BANGOR {BGR]
. L£T-120.7
(ATIS 127.75
I\ BRNNS

m | KENNEBUNK
L A7 EME L

| MANCHESTER
| 1144 MHT 7.,

SR LAWRENCE
112.5 LWM 1257
L I T
. B iR 3 \-\-'
- GARDNER T M ;
1106 GDM =38 ]
s
s . %
W Z_;

BOSTON

ATIS 1 35,0
20
Runway 15R, 10000 feet

Chart notto scale. Alignment of airports and navigational aids do not reflect actual
compass headings.

The first checkpoint is the BRNNS intersection on the V-93 airway, 73
DME from Bangor. You will then turn to a new heading of 242" and tune
and identify the Kenncbunk VOR on 117.1, which is 41 DME :aw*]\' As vou
pass outhbound from Kennebunk, the controller clears you to 5,000 [t to the
Manchester VOR on 114.4 and a new heading of 241° flying the V-106 airway
As you pass the Manchester VOR, you are cleared to 4,000 ftand 2 new

. ATIS 135.0
MANCHESTER LAWRENCE oo BOSTOM APP CON
14,8 MHT 1125 Lk - 118,25 263.1
Chan 91 Chan 72 T 2OSTON TOWER
, : Rwys 4R-22L and 9-27
r——'w"“i‘:ﬁw—v] /Ke / .-' ~ 119.1 257.8
| e A Rwys AL-228, 159-33L
[RRL bc&?ﬁ: | N ‘u\ _..f;~r~—----. \ and 150-338
(S—. LS AN 3 ! 128.8 257 8
LT g / D CON
131.7
4 \:\ Vi 2 \ CANE DEL
e & 121,45 457.8
L . Tz ABOS 1350
L
; tmpcfisgd 3
i #
/ y
! oA
i '] o i
-
z 130° (.8} !
3 o
& = 1
ES z !
% BOST
2 | 2.7 BOS T
..;" \\ Chan 74
7 \

P / Offsat Lmuli;w
\\ ; : "
N i

o | LOCALIZER 1107
Mpe EL,,

Chan 44
> CEL
s [(17) o ]
~ DME or RADAR REQUIRED *_ \‘
: PROVIDENCE R N,
i 1154 PVD ool K
S _ Chan 03 , A
o Shen 100 \
ISSED APPROACH

Puy 221 dg BROS

By 228 Idg 7045

BLR INT
17D Climb 1o 3000 vio BOS R-154 10
‘ CELTS Int/BOS 11.7 DME and hold
|
|
|
|

)

) Ry 43 bdg BE50"
150° 4.9 HM X 4
, MALDY o FAF fg'f‘")’ 15R ldg 921
Turn NA { I”DCL—;‘ M ::5‘105 M.\df\ 14
e 1687 129 e T
4000 l—._[so LG AR | : rore : Yol L”tz
# Lo ; P
3000 ~ o % 130
G5 3.00° | #Displaced T |
TEHB0® | Theeshold | 1200 e
[ AR A e M e U i e | o i
| CATEGORY A | B | [ ;
SIS 18R 26840 250 (300.5] .
580-1% ;
S40C 158 580/40 562 (600-%) sffg;;‘:’m 562 1900-1%) ] (g
CIRCLING 640-1 620 F00-1) bz%‘gég h‘} 62%4(9602@ TDZ/CL aw;:s_ 158 and 33L
REIL Rwrys AL
Cireling nt outhorized CATs C and D west of AL ond Rwy 158 MAIRL Ry 15:353\ %
For inoperative MALSE, increcse 5-LOC 15R CATs A and 8 visibility 1o IVR 5000,
a

HIRL Rwps 4172, 4R-221,
VAR-E3L ond 027

FAF1o MAP 49 MM

ILS RWY 15R

Grig 94172

heading of 180" for an approach to Boston. As you approach Boston Class B3

xm'qp__}_po 120 1150] 180
Min:Seci 4:54 |38 ) 2:97 [ 1:58] 1:38
422N - T 1700w

BOSTON, MASSACHUSETTS
BOSTON/GENERAL EDWARD LAWRENCE LOGAN INTL (BOS)

airspace, controllers will turn you over to the Boston approach course for the

runway. “Cessna 72 LIMA, you arc cleared I1LS Runway 15 Right approac
Maintain 4000 until SWIGG.” After this, vou will read back clearance,
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SWIGG is identified by muldple radials, which are as follows: the one thif
vou are on, Manchester to 180°; the Gardner VOR 105 radial on 110.6; and the
Lawrence 223" radial on 112.5.

Once you are at SWIGG, you are on the approach for Runway 15R, and
vou follow the published procedures as found on the approach plate. First,
you turn to 150", Tune in to the localizer frequency of 110.7 and listen for the
Morse identification. You should be at 15.4 DME 2t SWIGG. You are now
cleared down to 3,000 ft until WOBUR at 10.5 DME. Keep the localizer
needle centered as you fly straight for the runway. Passing WOBER, you will
intercept the glide slope, the second component of the TT.S.

Check your list as you approach the final approach fix at MAIDY, 6.3
DME. Approach will now turn you over to Boston Tower on 128.8 and you
report inbound. They will clear you to land on Runway 15R. At 800 ft, you
break out of the clouds and you should have the runway in front of you if

the needles are centered. I'rom here on in, you {ly a normal visual approach
and land on 15R,

Clnc.
Del. App./Dep. Tower Ground

14.8 1103 12775 1359 1249 1207 12190

ldent. Localion NDB VOR LOC ATIS
 BGR Bangor Apt. '
. ENE = Kennebunk | 117.1

| . VOR

Manchester
{ BOS'  Boston | 375 112.7.110.7 135.0 12165 118.25 128.8 1219
{Logan) i |

Medford, OR to Eugene, OR

Tiight Skills: IFR Fiight with S1D Departure and Ianding and an NDB Approach

Weather Forecast:

Report for Medford: 1000 overcast, 10 mile visibility; Fn route Report: 1000
scattered, 3000 overcast, 10 mile visibility; Report for Eugene: 1000 overcast, 10)
mile visibility; Freezing level is at 13,000 fr,

Clearance: .

Cessna 72 LIMA, cleared to the Eugene Airportvia the GNATS Two
Departure MOURN transition as filed. Maintain 8000. Contact Cascade
Departure on 124.3. Squawk 4602,
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Identifier Checkpoint Time Off

T(SID) GNATS | 2

14/32-6700

MFR ;
| 9/27-3150

| Medford

TR Meclford

%33 — qq NS U S— ‘]6[;'34_“8006 R

! !
EUG | Eugene ! 3/21-5200
! [

Ident. Location NDB VOR LOC ATIS Approach Tower Ground

e e 1

]
EUG | Eugene | 260 |

12.9{109.5 | 1252 |

Your planned flight from Medford to Eugene, Oregon is a direct flight

and begins with a Standard Instrument Departure (SID), which provides a
textual description and plan view of the possible departure options from
‘Medford. This SID uses a 15-mile DME Arc to clear the airportand gain
‘enough altitude to your en route segment with sufficient terrain clearance.

Note that a minimum climb rate of 400 £t per nautical mile is required for

this departure. You will be departing on Runway 32, so note the instructions
‘on the approach plate for Take-off all other rumways, which says, “Climb direct
to VIOLE SMM, then climb on the 270° bearing from the LMM to GNATS
INT”

Thete are two reporting points that you will need to prepare for after

“departure. The firstis GNATS, which is defined by a 21 6" radial from Rogue

Valley on 113.6 and 6 DME from the station. The second is MERLI, and is
15 DME from Rogue Valley on the 2517 radial. Itis cross-checked by the

Roseburg 154" radial.

In instrument flying, you muse stay ahead of the decision process by
setting up radios and other equipment as soon as possible to avoid a lot of
tasks at any one time. If you find a lull, ask yourself what is next and whether
you can set up for it now.

Medford does not have a clearance delivery frequency, so contact ground on
121.8 for your IFR clearance and read back. Listen to ATIS on 127.65 for
cutrent airpott information prior to departure on Runway 32, a 6,700-foot
long runway.

Contact tower on 119.4 for a clearance to takeoff. Immediately after
departure, fly direct to the middle marker called VIOLE on a frequency of 356.
Upon crossing VIOLE, turn to a heading of 270" and fly outbound on the
270" radial for a distance of 15 miles, which will place you at MERLI. Next,
turn tight to 324" to establish and maintain a 15-mile DME arc from Rogue
Valley.

The route to Eugene follows the V-23 airway with an en route altitude of
8,000 fr. As you proceed around the arc, you will turn left to fly outbound on
the 333" radial direct to Fugene. The Medford area is controlled by Cascade
departure on 124.3. Cascade also provides approach control on 119.6 into
Eugene.
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431y
{PILOT NAVHGNATSZ.GNATS)*{Ud . 05 20GUE VALLEY INTL-MEDFORD (MFR)
GNATS TWO DEPARTURE 25 {FAM) MEDFORD, QREGON
Aflil'zégrsl
GHD
14 e MOURN 121.8
ol S R
1 100 [ — W 124.3379.%
ay 10, g - i 4 L SEATTLE CENTER
o : a3 w485
= ._-‘lj“%iﬁ. i
¥ G985 DREWS
cKOUER:- | Naader P weaas:
wizasi7eer py WIS *tll'_":-' W2l s 38
i A
SJ © p
sf,ep‘!. 8
g & 3
' : . VT
ROGUEVALLEY gl A S
113.6 Ch.83 OFED 7 Sl E GMATS S b J1i7 g ot -
G et MERLI H42°25.34" | A e 3
Mazezsrs: Ko (130T s
wi123*15.22 “‘?;o, . EI‘-\ . %
" .Ji = L
NAZ*2018" &3 ;
WIS TLI T 2 ] 1567 ] T
e 2 a g EIE"E:.:&%:;"&:T&Q (.
| _-.\\./1-\0 o m ......... ;
pls 4
- 91 N e,
¥ | it
i Ao W20
Cats & and B require o minimum NE‘?“::?? F L i = H-A
; climts of 400" per MM 10 4100 wWii2tse6l g ‘.‘".‘3%?3 TALEM
V% o Cats € and D require ¢ minimym H-1 v = 420883
SRLI climb of 460" per NM to 5600° N42%10.82° @l o WIA1t52.69°
@ ROGUE VALLEY- MEDFORD (MFR) RO S vt e
CT-119.4% v DEPARTURE ROUTE DESCRIPTION
A o o
133';r I*S L16§71 gzs 95 TAKE-OFF RUNWAY 9: Not autharized.
: TAKE-OFF ALl OTHER RUNWAYS: Climb direct to VIOLE LMM [Ruwy 14 1urn nghty, then
. . . . climb on the 270° bearing from the LMM 1o GNATS INT, thence vio {transition] or {rouie)
Chartnottoscale. Allgnmenfofqlrﬁoﬂsqnd navigational COPPQ TRANSITION [G?\EATS!.COPPG}; From over GNATS INT, turn left vie OED R-216
aids do not reflect actual compass headings. 1015 DME Fix, then turn Inft via OED 15 DME Arc 1o COPPO DME Fix. i
DREWS TRANSITION (GNATS2.DREWS]; From aver GNATS INT, continue via the LM |
270° bearing fo MERLI INT, tum right vin QED 15 DME Arc to DREWS DME Fix -
HANDY TRANSITION (GNATS2.HANDY). From over GNATS INT, tarn lefi vio OEO R-216
As vou approach Eugene, list ATIS 5.2 and contact Cascs of 1o the 15 DME Fix; then turn left via OED 15 DME Arc to HANDY DME Fix. .
you app ugene, listen to ‘\ ITS on i]25 2 and contact Cascade for KOLER TRANSITION [GNATS2 KOLER): From over GNATS INT, continve via the LMM 270
your NDB approach to Runway 16 at Eugene. Cascade clears vou to descend fo MERLI INT, turn right vic RBG R-154 to KOLER INT.
! ; ; : RN TRANSITION (GNATS2 MOURNY: Fram over GNATS INT, continue vio the LMM
e -y PMOU i Fram oy ' b
t0 4,000 ft 30 NM out. “Cessna 72 LIMA, you are clear the Eugene NDB 16 2707 bearing 1o MERLI INT; tura right vin OED 15 DME Arc to intorcept ¥23-121 1o
: aintain 4 ' R o 3 - e MOURN INT. .
apploachl. Maﬁnlltam 1000 dll FRAKIK” You read back approach instructions TALEM TRANSITION (GNATS2.TALEM): From over GNATS INT, turn left via OED R-216
and continue direct to the Fugene VOR. 1o 15 DME Fix, then turn lekt vio OED 15 DME Arc to intercept V23 ta TALEM DME Fix.
Crossing the VOR, turn outbound to a heading of 340°, Your ADF
should be set to a frequency of 260, Passing over FRAKIK, the ADF needle '

will sway to the tail. Start the dmer and perform the five T’s at the Initial
Approach Fix. You will fly two minutes outhound from FRAKI, then start
your procedure turn to the right on a heading of 025 for one minure, This is
followed by a 180" turn back to 205 to intercept the final approach course of
1607, As you approach the 160° course, the ADF needle will point to 45 left
of the nose.

242 243




Logging Your Hours Logging Your Hours

Now turn to 2 heading of 160", You are clear to descend to 2,000 ft. The
ADF needle should now be straight up. Adjust heading as needed and fly
direct to FRAKIC, which is the Final Approach Fix (FAF). Go through the
four T’ and start the clock so you can determine the missed approach point.
Passing FRAKIK, you can descend to 780 ft MSL. Based on the forecast,
4097 At PO you should break out of the clouds at 1,000 ft MSL for a straight in to
L | comvals CASCADE APF CON ; 11 e o
_‘rﬁtm coEimt corlae7 Runway 16. Approach will have you contact Eugene Tower on 118.9 fora
Chan 101 * ) 3 S P
R . et 116.¢ (CTAH 8 371.2 clearance to land. Tf you do not have the runway in sight by the missed
' 12T ‘approach point, you must execute a missed approach as published on the
1217 269. i : : : ) e
oNICSN 32 55 plate. Contact the tower to declare a missed approach and they will have you
T, contact Cascade for further instructions.
Z mr ’/"
e Pueblo, CO to Denver, CO
A . .
2e (Centennial Airport)
19 Eﬁ';*‘:"j - Flight Skitls: IFR Flight, Landing with an ILS Approach
250 EU oo .
< 216 Weather Forecast:
Entitvs Report for Pueblo: 1000 overcast; untestricted visibility; Report for Denver:
212’ set / 600 overcast; 10 mile visibility; freezing level is 18,000 feet
s A ty g
s / s = Clearance: Cessna 72 TLIMA, cleared to the Denver Centennial Airport via
A Victor 389, Falcon, direct. Maintain 9000. Departure frequency will be on
(el 120.1. Squawk 1942.
o 78 i [4750] é
Identifier Checkpoint Time Off
et ol amiSmAm e !"_;; o ar 'Mag. Hdg. ' Distance Speed Altitude Rwy-l
it '9"”‘/“150 | SRt dn e L teen PUB | Pueblo, CO|349 559 110 |9000 | 8L/26R-10500
i end haid, |36 i | i : i
2500 TDZ/CL Ay 14 N, S | ! : | § |
i W TORE™{Trtersecion______ . oo L. i
x o TR o L 306 | 110 | 9000 | :
RN || > ZT R (N (NSNS ST, SR SR
CATEGORY | A T B P_“F l 3 5 e s ! 224 | 12.8 | 110 | 8700
| A H i I il _
e s am— 7 APA T iierl;t;:nlal | ; E | 17L/35R-10000
am_‘ 520'1 - v X TR AT e i e s - i ..\..-.!',- i b b
CIRCUNG | 435500, J 455 [500.1) 45%2(?02»‘?»; 5531;3032. 99.3
v oI
a
i, TR Ident. Location NDB VOR LOC ATIS App./Dep. Tower Ground
K HIRL Ry 1634 AN
FAF ta MAP 4.6 NM
ol | 60 | 90 [120 [150] 180
"N'—DB GPS R = Min:Sec 4:36] 3:04 ] 218 | 150132
\‘FY ARG 1237w
At 20 95?12 16 EUGENE MAHLON swsegru?fsfbﬁ%?ﬂ
"T'his IFR flight takes place on the cast side of the Rocky Mountains. You
will be landing using an ILS approach into Centennial Airport, which lies
within Denver’s Class B airspace.
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You already have a weather briefing and have filed a flight plan. First listen
to ATIS on 125.25, then contact ground control on 121.9 for your clearance to
Denver. You will be departing on Runway 8. Conract the control tower on
119.1 for a clearance to depart. You will be switching to Pueblo Departure on
120.1 as you fly outbound from the airport. Climb up to 9,000 ft as you track
outbound on the Pueblo VOR on 116.7 using the 349° radial to the LUFSL
intersecton.

LUFSE is defined by the 148" radial from Falcon on 116.3, 31 DME, and
the 23" radial from Colorado Springs on 112.5, 20 DME. At LUFSE, turn
inbound to a heading 328" to the Falcon VOR. You will be in contact with
Denver approzch on 132,75 for your ILS approach into Centennial. The
controller will call and say, “Cessna 72 LIMA, you are cleared the 1LS Runway
35 Right approach. Maintain 9000 «ill CASSE.”

Crossing Falcon, turn ourhound on the 205 radial toward the Initial
Approach Fix (IAF), which is CASSE, 17.7 DME, the outer marker. Upon
reading CASSE, turn outbound to a heading of 167 toward the procedure
turn. Start the five T’ at the TAF and warch for two minutes from the IAT
prior to beginning the procedure. Turn to a heading of 122” for one minute,
then start a right standard rate turn back to 302" to intercept the final approach
course of 347", You are cleared to descend to 8,000 ft MSL and intercept the
glide slope at CASSE, the FAE Perform the four T%, and before landing,
check your list.

Follow the glide slope on down to the decision height of 6,083 fr MSL.
You should break out of the clouds around 6,500 feet. Approach will have
vou contact the tower on 118.9 for clearance to land on Runway 35R.

b FALCON
1163 FQF i3l

CENTENNIAL (APA)
CT1-118.9

5883
Runway 35R, 10000 fest 5.

VOR-DME Y
COLORADOSPRINGS
1125  COS i Sl
PUEBLO.
1167PUB 52T
Wl .
PUEBLO (PUB)
C1-119.1

ATIS 125.25
4726

Chart notto scale. Alignment of airporis and navigational aids do not reflect
octual compass headings.
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Al 7. 29228 DENVER/CENTENNIAL (APA}
!LS RWY 35R AL-5715 (FAA) DENVER, COLORADD
ATIS 120.3
PEONGE AT CON LOCALIZER 111.3 o
CENTENNIAL TOWER 1APA (B - 3
118. * FALCON
£ o 1163 FaF HEL -
CINC DEL Chon 118
128.6
|
LOMARF—, L {
CASSE i ] 7048
260 APE T am | ¥ A }
RADAR et
8812

» 9748

MISSED APPROACH

LOMRADAR
Climb ta 4700 than climbing

M~

Ramain

right turn to B700 direct Casss within 10 MM
(OMIRADAR ond hold. i 6;1‘\\
7970 8700
L AT R
‘«.N fevey /’P’{:o:
GS 3000 ",
TCH 53 g A
e A 50 MM
CATEGORY A i 3 [4 | [
5-1LS 35R 5083-Y; 200 (200.%]
ST I5R &700-% a17 1900-%) ,?;? f&zﬂ s?;?&f:il
SIDESTER 47001 &6700-1% 6700-2% | 6700-2% ) Q:s) from FAF
RWY 351 | 834190C-1) | 834 [900-1%) | 834 (P00-2%) | 834 900.2%) | rpyp 7ga
co-1 6700-1% 6700-2% 6700.2% | 59837 3 S 2%
CIRGLING s?;?[qm.n 817 (300.14] | 817 p00-24) | 817 (900-2%) R

ADF or RADAR required.
Categary A $-LOC 35R viskifig incraased % mile for inoperative MALSR.
v

&
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Instrument Flight Assignment

Salem, OR to Hillsboro, OR
Flight Skitls: IFR Flight, with a 1’OR Hold and 1V OR DME Approach.

Weather Forecast:

Report for Salem: 1900 overcase, 10 mile visibility; Report for Hillsbaro: 1200
overcast, 10 mile visibility; treezing level at 8000

Clearance: Cessna 72 LIMA, you are cleared to the Hillsboro Airport,
Maintain 3000, Contact Departure on 125.8. Squawk 0353.

Mentifier Checkpoint _ Timeoff
I | . Mag. Hdg. | Distance Altitude = Rwy-L

| SLE | Salem [ 345 26 4000 13f31s800
Aot | | | |
UBG  NewbergVOR
ermnmreee] 346 109 4000
. Airport : 3 ' C12/30-6600
""" ~ Distance: 36.9

Ident. Location NDB VOR LOC ATIS App./Dep. Tower Ground
SEsdem AL 266103 12455 1250 seatle 1101 1218
EUBG El\c—,‘wl::erg VOR [117.4 | _ _ :
(O Hillsboro Apt. 356 | 110.7 127.65 126.0 Poitian

ieg g

This IFR flight is a short 36.9 miles, and will terminate in a VOR /DME
approach into Hillsboro Runway 30. Controllers sometimes have to assigna
holding pattern to increase separation between mul tiple aircraft en route to
land. Ths flight will contain a hold as published on the Hillshoro VOR/
DME or GPS A approach. This hold uses the Newberg VOR as the holding
fix on the 183" radial. This is 2 non-standard hold in that the turns are made
to the left. Because of the direction of your flight, you will have a direct entry
into the hold. Review holding procedures in this manual for proper tech-
niques. You will make three trips around the hold and then will be cleared
into the VOR/DME approach.

Listen to ATIS on 124.55 at Salem for current airport information. You
will be departing on Runway 31. You would have already contacted a briefer
for weather information and filed a flight plan to Hillsboro, Salem’s ground
controlis on 121.9 and will read you your clearance. Read back the clearance to
ground control for zccuracy:.
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4" PORTLAND-HILLBORO (HIO)

_ CT-119.3*@
5/ ATIS 127.65
ji 204166 122.95
TR L
;f;?y? | 122.45
y 9/ .
/ . NEWBERG

¢ . | 117.4Ch.121UBG &%

_|__MC M‘I-NNVI'LLE_-J |

345°

MCNARY (SLE)

CT-119.1*@
ATIS 124.55

210 *L58 122.95

Chartnottoscale. Alignmentofairports
and navigational aids do not reflect

actual compass headings.
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Contact Salem Tower on 119.1 for clearance to takeoff. Salem Tower will
transfer you over to Seattle Center on 125.8 for an en route segment. Next,
you will go to Portland Approach on 126.0. You will climb to 4,000 ft. Ten
miles from the Newberg VOR, Portland Approach calls and says, “Cleared to
Newberg VOR. Hold Southwest on the 183 degree radial; left turns; maintain
:1::‘*; . 4000; expect further clearance at 12:25.”
RORTLAND arr coN Slow down to 90 knots zs you approach the VOR. As you cross the VOR
P aoT noted by 2 TO-FROM change on the VOR, do the five T’s and starta
&E}Eﬁ: ) standard rate turn to the left to a heading of 183", Contact Seattle Center to let
12295 them know you have entered the hold. When you roll outto level, start the
dmer for one minure. At one minute outbound, start another left-hand
standard rate turn to a heading of 003". The OBS should be set to 003
already. As you roll the wings level on the inbound, start the timer. Ldeally,
your inbound course should take one minute o reach the VOR. Repeat the
process two more times and adjust the outbound time to give you a onc
minute inbound. If there is wind, correction also needs to be made in order
to be centered on the 183" radial inbound.
As youapproach the VOR, Seattle Center clears you for the approach by
saying, “Cessna 72 LIMA, you ate cleared the V OR/DME Alpha approach. |
Maintain 3000 till Newberg.” Immediately following, you can descend to h
3,000 ft until you cross the VOR. Your inbound course is 346", which should
be set in the OBS now. You are now cleared to descend to 2,000 ft until 6
DME from Newberg, At 6 DME, you ate free o descend o 700 ft until 10.9
DME, which is the missed approach point.
B _ s vorrac ' I GiEv 204 | oy 201dg 067 MSE tlk;c fci)rcza:;t was rct?rrc_c_t, )!01;1 should have bmktl';n out ‘1t a'.mntt: 17200 fr
o6 Clnbing igh r 0 3000 e ! = ortland Approach will have turned you over to Hillsboro Tower on
3000 S wel éf;x . 119.3 for a clearance to land on Runway 30.
3000 | ! (199 ,
\QEQQN IIIIII : A
CATEGORY A | w:_é N“mg.z"gm_‘j—:
CIRCUNG 700-1 49 (500.1) 700-1'2 760-2
= 496 1500-141| 556 (600-2)
bk hvy 13-30 |
MIRL Rwy 2-20 [
: FAF fo MAP 4.9 N3 ]
VORIDME or GRSA s s i o
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Required
Climb
Rate Ground Speed (Knots)
(eperNM) 30 60 . 80 90 100 120 140

1000 1200

900
9Bl
1050 | 1167 | 1400 | 1633

Required
Climb
Rate Ground Speed (Knots)

(ftper Nhi_}_m 15{}\_”_ 180 210 240 270 300
200 0 500 600 | 700 | 800 | 900 | 1000

T85O BB B 000 tas 12507

300 50 1900 1050 | 1200 | 1350 | 1500

e O e ey L
1000 | 1200 1700 | 2000

1250 | 1500 | 1750 | 2000 | 2250 | 2500
GasS e TR e s R
1500 1800 | 2100 | 2400 = 2700 = 3000

2100

90,1 1750

2450 | 2800 | 3150 | 3500

Table 1 A rate of climb table is used in planning and executing takeoff
procedures under known or approximate ground speed conditions.

252

1083 1300 1516

LEGEND

INSTRUMENT ABPROACH PROCEDURES [CHARTS)

TERMINAL ROUTES

- 5%
e
Procedure Trark Verd
R Procedure Turn

iType degres ond point

- *
Path af turn optienal]

Wiswal Flight

100 NePT 5.6 MM 10 G5 Intept
P

45,

7 (14,2 1o LW}
Minimum Allitede
B
S
155" S
Foader Route 1151} Milecge e

Peretrates Special Use Airspece

HOLDING PATTERNS

s Lo af #ivied Approach
Procedure Turn

270 T -
C_-oqg gt

Arrivel

-
=180

Limits wit! enly ba specified when they deviole
frem the standard. DME fixes moy be shown.

REPORTING POINT/FIXES
Reporting Paint
M riome (Compolary) Fix ot
& Mome [Non-Compuliory) inlarsection
{15) bME Distones |
“Firam Fadliy [ ARC/DMERMAY Fix

HAGE ——eeeeme Fndial line and valve
1R-198 Lead Redinl

MINIMUM SAFE ALTITUDE (MSA)

l::-(u"!'-“er’/ -
' (1%09) | (2]
s 230
(4500} | 2560

4

[ Arrews on distonce circle identify sectarsd
OBETACLES

+ Spet Blevation s Highest Spot Elevation
A Obsacle My Graup of Obstacies

A Highest Obstsels + DoubMul Accaracy

PLANVIEW SYMBOLS

SPECIAL USE AIRSPACE

7 A-Resineted WoWarning
Zifd  P-Prohibited A-alert

RADIC AIDS TO MNAVIGATION

110, Urderdias indicates Mo Voice transmitted on this
= Irequensy

Crvor [Yvorows S7 racan LPvorrac
% DB @ NDB/DME
% 1O (Compess focotor ot Outer Marker)

<> Marker Sacan
e Localizer [LOC/ADA) Covrse
2___“__._...————-— S0F Course

—180°

MILS Appredch Aximuth

MICROWAVE

MLF — E’.I TACAMN myst
Identifinr in Y made
b receive
distance
Infarsation.

=k
Ghdepath 6207
DME 111, Chan 48{Y}

B 1oc/Dme
B LSC/ADASDR MLE Transmitar
{shown when insallotien i ot from it
narmol position off the end of tha runway.
Waypoint (WPT)'
Woypeint Deta

PRAYS
NIRSSE. 30 WEES) 30
112,7 CAP 187.1%36.2
590 =
Waypaint Mame, Courdineti,
Fruguancy, ldentifier, Aodial/Distance
{Facility 10 Waypoint] Reference Focility Elevation

Primo sy Mav Aid Secondary
with Coordinate Values Maov Aid
IPERT S T-20 m‘:"
o S 92 248 NT gy
512°00.80°
WIT0T.00
MISCELLANEQUS
J_‘ VOR Chorgeover Paint
2 517900 §7°

RWY 1S wrre 51
End of Ruy Coordirates
(DOD Only!
RPFL Distance not te wale
— e — ——  Internctional Boundory

Figure A1 The plan view symbols legend found in all approach chart books.
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Figure A2 All instrument approach charts contain profile views. A legend

; . Fioure A3 All instrument approach charts contain airport sketches. A
in the approach chart book explains the data found in each one o e .

legend in the approach chart book explains the data found in each one.
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INSTRUMENT APFROACH PROCEDURES [CHARTS)
IFR LANDING MINIMA APPROAGH LIGHTING SYSTEM — UNITED STATES

Landing minimea are establithed for 4lx oircrall approach cotegories (ABCDE and COPTER). in the ahsence of
COPTER MINIMA, helicopters may use the CAT A minimums of other procadures, The standord format for
partrayal of landing minime is as follows:

AIRCRAFT APPROACH CATEGORIES

Speeds ars baied on 1.3 fimes tha stoll speed In the landing contfiguration of maximum grass landing weight. An
sireraftshell fitin only one category. i itis necessary to manmwver ot spaeds in axcen of the uppar limit of o spesd
range fior o cotegery, the minimums for the next higher category should be uied, For sxamply, an aircraf which foilsin
Catsgory A, bt licireling to land af @ speed in excess of 91 knots, sheuld uis the approsch Categary Bminimums whain
wircling fo lond. Ses following category limits:

MANEUVERING TABLE
ch
Approa A 8 c o E
m‘, 083 AR b+ 121140 141145 Abv 145
RVR/ Meteoralogical Visibility C ble Values

The following tabs thall be used far conver ting RVR to matearological visibillty when BVR is not reported for the
runway of imtended cparation, Adjustment of lending minima may be required — wee hoperative Componpnts

Tabla.
RVR ifoaf) Visibility RV (faet) Vislbility
[statute miles) (etotute miles)
1600 D00 "
2400 3000 1
2200 SO0 1
LANDIMG MinIMA FORMAT
In this nxample oirpon slevation is 1179, ond runway touchdown zone elevation is 1152,
Visility Aircrnfr Approach Category
{RVR 100% of feat)
X HAT
Slr::ghhin s CATEGORY A 8 /f’ \ < Np Al minimurns in
o Runwery 27 G \1352;,24 AT (2005 pases .._. N:mf
V4 -] Gl
Sl106-27 | 1440/24 28 3 1440,/50 i Hlkags:
Straightdn i / Sl 288 (300-1) ] M-Ih!ory Alets
with Gido Slosn 1540.1, | 1840-1 | 1640 priate reg Ut
- 1 CIRCLNG . 114 17402 priate regulations
no::p:::i ;‘: o 36..1 {4001 461 (500-1} | 481 (500-11%) 561 (600-2)
Runway 27 L
¥ MDA HAA Visikility in Stotute Mims
COPTES MiMIMA OHLY
CATEGORY COPTER
H. 176" S80-1% 343 (4001}

Coptar Approach Dirscfisn Huight of MDA/ DH

Above landing Area (HAL)

Ko Crchng minlmuma nrm provided

TERMS/LANDING MINIMA DATA

Each approach lighting sptem indicated on Alrport Diagrams will bagr a sytem identitication indicated i legend,

Adot * e portrayed with apprgach lighting leter identifior indicates saquanced flushing lights (F} instailed with the
appreach fighting wyitem e.g., ?l‘u . Negative iymbolagy, e.g.,

@ © indicotes Piot Controlied Lighting (PCLY

RUNWAY TOUCHDOWN ZONE
AMND CENTERLINE
LIGHTING SYSTEMS

TOZ/CL

RUMWAT
CENTERVNE
UGHTING

SHORT APPROACH
LIGHTING SYSTEM

SALS/SALSE T
{Hegh intensity}

SAME A5 INMER 1500" OF ALSF-1

AVAILABILITY of TOZ/CL will be shown by
HOTE in SKETCH e.g, "TDZ/CL Rwy 157

APPROACH LIGHTING SYSTEM
.

SECUSHCED, ST A $5A1E DUBKNG
FLALHENG: s £
LIGHTS I WEATHER DOMDITIONS

{High Intansity]
LENGTH 2400/ 3000 FEET

SIMPLIFIED SHORT

OMNIDIRECTIONAL
APPRCACH LIGHTING SYSTEM
(GDALS

)

LENGTH 1500 FEET

APPROCACH LIGHTING SYSTEM

with Runway Alignment Indicater Lights

& SSALR

-

-, SECUENCED
-~ FLASHING
UGHTS

AN SO

[High Intansity|
LEMGTH 2400, 3000 FEET

VISUAL APPROACH
SLOPE INDICATOR
VAS!

VISUAL APPROACH SLOPE INDICATOR
WATH, STANEARD THRESHOLD CLEARANCE
FROVICED:

AL UGHTS WHITE — 100 picH

FAR UGHYS RED

NEAR LGKTS WHITE } DHRIREACHE

ACLUGHTS RED - OO LW

WaS 4

APPROACH LIGHTING SYSTEM
& ALSF-1

Figure A4 An explanation of the landing minima terms and data used in
approach charts.
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MEDIUM INTEMSITY {MALS and
MALSF) OR SIMPLIFIED SHORT
[SSALS ond SSALF)
APPROACH LIGHTING SYSTEMS

A

[ s ——————_
8 - +
3 1 o SEQUENCED
rvnr FLASHING
‘t_" P
] B .. MRARSESSALE
DY
+ e

1ENGTH 1400 FEET

e o
THRESHOLD

VISUAL APPROACH
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MEDIUM INTENSITY
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APPROACH LIGHTING SYSTEM VASI S VASE 16
SEQUENCED with Runway Alignment Indicate Lights
FLASHING b o e »u
- r:{y\ ”M.Sn Ll L L] W
= an e wen
o : 34 b
' SAME LIGHT COMAIGURATION o
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Figure A.5 There is a variety of approach lighting systems, but they are
explained in detail in the front of all approach chart books.
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LEGEND

INSTRUMENT APPROACH PROCEDURES (CHARTS]

APPROACH UGHTING SYSTEM — UNITED STATES

Eoch appreach lighting system indicated on Alrpart Diograms will bear a systern identificarion indiceted in lagend,

Adat™ o« " yed with o b lighting fetter identifier indj i H il
approach ilonr\e tpﬁwn eqg. Megative ;y::;ol::y :fg 3 a“?nud.!:::n mm::l‘&:é?;;’?ﬂ:‘;at b
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juiii)  SLOPE INDICATOR @ TRI-COLOR VISUAL APPROACH
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Ll WV o
I | o G
U Py ittt [ A
LL e ® e
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1o the siements are in olignmaent,
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AprPENDIX B

Phonetic Alphabet

Alpha Gaolt Mike Sierra Yankee
Bravo Hotel November  Tango Zulu
Charlie India Oscar Uniform

Delta Juliert Papa Victor

Echo Kilo Quebec Whiskey

Foxtrot Lima Romeo X-ray

Morse Code Symbols

A~ K =- U .- 5

B -.. L. Vo= 6 =

=i M-- W= [ ==

B N - X == 8 ——-

E - 8 mm— Y == 9 ===

R P Lz Oimomm=r

G == Qi 1. ==—= « (petiod) ———
H R - 2 m—— , (comma) ==..——
1. S B /e

J == B 4 .- Pam—n

The Four W’s of Radio Communication

When contacting the tower or ground control it is important to always
provide these four essential bits of information:

Who you are calling — cither ground control or the tower.
Who you are — your aircraft make and callsign (minus the first lecter).

Where you are — for takeoff, let them know where you are on the ground;
for landings let them know how far away you are and in what direction
vou are heading,

What you want — directions for taxiing, takeoff, or landing.

Radio Frequency Bands

10-30 kilohertz
Low frequency {LF) 30-300 kilohettz
Medium frequency (ME) 300-3000 kilohertz

Very low frequency (VL)

High frequency (HE)
Very high frequency (VHE)
Ultra high frequency (UHE)

3-30 megahertz
30-300 megahertz
300-3000 megahertz
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Acronyms and Abbreviations

ACRONYMS AND ABBREVIATIONS

A

AD—Airworthiness Directive
ADF—Automatic Direction Finder
ADIZ—Air Defense Identification
Zone

A/FD—Airport/Facility Directory
AFSS—Automated Flight Service
Station

AGL—Above Ground Level
Al—Attitude Indicator
AIM—Acronautical Information
Manual

AIRMET —Airman’s Meteorolo ical
Information

ALS—Approach Light System
ALT— Altitude; Alameter
ARTCC—Air Route Traffic Control
Center

ARTS—Automated Radar Terminal
System

ASI—Airspeed Indicator
ASOS—Automated Surface Observ-
ing System

ATA—Airport Traffic Area
ATC—Air Tratfic Control
ATCRBS—Air Traffic Control Radar
Beacon System

ATCT—Air Traffic Control Tower
ATD—Actual Time of Departure
ATIS—Automartic Terminal
Information Service

ATP—Airline Transporr Pilot
AWOS—Automated Weather
Observing System

B

BKN—Broken

BRITE—Bright Radar Indicaror
Tower Equipment

C

C—Centigrade (degrees)
CAS—Calibrated Airspeed
CAT—Clear Air Turbulence
CD—Clearance Delivery
CDI—Course Deviation Indicator
CFI—Certified Plight Instructor
CG—Center of Gravity
CH-—Compass Heading
CRS—Course

CT—Control Tower
CTAF—Common Traffic Advisory
Prequency

D

DA—Density Altitude
DF—Direction Finder
DG—Directional Gyro
DH—Decision IHeight
DME—Distance Measuring
Equipment

DR—Dead Reckoning
DUAT—Direct User Access terminal

E

BEFAS-—FEn Route Flight Advisory
Service

EGT—Fxhaust Gas Temperature
ELT Emergency Locator
Transmitter
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ETA—Estimated Time of Arrival
ETD—Esrimated Time of
Departure

ETE—FEstimated Time En Route

F

F—Fahrenheit (degrees)
FAA—TFederal Aviation Administra-
tHon

FAR—Federal Aviation Regulatdon
FBO—TFixed Base Operator
FL—Flight Level

FPM—Feet Per Minute
FSS—Hlight Service Station
ft—Feet

G

GC—Ground Control
GOES—Geostationary Operatonal
Environmental Satellite
GPS—G(Global Positoning System
GS—Groundspeed; Glide Slope

H

HAA-—Height Above Airport
HDG—Heading

HF  High Frequency

Hg——Mercury (barometric measure)
HI—Heading Indicator

HIRL-— High Intensity Runway
Lights

HSI—Horizontal Situation Indicator
Hz—Hertz (cycles per second)

I

IAF—Initial Approach Fix
TIAS—Indicated Airspeed

ICAQO —International Civil Aviation
Organization

IFR-—Instrument Flight Rules
ILS—Instrument Landing System
IMC—Instrument Meteorological
Conditions

K

KCAS—Knots Calibrated Airspeed
kHz—I<lohertz

km—Kilometer

kt—Knots

KTAS—Knots True Airspeed

L

LDA—I ocalizer Ditectional Aid
LIFR—Low Instrument Flight Rules
LIRL—Low Intensity Runway
Lights

LORAN-—Iong Range Navigation
LW —Landing Weight

M

MALSR—Medium Intensity
Approach Light System with Runway
Alignment
MAYDAY—International Distress
Radio Signal

MC—Magnetic Compass; Magnetic
Course

MDA Minimum Descent Altitude
MEF—Maximum Lilevation Figures
METAR-—Metcorological Reports—
Aviation Routine

MH-—Magnetic Heading
MHz—Megahertz

MIRL — Medium Inrensity Runway
Lights

MLS—Microwave Landing System
MOA-—Military Operations Area
MSA—Minimum Sector Altitude
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Acronyms and Abbreviations

MSL—Mean Sea Ievel
MTR—Military Training Route
Multicom—self-announcing radio
frequency

MVFR—Marginal Visual Flight
Rules

N

Navaid—Navigational Aid
INDB-—Non-Ditrectional Beacon
NM—Nautical Miles
NOS—Narional Ocean Service
NOTAM—Notice To Airmen
NTSB—National Transportation
Safety Board

NWS

National Weather Service

O

OAT—Outside Air Temperature
OBS—Omni Bearing Selector
OVC—Overcast

P

PA—Pressure Altitude
PAPI—Precision Approach Path
Indicator

PIREP—PIlot REPort
PVASI—Pulsating Visual Approach
Slope Indicator

R

RAIL—Runway Alignment Indicator
Lights

RBI-—Relative Bearing Selector
RCLS—Runway Centerline Lighting
System

RCO—Remote Communications
Outlet

REIL—Runway End Identifier
Lights

RINAV—Area Navigation
RPM-—Revolutions Per Minute
RVR—Runway Visual Range
RWY —Runway

S

SCT-Scattered

SDF—Simplified Directional Facility
SIGMET—Significant
Metearological Advisory Alert
SM—Statute Mile

SPECI—Special Sutface Observation
Squawk—Activate transponder code
SUA—Special Use Airspace
SVFR—Special Visual Flight Rules

T

TAC —Terminal Arca Chart
TACAN—Tactical Air Navigation
TAF—Terminal Area Forecast
TAS—True Airspeed

TC—True Course
TCA—Terminal Control Area
TDZL—Touchdown Zone Lights
TH—True Heading

TRACON—Terminal Radar
Approach Control

TRSA—Terminal Radar Service Area
T-VASI—T-form Visual Approach
Slope Indicator

TWEB—Transcribed Weather
Broadcast

U

UHF—Ultra High Frequency
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Unicom—A non-governmental
comunications facility
UTC—Universal Coordinared Time
ot Greenwich Mean Time

\E"

VAR—Variation

VASI—Visual Approach Slope
Indicator

VER—Visual Flight Rules
VHF—Very High I'requency
VOR—VHF Omnidirectional Range
VOR/DME—VOR with Distance
Measuring Equipment
VORTAC—VOR with TACAN
VSI—Vertical Speed Indicator

w

WAC—World Aeronautical Charts
WCA—Wind Correction Angle
WSFO - Weather Service Forecast
Office

WSO-—Weather Service Office

Z

Zulu—Greenwich Mean Time or
Coordinated Universal Time (UTC)




NOTES

What did you do
last weekend?

'.,E‘,...-- z

Cultivate your love of aviation.
Volunteer in the Civil Air Patrol!

Mission Observer
Communications Specialist
Disaster Relief Team Member
Search and Rescue Team Member
Codet Orientation Flight Pilot

Aerospace Education Member

F¥FFIF ¥

...plus mony others

Visit our web site today for more information:

http.//www.cap.af.mil/

or call

1-800-FLY-2338

2 Civil Air Patrol - rhe united states Air Force Auxitlary
" 105 South Hansell Str eeL, Building 714 = Maxwell AFB, AL 36112-6332

(AP s o humanitarian and educational nonprofit corporation which essists thousands of communities acass Americo

vin three Congressionally chartered missians: Emergency Sendces, Cader Programs and Aerosance Education.
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National Weather Service — www.nws.noaa.gov
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A

A Note On Flying Twin-Engine Planes,
51
Acronyms and Abbreviations, 260
ADF Tracking, 132
Atter-Landing Roll, 42
Ailerons, 119
Air Route Traffic Control Center, 83
Alr Traffic Area, 63

Communications, 153
Aeronautical Information Manual, 84
Airport Advisory Service (AAS), 68
Airport Lighting Systems, 181, 257
Airport Traffic Area, 61
Airport/Facility Directory, 85
Airspace and VFR Requirements, 74
Airspeed Indicator, 146
Alert Arcas, 81
Altimeter, 143
Angle of Attack, 10
Approach Clearance, 159

Descent, 152

Level, 152

Light System, 181, 257

Segments, 159

1o Landings and Landings, 38

To Stalls — Power-Off, 32

To Stalls — Power-On, 33

Arrival at a Class B Airspace and Airport,

61

ARTCC Locations, 83

ATIS (Automatic Terminal Information

Service), a4

Attitude Indicator, 141

Automated Flight Service Station, 68
Radar Tracking System, 61

Automatic Direction Finder, 119, 182
Terminal Information Service, 64

B

Base Leg, 38

Basic Precision Maneuvers, 25
Bibliography, 265

Bright Radar Indicator Tower
Equipment, 64

C

Calibrated Airspeed, 90
Center of Gravity, 35

Class A Airspace, 60

B Airports, 60

B Airspace, 61

C Airspace, 62

D Airspace, 63

E Alrspace, 66
Clearance Delivery (CD), 66
Climbs, 18, 20, 36, 37
Climbing Turn, 20
Commercial Pilots, 196
Commaon Traffic Acl\aisoryr Frequency, 70
Compass Rose, 88
Contacting a Center: Pilot Responsibili-
ties, 84
Controlled Airspace/Airports, 60
Correcting For Wind Drift, 94, 132
Course Deviation Indicator (CDI;, 102,
104
Cruise Descents, 157
D
Dead Reckoning, 84
Decizion Height (DH), 163
Density Altitude, 91, 144, 145
Departing a Class B Airport and
Airspace, 61
Determining An Alternate Airport, 154
Determining Position With NDB, 126
Directional Gyro, 141
Distance Measuring Equipment, 98,
107, 153
DME Arcs, 182
DME/TACAN, 98
Drag, 13

E

Eights Across a Road, 31

Along a Road, 30

Around Pylons, 31
Eights-On-Pylans, 31
Elevators, 15
Engine Instruments, 147
Estimated Time En Route, 95, 97

F

Federal Aviation Regulation, 193

Final Approach, 39

Finding Position, 107

Five T's, 154

Fixed Base Operator, 67

Flight Assignments, 197
Controls, 15
Service Station, 68

Flying A Rectangular Course, 27
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at Minimum Controllable Airspeed,
35

NDB's, 128

The Localizer, 164, 171
Four Forces, 9

Fundamentals, 17
Full Stall — Power-On and Power-Off,
34

G

Clide Slope, 176

Cliding Turn, 21

Clobal Positioning System, 115
GPS Navigation, 115

Ground Control, 65
Croundspeed, 89, 95

GCyro Instruments, 141

H

Heading Indicator, 141

Hertz (cycles per second), 259
High Frequency, 259

High Intensity Runway Lights, 257
High Performance Aircraft, 48
Holding, 183

Homing, 128

Horizontal Situation Indicator, 142

I

Identifying Airspace, 71
IFR Assignments, 197
Clearance, 155
Indicated Airspeed, 90, 146
Initial Approach Fix (IAF), 162
Climb Procedure, 37
Instrument Approaches, 156
Flight Rules, 140
Indications of the Four Fundamentals,
23
Landing System, 164
Scanning, 148
Instruments for Navigating With NDB,
123
Intercepting, 130

2t

Introduction, 7

K

Kilohertz, 259

L

Lift, 9
Liftoff Procedure, 36
Localizer, 164, 171

Directional Aid (LDA), 164
Logging Your Hours, 193
Low Instrument Flight Rules, 140
Intensity Runway Lights, 257
M
Magnetic Compass, 146
Course, 93
Heading, 95
Marker Beacons, 171
Medium Intensity Runway Lights, 257
Megahertz, 259
Mercury (barometric measure), 142
Military Operations Area (MOA), 78
Military Training Routes (MTRs), 80
Minimum Decent Altitude (MDA}, 159
163
Sector Altitudes (MSA), 159
Missed Approaches, 190
Multicom, 70
Multi-Engine Aircralt, 51, 55

N

Navigation By Dead Reckoning, 89

Via VORs, 98

Via NDBs, 119
NDB Classes, 123

Defined, 119

Navigation, 119
Non-Directional Beacon, 119
Non-Precision Approaches, 159
Normal Climb, 18

Glide, 20

Stall — Power-Off, 33

Power-On, 34

Notice To Airmen, 85

O

Omni Bearing Selector (OBS), 102
Operating In Controlled Airspace, 82

P

Pilot logbooks, 194

Precision Approach Path Indicator, 258
Precision Approaches, 163
Pressure Altitude, 144

Pressure Instruments, 143
Private Pilots, 196

Procedure Turns, 183
Prohibited Areas, 77
Publications Used In Flying, 84
Pulsating Visual Approach Slope
Indicator,258

'

268

R

Reading Instrument Apnroach Proce-
dure (1AP) Charts, 156
Remote Communications Outlet, 69
Restricted Areas, 78
Roundout, 40
Rudder, 16
Runway Alignment Indicator Lights, 257
Centerline Lighting System, 257
End Identifier Lights, 257
Visual Range (RVR), 174

S

Self-announcing Radio Frequency, 70

Codes, 137
Modes, 138
True Airspeed, 146
Course, 92
Heading, 95
Turns Around a Point, 30

U

Ultra High Frequency, 259
Uncontrolled Airspace/Airports, 67
Unicom, 67

V

Variation, 92

Simplified Directional Facility (SDF), 167 Vertical Speed Indicator, 145

Solo Flight Requirements, 195
Special Use Airspace, 77
Speed, 89
Squawk, 137
Stalls, 32

In Climbing Turns, 34

In Cliding Turns, 35
Standard Instrument Departures (SIDs),
156
Standard Terminal Arrival Routes
(STARS), 190
Steep Turns, 25
Straight and Circling Approaches, 188
Straight and Level Flight, 21
S-Turns Across a Road, 28

T

Tactical Air Navigation, 98
Takeoff Roll Procedure, 36

and Departure Climbs, 36

and Landings, 36

for Airplanes with Tailwheels, 37
laxiing, 66
Temporary Flight Restrictions, 82
Terminal Area Chart, 87

Raclar Service Areas (TRSAs), 66
I-form Visual Approach Slope Indicator,
258
Turn, 17
Thrust, 11
Torque, 12
Touchdown, 41

Zone Lights, 257
Tracking, 132
Trainer, 43
Transitioning To Level Flight, 150
Transponder, 137

Very High Frequency, 259
VFR Altitudes, 76
Assignments, 197
Flight Within Class E Airspace, 66
Visibility and Cloud Distance, 74
VHF Qmnidirectional Range (VOR), 938
Visual Approach Slope Indicator, 257
Visual Flight Rules, 76
VOR Approaches, 182
with Distance Measuring Equipment,
107
with TACAN, 98
VOR/DME Navigation, 98

W

Warning Areas, 78
Weight, 13
Wind Correction Angle, 94
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