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Foreword

The Piotr’s Handbook of Aeronautical Knowledge contains essential, authoritative information
used in training and guiding pilots. Applicants for pilot certification, flight instructors, and flying
school staffs have often suggested that the Federal Aviation Administration issue this type of material
under one cover. This handbook responds to those requests.

Also, this revised handbook tells the pilot for the first time how to use to his best advantage:
(a) Airman’s Information Manual, (b) data in FAA-approved Airplane Flight Manuals, and (c)
basic instruments required for airplane attitude control.

Except for Federal Aviation Regulations pertinent to civil aviation, those subject areas in which
an applicant for private pilot certification may be tested are covered in this handbook. Not all topics
which appear herein are discussed in depth, however. The handbook is intended to assist the appli-
cant for private pilot certification as well as the applicant for edvanced pilot certification and should
be useful as 2 basic reference text to student pilots and instructors.

Comments regarding this publication should be directed to the Department of Transportation,
Federal Aviation Administration, Flight Standards Technical Division, P. 0. Box 25082, Oklahoma
City, Oklahoma 73125.
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SECTION I—PRINCIPLES OF FLIGHT

1. Forces Acting on the Airplane

The airplane in straight-and-level unaccelerated flight is acted on by
four forces—lift, the upward acting force; weight, or gravity, the down-
ward acting force; thrust, the forward acting force; and drag, the back-
ward acting, or retarding force of wind resistance. Lift opposes weight
and thrust opposes drag (fig. 1). These four forces act on an airplane
in any attitude of flight, but for the purposes of our discussions in this
handbook we will deat only with their relationships during straight and
level unaccelerated flight. Although these four forces are acting on
the airplane in any attitude of flight, only their relationship during
straight-and-level flight will be discussed. (Straight-and-level flight is
coordinated flight at a constant altitude and heading.)

Drag and weight are forces inherent in anything lifted from the
earth and moved through the air. Thrust and lift are artificially created

THRUST 1 DRAG

WEIGHT

Fignre 1. Relationship of forces in flight.

forces used to overcome the forces of nature and enable an airplane to
fly. The engine-propeller combination is designed to produce thrust to
overcome drag. The wing is designed to produce lift to overcome the
weight (or gravity).

In straight-and-level, unaccelerated flight, lift equals weight and thrast
equals drag, though lift and weight will not equal thrust and drag. Any
inequality between lift and weight will result in the airplane entering a
climb or descent. Any inequality between thrust and drag while maintain-
ing straight-and-level flight will result in acceleration or deceleration until
the two forces become balanced.

Before discussing these four forces further, let us examine some of
the terms used extensively in this section.

Airfoils An airfoil is a device which gets a useful reaction from air
moving over its surface. In our discussion we will consider an airfoil a
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Figure 2. Cross-sectional view of an airfoil.



device which, when moved through the air, is capable of producing lift.
Wings, horizontal tail surfaces, vertical tails surfaces, and propellers are
all exemples of airfoils.

For convenience, we will use a cross-sectional view of a wing in our
discussion. Generally the wing of the type of aircraft the private pilot will
fly looks in cross-section like the one in figure 2. The forward part of an
airfoil is rounded and is called the leading edge. The aft part is narrow
and tapered and is called the trailing edge. A reference line often used in
discussing airfoils is the chord, an imaginary straight line joining the
exiremities of the leading and trailing edges.

Angle of Incidence The angle of incidence is the angle formed by the
longitudinal axis of the airplane and the chord of the wing. The longitu-
dinal axis is an imaginary line that extends lengthwise through the fuse-
lage from nose to tail. The angle of incidence is measured by the angle at
which the wing is attached to the fuselage. The angle of incidence is fixed
—it normally cannot be changed by the pilot.

Relative Wind The relative wind is the direction of the air flow with
respect to the wing, If a wing is moving forward and downward, the
relative wind moves backward and upward (fig. 3). If a wing is moving
forward horizontally, the relative wind moves backward horizontally. If a
wing is moving forward and upward, the relative wind moves backward
and downward. Thus, the flight path and relative wind are parallel but
travel in opposite directions.

Relative wind is created by the motion of the airplane through the
air. It is also created by the motion of air past a stationary bedy. An
airplane parked on the ramp with a mass of air (the wind) flowing over
its surfaces is subject to relative wind.

Relative wind can likewise be created by a combination of the
motions of the body and the air. An airplane on the takeoff roll is subjeet
to the relative wind created by its motion along the ground and also by
the moving mass of air (the wind). For this reason, takeoffs should be
made into the wind.

It is important, however, to remember that during flight only the
motion of the airplane produces a relative wind—the direction and speed
of the wind have no effect on the relative wind, Wind direction and speed
only affect the movement of the airplane over the ground. During flight,
the actual flight path of the airplane determines the direction of the rela-
tive wind, the relative wind flowing parallel and opposite the flight path.

Angle of Attack The angle of attack is the angle between the wing
chord line and the direction of the relative wind (or between the chord
line and the flight path) (fig. 4). The angle of attack should not be con-
fused with the angle of incidence. The angle of incidence is determined
when the airfoil is designed and is that specific angle of attack at which
the ratio between lift and drag is the highest. For example, if the angle of
incidence is 2°, the wing would be mounted on the fuselage so that the
angle between the longitudinal axis of the airplane and the chord line of
the airfoil is 2°.

Figure 3. Relationship between flight path and relative wind.




ANGLE OF
ATTACK

20°

Figure 4. The angle of attack is the angle between the wing chord and the flight path.

Remember, the angle of incidence is fixed but the angle of attack may
be changed by the pilot and is based on the flight path (fig. 5).

Bernoulli’s Principle To understand how lift is produced, we must
examine a phenomenon discovered many years ago by the scientist Ber-
noulli and later called Bernoulli’s Principle: The pressure of a fluid
(liquid or gas) decreases at points where the speed of the fluid increases.
In other words, Bernoulk found that-within the seme fluid, i this case
air, high speed flow is associated with low pressure, and low speed flow with
high pressure. This principle was first used to explain changes in the
pressure of fluid flowing within a pipe whose cross-sectional area varied.
In the wide section of the gradually nerrowing pipe, the fluid moves at

ANGLE OF
ATTACK 10° _

ANGLE OF
\ ATTACK 10°

low speed, producing high pressure. As the pipe narrows it must contain
the same amount of fluid. In this narrow section, the fluid moves at high
speed, producing low pressure. (See fig. 6.)

An important application of this phenomenon is made in giving lift
to the wing of an airplane, an airfoil. The airfoil is designed to increase
the velocity of the airflow above its surface, thereby decreasing pressure
above the airfoil. Simultaneously, the impact of the air on the lower sur-
face of the airfoil increases the pressure below. This combination of

pressure decrease above and incresse below produces lift, (See figs. 7 and
8.)

Lift Probably you have held your fattened hand out of the window of a

Figure 5. The angle of attack is always based on the flight path, not the ground.
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Figure 6. Flow of

moving automobile. As you inclined your hand to the wind, the force of
air pushed against it forcing your hand to rise. The airfoil (in this case, Figure 8. Difference in pressure between upper and lower wing surfaces
your hand} was deflecting the wind which, in turn, created an equal and produces lift.
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opposite dynamic pressure on the lower surface of the airfoil, forcing it up
and back. The upward component of this force is lift; the backward com-

L > ponent is drag (see fig. 9).
r_
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Figure 7. Curvature of dirfoil and layer of undisturbed air act as the s T 2
consiriction in a Venturi tube. Figure 9. Relationship between relative wind, lift, and drag.




Relationship Between Angle of Attack and Lift As noted previous-
ly, the angle of attack is the acute angle formed by the relative wind and
the chord line of the wing. At a zero angle of attack, the pressure below
the wing would be equal to the atmospheric pressure. In this case, all of
the lift would be produced by the decrease in pressure (less than atmos-
pheric pressure) along the upper surface of the wing. At small angles of
attack, the impact or positive pressure (above atmospheric pressure)
below the wing would be almost negligible, most of the lift still being
produced by the decreased pressure above the wing.

As the angle of attack is increased, the impact, or positive pressure
on the lower surface of the wing will increase. Also, the pressure above the
wing will continue to decrease (so long as the air continues to follow the
curvature of the wing) because the effective camber (curvature) of the
airfoil is increased, requiring the air to travel a greater distance in the
same period of time. According to Bernoulli’s Principle, it must, therefore,
travel faster, producing a greater decrease in pressure. The combination of
inceasing positive pressure below the wing and decreasing negative pres-
sure above the wing results in a greater pressure differential between the

lower and upper wing surfaces. This increased pressure differential results
in a greater upward force, or greater lift. It also results in greater drag.

When the angle of attack inceases to approximately 18° to 20° on
most airfoils, the air can no longer flow smoothly over the wing’s upper
surface because of the excessive change of direction required. It is forced
to flow straight back, away from the top surface of the wing, from the
area of highest camber, This causes a swirling or burbling of the air as it
attempts to follow the surface of the wing (fig. 10). The particular angle
of attack at which this burbling of air begins is the burble point. At this
point, the turbulent airflow, which has appeared near the trailing edge of
the wing at lower angles of attack, suddenly spreads forward over the en-
tire upper wing surface. This results in a sudden increase in pressure con
the upper wing surface which, in turn causes a sudden and large loss of
lift with a sudden increase in resistance (drag).

Relationship of Thrust and Drag in Straight-and-Level Flight
During straight-and-leve] Right at a constant airspeed, thrust and drag are
equal in magnitude. When the thrust output of the propeller is increased,
thrust momentarily exceeds drag and the airspeed will increase (provided
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Figure 10. Flow of eir over a wing at various angles of attack.



straight-and-level flight is maintained). However, the increase in ajrspeed
will also cause an increase in drag. At some new and higher airspeed,
thrust and drag forces again become equalized, and speed again becomes
constant.

At some point, the thrust output will reach its maximum. The airspeed
will increase accordingly until drag equals thrust, when a constant air-
speed will prevail. This will be the top speed for that airplane in that
configuration and attitude.

When thrust becomes less than drag, the airplane decelerates to a
slower airspeed (provided straight-and-level flight is maintained), where
the two forces again become equal. Of course, if the airspeed becomes too
slow, the airplane will stall. With an increase in airspeed, drag increases
very rapidly—as the square of the airspeed. If we double the airspeed,
we have four times as much drag.

Relationship of Lift and Gravity in Straight-and-Level Flight Lift,
the upward force on the wing, always acts perpendicular to the direction
of the relative wind. In straight-and-level flight, lift counteracts the nir-
plane weight. When lift is in equilibrium with weight, the airplane neither
gains nor loses altitude. If lift becomes less than weight, the airplane will
enter a descent; if lift becomes greater than weight, the airplane will
enter & climb. (Once a steady-state climb or descent is established, the
relationship of the four forces will no longer be as depicted in figure 1.
However, for all practical purposes, lift still equals weight for small angles
of climb or descent.)

Factors Affecting Lift and Drag
A number of factors influence lift and drag—wing area, shape of the
airfoil, angle of attack, velocity of the air passing over the wing (air-
speed), and density of the air moving over the wing. A change in any
of these affects lift and drag, and the relationship between lift and drag.
Each means of increasing lift also causes drag to increase.

Effect of Wing Area on Lift and Drag The lift and drag acting on a
wing are roughly proportional to the wing area. This means that if the
wing area is doubled, other variables remaining the same, the lift and drag
created by the wing will be doubled. The only way the pilot can change
the wing area is by use of certain types of flaps, such as the Fowler flap,
which extends backward as well as downward, increasing the wing area.

Effect of Airfoil Shape on Lift and Drag As the upper curvature, or
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camber, of an girfoil is increased (up to a certain poiot), the lift produced
by the airfoil increases. High-lift wings have a large curvature on the
upper surface and a concave lower surface. Wing flaps cause an ordinary
wing to approximate this condition by increasing the curvature (camber)
of the upper surface and creating a concave lower surface, thus increasing
lift on the wing (fig. 11). A lowered aileron accomplishes this by increas-
ing the curvature of a portion of the wing. Of course, drag also increases.
The raised aileron reduces the lift on the wing by decreasing the curvature
of a portion of the wing. The elevators can change the curvature of the
horizontal tail surfaces, changing the amount and direction of lift. The
rudder accomplishes the same thing for the vertical tail surfaces.

If ice forms on the wing, the shape of the airfoil is altered. Many
people believe that the weight of ice forming on an airplane wing at high
altitudes or in cold weather makes icing a flying hazard. This increased
weight is only a small part of the danger of icing.

As the ice forms on the airfoil, especially the leading edge, the airflow
is disrupted. The ice changes the camber of the wing and destroys the air-
foil shape, designed to give the airplane its greatest efficiency (highest lift
to drag ratio).

Even the slightest coating of frost on a wing can prevent an airplane
from taking off. The smooth flow of air over the surface of the airfoil is

Figure 11. Use of flaps increases lift and drag.



disrupted and the lift capability of the wing s destroyed. This is why it is
extremely important that oll frost, snow, and ice be removed from the
airplane before takeoff.

Effect of Angle of Attack on Lift and Drag The effects of the angle
of attack on lift have already been discussed. As the angle of attack is
increased, both the lift and drag are increased, up to a certain point
(fig. 12).

Effect of Airspeed on Lift and Drag An increase in the velocity of
the air passing over the wing (airspeed) increases lift and drag. Lift is
mereased because (1) the impact of the increased relative wind on the
lower surface of the wing creates a higher or greater positive pressure;
{2) the increased speed of the relative wind over the upper surface means

LFT

. -——=» DRAG

% SMALL ANGLE OF ATTACK
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. »DRAG

LARGE ANGLE OF ATTACK

Figure 12. Lift and drag increase with an increase in angle of attack.

a lowered pressure there (Bernoulli’s Principle) ; and (3) a greater pres-
sure differential between the upper and lower wing surfaces is created.
Drag is increased, since any change that increases lift also increases drag.

Tests show that lift and drag vary as the square of the velocity. The
velocity of the air passing over the wing in flight is determined by the
airspeed of the airplane. This means that if an airplane doubles its speed,
it quadruples the lift and drag (assuming that the angle of attack remains
the same).

Effect of Air Density on Lift and Drag Lift and drag vary directly
with the density of the air—as air density increases, lift and drag increase;
as air density decreases, lift and drag decrease. Air density is affected by
several factors: Pressure, temperature, and humidity. At an altitude of
18,000 feet the density of the air is half that at sea level. Therefore, if an
girplane is to maintain its lift, the velocity of the air over the wings
(airspeed) must be increased or the angle of attack must be increased.
This is why an airplane requires a longer takeoff distance at higher
altitudes than under the same conditions at lower altitudes (fig. 13).

Because air expands when heated, warm air is less dense than cool
air. When other conditions remain the same, an airplane will require a
longer takeoff run on a hot day than on a cool day (fig. 13).

Because water vapor weighs less than an equal amount of dry air,
moist air (high relative humidity) is less dense than dry air (low relative
humidity) . Therefore, when other conditions remain the same, the airplane
will require a longer takeoff run on a humid day than on a dry day
(fig. 13). This is especially true on a hot, humid day because then the air
can hold much more water vapor than on a cool day. The more moisture
in the air, the less dense the air.

Less dense air also produces other losses beside the loss of lift. Engine
horsepower falls off. The propeller loses some of its efficiency, because of
power loss and because blades, being airfoils, will take a less effective bite
out of the less dense air. Since the propeller is not pulling at maximum
force, it takes longer to obtain the necessary forward speed to produce
the required lifi—thus, a longer takeoff run. The rate of climb will also
be less for the same reasons.

From the above discussion, it is obvious that a pilot should beware of
high, hot, and humid conditions—high altitudes, hot temperatures, and
high moisture content (high relative humidity). A combination of these
three conditions could be disastrous (fig. 13), especially when combined
with a short runway or other takeoff-limiting conditions.
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2. Function of the Controls

Axes of an Airplane in Flight An airplane may turn about three
axes. Whenever the attitude of the airplane changes in flight (with respect
to the ground or other fixed object), it will rotate about one or more of
these axes.

Think of these axes as imaginary axles around which the airplane
turns like a wheel. The three axes intersect at the center of gravity and
each one is perpendicular to the other two (fig. 14}.

Longitudinal Axis The imaginary line that extends lengthwise through
the fuselage, from nose to tail, is the longitudinal axis. Motion about the

Lo R e R e B - pame e ey

AXIS OF YAW (VERTICAL)

AXIS OF ROLL (LONGITUDINAL}

AXIS OF PITCH (LATERALL

Figure 14. Axes of rotation.

longitudinal axis is roll and is produced by movement of the ailerons
located at the trailing edges of the wings.

Lateral Axis The imaginary line which extends crosswise, wing tip to
wing tip, is the lateral axis. Motion about the lateral axis is pitch and is
produced by movement of the elevators at the rear of the horizontal tail
assembly.

Vertical Axis The imaginary line which passes vertically through the
center of gravity is the vertical axis. Motion about the vertical axis is yaw
and is produced by movement of the rudder located at the rear of the
vertical tail assembly.

Control Surfaces

Figure 15 shows the conventional arrangement of the cockpit controls
and the airplane surfaces which respond to these controls.

Ailerons The two ailerons, one at the outer trailing edge of each wing,
are movable surfaces that control movement about the longitudinal axis.
The movement is roll. Lowering the aileron on one wing raises the aileron
on the other. The wing with the lowered aileron goes up becauvse of its
increased lift, and the wing with the raised aileron goes down because of
its decreased lift (fig. 16). Thus, the effect of moving either aileron is
aided by the simultaneous and opposite movement of the aileron on
the other wing.

Rods or cables connect the ailerons to each other and to the control
wheel (or stick} in the cockpit. When pressure is applied to the right on
the control wheel, the left aileron goes down and the right aileron goes
up, rolling the airplane to the right. This happens because the dowm
movement of the left aileron increases the wing camber (curvature) and
thus increases the angle of attack. The right aileron moves upward and
decreases the camber, resulting in a decreased angle of attack. Thus,
decreased lift on the right wing and increased lift on the left wing cause
a roll and bank to the right.

Elevators The elevators control the movement of the airplane about its
lateral axis, This motion is pitch. The elevators form the rear part of the
horizontal tail assembly and are free to swing up and down. They are
hinged to a fixed surface—the horizontal stabilizer. Together, the horizon-
tal stabilizer and the elevators form a single airfoil. A change in position

9



of the elevators modifies the camber of the airfoil, which increases or
decreases lift.

Like the ailerons, the elevators are connected to the control wheel (or
stick) by control cables. When forward pressure is applied on the wheel,
the elevators move downward. This increases the lift produced by the
horizontal tail surfaces. The increased lift forces the tail upward, causing
the nose to drop (fig. 17). Conversely, when back pressure is applied on
the wheel, the elevators move upward, decreasing the Jift produced by the
horizontal tail surfaces, or maybe even producing a downward force. The
tail is forced downward and the nose up.

The elevators control the angle of attack of the wings. When back
pressure is applied on the contral wheel, the tail lowers and the nase
raises, increasing the angle of attack. Conversely, when forward pressure
is applied, the tail raises and the nose lowers, decreasing the angle of
attack.

Rudder The rudder controls movement of the airplane about its vertical
axis. This motion is yaw. Like the other primary control surfaces, the
rudder is a movable surface hinged to a fixed surface which, in this case,
is the vertical stabilizer, or fin. Its action is very much like that of the
elevators, except that it swings in a different plane—from side to side

10
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Figure 15. Conventional arrengement of controls (red) is shown at left. The airplane surfaces that respond to the controls (red) are shown at right.

instead of up and down (fig. 18). Control cables connect the rudder to
the rudder pedals.

Trim Tabs A trim tab is a small, adjustable hinged surface on the
trailing edge of the aileron, rudder, or elevator control surfaces. Trim tabs
are laborsaving devices that enable the pilot to release manual pressure
on the primary controls.

Some airplanes have trim tabs on all three control surfaces that are
adjustable from the cockpit; others have them only on the elevator and
rudder; and some have them only on the elevator. Some trim tabs are the
ground-adjustable type only.

The tab is moved in the direction opposite that of the primary control
surface, to relieve pressure on the control wheel or rudder control. For
example, consider the situation in which we wish to adjust the elevator trim
for level flight. (“Level flight” is the attitude of the airplane that will main.
tain a constant altitude.) Assume that back pressure is required on the
control wheel to maintain level flight and that we wish to adjust the
elevator trim tab to relieve this pressure. Since we are holding back
pressure, the elevator will be in the “up™ position (fig. 19). The trim tab
must then be adjusted downward so that the airflow striking the tab will

AILERON

ELEVATOR
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Figure 16. Effect of ailerons.
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hold the elevators in the desired position. Conversely, if forward pressure
is being held, the elevators will be in the down position, so the tab must
be moved upward to relieve this pressure. In this example, we are talking
about the tab itself and not the cockpit control.

Rudder and aileron trim tabs operate on the same principle as the
elevator trim tab to relieve pressure on the rudder pedals and sideward
pressure on the control wheel, respectively.

3. Loads and Load Factors

Airplane strength is measured basically by the total load the wings
are capable of supporting without permanent damage. The load imposed
upon the wings depends very largely upon the type of flight. The wings
must support not only the weight of the airplane but also the additional
loads imposed during maneuvers.

In straight-and-level flight the wings support a weight equal to the
airplane and its contents. So long as the airplane is moving at a constant
airspeed in a straight line, the load supported by the wings remains
constant. When the airplane assumes a curved flight path-—all types of
turns, pollouts from dives, or when abrupt or excessive back pressure is
used on the elevator control—the actual load supported by the wings
will be much greater because of the centrifugal force produced by the
curved flight. This additional load results in the development of much
greater stresses in the wing structure.

Load Factor The load factor is the ratio of the load supported by the
wings of the airplane to the actual weight of the airplane and its contents,
L.e., it is the actual load supported by the wings at any given time, divided
by the weight of the airplane and its contents.

At a load factor of 2, the wings support twice the weight of the air-
plane and its contents; at a load factor of 4, they support four times the
weight of the airplane and its contents.

Each airplane has a maximum permissible load factor (limit load
factor}) which should not be exceeded. As a pilot, you should have the
basic information necessary to fly your airplane safely within its struc-
tural limitations. Be familiar with the situations in which the load factor
may approach maximum, and aveid them. If you meet such situations
inadvertently—in dives and steep descending spirals—you need to know
the right recovery technique.

1n
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Figure 18. Effect of rudder.
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ELEVATORS

Figure 17. Effect of elevators.

NEUTRAL LIFT

LOWERING ELEYATOR FORCES
TAIL UP AND THE MNOSE DROPS

Effect of Turn on Load Factor A turn is produced by lift pulling
the airplane from its straight course while overcoming gravity. Thus, if
altitude is to be maintained in a turn, the wings must produce lift equal
to the weight of the airplane plus the centrifugal force caused by the turn.
The increased lift is normally obtained by increasing the angle of attack
(i.e., increasing back pressure on the control wheel). As the bank steepens
and centrifugal force builds up, this back pressure on the control wheel
must be continually increased to maintain altitude. Therefore, any
time the airplane flies in a curved flight path al a constant altitude, the
load supported by the wings is greater than the weight of the airplane,
thus the load factor increases. (See fig. 20.)

One indication the pilot will have of a load increase is the feeling of
increased body weight. When load on the wings increase, the effective
weight of the pilot also increases. In fact, if you were to sit on a bathroom
scale during flight, you would find that although registering your exact
weight in straight-and-level flight, the scale would show double your
weight in a 60° bank (figs. 20 and 21). This added weight can be easily
sensed and is a fairly reliable guide to indicate increases up to twice the
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vators in this position to relieve the pressure on the

control wheel

Figure 19. Effect of trim tabs.

normal load. As the load approaches three times normal, you will notice
a sensation of blood draining from your head and a tendency of your
cheeks to sag. A considerably greater increase in load may cause you to
“grey out” or “black out,” or temporarily lese your vision.

Effect of Turbulance orn Load Factor One additional cause of large
load factors is severe vertical gusts. These gusts cause a sudden increase
in the angle of attack, resulting in large wing loads which are resisted
by the inertia of the airplane. If you encounter severe turbulence, imme-
diately slow the airspeed to the maneuvering speed (discussed in Chapter
19), since the airplane is built to withstand such disturbance at this speed.

Effect of Speed on Load Factor The amount of excess load that can be
imposed on the wing depends on how fast the airplane is flying. At slow
speeds, the available lifting force of the wing is only slightly greater than
the amount necessary to support the weight of the airplane. Consequently,
the load factor cannot become excessive even if the controls are moved
abruptly or the airplane encounters severe gusts. The reason for this is that
the airplane will stall before the load can become excessive. At high speeds,
the lifting capacity of the wing is so great that a sudden movement of the
controls or a strong gust may increase the load factor beyond safe limits.
Because of this relationship between speed and safety, certain “maximum”
speeds have been established. Each airplane is restricted in the speed at
which it can safely execute maneuvers, withstand abrupt application of the
controls, or fly in rough air. This speed is referred to as the maneuvering
speed and will be considered in our discussion of the airspeed indicator
(Chapter 19).

Summarizing, at speeds below maneuvering speed, the airplane will
stall before the load factor can become excessive. At speeds above maneuv-
ering speed, the Jimit load factor for which an airplane is stressed can be
exceeded by abrupt or excessive application of the controls or by strong
turbulence.

Effect of Load Factor on Stall Speed As load factor increases, stall-
ing speed increases. We have already stated that load factor imcreases
when an airplane follows a cerved flight path—turns, pullouts from dives
or sudden or excessive application of back pressure on the control wheel.
Consequently, the stalling speed also increases in these same maneuvers.
Figure 22 shows that in a 60° bank, the stall speed increases
by more than 40 percent. In a 75° bank, the load factor is ap-
proximately 4 and the stall speed is doubled (increased by 100 percent).

13



1.00 1.06 1.3 2.00 5.76

L e o 0 O i s B it i ohicitn: s wlanchitim s s i s iRk
Figure 20. The load supported by the wings increases as the angle of bank increases. The increase is shown by the relative lengths of the white arrows.
Figures below the arrows indicate the increase in load factor. For example, the load factor during a 60-degree bank is 2.00 and the load supported by
the wings is twice the weight of the plane in level flight.

The minimum limit load factor for normal category airplanes weigh-

ing less than 4,000 pounds is 3.8. This value is exceeded in a 75° bank. s
There are two reasons then why excessively steep banks should be avoided ‘
—the airplane will stall at a much higher airspeed and the limit load factor ?

can be exceeded.

Effect of Turns on Stall Speed As the angle of bank increases during
a constant altitude turn, the stall speed increases. Actually, we have al-
ready stated this previously in relation to load factor but wish to re-
emphasize it here because a pilot most likely can relate an increase in
stall speed to an increase in angle of bank easier than he can relate the
increase in stall speed to an increase in load factor. Why? Because he
can see the increase in angle of bank but cannot see the increase in load 2
factor. el

Figure 23, which is an excerpt from an owners manual, shows graph-
ically how the stall speed increases with increases in angle of bank in an

LOAD FACTOR — G UNITS
™

airplane under various flap settings. When progressing from straight-and- o 10 7 3 4 53 0 T 0 W
level flight with flaps up, stalling speed increases from 55 m.p.h. to 78 BANK ANGLE ~ (N DLOREES

m.p.h.; with flaps down 40°, stalling speed increases from 48 m.p.h. to Figure 21. Load factor chart.
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Figure 22. Stoll speed chart.

67 m.p.h. In each case, the stall speed increases approximately 40 percent.
This rate of increase is predicted by the stall speed chart in figure 22.

You will note that the number of miles-per-hour increase in stall
speed (fig. 23) is not the same for each 20° increase in bank. The amount
of increase is greater for each successive 20° bank increase. For example,
with flaps up, the stall speed increases 2 m.p.h, for the first 20° increase
in bank; 6 m.p.h. for the second 20° increment; and 15 m.p.h. for the
third 20° increment.

Between 60° and 80°, the increase would be approximately 54 m.p.h.
These rates of increase are also predicted by the chart i figure 22 since
the curve steepens more rapidly as the bank increases.

o= STALLING SPEEDS w—cv

Gross Weight [[__ANGLE _OF BANK }
it—-lboo Ibs, — — | _&" / /
[cONDITION | 0 20° anr "BO°

Flaps v || 55 | 57 | 63 | 78

Flans || 49 | 51 | 56 | 70

o S || 48 | 49 | 54

Figure 23. Stall speed vs. flap setting and angle of bank.

You will also note from figure 23 that the stall speed decreases as
more flaps are used. From flaps up to the 40° down position, stall speed
decreases 7 m.ph., 8 mph., 9 mph., and i1 m.p.h., respectively, for
banks 0°, 20°, 40°, and 60°.

From the interpretations we have just made relative to figure 23, you
should realize the importance of relating the airspeed used in the traffic
patiern {or during any low altitude maneuver) to the angle of bank and
flap setting used. The steeper the bank and the less the flaps, the greater
the airspeed should be. This is especially true in the turn to base leg and
base leg turn to final approach, since the airspeed is generally reduced
during this sequence of events. Follow the manufacturers recommendations
on airspeeds to use.
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SECTION [1— WEATHER

4. Weather Information for the Pilot

What does a pilot need to know about weather? Despite the develop-
ment of many ingenious devices, improvements in aircraft design, power-
plants, radio aids, and navigation techniques, safety in flight is still
subject to conditions of limited visibility, turbulence, and icing.

To avoid hazardous flight conditions, pilots must have a fundamental
knowledge of the atmosphere and weather behavior.

The uninitiated may wonder why the pilot needs more than the
general information available to him from the predictions of the “weather
man.” The answer is well known to the experienced pilot. Meteorologist’s
predictions are based upon movements of large air masses and upon
local conditions at specific points where weather stations are located.
Air masses do not always perform as predicted, and weather stations are
sometimes spaced rather widely apart; therefore, the pilot must under-
stand weather conditions occurring between the stations as well as the
conditions different from those indicated by weather reports.

Moreover, the meteorologist can only predict the weather conditions;
the pilot must decide whether his particular flight may be hazardous,
congidering his type of aircraft and equipment, his own flying ability,
experience, and physical limitations.

This section is necessarily brief. It is not intended for a meteorolo-
gist, but is designed to help the pilot by giving him a general background
of weather knowledge plus the following basic information:

1. Aids provided by the National Weather Service and FAA to give

the pilot weather information.

2. Sources of weather information available to the pilot.

3. Special knowledge the pilot needs in order to understand the
weather terms commonly used.

4. Interpretation of wenther maps, teletypewriter sequences, flying.
weather forecasts, and other data.

5. Conditions of clouds, wind, and weather that are merely incon-
venient, those that are dangerous, and those that the pilot can
use to advantage.

6. Methods for avoiding dangerous conditions.
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7. Significance of the cloud formations and precipitation the pilot
encounters in flight, and safely procedures advisable.
Although no amount of information will take the place of actual
experience, this discussion of weather characteristics will give the pilot
practical suggestions for avoiding trouble while he is learning, and will
provide a basis upon which he may build sound judgment as he gains
experience.

Aids to the Pilot Throughout the conterminous United States a net-
work of some 520 airport weather stations determine and report current
weather.

At most of these stations, trained personnel are on duty 24 hours a
day, making observations and sending hourly reporis to central points.

Because weather near the earth’s surface often results from conditions
at high altitudes, about 160 of the Nastional Weather Service’s stations
release and track balloons every 6 hours to determine wind direction and
speed at the upper levels. The National Weather Service also operates
approximately 70 radiosonde stations. From each station a radio trans.
mitting device attached to a balloon ascends every 12 hours to altitudes
above 10 miles, providing a complete record of temperature, pressure,
and humidity at the higher levels. Many of these stations also observe
weather by specially designed weather radar.

Periodically, this material is collected by radio, telephone, and tele-
typewriter and plotted on weather maps. From these maps, meteorologists
make their weather predictions.

Four times daily, the National Weather Service issues scheduled
forecasts especially designed to indicate anticipated Rying conditions. At
other times as necessary, they amend these forecasts and issue warnings of
especially hazardous flying weather. Scheduled forecasts are valid for
12 hours. Area forecasts are prepared for areas covering all 50 states.
Terminal forecasts are prepared for more than 380 terminals in the con-
terminous 48 slates and for many more in Alaska, Hawaii, and Puerto
Rico.

This service is available to pilots at airports and weather stations,
as well as by radio broadeast. In addition, trained meteorologists are on




duty day and night at more than 200 air terminals to chart and analyze
weather reports and discuss weather conditions with pilots,

You should visit the National Weather Service or FAA Flight Service
Station (FSS) in person to obtain the weather information appropriate to
your flight. However, as a further aid, you can get this preflight weather
service by telephone. To take full advaniage of the special service, use
the following procedure when telephoning for weather information, be-
cause it will help the briefer serve you:

1. Identify yourself as a pilot. (Many callers want information for

purposes other than flying.)

2. State your aircraft number, your intended route, destination,

intended time of takeoff, and approximate time enronte.

3. Advise if you intend to fly only VFR.

A number of locations with high aviation activity have available a
Pilots’ Automatic Telephone Weather Answering Service (PATWAS).
This service provides unlisted telephone numbers (i.e., not in the local
telephone directory) over which transcribed aviation weather information
can be obtained. Forecasts are prepared by the National Weather Service;
Flight Service Stations record the National Weather Service script along
with other imformation for dissemination. There are also unlisted numbers
that will reach weather briefing offices so that you can obtain information
directly from a weather briefer and talk to a forecaster if necessary. These
restricted numbers are listed in the Airman’s Information Manual and
should be used by any pilot wanting the latest weather information and
forecasts.

Intelligent use of these aids, and a fundamental knowledge of weather
characteristics, will enable the pilot to understand the present weather,
be aware of changes likely to occur, and to plan and make a safe flight.

5. Nature of the Atmosphere

We live at the bottom of an ocean of air called the atmosphere. This
ocean extends vpward from the earth’s surface for a great many miles,
gradually thinning as it nears the top. The exact upper limit has never
been determined. Near the earth’s surface, the air is relatively warm
from contact with the earth. (The temperature in the United States
averages about 59° F. the year round.) As altitude increases, the tem-
perature decreases by about 3.5° F. for every 1,000 ft. (normal lapse

rate) until air temperature reaches about 67° F. below zero at 7 miles
above the earth.

For flight purposes, the atmosphere is divided into two layers: the
upper layer, where temperature remains practically constant, is the
“stratosphere”; the lower layer, where the temperature changes, is the
“troposphere” (see fig. 24). Although jets may routinely fly in the
stratosphere, the private pilot usually has no occasion te go that high;
his interest centers in the lower layer—the troposphere. It is this region
that all weather occurs and practically all our flying is done. The top of
the troposphere lies 5 to 10 miles above the earth’s surface.

Obviously a body of air as deep as the atmosphere has tremendous
weight. It is hard to realize that the normal sea-level pressure upen our
bodies is about 15 pounds per square inch, or a total of 20 tons upon the
average man. The reason we do not collapse is that this pressure is
equalized by an equal pressure within the body. In fact, if the pressure
were suddenly released, the human body would explode like a toy balloon.
As we fly upward in the atmosphere, we not only become colder (it is
usuzlly freezing above 18,000 ft.) but we also find that the air is thinger.
At first, pressare is rapidly reduced and at 18,000 ft. is only half as great
as at sea level.

Oxygen and the Human Body The atmosphere is composed of gases
—about four-fifths nitrogen and one-fifth oxygen, with approximately
1 percent of various other gases mixed in. Oxygen is essential to human
life. At 18,000 ft, with only half the normal atmospheric pressure, we
would be breathing only half the normal amount of oxygen. Our reactions
would be definitely below normal, and many of us would become un-
conscious. In fact, the average person’s reactions become affected at
10,000 fr.

To overcome these unfavorable conditions at high altitudes, pilots
who fly in this upper atmosphere use oxygen-breathing equipment and
wear heavy clothes, often electrically heated; or they fly in sealed cabins
in which temperature, pressure, and oxygen content of the air can he
maintained within proper range.

6. Significance of Atmospheric Pressure

In Chapter 5 we mentioned that the average pressure exerted by the
atmosphere is approximately 15 pounds per square inch at sea level.
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This means that a column of air 1 inch square extending from sea level
to the top of the atmosphere would weigh about 15 pounds. The actual
pressure at 8 given place and time, however, depends upon several
factors—-altitude, temperature, and density of the air column. These
conditions very definitely affect flight.

Measurement of Atmospheric Pressure How is pressure measured,
recorded, and reported by the National Weather Service? A barometer is
generally used which measures the height of a column of mercury in a
glass tube, sealed at one end and calibrated in inches, An increase in
pressure forces the mercury higher in the tube; a decrease ailows some of
the mercury to drain out, reducing the height of the column. In this way,
changes of pressure are registered in terms of inches of mercury. The

R A standard sea-level pressure expressed in these terms is 29.92 inches at a
35,000 FT. . standard temperature of 59° F.

, . The mercurial barometer is cumbersome to move and difficult to
read. A more compact, more easily read, and more mobile barometer is
the aneroid; although it is not as accurate as the mercurial. The aneroid
barameter is a partially-evacuated cell sensitive to pressure changes. The
cell is linked to an indicator which moves across a scale graduated in
pressure units.

If a)l weather stations were at sea level, the barometer readings would
give a correct record of the distribution of atmeospheric pressure at &
common level. To achieve this result, each station translates its barometer
reading into terms of sea-level pressure A difference of 1,000 ft. of eleva-
tion makes a difference of about 1 inch in the barometer reading. Thus,
if a station located 5,000 ft. above sea level found the mercury to be 25
inches high in the barometer tube, it would translate and report this
reading as 30 inches (fig. 25). Actuslly, the reduction of pressure to sea
level is not so simple, but in this way a uniform measurement can be
established which will show only the variations in pressure caused by
conditions other than altitude.

Since the rate of decrease in atmospheric pressure is fairly constant
in the lower layers of the atmosphere, the approximate altitude can be
determined by finding the difference between pressure at sea level and
pressure at the given altitude. In fact, the aircraft altimeter is an aneroid
barometer with its scale in units of altitude instead of pressure.

STRATOSPHERE | .

-

Vel e e - B
Figure 24. The troposphere and stratosphere are the realm of flight. Efject of Altitude on Atmospheric Pressure You have probably
concluded that atmospheric pressure decreases as altitude increases. This
18
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Figure 25. Barometric pressure at a weather station is expressed as pressure at sea level.
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Figure 26. Atmospheric density at sea level enables a plane to take off in a relatively short distance.

follows from the fact that pressure at a given point is a measure of the
weight of the column of air above that point. As altitude increases,
pressure diminishes as the weight of the air columu decreases. This
decrease in pressure {increase in density altitude) has a pronounced
effect on flight.

Effect of Altitude on Flight For ordinary flights, the most noticeable
effect of a decrease in pressure (increase in density altitude) due to an
altitude increase becomes evident in takeofls, rates of climb, and landings.
An airplane that requires a 1,000-foot run for takeoff at a sea-level airport
will require a run almost twice as long to take off at Denver, Colo., which
is approximately 5,000 it. above sea level. The purpose of the takeoff run
is to gain enough speed to get lift from the passage of air over the wings.
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If the air is thin, more speed is required to obtain enough lift for takeoff
—hence, a longer ground run. It is also true that the engine is less efficient
in thin air, and the thrust of the propeller is less effective. The rate of
climb, too, is much slower at Denver, requiring a greater distance to
gain the altitude to clear any obstructions. In landing, the difierence is
not so noticeable except that the plane has greater ground speed when it
touches the ground (figs. 26 and 27).

Effect of Differences in Density Differences in density caused by
changes in temperature cause changes in pressure which, in turn, create
motion jn the atmosphere, both vertically and horizontally, producing
winds and, in conjunction with moisture, producing clouds and precipi-

ey



tation—in fact, all the phenomena called “weather.” These items will be
taken up in subsequent chapters.

Pressure Recorded in “Millibars” The mercury barometer reading
at the individual weather stations is converted to the equivalent sea-level
pressure and then translated from terms of inches of mercury to a measure
of pressure called millibars. One inch of mercury is equivalent to approxi-
mately 34 millibars; hence, the normal atmospheric pressure at sea level
(29.92), expressed m millibars, is 1,013.2 or roughly 1,000 millibars.
For economy of space, the entry is shortened by omitting the initial 9 or
10 and the decimel point. The usual pressure readings range from 950.0
te 1,040.0. On the hourly weather report, a number beginning with 5 or
higher presupposes an initial “9,” whereas a number beginning with a 4
or lower presupposes an initial “10.” For example: 653 = 965.3;

Figure 27. The distance required for takeoff increases with the altitude of the field.

346 = 1034.6; 999 = 999.9; 001 = 1,000.1, etc. In fig. 54, you will
note the fourth element in the aviation weather report is sea-level pressure
coded 132; this is decoded 1013.2 millibars.

Individually these pressure readings are of no particular value to
the pilot; but when pressures at different stations are compared or when
pressures at the same station show changes in successive readings, it is
possible to determine many symptoms indicating the trend of weather
conditions. In general, a marked fall indicates the approach of bad
weather and a marked rise indicates a clearing of the weather.

7. Wind

The pressure and temperature changes discussed in the previous
chapter produce two kinds of motion in the atmosphere—vertical move-
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ment of ascending and descending currents, and horizontal flow known
a8 “wind.” Both of these motions are of primary interest to the pilot
because they affect the flight of aircraft in takeoff, landing, climbing,
speed, and direction; they also bring about changes in weather, which
may make the difference between a safe flight or disastrous ene.

Conditions of wind and weather occurring at any specific place and
time are the result of the general circulation in the atmosphere, which
will be discussed briefly in the following pages.

The atmosphere tends to maintain an equal pressure over the entire
earth, just as the ocean tends to maintain a constant level. Whenever the
equilibrium is disturbed, air begins to flow from areas of higher pressure
to areas of lower pressure.

The Cause of Atmospheric Circulation The factor that upsets the
normal equilibrium is the uneven heating of the earth. At the equator, the
earth receives more heat than in areas to the north and south. This heat
is traneferred to the atmosphere, warming the air and causing it to expand
and become less dense. Colder air to the north and south, being more
dense, moves toward the equator forcing the less dense air upward. This
air in turn becomes warmer and less dense and is forced upward, thus
establishing 2 constant circulation that might consist of two circular
paths; the air rising at the equator, traveling aloft toward the poles, and
returning along the earth’s surface to the equator, as shown in figure 28.

This theoretical pattern, however, is greatly modified by many forces,
a very important one being the rotation of the earth. In the Northern
Hemisphere, this rotation causes air to flow to the right of its normal
path. In the Southern Hemisphere, air flows to the left of its normal path.
For simplicity we shall confine our discussion 1o the motion of air in the
Northern Hemisphere (fig. 29).

As the air rises and moves northward from the equator, it is
deflected toward the east, and by the time it has traveled about a third
of the distance to the pole, it is no longer moving northward, but east-
ward. This causes the air to accumulate in a belt at about latitude 30°,
creating an area of high pressure. Some of this air is then forced down to
the earth’s surface, where part flows southwestward, returning to the
equator, and part flows northeastward along the surface.

A portion of the air aloft continues its journey northward, being
cooled en route, and finally settles down near the pole, where it begins
a return trip toward the equator. Before it has progressed very far
southward, it comes into conflict with the warmer surface air flowing
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Figure 28. Heat at the equator would cause the air to circulate uniformly,
as shown, if the earth did not ratate.

northward from latitude 30°. The warmer air moves up over a wedge
of the colder air, and continues northward, producing an accumnulation
of air in the upper latitudes.

Further complications in the general circulation of the air are brought
about by the irregular distribution of oceans and continents, the relative
eflectiveness of different surfaces in transferring heat to the atmosphere,
the daily variation in temperature, the seasonal changes, and many other
factors.

Regions of low pressure, called “lows,” develop where air lies over
land or water surfaces that are warmer than the surrounding areas. In
India, for example, a low forms over the hot land during the summer
months, but moves out over the warmer ocean when the land cools in
winter. Lows of this type are semipermanent, however, and are less sig.
nificant to the pilot than the “migratory cyclones” or “cyclonic de-
pressions” that form when unlike air masses meet. These lows will be
discussed in detail under “occlusions” in Chapter 10.

Wind Patterns At present, we are concerned with the wind patterns
associated with areas of high and low pressure. In the Northern Hemi-
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Figure 29. Pr;in-c.ipal. gir currents in the Northern Hemisphere.




sphere, wind is deflected to the right of its course. Air moving outward
from a “high” flows in a clockwise spiral, and air moving toward a “low”
flows in a counterclockwise spiral. A knowledge of these patterns fre-
quently enables a pilot to plan his course to take advantage of favorable
winds, particularly during long flights. In flying from east to west, for
example, he would find favorable winds to the south of a high, or to the
north of a low (figs. 30 and 31).

We have now discussed the theory of general circulation in the
atmosphere, and the wind patterns formed within areas of high pressure
and low pressure. These concepts account for the large-scale movements
of the wind, but do not take into consideration the effects of local con-
ditions that frequently cause drastic modifications in wind direction and
speed close to the earth’s surface.

Convection Currents Certain kinds of surfaces are more effective
than others in heating the air directly above them. Plowed ground, sand,
rocks, and barren land give off a great deal of heat, whereas water and
vegetation tend to absorb and retain heat. The uneven heating of the
air causes small Jocal circelations called “convection currents,” which are
similar to the general circulation just described.

This is particularly noticeable over land adjacent to a body of water.
Puring the day, air over land becomes heated and less dense; colder air
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over water moves in to replace it forcing the warm air aloft and causing
an on-shore wind. At night the land cools, and the water is relatively
warmer. The cool air over the land, being heavier, then moves toward
the water as an off-shore wind, lifting the warmer air and reversing the
circulation (figs. 32 and 33).

Convection curreins cause the bumpiness experienced by pilots flying
at low altitudes in warmer weather. On a low flight over varying surfaces,
the pilot will encounter updrafts over pavement or barren places and
downdrafts over vegetation or water. Ordinarily, this can be avoided by
flight at higher altitudes. When the larger convection currents form cumu-
lus clouds, the pilot wili invariably find smooth air above the cloud level
(hg. 34).

Convection currents also cause difficuity in making landings, since
they affect the rate of descent. For example, a pilot making a constant
glide frequently tends to land short of or overshoot his spot, deperding
upon the presence and severity of convection currents {figs. 35 and 36).

These effects of local convection, however, are less dangerous than
the turbulence caused when wind is forced to flow around or over ob-
structions. The only way for the pilet to avoid this invisible hazard is
to be forewarned, and to know where to expect unusual conditions,

Effect of Obstructions on Wind When the wind flows around an

P S

Figure 31. Use of favorable winds in flight.
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Figure 32. Convection currents form on-shore winds in daytime.
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SMOOTH FLIGHT ABOVE CLOUDS

e 7

Figure 34. Avoiding turbulence caused by convection ;'urrents by flying above the cloud level.
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Figure 35. Varying surfaces affect the normal glide path. Some surfaces create rising currents which tend to make the pilot overshoot the field.

obstruction, it breaks into eddies—gusts with sudden changes in speed
and direction—which may be carried along some distance from the ob-
struction. A pilot flying through such turbulence should anticipate the
bumpy and unsteady flight that may be encountered. This turbulence—
the intensity of which depends, of course, upon the size of the obstacle
and the velocity of the wind—can present a serious hazard during take-
offs and landings. For example, during landings it can cause a pilot to
“drop in”; during takeoffs it could cause the aircraft to fail to gain
enough altitude to clear low objects in its path. Any landings or takeoffs
attempted under gusty conditions should be made at higher speeds, to
maintain adequate control during such conditions (fig. 37}.

This same condition is more noticeable where larger obstructions
such as bluffs or mountains are involved. As shown in figure 38, the
wind blowing up the slope on the windward side is relatively smooth
and its upward current helps to carry the aircraft over the peak. The wind
on the leeward side, following the terrain contour, flows definitely down-
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ward with considerable turbulence and tends to force the aireraft into
the mountain side. The stronger the wind, the greater the downward
pressure and the accompanying turbulence. Consequently, in approaching
a hill or mountain from the leeward side, a pilot should gain enough
altitude well in advance, Because of these downdrafts, it is recommended
that mountain ridges and peaks be cleared by at least 2,000 ft. If there
is any doubt about having adequate clearance, the pilot should turn away
at once and gain more altitude. Between hills or mountains, where there is
a canyon or narrow valley, the wind will generally veer from its normal
course and flow through the passage with mereased velocity and turbu-
lence. A pilot flying over such terrain needs to be alert for wind shifts,
and particularly cautious if he is meking a landing.

Wind Representation on Weather Map The excerpted portion of
a surface weather map (fig. 39) provides information about winds at
the surface. The wind direction at each station is shown by an arrow.
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Figure 36. Descending currents prevail above some surfaces and tend to make the pilot land short of the field.

The arrowhead is represented by the station circle and points in the
direction toward which the wind is blowing. Winds are given the name
of the direction from which they blow; a northwest wind is a wind blow-
ing from the northwest.

Wind speed is shown by “feathers” or “pennants” placed on the end
of the arrow. The speed is indicated by the number of half feathers, full
feathers, or pennants. Each half feather represents approximately 5 knots,
each full feather indicates approximately 10 knots, and each ag 50 knots,
Thus 214 feathers indicates a wind speed of approximately 25 knots; 2
flag and 21, feathers indicates a wind speed of approximately 75 knots,
ete. The pilot can thus tell at a glance the wind conditions prevailing at
maptime at any weather station.

Observations of the winds at upper levels are made every 6 hours at
about 160 stations. Pilots can obtain this information and forecasts of
expected winds through all weather reporting stations,

Isobars The pressure at each station is recorded on the weather map,
and lines, isobars, are drawn to connect points of equal pressure. Many
of the lines make complete circles to surround areas marked H (high)
or L (low}.

Isobars are quite similar to the contour lines appearing on aero-
nautical charts. However, instead of indicating altitude of terrain and
steepness of slopes, isobars indicate the amount of pressure and steepness
of pressure gradients. If the gradient (slope) is steep, the iscbars will
be close together, and the wind will be strong. If the gradient is gradual,
the isobars will be far apart, and the wind gentle (fig. 40).

Isobars furnish valuable information about winds in the first few
thonsand feet above the surface. Close to the earth, wind direction s
modified by the contours over which it passes, and wind speed is rednced
by friction with the surface. At levels two or three thousand feet above
the surface, however, the speed is greater and the direction is usually
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Figure 37. Turbulence caused by obstructions to normal flow of air.
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Figure 38. Planes approaching hills or mountains from windwsord are
helped by rising currents. Those approaching from leeward encounter
descending currents.

Figure 39. Speed and direction of wind are shown on weather map by Figure 40. Above: Flow of air around a “high.” Below: Isobars on a
wind arrows and isobars. weather map indicate various degrees of pressure within a high.
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parallel to the isobars. Thus, while wind arrows on the weather map
excerpt indicate wind near the surface, isobars indicate winds at slightly
higher levels (fig. 39).

In the absence of specific information on upper wind conditions, the
pilot can often make a fairly reasonable estimate of the wind conditions
in the lower few thousand feet on the basis of the observed surface wind.
He generally will find that the wind at an altitede of 2,000 ft. above the
surface will veer about 20° — 40° to the right and almost double in
speed. The veering will be greatest over rough terrain and least over flat
surfaces. Thus, a north wind of 20 knots at the airport wonld be likely
to change to a northeast wind of 40 knots at 2,000 ft.

8. Moisture and Temperature

The atmosphere always contains a cerlain amount of foreign matter
—smoke, dust, salt particles, and particularly moisture in the form of
invisible water vapor. The amount of moisture that can be present in
the atmosphere depends upon the temperature of the air. For each in-
crease of 20° F. the capacity is about doubled; conversely, for each
decrease of 20° F. the capacity becomes only half as much.

Relative Humidity We often speak of “the humidity,” by which we
mean the apparent dampness in the air. A similar term used by the
National Weather Service is relative humidity, a ratio of the amount of
moisture present in any given volume of air to the amount of moisture
possible in that volume of air at prevailing lemperature and pressure. For
instance, “75 percent relative humidity”, means that the air contains three-
fourths of the water vapor which it is capable of holding at the existing
temperature and pressure.

Temperature-Dew Point Relationship For the pilot, the relationship
discussed under relative humidity is expressed in a slightly different way—
as “temperature and dew point.” It is apparent from the foregoing dis-
cussion that if a mass of air at 80° F. has a relative humidity of 50
percent and the temperature is reduced 20°, to 60° F., the air will then
be saturated (100 percent relative humidity). In this case, the original
relationship will be stated as “temperature 80—dew point 60.” In other
words, dew point is the temperature to which air must be coaled to
become saturated.
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Dew point is of tremendous significance to the pilot because it
represents a critical condition of the air. When temperature reaches the
dew point, water vapor can no longer remain invisible, but is forced to
condense, becoming visible on the ground as dew or frost, appearing in
the air as fog or clouds, or falling to the earth as rain, snow, or hail.
(NOTE: This is how water can get into the fuel tanks when the tanks
are left partially filled overnight. The temperature cools to the dew point
and the water vapor contained im the fuel tank air space condenses. This
condensed moisture then sinks to the bottom of the fuel tank, since water
is heavier than gasoline. This topic will be discussed in more detail later

in this handbook.)

Methods by Which Air Reaches the Saturation Poeint 1t is interest-
ing to note the various ways by which air can reach the saturation point.
We have already shown how this is brought about by a lowering of
temperature such as might occur under the following conditions: when
warm air moves over a cold surface; when cold air mixes with warm
air; when air is cooled during the night by contact with the cold ground;
or when air is forced upward. Only the fourth method needs any special
comment.

When air rises, it uses heat energy in expanding. Consequently, the
rising air loses heat rapidly. If the air is unsaturated, the loss will be
approximately 5.5° F. for every 1,000 ft. of altitude.

Warm air can be lifted aloft by three methoeds; by becoming heated
through contact with the earth’s surface (convection currents discussed in
Chap. 7); by moving up & sloping terrain (as wind blowing up a moun-
tainside) ; and by being forced to flow over another body of air (when
air masses of different temperatures and densities meet). Under the fast
condition, the warmer, lighter air tends to flow over the cooler, denser
air. This will be discussed in “Fronts,” Chapter 10.

Air can also become saturated if it is subjected to precipitation.

Whatever the cause, the pilot knows that when temperature and
dew point at the ground are close together, he must be alert for low
clouds and fog. Temperature and dew point are reported in degrees
Fahrenheit and are shown as the fifth element in the sviation weather
report, fig. 54. (Note: The chart in figure 41 may be used to convert
degrees Fahrenheit to degrees Centigrade, and vice vesa. The example
0° C. equals 32° F.)

Effect of Temperature on Air Density Atmospheric pressure not
only varies with altitude it also varies with temperature. When air is
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Fahrenheit and vice verso.

heated, it expands and therefore has less density. A cubic foot of warm
air is less dense than a cubic foot of cold air. This decrease in air density
(increase in density altitude), brought about by an increase in tempera-
ture, has a pronounced effect on flight.

Effect of Temperature on Flight Since an incresse in temperature
msakes the air less dense (increases demsity altitude), the takeoff run
will be longer, the rate of climb slower, and the landing speed (ground
speed) faster on a hot day than on a cold day. Thus, an increase in
temperature has the same effect as an increase in altitude. An airplane

which requires a ground run of 1,000 ft. on a winter day when the
temperature is 0° F. will requnire a wmuch longer run on a summer
day when the temperature is 100° F. An airplane which requires the
greater portion of a short runway to take off on & cold winter day may
be unable to make it off this runway on a hot summer day (fig. 13).

Effect of High Humidity on Air Density A common misconception
of many people is that water vapor weighs more than an equal volume of
dry air. This is not true. Water vapor weighs approximately five-eighths
as much as an equal volume of perfectly dry air. When the zir contains
moisture in the form of water vapor, it is not as heavy as dry air and
so is less dense.

Assuming that temperature and pressure remain the same, the air
density varies inversely with the humidity—that is, as the humidity
increases, the air density decreases (density altitude increases} ; and, as the
humidity decreases, the air density increases (density altitude decreases).

The higher the temperature, the greater the moisture-carrying ability
of the air. Therefore, air at a temperature of 100° F. and a relative
humidity of 80 percent will contain a greater amount of moisture than
air at a temperature of 60° F, and a relative humidity of 80 percent.

Effect of High Humidity on Flight As discussed easlier, the thinner
(less dense) the air, the longer the takeoff roll, the slower the rate of
climb, and the higher the landing speed. Since high humidity makes the
air less dense (increases density altitude), the takeoff roll will be longer,
rate of climb slower, and landing speed higher (fig. 13).

Combined Effect of High Altitude, High Temperature, and High
Humidity on Flight As indicated earlier in this section, each of the
foregoing conditions can seriously affect flight characteristics,. When all
three condtions are present, the problem is aggravated. Therefore, beware
of “high, hot, and humid” conditions (high-density altitudes), and by
using performance charts, take the necessary precautions, to make sure
the runway is long enough for a takeoff (fig. 13}. (See Exam-O-Gram
No. 33, appendix 1.)

9. Results of Condensation

In Chapter 8 we noted that when temperature and dew point are
close together, the moisture in the air condenses and hecomes visible in
the form of fog or clouds, and that any further reduction in temperature
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will cause the moisture to be “squeezed out” in the form of dew, frost, or
precipitation—rain, snow, hail, or sleet.

Dew and Frost When the ground cools at night, the temperature of
the air immediately adjacent to the ground is frequently lowered to the
saturation point, causing condensation, This condensation takes place
directly upon objects on the ground as dew if the temperature is above
freezing, or as frost if the temperature is below freezing.

Dew is of po importance to aircraft, but a frost deposit creates
friction which can interfere with the smooth flow of air over the wing
surfaces, preventing takeoff. Therefore, frost should always be removed
before fHight.

Fog When the air near the ground is within a few degrees of the dew
point, the water vapor condenses and becomes visible as fog. There are
many types of fog, varying in degree of intensity and classified according
to the particular phenomena which cause them. One type, “ground fag,”
which frequently forms at night in low places, is limited to a few feet in
height, and s uswally dissipated by the heat of the sun shortly after
sunrise. Other types, which can form any time conditions are favorable,
may extend to greater heights and persist for days or even weeks.
Along seacoasts, fog often forms over the ocean and is blown inland.
All fogs produce low visibifities and therefore constitute a serious hazard
to aircraft.

Clouds There are two fundamental types of clouds. First, those formed
by vertical currents carrying moist air upward to its condensation point
are Jumpy or billowy and are called “cumulus” (fig. 42), whick means an
“accumulation” or a “pile.” Second, those which develop horizontally
and lie in sheets or formless layers like fog are called “stratus” (fig. 43),
which means “spread out.”

When clouds are near the eatth's surface they are generally desig-
nated as “cumulus” or “stratus” unless they are producing precipitation,
in which case the word “nimbus” (meaning “rain cloud”) is added—
as “nimbostratus” or “cumulonimbus” (fig. 44).

If the clouds are ragged and broken, the word “fracto” (meaning
“broken”) is added—as “fractostratus” or “fractocumulus.”

The word “alto” (meaning “high”) is generally added to designate
clonds at intermediate heights, usually appearing at levels of 5,000 to
20,000 ft.—as “altostratus” or “altocumulus.”

Clouds formed in the upper levels of the troposphere {commonly
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between 20,000 and 50,000 ft.) are composed of ice crystals and generally
have a delicate, curly appearance, somewhat similar to frost on & window
pane. For these clouds the word “cirro” (meaning “curly”) is added—
as “cirrocumulus” or “cirrostratus.” At these high altitudes there is also
a fibrous type of cloud appearing as curly wisps, bearing the single name

%t »

CIITUS.

In Chapter 10 the relationship will be shown between the various
types of clouds and the kind of weather expected. At present we are
chiefly concerned with the flying conditions directly associated with the
different cloud formations.

The ice-crystal clouds (cirrus group) are well above ordinary flight
levels of light aircraft and normally do not concern the pilots of these
aircraft, except as indications of approaching changes in weather.

The clouds in the “alto” group are not normally encountered in
flights of smaller planes, but they somelimes contain icing conditions
important for commercial and military planes. Altostratus clouds usually
indicate that unfavorable flying weather is near.

The low clouds are of great importance to the pilot because they
create low ceilings and low visibilities. They change rapidly, and frequent-
ly drop to the ground, forming a complete blanket over landmarks and
landing fields. In temperatures near freezing, they are a constant threat
because of the probability of icing. The pilot should be constantly alert
to any changes in conditions, and be prepared to land before visibility
is suddenly obscured.

Cumulus clouds vary in size from light “scud” or fluffy powder puffs
to towering masses rising thousands of feet in the sky. Usually they are
somewhat scattered, and the pilot can fly around them withont difficulty.
Under some conditions, particularly in the late afternoon, they are likely
to multiply, flatten out, and close in. This may leave the pilot with no
alternatives except to reverse his course or find a safe landing field before
the clouds close in completely or high winds, squalls, and rain or hail
begin. : . .

Cumulonimbus clouds are very dangerous. When they appear indi-
vidually or in small groups, they are usually of the type called “air-mass
thunderstorms™ (caused by heating of the air at the earth’s surface) or
“orographic thunderstorms” (caused by the up-slope motion of air in
mountainous regions). On the other hand, when these clouds take the
form of a continuous or almost continuous line, they are usually caused
by a front or squall line. The most common position for a squall line is
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Figure 42. Cumulus clouds at they appear at low, intermediate, and high levels.



Figure 43. Stratus-type clouds at various altitudes.
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Figure 44. Various types of bad weather clouds.
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in advance of a moving frant, but one can form in air far removed from
a fromt.

Since the cumulonimbus clouds are formed by rising air currents,
they are extremely turbulent; moreover, it is possible for an airplane
flying near by to be sucked into the cloud. Once inside, an airplane may
encounter updrafts and downdrafts with velocities as great as 3,000 feet
per minute. Airplanes have been torn apart by the violence of these
currents. In addition, the clouds frequently contain large hailstones
capable of severely damaging aircraft, lightning, and great quantities of
water at temperatures conducive to heavy icing. Many ‘“unexplained”
crashes have probably been caused by the disabling effect of cumulonim-
bus clouds upon airplanes which have been accidentally or intentionally
flown into them. The only practical procedure for a pilot caught within
a thunderstorm is to reduce airspeed. This lessens the strain on the
aircraft structure, just as slow driving over rough roads lessens the strain
on an automobile. A safe speed for an airplane flying through turbulence
is an airspeed not greater than the maneuvering speed for the particular
airplane (to be discussed in Chap. 19).

Figure 45 shows the important characteristics of a typical cumu-
lonimbus cloud. The top of the cloud flattens into an anvil shape, which
points in the direction the cloud is moving, generally with the prevailing
wind. Near the base, however, the winds blow directly toward the cloud
and increase in speed, becoming violent updrafts as they reach the low
rolls at the forward edge.

Within the cloud and directly beneath it are updrafts and downdrafts;
in the rear portion is a strong downdraft which becomes a wind blowing
away from the cloud.

The cloud itself is a storm factory. The updrafts guickly lift the moist
air to its saturation point, wherevpon it condenses and raindrops
begin to fall. Before these have reached the bottom of the cloud, updrafts
pick them up and carry them aloft, where they may freeze and again
start downward, only to repeat the process many times until they have
become heavy enough to break through the updrafts and reach the ground
as hail or very large raindrops. As the storm develops, more and more
drops fall through the turbulence, until the rain becomes fairly steady.
The lightning that accompanies such a storm 1 probably due to the
break-up of raindrops, which produces static electricity that discharges
spasmodically as lightning. This causes a sudden expansion of the air
in its path, resulting in thunder,
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It is impossible for a small plene ta fly over these clouds (they
frequently extend to 50,000 it.). Usually they are too low to fy under.
When they are close together the clear space between them is an area of
violent turbulence. If the clouds are isolated, indicating local thunder-
storms, it usuvally is possible to 8y around them; but they should be given
a wide berth since they may travel rapidly. 1f, however, they are “frontal”
or squall line storms, they may extend for hundreds of miles, and the
only safe procedure is to land immediately and wait until the cumu-
lonimbus cloud formation has passed.

Ceiling The height above ground of the lowest layer of clouds reported
as broken or overcast and not classified as “thin” is the ceiling. Clouds
are reported as broken when they cover six-lenths to nine-tenths of the
sky and as overcast when they cover more than nine-tenths. The ceiling is
wnlimited if the sky is cloudless or less than six-tenths covered as seen
from the ground. Pilots should obtain the latest information on ceilings
from the hourly sequence reports. Forecasts of expected changes in ceilings
and other conditions also are available at weather stations.

Visibility Closely related to ceiling and cloud cover is “visibility”—
the greatest horizontal distance at which prominent objects can be distin-
guished with the naked eye. Visibility, like ceiling, is included in hounrly
weather reports and in aviation forecasts.

Precipitation The various forms of precipitation do not require lengthy
discussion, In addition to possible damage by hail and the danger of
icing, precipitation mey be accompanied by low ceilings, and in heavy

It should be obvious that aircraft which may have accumalated snow
while on the ground should never be flown until all traces of snow have
been removed, including the hard crust that frequently adheres to the
surfaces. An aircraft which has been exposed to rain followed by freezing
temperatures should be carefully cleared of ice and checked before
takeoff to ascertain that the controls operate freely.

10. Air Masses and Fronts

Large, high pressure systems frequently stagnate over large areas
of land or water with relatively homogenious surface conditions. They
take on characteristics of these “source regions”—the coldness of polar

e



Figure 45. Cross-section of a cumulonimbus cloud (thunderhead).
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regions, the heat of the tropics, the moisture of oceans, or the dryness of
continents.

As they move away from their source regions and pass over land
and sea, the air masses are constantly being modified through heating
or cooling from below, lifting or subsiding, absorbing or losing moisture.
Actual temperature of the air mass is less important than its temperature
i relation to the land or water surface over which it is passing. For
example, an air mass moving from polar regions usually is colder than
the land and sea surfaces over which it passes. On the other hand, an
air mass moving from the Gulf of Mexico in winter usually is warmer
than the territory over which it passes.

If the air is eolder than the surface, it will be warmed from below
and convection currents will be set up, causing turbulence. Dust, smoke,
and atmospheric pollution near the ground will be carried upward by
these currents and dissipated at higher levels, improving surface visibility.
Such air is called “unstable.”

Conversely, if the air is warmer than the surface, there is no tendency
for convection currents to form, and the air is smooth. Smoke, dust, etc.,
are concenirated in lower levels with resulting poor visibility. Such air
is called “stable.”

From the combination of the source characteristics and the tempera-
ture relationship just described, we can categorically associate air masses
with certain types of weather,

Characteristics of a Cold (Unstable) Air Mass

Type of clouds _______ cumulus and curmulonimbus.

Ceilings oo generally unlimited (except during precipitation).
Visibilities __.________ excellent (except during precipitation).

Unstable air .__ . ____ pronounced turbulence in lower levels (because

of convection currents).
Type of precipitation __occasional local thunderstorms or showers—hail,
sleet, snow flurries,

Characteristics of a Warm (Stable) Air Mass

Type of clouds _______ stratus and stratocumulus (fog, haze).
Ceilings _____________ generally low.

Visibilittes ______....- poor (smoke and dust held in lower levels).
Stable air ____.___..___ smooth, with little or no turbulence,

Type of precipitation __drizzle.
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When two air masses meet, they do not mix readily unless their
temperatures, pressures, and relative humidities are very similar. Instead,
they set up boundaries called frontal zones, or “fronts,” the colder air
mass projecting under the warmer air mass in the form of a wedge. This
condition is termed a “stationary front” if the boundary is not moving.

Usually, however, the boundary moves along the earth’s surface, and
as one air mass withdraws from a given area it is replaced by another
air mass. This action creates a moving front. If warmer air is replacing
colder air, the front is celled “warm™; if colder air is replacing warmer
air, the front is called “cold.”

Warm Fraont

When a warm front moves forward, the warm air slides up over the
wedge of colder air lying ahead of it.

Warm air usually has high humidity. As this warm air is lifted,
its temperature is lowered. As the lifting process continues, condensation
occurs, low nimbostratus and stratus clouds form and drizzle or rain
develop. The rain falls through the colder air below, increasing its mois-
ture content so that it also hecomes saturated. Any reduction of tem.
perature in the colder air, which might be caused by upslope motion
or cooling of the ground after sunset, may result m extensive fog.

As the warm air progresses up the slope, with constantly falling
temperature, clouds appear at increasing heights in the form of altostratus
and cirrostratus, if the warm air is stable. If the warm air is unstable,
cumulonimbus clouds and altocumulus clouds will form and frequently
produce thunderstorms. Finally, the air is forced up near the strato-
sphere, and in the freezing temperatures at that level, the condensation
appears as thin wisps of cirtus clouds. The upslope movement is very
gradual, rising about 1,000 ft. every 20 miles. Thus, the cirrus clouds,
forming at perhaps 25,000 fi. altitude, may appear as far as 500 miles in
advance of the point on the ground which marks the position of the front
(fig. 46).

Flight Toward an Approaching Warm Front Although no two
fronts are exactly alike, we may gain a clearer understanding of the
general pattern if we consider the stmospheric conditions which might
exist when a warm front is moving eastward from St. Louis, Mo. (Refer
to fig. 46 during this discussion.)
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At St. Louis, the weather would be very unpleasant, with drizzle and
probably fog.

At Indianapolis, Ind., 200 miles in advance of the warm front, the
sky would be overcast with nimbostratus clouds, and continuous rain.

At Columbus, Ohio, 400 miles in advance, the sky would bhe overcast
with stratus and altostratus clouds predominating. A steady rain would be
about to begin.

At Pittshurgh, Pa., 600 miles ahead of the front, there would prob-
ably be high cirrus and cirrostratus clouds.

If we flew from Pittsburgh to St. Louis, ceiling and visibility would
decrease steadily. Starting under bright skies, with unlimited ceilings
and visibilities, we would note lowering stratus-type clouds as we neared
Columbus and soon afterward we would encounter precipitation. After
arriving at Indianapolis, we would find the eceiling too low for further
flight. Precipitation would reduce visibilities to practically zero.

Thus, we would be forced to remain in Indianapolis until the warm
front had passed, which might require a day or two.

1f we wished to return to Pittsburgh, we would have to wait until
the front had passed beyond Pittsburgh, which might require 3 or 4 days.
Warm fronts generally move at the rate of 10 to 25 miles an hour.

On our trip to Indianapolis we probably would have naticed a
gradual increase in temperature and a much faster increase in dew point,
until the two coincided.

We would also have found the atmospheric pressure gradunally
lessening because the warmer air aloft would have less weight than the
colder air it was replacing. This condition illustrates the general principle
that a falling barometer indicates the approach of stormy weather.

Cold Front

Consider now the weather conditions accompanying a cold front.

When the cold front moves forward, it acts like 2 snow plow, sliding
under the warmer air and tossing it aloft. This causes sudden cooling of
the warm air and forms cloud types that depend on the stability of the

warm air,

Fast-Moving Cold Fronts In fast-moving cold fronts, friction retards
the front near the ground, which brings about a steeper frontal surface.
This steep frontal surface results in a narrower band of weather con-
centrated along the forward edge of the front. If the warm air is stable,
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an overcast sky may occur for some distance ahead of the front, accom-
panied by general rain. If the warm air is conditionally unstable, scattered
thunderstorms and showers may form in the warm air. In some cases, an
almost continyous line of thunderstorms may form elong the front or
ahead of it. These lines of thunderstorms (squall lines) contain some of
the most turbulent weather experienced by pilots.

Behind the fast-moving cold front there is usually rapid clearing,
with gusty and turbulent surface winds, and colder temperatures.

Compurison of Cold Fronts With Warm Fronts The slope of 8
cold front is much steeper than that of a warm front and the progress is
generally more rapid—usually from 20 to 35 miles per hour, although in
extreme cases, cold fronts have been known to move at 60 miles per hour.
Weather activity is more violent and usually takes place directly at the
front instead of in advance of the front. However, especially in late after-
noon during the warm season, a squall lime will frequently develop as
much as 50 to 200 miles in advance of the actual cold front. Whereas
warm front dangers lie in low ceilings and visibilities, cold front dangers
Ite chiefly in sudden storms, high and gusty winds, and tarbulence.

Unlike the warm front, the cold front rushes in almost unannounced,
makes a complete change in the weather within the space of a few hours,
and passes on. The squall line is ordinarily quite narrow in width, but s
likely to extend for hundreds of miles in length. Altostratus clouds some-
times form slightly shead of the front, but these are seldom more than
100 miles in advance. After the front has passed, the weather often clears
rapidly and we have cooler, drier air and usually unlimited ceilings and
visibilities—almost perfect flymg conditions.

Flight Toward an Approacking Cold Front 1f we were to make the
flight from Pittsburgh toward St. Louis (fig. 47) when a cold front was
approaching from St. Louis, we would experience conditions quite differ-
ent from those associated with a warm front. The sky in Pittsburgh would
probably be somewhat overcast with stratocumulus clouds typical of a
warm air mass, the air smooth, and the ceilings and visibilities relatively
low although suitable for flight.

As the flight proceeded, these conditions would prevail until we
reached Indianapolis. At this peint, if we were wise, we would check the
position of the cold front by consulting a recent weather map and tele-
type sequences, or the meteorologist. We should probably find that the
front was now about 75 miles west of Indianapoelis. A pilot with sound
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judgment based on knowledge of frontal conditions, would remain in
Indianapolis until the front had passed-—a matter of a few hours—and
then continue to his destination under near perfect flying conditions.

1, however, we were foolhardy enough to continue our flight toward
the approaching cold front, we would soon notice a few sltostratus clouds
and a dark layer of nimbostratus lying low on the horizon, with perhaps
cumulonimbus in the background. Two eourses would now be open to
ns: (1) Either to turn around and outdistance the storm, or (2) to make
an immediate landing which might be extremely dangerous because of
gustiness and sudden wind shifts.

If we were to continue farther, we would be trapped in a line of
squalls and cumulonimbus clouds, the dangers of whick have already
been described. It may be disastrous to fly beneath these clouds; im-
possible, in a small plane, to fiy above them. At low altitudes, there are
no safe passages through them. Usually there is no possibility of flying
around them because they often extend in a line for 300 to 500 miles,

Figure 48. Weather map indication of wind shift line (center line leading
to low).

Wind Shifts Wind shifls perhaps require further explanation. The
wind in a “high” blows in a clockwise spiral. When two highs are
adjacent, the winds are in almost direct opposition at the point of contact
as illustrated in figure 48. Since fronts normally lie between two areas
of higher pressure, wind shifts occur in all types of fronts, but they
usually are more pronounced in cold fronts.
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Occluded Front

One other form of front with which the pilot should become familiar
is the “exclusion” or “occluded front.” This is & condition in which an
air mass is trapped between two colder air masses and forced aloft to
higher and higher levels until it finally spreads out and loses its identity.

Meteorologists subdivide occlusions into two types, but so far as
the pilot is concerned, the weather in any occlusion is a combination of
warm front and cold fronl conditions. As the ocelusion approaches, the
usual warm front indications prevail—lowering ceilings, lowering visi-
bilities, and precipitation. Generally, the warm front weather is then
followed almost immediately by the cold front type, with squalls, turbu-
lence, and thunderstorms.

Figure 49 is a vertical cross section of an occlusion. Figure 50 shows
the various stages as they might occur during development of a typical
occlusion. Usually the development requires 3 or 4 days, during which the
air masses may progess as indicated on the map.

The first stage (A) represents a boundary between two air masses,
the cold and warm air moving in opposite directions along a front. Soon,
however, the cooler air, being more aggressive, thrusts a wedge under the
warm air, breaking the continuity of the boundary, as shown in (B).
Once begun, the process continues rapidly to the complete occlusion as
shown in (Cj. As the warmer air is forced aloft, it cools quickly and
its moisture condenses, often causing heavy precipitation. The air be-
comes extremely turbulent, with sudden changes in pressure and tem-
perature,

Figure 51 shows the development of the occluded front in greater
detail.

Figure 52 is an enlarged view of (C) in figure 50, showing the
cloud formations and the areas of precipitation.

In figures 46, 47, and 49, a panel representing a surface weather
map is placed below each cross-sectional view. These panels represent
a bird’s-eye or plan view, and show how the weather conditions are
recorded. A warm front is indicated by a red line, a cold front by a
blue Tine, an occluded front by a purple line, and a stationary frent by
alternating red and blue dashes. The rounded and pointed projections
are generally omitted from manuscript maps, but are placed on facsimile,
printed, or duplicated maps to distinguish the different fronts.

Remember that a frontal line on the weather map represents the
position of the frontal surface on the earth’s surface. A pilot flying west
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Figare 50. Three stages in the development of a typical occlusion moving northeastward.




(A) Air flowing along a front in equilibrium.  (B) Increased cold-air pressure causes “bend.”

(D) Precipitation becomes beavier. (E) Warm air-completely surrounded. (F) Warm-air sector ends in mild whirl,

Figure 51. Development of an occlusion. If warm air were red and cold air were blue, this is how various stages of ar occlusion would appear to a person
aloft looking toward the earth. (Precipitation is green.)
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Figure 52. Cloud jormations and precipitation accompanying a typical occlusion. (Details of the third stage of development series shown in figure 50.)
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Figure 53. Section of typical weather map showing methods indicating
weatker facts important to pilots.

at an altitude of 5,500 ft. wonld pass through the frontal boundary about
100 miles in advance of the point where the warm front is shown, or
abeut 25 to 50 miles to the rear of the line on the map representing the
cold fromt.

Fig. 53 is a section of a surface weather map as transmitted on
facsimile. It shows a Jow pressure center with warm, cold, and occluded
fronts.

The preceding discussion catagorizes weather with types of fronts.
However, weather with a front depends more on the characteristices of the
conflicting air masses than on the type of front. A pilot should not attempt
to determine expected weather from fronts and pressure centers on the
surface chart alone. He must rely heavily on other charts, reports, and
forecasts to be discussed in the next chapter.

11. Aviation Weather Forecasts,
Reports, and Weather Maps

A few forecasts and reports, issued by the National Weather Service
especially for aviation and available to pilots, were discussed briefly in
Chepter 4. These forecasts and reports with others are discussed in greater
detail in this chapter.

These aviation weather reports and forecasts are displayed at each
National Weather Service station. Also, the greater part of these reports
and forecasts are available at the Flight Service Stations (FSS). FSS
personnel have received special training in weather briefing and helping
pilots with the weather aspects of their flights. Pilots should take advantage
of all this aviation weather information and ask for the assistance of a
weather briefer. There is also every advantage in going personally to
obtain the weather rather than doing it by telephone. The pilot who goes
in person can see the information first-hand, especially the maps and
charts, and get a bird’s eye view of the general situation. However, if a
personal visit is not practical, always remember that phone calls are wel-
come. This procedure has been covered in Chapter 4.

Discussed in this chapter are aviation forecasts, surface aviation
weather reports, and weather maps adaptable ta or especially designed for
aviation, :

Aviation Foreeasts *

Forecasts especially prepared for aviation include Area Forecasts
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(FA), Terminal Forecasts (FT), In-Flight Weather Advisories (SIGMET
and AIRMET), and Winds and Temperatures Aloft Forecasts (FD).

Area Forecast Arez forecasts sre issued every 6 hours by several
forecast offices covering the 50 states. Each area comprises several states
or portions of states. The forecast includes expected weather for a 12-
hour period in detail and a more general outlook for an additional
12 or 18 hours. It deseribes areas of clouds and significant weather,
ceilings, height of cloud bases and tops, surface visibilities, and the
movements of major weather disturbances such as thunderstorms and
squall lines. It also gives heights of the freezing level and zones of ex-
pected icing and turbulence. Figure 54, Key to Aviation Weather Reports
and Forecasts, mcludes a brief explanation of this forecast. (The Key to
Aviation Weather Reports and Forecasts is revised from time to time.
Current copies may be obtained from Flight Service Stations or from
the Saperintendent of Documents, U.S. Government Printing Office.)

Example of an Area Forecast

FA GSW 81845
19Z TUE$7Z WED

OKLA TEXAS
HGTS ASL UNLESS NOTED

SYNOPSIS. FLOW OF MOIST UNSTBL AIR WL CONT OVR MUCH
OF AREA FM ERN SLPS OF DAVIS-GUADALUPE MTNS EWD.
CLDS AND WX. SCTD TO WIDLY SCTD SHWRS AND TSTMS CSTL
SECS AND INLAND FOR ABT 75.14¢ MI WITH CONDS LCLY
C8X1TRW TOPS 44¢. TOPS OF SHWRS TO 2¢f. ELSW IN MOIST
AIR SCTD TO 1SOLD SHWR AND TSTMS WITH TSTMS ACTVTY
INCRG DURG AFTN. MOST SHWRS AND TSTMS DSIPIG CSTL SECS
BY ¢2Z AND OVR INTR SECS BQ §3Z BUT SOME PSBL CONTG
THRUT PD.

OTRW OVR AREA FM ERN SLPS OF DAVIS-GUADALUPE MTNS
EWD 15-25Q)V(@60-1§p AGL WITH FEW PATCHES OF C7-12V(.
VSBYS LCLY 25 MI IN HAZE INDUS SMK AND PCPN AREAS.
SOME PATCHES OF HIR 126(DV(14# AND 3¢8.(OV-Qp ABV LOW
CLDS. CLD LYRS WL BE MULTI AND VRBL IN AND NEAR SHWRS
AND TSTMS. MOST LOW CLDS DSIPTG BY #2Z. LTLCG TIL
PATCHY LOW ST C7-149V(4p DVLPG OVR PARTS OF INTR
SECS OF S CNTRL SERN TEX ARND $4Z INCRG AND SPRDG N
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AND WWD AND LWRG LCLY TO C4-6p2-4R-F BY ﬂ'?Z.
ICG. MDT TO BVY MXD ICGICIP AB V FRZG LVL OF 135-15¢.

TURBC. MDT TO SVR ALL LVLS IN AND NEAR SHWRS AND
TSTM BLDUPS.

OTLK $7Z-192 WED. CDFNT WL MOV INTO EXTRM NRN PTN
OF SWRN TEX AFT 12Z WITH SCTD SHWRS AND TSTMS ALG
AND NEAR FNT. LOW ST INCRG AND CONT TO LWR DURG
NGT AND SPREADG TO MOST OF AREA FM ERN SLPS OF
GUADALUPE-DAVIS MTNS EWD EXCP FOR IMDT CST. EXTSV
AREAS OF C4-7¢y2-5FHK DVLPG BY 12Z WITH PSBL SOME AREAS
OF NEAR ZERO-ZERO. CIGS AND VSBYS WL IPV RPDLY AFT
152 AND BCM 15-25QV(@ BY 18Z. WDLY SCTD SHWRS AND
TSTMS DVLPG OVR CSTL WTRS AFT $9Z AND OVR PARTS OF
INTR SECS OF S CNTRL SERN TEX BY DABRK. INCRG SHWR
AND TSTMS ACTVTY OVR INTR SECS DURG AFTN AND ALG
AND ABT 14ig-15¢ MI AHD OF FNT.

Plain Language Interpretation In the first line of the area forecast,
FA indicates it is an area forecast; SAT identifies the originating station
which, in this example, is San Antonio, Texas; and “08” indicates that
the forecast was made on the eighth day of the month with “1845”
being the time in Greenwich Mean Time (GMT) at which the forecsst
was made.

The second line covers the valid period of the forecast which, in this
example, is from 1900 Greenwich Mean Time on Tuesday to 0700 Green-
wich Mean Time on Wednesday. This would be from 1300 Central Stand-
ard Time (CST) Tuesday to 0100 CST Wednesday or from 1400 Central
Daylight Timne (CDT) Tuesday to 0200 CDT on Wednesday.

The plain language interpretation of this area forecast is as follows:

Area forecast for the period 1 p.m. CST Tuesday to 1 am. CST

Wednesday for Southwestern, South Central, and Southern Texas.

Cloud heights are above sea level unless otherwise noted.

Synopsis Flow of moist, unstable air will continue over much of
the erea from the eastern slopes of the Davis-Guadalnpe Mountains east-
ward.

Clouds and Weather Scattered to widely scattered showers and
thunderstorms in the coastal sections and inland for about 75 to 100
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amount, wu ty weathar condition and surfoce wind Thev ore wnitten in o form sim'ar 10 The
AVIATION WEATHER REPORT

CEWING Identfred by the letter (7

CLOUD HEIGHTS: tn hundreds of feer obove the votion (ground)
CLOUD LAYERS Stoted in awending order of heigh

VISIBITY In stotule miles. but ominted «f ower B mrlet

SURFACE WIND in tens of degrees oad knots: omitied when lews thon 10

EXAMPLE OF TERMINAL FORECASTS

C15@ Ceiting 1506, broken tlouds 1L 2GF Clear vaibilidy ons ond
ane-half milm, ground teg
ScoMered tlouds ot 000",
WLCP0E0K 120G conling 7000 overcow visibility C5X) a5+ Sky obscured, vertical vissbil ity 500 &
& mile. imoke, urfoce wind witibility one-fourth mile, beavy 190w,
N0 dagreer I knots. gusty

SOMET or AIRMET warn gumen in Beght of potenhally hazardous weother such &
1quall Tinetr, thunderstorms. fog cing and turbuience SIGMET concerns severs
o0nad extrgme condinons of mparignee o oll arcrafl ALRMET cancerns tess severe
condiigny which moy be harardows to some gircroft of ro relotively cnesperenced
plan Both ore bragdeos? by FAM an NAVAID voice channels.

Wap AND TEMPERATURES ALQFT (FD) FORECASTS are computer prepored
orecasty of wind directron (nearest 107 irpe N} and speed (hnots} for weiected
Hight levels. Temperarures aloft (7C) are included for olt levels (22500 H above
stahon elevat.on) except the J000-toot levet

EXAMPLES OF wWwNDS AND TEMPERATURES ALOFT (MDY FORECASTS.

O WBC 121745
QASED On 1212001 OATA
VALID 1300007 FOR USE 1800-03001. TEMPS MEG AV 24000

FT 1000 o000 F000 12000 18000 74000 30000 34000 39000

BOS J127 342507 3420-11 3J421.%6 331827 IS12.20 I11449 292430 T8345)
IFK 3024 333708 3324.12 3322-18 3120-17 291338 294248 285150 285749

At G000 demt ASL over IFK wind fram 310° 01,27 knoty ond tamperoture minus 8* C.

AREA FORECASTS are V2-hour farecosts plus 12 hour QUTLOOKS (18 hour owtlesh ¢ FA volid o
$3002) of tloud wealher ond frontal conditions bor an areo the sita of several sioter Heights of
cloud tops itieg, ond turbulence are ABOVE SEA LEVEL (ASL) cerling henghn, ABCVE GROUND
LEVEL {AEG!.]. bares of clovd loyers are ASL unless rnchcored  Area Forecaih are omended by SIGMET's
or AIRMET'y

PILOYS report in.flight weatherto nearest FSS

Figure 54. Key to aviation weather reports.
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miles with conditions locally, ceiling 800 ft. obscured, visibility 1 mile
in thunderstorms and rainshowers with tops at 40,000 ft. Tops of showers
to 20,000 ft. Elsewhere in the moist air, scattered to isolated showers and
thunderstorms dissipating in the coastal sections by 8 p.m. and over in-
terior sections by 9 p.m. but some possibly continuing throughout the
forecast period.

Otherwise, over area from the castern slopes of the Davis-Guadalupe
Mountains eastward, scattered clouds at 1,500 to 2,500 ft. above ground
level variable to broken at 6,000 to 10,000 ft. above ground level with
a few patches where the ceilings will range from 700 to 1,200 ft. overcast
variable to broken.

Visibilities locally will be 2 to 5 miles because of haze, industrial
smoke, and precipitation areas. There will be some higher clouds at
12,000 ft. scattered, variable to broken, with tops 14,000 ft. and thin
scattered variable to thin broken clouds at 30,000 ft. Cloud layers willt
be multiple and variable in and near showers and thunderstorms. Most
low clouds should be dissipating by 0200 GMT. Little change until patchy
low stratus with ceilings 700 to 1,400 fi. overcast variable to broken
with tops 4,000 it. developing over parts of interior sections of south cen-
tral and southeastern Texas around 10 p.m., increasing and spreading
northward and westward and lowering locally by 1 a.m. to ceilings 400

Icing Moderate to heavy mixed icing in clonds and in precipitation
above the freezing level of 13,500 to 15,000 ft.

Turbulence Moderate to severe at all levels in and near showers
and thunderstorm buildups.

Outleok 1 am. to 1 p.m. CST Wednesday A cold front will
move into the extreme northern portion of southwestern Texas after 6
p-m. with scattered showers and thunderstorms along and near the front.
Low stratus clouds will increase and continue to lower during the night,
spreading to most of the area from the eastern slopes of Guadalupe-Davis
Mountains eastward except for the immediate coast. Extensive areas with
overcast ceilings 400 to 700 ft. and visibilities 2 to 5 miles in fog, haze,
and smoke will develop by 6 a.m. with the possibility that some areas will
be near zero-zero. Ceilings and visibilities will improve rapidly after 9
aam. with clouds becoming scattered variable to broken at 1,500 to 2,500
ft. by 12 noon. Widely scattered showers and thunderstorms will de-
velop over coastal waters after 3 a.m. and over parts of interior sections
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of south central and southeastern Texas by daybreak. Shower and thun-
derstorm activity will increase over interior sections during the afternoon
and along and about 100 to 150 miles ahead of the fromt.

Terminal Forecasts Terminal forecasts are issued every 6 hours
generally for a 12-hour period for more than 380 terminals with high
aviation activity. They state specifically expected ceiling and clouds, visi-
bility, weather and obstructions to vision, and surface wind conditions
at each terminal. If a change is expected during the forecast period, this
change and the expected time of the change are given. If the surface
wind is expected to be less than 10 knots, it is omitted from the forecast.
If visibility is expected to be greater than 8 miles, it also is omitted.

The terminal forecast is very similar in format to the surface weather
report (hourly sequence). Pilots who can read and interpet sequence
reports should experience no difficulty in reading terminal forecasts.
Figure 54 also briefly describes the terminal forecast.

Example of a Terminal Forecast
FT1 p81645
17Z TUE-#5Z WED

AUS €15@p126@ 1412 FEW RW AND TRW. 192 C3¢@3gé@ 1412
WDLY SCTD Cl§2TRW. $2Z 3¢p-@ OCNL 26(Q. f4Z Clp7
1619 . .

SIT C38@ 1815G GVD. 20Z 45DI2PDCPA® 17156 WDLY SCTD
C152TRW. $3Z 120(D3¢¢-q 1812 . .

SAT C25@p 1612 V@ WDLY SCTD RW AND TRW. 19Z 35(Q208-Q
1612 WDLY SCTD Cl#@2TRW. @2Z 3¢¢- 1619 OCNL 260D

$Z Clop7 1618 . .

Plain Language Interpretation In this terminal forecast FT indi-
cates terminal forecasts; the “1” indicates that the forecasts will be for
a 12-hour period (FT 2 would indicate that the forecasts are for a 24-
hour period) ; “08” indicates that the forecasts were made on the eighth
day of the month; and “1645” indicates the time of the forecast in
Greenwich Mean Time (GMT). The valid period of the forecast (second
line) is from 1700 GMT Tuesday to 0500 GMT Wednesday. This would
be from 1100 Central Standard Time {(CST) to 2300 CST Tuesday or
from 1200 Central Daylight Time (CDT) Tuesday to 0000 CDT Wednes-
day,

The plain language interpretation of the terminal forecast for AUS
(Austin, Texas) is:



At 11 a.m. CST Tuesday: Ceiling 1,500 ft., broken clouds with a
higher layer of broken clouds with bases at 12,000 ft. AGL (above
ground level) ; surface wind from 140° (true) at 12 knots; and
a few rainshowers and thunderstorms with rain showers. By 1 p.m.:
Ceiling 3,000 ft., broken clouds with higher broken clouds with
bases at 30,000 ft. AGL; surface wind from 140° (true) at 12
knots; and widely scattered thunderstorms and rainshowers with ceil-
ing 1,000 ft., overcast, and visibilities of 2 miles. By 8 p.m.;: Thin
broken clouds at 30,000 ft. AGL with occasional scattered clouds
at 2,000 ft. AGL. By 10 p.m.: Ceiling 1,000 ft. overcast, visibility
7 miles, and surface wind from 160° (true) at 10 knots.

The plain language interpretation of the terminal forecast for SJT
(San Angelo, Texas) is:

At 11 a.m. CST Tuesday: Ceiling 3,000 ft. overcast with the over-
cast variable to broken clouds; surface wind from 180° (true) at
15 knots, gusty. By 2 p.m.: Scattered clouds at 4,500 and 12,000 ft.
AGL with ceiling at 30,000 ft., broken clouds; surface wind from
170° (true) at 15 knots and gusty; widely scattered areas with eeil-
ings of 1,500 ft. overcast and visibilities of 2 miles in thunderstorms
and rainshowers. By 9 p.m.: Scattered clouds at 12,000 ft. with thin

broken clouds at 30,000 ft.; surface wind from 180° (true) at 12
knots.

In-Flight Weather Advisories When weather is not adeguately cov-
ered by the latest forecasts, the National Weather Service issues short-term
forecasts of potentially hazardous weather by means of unscheduled IN-
FLIGHT WEATHER ADVISORIES. These warning forecasts are in two
categories—SIGMETs and AIRMETs.

SIGMET A SIGMET identifies weather phenomena of particular signifi-
cance to the safety of transport category and other aircraft. This ad-
visory covers tornadees, lines of thunderstorms (squall lines), embedded
thunderstorms, hail of three-quarters inch or more, severe and extreme
turbulence, severe icing, and widespread duststorms or sandstorms lower-
ing visibilities to less than 2 miles.

AIRMET An AIRMET identifies weather phenomena less severe than
those covered by a SIGMET but still important to light aircraft safety.
This advisory covers moderate icing; moderate turbulence; extensive
areas of visibilities less than 2 miles and/or ceilings less than 1,000 ft.,

including mountain ridges and passes; and winds of 40 knots or more
within 2,000 ft. of the surface.

Each FSS broadcasts any advisory which affects an area within 150
nautical miles of the station or within 150 nautical miles of a remote
facility controlled by the station. They broadcast the advisory for the
first hour after issnance; during the remainder of its valid period, they
broadcast only the advisory number and state that it is current. An
AIRMET is broadcast at 15 and 45 minutes past the hour; and a SIG-
MET, on the hour and at 15, 30, and 45 minutes past the hour. Advisory
broadcasts at 15 minutes past the hoar are part of the scheduled broad-
cast,

During preflight briefing, the FSS or National Weather Service briefer
will advise you of any SIGMET or AIRMET for an area and valid time
that may affect your proposed flight. In flight you will receive these
advisories during radio contacts with FSS stations.

Example of a SIGMET

FL SAT ¢8183¢

¥81830-g823p¢

SIGMET CHARLIE 1. OVR SRN TEX WITHIN AN AREA BNDD BY
SAN ANTONIO-PALACIOS4¢ S OF CORPUS CHRISTI-COTULLA
SCTD TO LCLY NMRS SHWRS AND TSTMS FQTLY IN BRKN LNS
WITH TOPS TO 458. CONDS CONTG BYD 23Z.

Plain Language Interpretation “FL” indicates an in-flight advisory;
SAT (San Antonio, Texas, the originating station) ; “08” the eighth day
of the month, and 1830 GMT (12:30 p.m. CST) the time at which the
advisory was made and it is valid from 12:30 p.m. to 5 p.m. on the eighth
day of the month.

SIGMET Charlie 1 Over Southern Texas, within an area bounded by
the four points of San Antonio, Palacios, 40 miles south of Corpus
Christi and Cotulla, there will be scattered to locally numerous showers
and thunderstorms frequently in broken lines with tops to 45,000 fi.
Conditions will continue beyond 5 p.m.

Example of AIRMETS
FL ELP g8171¢

A81719-482200



AIRMET ALPHA 1. IN SRN ARIZ SRN NM AND EXTRM SWRN
TEX MDT TURBC OCNLY SVR FOR LGT ACFT BLO 13p MSL AFT
186p.

FL SAT ¢8iefis

#81645-9818¢¢

AIRMET BRAVO 1. OVR SWRN TEX 5¢ MI EITHER SIDE OF A
LN FM 46 E OF EAGLE PASS TO 3¢ NNE OF FORT STOCKTON
CIGS FQTLY BLO 1 THSD WITH VSBYS OCNL LESS THAN 2 MI
IN PCPN AND FOG. HIR TRNN AND HILLS OCNL OBSCD. CONDS
CONTG TIL 18Z.

Plain Language Interpretation

AIRMET ALPHA 1 is valid on the eighth day of the month from 1710
Greenwich Mean Time (10:10 a.m., Mountain Standard Time) to 2200
GMT (3 p.m. MST). In southern Arizona, southern New Mexico, and
extreme southwestern Texas, moderate turbulence will occur and occa-
sionally become severe for light aircraft below 13,000 ft. mean sea level
after 11 am. MST.

AIRMET BRAVO 1 is valid on the eighth day of the month from 1605
GMT (10:05 a.m. CST) to 1800 GMT (12 noon CST). Over southwestern
Texas, 50 miles to either side of a line irom 40 miles east of Eagle Pass
te 30 miles north-northeast of Fort Stockton, ceilings frequently will be
below 1,000 ft. with visibilities occasionally less than 2 miles in precipita-
tion and fog. Higher terrain and hills occasionally will be obscured.
Conditions will continue until 12 noon.

Winds and Temperatures Aloft Forecast Charted winds aloft ob-
servations are available at most briefing outlets equipped with facsimile.
However, these reports are several hours old when received and do not
necessarily represent wind that will be encountered during subsequent
flights.

The private pilot is most interested in the winds- and temperaiures-
aloft forecast which forecasts the winds and temperatures at selected alti-
tudes and is issued every 6 hours. Depending upon station elevation, wind
direction and speed are normally forecast for mean sea level (MSL)
altitudes of 3,000 ft., 6,000 ft., 9,000 ft., and 12,000 ft., and for pressure
altitudes of 18,000 ft., 24,000 ft., 30,000 fr., 34,000 fr, and 39,000
ft. (Pressure altitude is the altitude shown on a pressure altimeter set at
the standard altimeter setting of 29.92 inches.}) Because of terrain effect,
no forecasts will be made for levels less than 1,500 ft. above station ele.
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vation. For example, if station elevation is more than 1,500 ft. (mean
sea level), no forecast will be given for the 3,000-foot level. If station
elevation is more than 4,500 ft., no forecast will be given for the 6,000-
foot level, and so on.

Temperatures are forecast for all wind forecast levels except the
3,000-foot level or the lowest level when this level is less than 2,500 f1.
above station elevation. The 3,000-foot level will not have a forecast
temperature at any time. If the first forecast wind level for a given station
is 6,000 ft. but the station elevation is greater than 3,500 ft., then there
will be no forecast temperature for the 6,000-foot level because the first
reported wind level is less than 2,500 ft. above the station elevation.

Wind direction is forecast in true direction from which it is blowing
and speed is forecast in knots (nautical miles per hour).

Temperature is forecast in degrees Celsius (Centigrade). Tempera-
tures are preceded by a plus (+) or minus (=) sign up through the
24,000-foot level, depending upon whether the temperature is above or
below 0°C. Above this forecast level, the minus ( —) sign is omitted.

Weather briefing stations equipped with facsimile will display charted
FDs, and some stations not so equipped may plot the charts locally. Figure
55 is a section of a facsimile chart for one level of the FD. Note the
station model on the lower part of the chart. On this model, the wind
arrow with a single barb graphically shows direction from which the
wind is forecast to blow. “DD” is coded direction in tens of degrees
and must agree with the arrow (example: 26 means 260 degrees. “TT”
is forecast temperature in degrees Celsius. “FFF” is wind speed in knots).

The complete facsimile transmission includes wind and temperatures
for eight forecast levels. If charted winds are not available, you can
extract the information directly from teletypewriter copy, although this
method is slower.

Examples of Winds-Aloft Forecasts (to 24,000 jt.)

FD WBC 190545

BASED ON 190000Z DATA

VALID 191200Z FOR USE 0600-1500Z. TEMPS NEG ABV 24000

FT 3000 6000 9000 12000 18000 24000
DAL 1625 1827+10 2133+06 2339-02 2345—12 2357—23
ABI 1826+08 2033405 2242—03 2349-14 2359-—-24
ABQ 2227+08 2235-01 2352—13 2363—25

HOU 9900 9900+14 2310+08 2415+01 2427-10 2442~21
Interpretation of Winds and Temperatures-Aloft Forecast In the
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Figure 55. Section of a jorecast winds and temperatures aloft forecast as
transmitted over facsimile. Model at the bottom shows how information
is plotted around each station. (TT = temperatures in degrees Celsius;
DD = direction to nearest 10°; FFF = wind speed in knots.) The com.
plete facsimile transmission included forecasts for eight levels.
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first line “FD WBC 190545,” “FD” indicates a winds-aloft forecast.
“WBC” indicates thet the winds-aloft forecast is prepared at the National
Meteorological Center throngh the use of digital computers, (Since all
winds-aloft forecasts are now prepared by computers in the National
Meteorological Center, the coding WBC will appear on all FD reports.)
In “190545" the first two digits (19) mean the nineteenth day of the
month. “0545” indicates the time {24-hour clock) of the report in
Greenwich Mean Time (Z). The second line, “BASED ON 190000Z
DATA,” indicates that the forecast is based on data collected at midnight,
Greenwich Mean Time, on the nineteenth day of the month.

The third line “VALID 191200Z FOR USE 0600-1500Z" means
that the forecast data is valid at 6 a.m. CST, and the forecast is to be
used by pilots between 0600Z and 15S00Z or midnight to 9:00 a.m. (CST).

In the fourth line of the report “FT 3000, 6000 . . . .,” “FT” repre-
sents feet and 3000, 6000, etc.” represent the altitudes at which winds and
temperatures are forecast. The temperature is never forecast for the 3,000
foot level. The wind forecast for each station at 3,000 feet MSL appears
in the column below “3000”; the wind and temperature (if applicable)
at 6,000 ft. MSL appear in the column below “6000 FT” and so on.

The first reporting station is Dallas, Texas, (DAL). The group of
figures “1625” appear in the “3000” column opposite DAL. The first
pair of digits of this group when multiplied by 10 represents the true
wind direction (the same result is obtained by adding a zero to these
two digits). The second pair of digits represents the wind speed in
knots. Applying these rules on the group of figures, the wind direction
at 3,000 ft. above sea level {(MSL) at Dallas, Texas, is forecast to be
from 160° (true) and the wind speed is forecast to be 25 knots. The
figure group “1827+10" is in the column headed by “6000 FT” for
Dallas, Applying the rules to this grouping, the wind direction at 6,000
ft. above sea level at Dallas is forecast to be from 180° (true), wind
speed is forecast to be 27 knots, and the temperature is forecast to be
4-10°C. The temperature at 18,000 ft. at Dallas is forecast to be —12°C,

The first reported level for Abilene, Texas (ABI), is 6,000 ft. The
elevation at this location is more thar 1,500 ft. and less than 4,500 ft., so
the first forecast wind level would be 6,000 ft. Note that temperature fore-
casts are not included with the 3,000-foot level.

When the wind speed reaches 100 knots or more, a special rule must
be applied to the four-digit grouping to find wind direction and speed.
Since a private pilot will not normelly fly at altitudes where such wind
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speeds will be encountered, the rule will net be covered in this text.
The group of figures *9900” indicates a light and variable wind. Note
that a light and variable wind is forecast for the Houston area at 3,000
and 6,000 ft.

Interpolation for Intermediate Winds and Temperatures To ob-
tain the wind direction and speed at an altitude intermediate to those
given in the winds-aloft forecast, you must interpolate. For example, the
forecast wind direction, wind speed, and temperature at 7,500 ft. at Dallas
are 195° {true) 30 knots, and 8°C. We find these values by first finding
the value of the wind direction and speed and temperature forecast at
6,000 and 9,000 ft.

Wind Wind
Level Direction Speed Temperature
6,000 180° 27 +10
7,500 ? ? ?
9,000 210° 33 +06

Since 7,500 ft. is halfway between 6,000 ft. and 9,000 ft., we assume
that the wind direction and wind speed are halfway between the respec-
tive values at 6,000 ft. and 9,000 ft. 195° is halfway between 180°
and 210° and 30 knots is halfway between 27 and 33 knots.

Aviation Weather Reports

Changes in weather frequently are so rapid that conditions at the
time of flight are likely to be guite different from those shown on
weather maps issued several hours previously. The very latest informa-
tion is available in reports distributed by teletypewriter. Three types of
reports are available—hourly sequence and special surface reports, pilot
reports (PIREPS), and radar reports. Radar reports generally are sum-
marized in plain language and are readily understood. This chapter dis-
cusses in detail surface aviation weather reports and pilot reports.

Surface Aviation Weather Reports A pilot must become familiar
with a few symbols and abbreviations in order to read the sequences.
Facility in reading these reports can be acquired in & surprisingly short
time, and the reward is well worth the effort. Teletype sequence reports
are given below the panels in hAgures 46, 47, and 49.

The table on pages 63 and 64 present a typical sequence report,
with an explanation for interpreting all sequences {(also, see fig. 54).
It will be noted that the information is in four groups, which might be
broadly classified as:
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1. Identification. 3. Instrumental observations.
2. Visual observations. 4. Remarks.

Examples of Aviation Weather (Sequence) Reports

629 SA29¢821¢p

SAT 19DE4gQ1STRW- 166/77/71/1509/987/TB@7

T N MOVG NE OCNL LTGCCCG

ICT sPD15+ $94/86/66/1912/987

AUS E3p@8g1p 122/86/79/1916/999/TCU ALQDS RB3PE4S

ACT S M1g@4H 138/76/79/1312/995

COT S Al17Qp15 113/85/74/1698/987 BLDUPS DSNT E
Plain Language Interpretation The plain language interpretation of
the SAT (San Antonio, Texas} Aviation Weather Report is as follows:
Scattered clouds at 1,900 ft. with the ceiling estimated to be 4,000 it.,
broken elouds, visibility 15 statute miles, thunderstorm, very light rain-
showers, barometric pressure 1010.6 millibars, temperature 77° F., dew-
point 71° F., surface wind from 150° (true} at 9 knots, altimeter setting
29.87; thunder began 7 minutes past the preceding hour (2:07 p.m. CST in
this case), thunderstorm north moving to the northeast with occasional
lightning cloud to cloud and cloud to ground.

The plain language interpretation of the ACT (Waco, Texas) is as
follows: This is a special report as indicated by the “S” which means
that a significant change in the weather has occurred during the pre-
ceding hour (or since the last report). Measured ceiling of 1,000 ft.
overcast, visibility 4 miles in haze, pressure 1013.8 millibars, temper-
ature 76° F., dewpoint 70° F., surface wind from 130° (true) at 12
knots, altimeter setting 29.95.

In the COT (Cotulla, Texas) report, the “Al7(D"” means that the
ceiling is 1,700 ft., broken clouds, and was obtained by an aircraft.

Of special importance sometimes, is the “remarks” portion of Avia-
tion Weather Reports. There may be important information here that
would not show up elsewhere in the report, as illustrated by the fol-
lowing examples:

ACT S E25q8pqp1¢ 112/86/71/1514/987/SWLG CU ALQDS

AUS E20@8p@16 122/86/70/1916/999/TCU ALQDS

COT E35(D16pD15 $#84/98/71/1616/979/FEW CB TCU ALQDS.

The first report “remarks” section indicates there are “swelling
cumulus clouds in all quadrants” around the station. The “S” following
station identification indicates this is a “special report” probably issued
because of a lowering ceiling.
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The second report “remarks™ section indicates there are “towering
cumulus clouds in all quadrants.” You should interpret this to mean
that these towering cumulus clouds could soon develop into thunder-
storms.

The third report “remarks” section indicates there are a few “cumu-
lonimbus clouds and towering cumulus clouds in all quadrants.” At this
station, some of the towering cumulus have already developed into thun-
derstorms.

Although the three reports are from three different stations, they
could well represent three consecutive reports from the same station—
starting out with “swelling cumulus” which develop into “lowering
cumulus” which in turn develop into “cumulonimbus™ and thunderstorms.
H your destination happened to be one of the above stations, you can
see the importance of the “remarks” section. By the time you arrive,
the area may be covered or surrounded by thunderstorms. Nowhere else
in the reports is danger indicated since ceilings and visibilities are well
above VFR basic minimums.

Pilot Reports (PIREPS) Surface weather reports spot sample the
weather, and frequently weather between reporting stations will differ
from that shown by the spot reports. Also, the surface observer cannot
observe cloud tops, cloud conditions above an overcast, turbulence, or
icing. Pilot reports are the only source of these observations, and a
pilot must rely heavily on these reports when available. It behooves all
pilots to report weather in flight to aid his fellow flyers. Some pilot-
reported information is included in the remarks section of the hourly Avi-
ation Weather report and some in individual pilot reports. Periodically,
pilot reports are summarized into 2 single report called the pilot report
summary.

Example of Pilot Weather Report Summary
SAT UB ¢81835Z
GDP SMOOTH 85 PA28
2¢ NNE CRP-3 NNE ALI 25(DSCTD RW
24 NNE CRP LN TSTMS NW-SE CIG 3 HND VSBY 1/4
JCT-SAT 4fg6p
3pE SAT RW MDT TURBC
INK ALMOST SLD & BECOMES THEN (@ 25 W MAF TOPS 56
@ INK TO ELP

Plain Language Interpretation  This pilot report summary (UB) was

filed from San Antonio, Texas, (SAT) on the 8th day of the month
(08) at 1835 GMT (12:35 CST).

Guadalupe Pass (GDP) was smooth at 8,500 fi. MSL reported by a
PA28 (Piper Cherokee).

Twenty miles north-northeast of Corpus Christi to a point 3 miles
north-northeast of Alice, a broken layer of clouds with bases at 2,500
MSL, and rainshowers.

Twenty-four miles north-northeast of Corpus Chrisli, a line of thun-
derstorms extends northwest-southeast, with ceilings of 300 ft. and visi-
bility 14 mile.

From Junction to San Antenio, an overcast layer of clouds with
bases at 4,000 ft. MSL and tops at 6,000 f1. MSL.

Thirty miles east of San Antonio, rainshowers with moderate turbu-
lence. :

Over Wink, there is an almost solid overcast with tops at 5,000 ft.
MSL becoming clear 25 miles west of Midland.

Clear from Wink to El Paso.

Weather Maps

The National Weather Service prepares a multitude of weather charts,
some of them specifically for aviation. You can easily learn to interpret and
use a few of them in determining weather significant to your proposed
flights. We have already discussed the winds and temperatures aloft fore-
cast chart and, to some extent, the surface chart. This discussion includes
more detailed use of the surface chart and use of the weather depiction
chart, the radar summary chart, and the surface angd low-level significant
weather prognostic charts.

Surface Chart Figure 56 is a section of a facsimile surface weather
map. You already have learned (Chapter 7} to use isobars in determining
surface and low-level winds. You also can identify fronts and high and low
pressure centers. By comparing this chart with others to be discussed,
you can associate weather patterns with these systems and estimate
movements of weather patterns definitely associated with these systems.
Weather Depiction Chart The weather depiction chart (fig. 57) por-
trays graphically areas of low ceiling and restricted visibility, areas of
marginal ceilings, and areas of good ceilings and vistbilities, The chart
covers the conterminous 48 states and southern Canada. Figure 58 shows
symbols used in plotting and analyzing the chart.

Plotted Data Data plotted on the chart includes:

1. Sky coverage.
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Figure 56. Section of a surface weather map as transmitted on facsimile. Figure 57. Section of @ weather depiction chart as transmitted on fac-
simile. Compare with figure 56, a surface chart for the same aree and
approximate time.




T — Thimderstorm
( R Rain
O Clear L — Drizzle
WEATHER ZR — Freezing Rain
LOWEST O Scattered and IL, — Freezing Drizzle
S5 — Snow
SICNIFICANT 0 Broken, o thin hroken OBSTRUCTIONS E — Sleet
CLOUDS TO VISION W — Shower
(Height Shown in @) overeast, wih breats H—Han
Hundreds of Feet) . Overcast P — Fog
GF — Cround Fog

\ BD — Blowing Dust

® Obscured
\ BN — Blowing Sand
BS — Blawing Snow

Figure 58. Symbols used in preparing the weather depiction chart. Note

how these symbols are used in figure 57. Cloud cover is shown in station

circle; cloud height in hundreds of feet, below the circle; and visibility
and weather to the left of the circle.

2. Visibility (when 6 miles or less).

3. Weather and ohstructions to vision.

4. Ceiling height or, if there is no ceiling, the height of the fowest
layer of scattered clouds.

Analyzed Data  Analysis of the plotted data consists of:

Solid lines enclosing areas where ceilings are below 1,000 ft. and/or
visibilities are below 3 miles. These enclosed areas may be shaded
red by the local weather station.

Scalloped lines enclosing areas where ceilings are below 5,000 fi.
but not below 1,000 ft. and visibilities are greater than 3 miles.
These areas may be shaded in blue locally.

Weather depiction charts are prepared every 3 hours begimning

with data observed at 0100 Greenwich Mean Time (7:00 p.m. CST).

Designed to give the pilot a “plan view” of a weather situation, the
weather depiction chart is used most effectively in conjunction with the
surface weather chart which often indicates the causes of cloud formations
and/or restrictions to visibility. ,

Figure 57 is a section of a facsimile weather depiction chart for the
same area and approximate time as the surface map in fig. 56, Compare
the two charts noting the area of marginal and poor weather extending
northward from northern Hiinois. This weather no doubt is the result of
overrunning associated with the warm and occluded fronts, and you
would expect this weather to move with the frontal system. But what
about the extensive area of low ceilings and restricted visibilities extend-
ing northward from the Gulf of Mexico into Arkansas and western

Tennessee? To determine its movement and expected changes, you would
need to refer to forecasts and prognostic charts. Note especially the
absence of weather along the cold front. The cold front is dry, and the
worst you would expect with it is some turbulence as you fly through the
frontal zone. However, you must be alert for more hazardous weather
developing along the front if it moves into the area where moist air is
moving in from the Gulf of Mexico.

Radar Summary Chart Weather radar generally observes precipita-
tion only; it does not ordinarily detect small water droplets such as are
found in fog and nonprecipitating clouds. The larger the drops, the more
intense is the radar return. Thus, one would expect a stronger return
from thunderstorms and hail than from lighter precipitation, and this
is what happens. The radar summary chart shows areas of significant
precipitation and accentuates areas of heavy precipitation associated with
showers and thunderstorms. It will not depict all areas of low ceilings
and restricted visibilities.

The radar summary chart is generally transmitted by facsimile every
3 hours, but the interval is reduced during periods of especially signifi-
cant activity.

Figure 59 is a section of a radar summary chart for the same area
and approximate times as the surface and weather depiction charts in
figs. 56 and 57. Figure 60 shows symbols used on the radar summary
chart. Comparing the radar summary chart with the other charts, note
that the radar detects only the frontal precipitation; and even here, the
area does not exactly coincide with the weather depiction chart. It shows
no echoes associated with the fog to the scouth or with the cold front.
Note also that it detects a short line of thunderstorms embedded in the
warm front precipitation. The radar observations are the only means of
knowing that the thunderstorm at Chicago is part of a line of thunder-
storms.

Low-Level Surface and Significant Weather Prognostic Charts To
assist aviation forecasters, briefers, and pilots, the National Weather
Service prepares specifically for aviation a four-panel prognostic chart.
Two panels are surface prognostics for 12 and 24 hours, and two are
significant weather prognostics for the same time periods. Figure 61 shows
this facsimile transmission. Figure 62 lists symbols used on the chart.
The chart assists the pilot in extrapolating movements of weather
patterns and in detecting development and decay of significant weather.
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Figure 59. Section of a radar summary chart as transmitted on facsimile.
Compare with surface and weather depiction charts in figures 56 and 57
for the same area and approximale time.
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ECHO COVERAGE
==} Line of Echoes

(::3 Area of Echoes

6{9 More than .9 Caverage
q]) .6 to .9 Coverage

.1 to .5 Coverage

O
(:) Less than .! Coverage

TYPE OF WEATHER

R Raln

RW Railn Showers

5 Snow
Thunderstorms

CHANGE OF INTENSITY

+ Increasing
NC  No Change
- Decreasing

HEEGHT OF ECHO TOPS
undreds of Feet
120 Average Height
Maximum Height

MOVEMENT OF ECHOES
{Knots)

15 Speed and Direction
/ of Cells

Speed and Direction
w of Line or Area

{Each barb is 10 Kts)
INTENSITY OF PRECIPITATION

EQUIPMENT STATUS

== Very Light
Light NE No Echoes Observed

Moderate {no sign) NA Observation not Avallable
+ Heavy N0  Radar not Operating
++ Very Heavy OM  Radar Out for Malntenance
EXAMPLE

Indicates area of thunderstorms and light rain
showers Increasing in intensity, ,6 to .9 cover-
age, maximum tops 45,000 feet. Cells moving
from southwest at 2Q knots; area moving from
west at 15 knots,

Figure 60. Symbols used on radar summary chart. Note how these are
used in figure 59.

Summary

You have available and should learn to use the wealth of information
in printed forecasts and reports and in current and prognostic maps.
Each type of report, forecast, or map provides specific information not
always available from other sources. Before each flight, glean enough
from this wealth of information to determine feasibility, route, and

safety of your flight,
Collecting data, plotting it on a chart, and transmitting the chart




o2

—— ]

VIgoooz MAY 1
YZHE SIGHIFICANT WEATHER

PROG LOW LEVEL $FC-400MB
=TSTME 1MMLY MDY OF OTR TURBC~

!

VI00002 MAY |
IZHR CLOUDS-FREITING IVL
noo NMC FRus
-CLDS ARV HIT iV1 IMPLY (€O

l.l-—f\.’" M

{ﬂ . 2 29 Nz ‘ 28 \, .H.
) . A
7o \ y S/. )
/
/ 12 128
/ ‘gl \ /la w0
RS
2o / / l
y28] 2 / ./ |
. 24 /
; = : 4 v o
/ b \ gy J 7 s ;
T~ \
LN = —
vIT200Z MAY 1 i . | \
T6HR SIGNIFICANT WEATHER j \ WI i S
ess uree wor on o ronace ||} I L N \
e i §
el F ‘ . .
—— ’ 1 % 74\/
— R ,
2 7
0 - 8’. y Vd | ‘e
— 0 / '
N\ g B
AX \ . ‘
== \
- -~ — \ p- !
hY - :
0 8 gthl
] N g

V112002 MAY 1
24HR CLOUGS-FREEZING LVL
moo NME FEUS
-CLOS ARV FET LVL IMAT ICO-

2 \

Figure 61. Twelve- and 24-hour surface and significant weather prognostic charts. Facsimile transmission is a four-panel chart as shown here.
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RN S o S )
LRRAHHR
%

&/10 OR MORE CLOUD COVER,
BASES ABOVE 5000.

— — — — FREEZING LEVEL.

®
7////% EXTENSIVE FOG/STRATUS. .*.
TBASE) TURBULENCE, _*_ *

6/10 OR MORE CLOUD COVER, ~ CONTINUOUS OR INTERMITIENT PREC IPITATION SHOWERS
BASES 5000 OR BELOW (AGL),

O
LESS THAN .5 AREA P4 LESS THAN .5 AREA
COVERAGE. COVERAGE.

.5 OR MORE AREA .5 OR MORE AREA

COVERAGE COVERAGE,
INTERMITTENT RAIN, % RAIN SHOWERS ,
CONTINUOUS RAIN, ¥
INTERMITTENT SNOW, Vv SNOW SHOWERS..
CONTINUOUS SNOW, R THUNDERSTORMS,,

Figure 62. Symbols used on surface and significant weather prognostic charts. These are used on the charts shown in figure 61.

takes time. When using a chart of actual weather, remember that depicted
weather occurred from 1 to 5 hours earlier. Forecasts and prognoestic
charts, of course, bridge this time gap. However, forecasts are not always
accurate in all details. In the interest of safety, you should always check
a few current sequence reports and PIREPs against forecasts’and charts
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to determine if weather is moving and developing as forecast. If possible,
use the services of a briefer who can help you interpret weather pertinent
to your flight planning. Refer to Chapter 35 for more detailed information
concerning weather briefings.



Interpretation of Weather Reports Sent by Teletype
DCA 2121667 15CDE3¢EB 11/2VTRW-BD 152/68/6$/2918G3¢$/996/DRK NW VSBY 1V2

INTERPRETATION

TRANSLATION

SyMBoL ITEM

DCA. .. Station identifica-
tion.

2121492 __. Date and Green-
wich time ____

15Q e m e Sky cover ______

0T Ceiling _________

13/2V e Visibility _____._

TRW- . Precipitation,
thunderstorm,
or tornado.

GROUP I. DCA 2121467

Indicated by call letters. Call letters and all abbreviations are available at
weather offices.

The first two digits indicate the day of the month; the next four digits
give the time (on the 24-hour clock)} in Greenwich time. To convert to
local time subtract 5 hours for eastern standard time, 6 hours for cen-
tral, 7 hours for mountain, and 8 hours for Pacific. Regular sequences
are sent each hour on the hour. When crucisl changes occur between
reporting times, a special report may be sent. In this case the date-time
data will follow the station identification symbol, and the letter “S”,
followed by a numeral, will be added.

GROUP I. 15 O E3¢ ® 11/2VTRW-BD

Figures represent hundreds of feet (15 = 1,500 ft.). Symbol indicates
amount of cover:
O = clear; (D = scattered; (@ = broken; (P = overcast.
The letter “X” will be used instead of these symbols whenever fog, dust,
smoke, or precipitation obscure the sky. If clouds are at varying levels,
two or more sets of figures and symbols are entered in ascending order
of height.

The ceiling figure will always be preceded by one of the following letters:
E = estimated; M = measured; W = indefinite; B = balloon;
R = radar; A = reported by aircraft. If the ceiling is below
3,000 ft. and is variable, the ceiling symbol will be followed by the
letter “V”, and in the remarks the range of height will be indicated.

Figures represent miles and fractions of miles. Followed by “V” if less
than 3 miles and variable. If the visibility is 6 miles or less, the reason
is always given ander “Precipitation” or “Obstructon.”

R = Rain; L = drizzle; E = slEet; A = hAil; S = Snow; W =
shoWers; T = Thunderstorm; Z = freeZing. Sometimes followed by
+ meaning heavy, or by — meaning light. Item omitted if there is
no precipitation. Tornado is spelled out.

Washington, D, C.

21st day of the month,
4:00 p. m. eastern
standard time.

Scattered clouds at 1,500
ft.

Ceiling estimated 3,000 ft.

Visibility 1% miles, vari-
able.

Thunderstorm; light
rain shower.



Interpretation of Weather Reports Sent by Teletype—Continued

SympoL ITEM INTERPRETATION TRANSLATION
BD. Obstructions to F = Fog; H = Haze; D = Dust; N = saNd; K = smoKe (sometimes Blowing dust.
vision. the above letters are preceded by G = ground; I = ice; B = blowing).
(See fig. 54.)

GROUP 1II. 152/68/6¢$/2918G30/996
Most of the items in this group are separated by diagonal lines (/).

152/ e, Pressure _______ Stated in millibars using same system as on the weather map (omitting
initial “9” or “10”).

68/ . Temperature .___In degrees Fahrenheit ____._______________________________________

60/ e e Dew point ——____ In degrees Fahrenheit .. _______ . ..

2918G30/ _ e oo Wind _____.____ The wind group consists of at least 4 digits. These 4 digits are interpreted

in the same way as in winds-aloft forecasts. The first pair of digits shows
the wind direction to the nearest 10 degrees in relation to true north.
The second pair of digits represents the wind speed in knots. The
symbol “G” following the wind speed indicates gusts. The peak speed
of gusts (in knots) follows the “G” symbol, or follows a “Q” symbol
when squalls are reported. A calm wind is indicated by 0000, Wind
shifts are indicated in remarks by the contraction “WSHFT” followed
by the local time of the wind shift.

996/ . oo e Altimeter setting. Barometric pressure in inches for the setting of altimeters on aireraft.
Given in three figures with the initial 2 or 3 omitted. A number be-
ginning with 5 or higher presupposes an inital 2; a number beginning
with 4 or lower presupposes an initial 3. (993 = 29.93, 002 = 30.02,
ete.).

GROUP 1IV. DRK NW VSBY 1iV2

Pressure 1015.2 millibars.

Temperature 68° F.
Dew point 60° F,

Wind 200° true, 18
knots; gusts to 30 knots.

Altimeter setting at 29.96
inches,

DRK NW Remarks —..____ Any additional remarks are given in teletype symbols and in abbreviations Dark overcast to the
VSBY 1V2.___....__ of English words. Any items which are normally sent, but for some northwest.
reason are missing from the transmission, are represented by the leiter Visibility variable 1 to 2
“M.” miles.
64



SECTION III— NAVIGATION

12. Navigation Aids

Every pilot takes pride in his ability to navigate with precision. It is a
source of real satisfaction to plan and execute a flight which proceeds
directly to the destination, arriving safely according to a predetermined
plan with no worry or loss of time because of paor navigating technique.

Lack of skill in navigation may lead to unpleasant and sometimes
dangerous situations in which changes of weather, approaching darkness,
or shortage of fuel may force the pilot to attempt a landing under hazard-
ous conditions.

Navigation used to be considered a difficult art shrouded in the
mysteries of higher mathematics and requiring a combination of skill,
intuition, and luck. To a certain extent that was true, but many improve-
ments in instruments, aeronautical charts, pilot techniques, and navigation
aids have enabled pilots in recent years to plan their flights with confi-
dence and to reach their destinations according to plan. The prime re-
quirement for success in navigation is a knowledge of a few simple facts
and the ability to exercise good judgment based upon those facts.

Qur discussion of navigation is limited primarily to the needs of the
private pilot without instrument rating. As he gains more experience in
flying, he will wish to stady the subject in greater detail, but our primary
purpose here is to furnish information of practical value in flying under
visnal flight rules (VFR).

To navigate successfully, a pilot must know his approximate position
at all times or be able to determine it whenever he wishes. Position may
be determined by:

1. Pilotage (by reference to visible landmarks).

2. Dead reckoning (by computing direction and distance from a

known position).

3. Radio navigation (by nse of radio aids).

4. Celestial navigation (by reference to the sun, moon, or other

celestial bodies).

The Lasic form of navigation for the inexperienced pilot is pilotage,
and it should be mastered first. An understanding of the principles of dead
reckoning, however, will enable him to make necessary calculations of
flight time and fuel consumption. The ever-increasing use of radio equip-
ment in private planes makes it highly desirable for the pilot to have a
thorough knowledge of the use of radio for navigation and communica-
tions. Celestial navigation is of little value to the private pilat and is not
explained in this handbook.

Airways A significant part of the work of the Federal Aviation Ad-
ministration is the development and operation of Federal Airways—a
vast network of thousands of miles of air highways covering the entire
United States, connecting all the principal cities, which is rapidly being
extended. While a pilot on a VFR flight is not required to follow the
airways, he frequently will find them convenient because they are
equipped with varions aids and have been established specifically to
promote his convenience and safety.

Airway Aids  Along the airways, radio navigation aids are appropriately
spaced to provide navigation guidance and air-ground communications
facilities. Weather reporting service is available through hourly weather
broadeasts or at the pilot’s request. The Federal Aviation Administration
operates many additional facilities and services to assist pilots and to
direct the flow of traffic along the airways—such as air route traffic
control centers, Flight Service Stations, airport traffic control towers,
radar facilities, and instrument approach and landing systems. Some of
these facilities and services are discussed more fully in later chapters,

Aeronautical Charts Aeronautical charts for use in the United States
are published by the National Ocean Survey. The types of charts of
greatest interest to private pilots are:

1. Sectional Aeronautical Charts (scale: about 8 statute miles per inch)
—fairly complete detail, primerily for use in pilotage, most
widely used by private pilots. These charts are identified by the
names of principal cities or geographical features (fig. 63), such
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as the Dallas-Ft. Worth Sectional, which accompanies this hand-
book. Complete set of charts consists of 37 sheets.

2. Local Aeronautical Charts (scale: about 4 statute miles per inch)—
large scale, primarily for use on VFR flights in highly congested
areas, more topographical detail then any other chart. The charts
are identified by the names of cities, such as Atlanta Local.

3. Aeronautical Planning Charts (scale: about 80 statute miles per
inch)—designed for planning long flights, selected key points
may be transferred to more detailed local charts for actual
flight use.

4. World Aeronautical Charts (scale: about 16 statute miles per inch)
—supplies, on a smaller scale, most of the information appearing
on sectional charts. Consists of 11 charts identified by letters
and numbers, such as CG-19.

A free index of these and other charts, listing their prices with instructions
for ordering, is available upon request from:

Distribution Division (C-44)
National Ocean Survey

Washington, D. C. 20325

Figure 63 shows a map of the conterminous United States upon which
is superimposed a key identifying the Sectional Charts and indicating the
area covered by each.

It is vitally important that pilots cheek the publication date on each
aeronautical chart to be used on any flight. Obsolete charts should be dis-
carded and replaced by new editions, ordinarily published every 6 months.
(The Airman’s Information Manual contains a list of the dates of the
latest edition of each chart.} This is extremely important because eritical
revisions in aeronautical information are occurring constantly. These
include changes in radio frequencies, construction of new obstructions,
temporary closing of certain runways and airports, and other temporary
and permanent hazards to flight. To make sure your sectional aeronautical
chart is up to date, refer to the Sectional Chart Bulletin in the dirman’s
Information Manual (AIM), Part 3. This Bulletin provides the VFR
pilot with the essential information necessary to update and maintain
his chart. It lists the major changes in aeronautical information that
have occurred since the last publication date of each sectional chart.
Specifically, it contains the following:

1. Changes to controlled airspace and special use airspace that pre-
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sent hazardous conditions or impose restrictions on the pilot.

2. Major changes to airports and radio navigational facilities.
When a sectional chart is republished, the corrections will be removed
from AIM and begin again for the new chart. See Chapter 27 for further
information.

To help make sure that the latest charts are used, regularly revised
lists entitled “Dates of Latest Prints” are published and are available
from the same source as the charts.

13. Chart Reading

Sectional Aeronautical Charts While studying this chapter use the
Dailas-Ft. Worth Sectional Chart folded inside the back cover of this
bookiet. This is the type of sectional chart most recently issued by the
National Ocean Survey. Al of the 87 old-type scctional charts have now
been converted to 37 of the new-type charts (see fig 63). Hence, discus-
sions here deal with the new chart only. The major change between the
old and the new sectional chart is that the old type contained a chart on one
side only, while the new type contains a chart on both sides. The pilot
should have little difficulty in reading these aeronautical charts. In many
respects, they are similar to automobile road maps. The chart name or title
appears on one side of each chart. On this same side there also appears
various aeronautical symbols as well as information concerning terrain
and contour elevations. By referring to these symbols, one may identify
aeronautical, topographical, and obstruction symbols (such as radio and
television towers). Many landmarks easily recognizable from the air, such
as stadiums, race tracks, pumping stations, and refineries, are identified
by brief descriptions besides small black squares marking their exact
locations. Qil fields are shown by small circles, water tanks and oil tanks
are shown by small black circles and labeled accordingly. Many of the
items are exaggerated on the chart in order to be seen easily.

Remember, however, that the information on aeronautical charts may
be as old as 6 months, depending on the date published. Check the date
on the chart to make sure you are using the latest available,

Relief The elevation of land surface, relief, is shown on aeronautical
charts by brown contour lines drawn at 250-foot intervals. These areas
are emphasized by various tints, as indicated in the color legend appearing
on each chart,
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The manner in which contours express elevation, form, and degree of
slope is shown in figure 64. The skeich in the upper part of the figure
represents a river valley lying between two hills. In the foreground is the
sea, with a bay that is partly enclosed by a hooked sandbar. On each
side of the valley is a terrace into which small streams have cut narrow
gullies. The hill on the right has a rounded summit and gently sloping
spurs separated by ravines. The spurs are cut off sharply at their lower
ends by a sea cliff. The hill at the left terminates abruptly at the valley
in a steep and almost vertical bluff, from which it slopes gradually away
and forms an inclined tableland traversed by a few shallow gullies. Each
of these features is represented directly beneath its position in the sketch
by contour lines. In figure 64 the contours represent successive differences
in elevation of 20 feet—that is, the contour interval is 20 feet. A small

Figure 64. Altitude, form, and slope of terrain as indicated by contour
lines and numerals (U.S. Geological Survey).
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interval was used to better illustrate the terrain features that may be
visualized through contours.

Aeronautical Data The aeronautical information on the new-type sec-
tional charts is for the most part self-explanatory. Information concerning
very high frequency (VHF) radio facilities such as tower frequencies,
omnidirectional radio ranges (VOR), and other VHF communications
frequencies is shown in dark blue. Likewise, a narrow band of blue tint
is used to indicate the center lines of Victor Airways (VOR civil airways
between omnirange stations). Low frequency—medium frequency (L¥/
MF) radio facilities are shown in magenta (purplish shade of red); a
narrow band of magenta tint is vsed to indicate LF/MF airways; and
LF/MF frequencies are shown in magenta.

In most instances, FAA radio range stations identify themselves by
broadcasting their call signs in International Morse Code. VOR stations
use three-letter identifiers, whereas LF/MF range stations may use three-
letter identifiers or two-letter identifiers. The two-letter identification is
normally used only in areas where 8 VOR facility and an LF/MF range
facility use the same name. For example, the Anchorage, Alaska, VOR
facility is identified by the letters ANC (.~ —. —.-.) and the Anchorage
LF/MF range facility is identified by the letters AC (.~ ——.). Therefore,
both identifiers (two-letter for the LF/MF; three-letter for the VOR)
and the Morse codes for both, appear on the aeronautical charts; LF/MF
in magenta and VOR in blue. (NOTE: The Anchorage facilities are used
as an example since there is only one LF range left in the 48 conterminous
states, and there is no VOR by the same name.)

All airports having permanent-type, hard-surfaced runways are shown
by runway patterns for more positive identification and to enhance their
value as landmarks. All recognizable runways including some that may
be closed, are shown to aid in visual identification. Information pertain-
ing to airports having an airport traffic area or FSS advisory service is
given in blue figures in a blue box adjacent to the airport symbol which
is also in blue. Information pertaining to other airports is given in
magenta adjacent to the airport symbol which is also in magenta. Aban-
doned airports may be indicated by small black squares which are labeled,
abandoned airports.

The symbol for obstructions is another important feature. The ele-
vation of the top of obstructions above sea level is given in blue figures
(with parentheses) beside the obstruction symbol. Immediately below
this set of figures is another set of lighter blue figures enclosed in




parentheses which represents the height of the top of the obstruction
above ground level. Obstructions which extend less than 1,000 ft. above
the terrain are shown by one symbol and those obstructions that extend
1,000 fi. or higher above ground level are indicated by a different symbol
(see sectional chart). Specific elevations of certain high points in terrain
are shown on charts by dots accompanied by black figures indicating the
number of feet above sea level.

An explanation for most symbols used on aeronautical charts appears
in the margin of the chart. Additional information appears at the bottom
of the chart.

Airport and Air Navigation Lighting and Marking Aids On sec-
tional charts, lighting aids are shown by a blue star or dot along with
certain ather symbols and coded information. For the most part, the
lighting aids represented on sectional charts pertain to rotating or flashing
lights. The color or color combination displayed by a particular beacon
and/or its auxiliary lights tells whether the beacon is indicating a landing
place, landmark, point of the Federal Airways, or hazard. Coded flashes
of the auxiliary lights, if employed, further identify the heacon site. A
deteiled description of airport and air navigation lighting aids can be
found in AIM.

In the same section of the AIM, airport marking aids are also
presented. Pilots should study and understand this very important in-
formation.

14. Measurement of Direction

The equator is an imaginary circle eguidistant from the poles of the
earth. Circles parallel to the equator (lines running east and west),
parallels of latitude, enable us to measure distance in degrees of latitude
north or south of the equator. Consequently, the angular distance from
the equator to the pole (one-fourth of a circle) is 90°. The 48 contermi-
nous states of the United States lie between 25° and 49° N. latitude. The
arrows in figure 65 labeled “LATITUDE™ point to lines of latitude.

Meridians of longitude are drawn from the North Pole to the South
Pole and are at right angles to the equator. The meridian passing through
Greenwich, England, the “Prime Meridian,” is used as the zero line from
which measurements are made in degrees east and west to 180°. The 48
conterminous states of the United States lie between 67° and 125° W,

longitude. The arrows in figure 65 labeled “LONGITUDE” point to lines
of longitude.

Any specific geographical point can thus be located by reference to
its longitude and latitude. Washington, D.C., is approximately 39° N.
latitade, 77° W. longitude. Chicago is approximately 42° N. latitude, 88°
W. longitude (fig. 65).

The meridians are also useful for designating time belts. A day is
defined as the time required for the earth to make one complete revolution
of 360°. Since the day is divided into 24 hours, the earth revolves at the
rate of 15° an hour. Noon is the time when the sun lies directly above a
meridian; to the west of that meridian is forenoon, to the east is afternoon.

Figure 65. Meridians and puarallels—the basis of measuring time, distance,
and direction.
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The standard practice is to establish a time belt for each 15° of
longitude, which makes a difference of exactly 1 hour between each belt.
In the United States there are four such belts—Eastern (75°), Central
(90°), Mountain (105°), and Pacific (120°}. The dividing lines are
somewhat irregular because communities near the boundaries often find
it more convenient to use time designations of neighboring commaunities
or trade centers.

Figure 66 shows the time zones in the United States, When the sun
is directly above the 90th meridian, it is noon Central Standard Time. At
the same time it will be 1 p.m. Eastern Standard Time, 11 a.m, Mountain
Standard Time, and 10 a.m. Pacific Standard Time. When “daylight sav-
ing” time is in effect (generally between the last Sunday in April and the
last Sunday in October) the sun is directly above the 75th meridian at
noon, Central Daylight Time.

These time zone differences must be taken into account during long
flights east—especially one that must be completed before dark. Remem-
ber, you may be losing an hour when flying from one time zone to
another, or, for that matter, when flying from the western edge to the
castern edge of the same time zone. Check the time of sunset at your
point of destination and take this into account when you plan an east-
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Figure 66. When the sun is directly above the meridian, the time at points
on that meridian is noon. This is the basis on which time zones are
established.
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bound flight, if the flight must be completed during daylight. Times of
sunset can normally be obtained from a FSS or National Weather Service
Station.

In most aviation operations, time is expressed in terms of the 24-hour
clock. Air traffic control instructions, weather reports and broadcasts, and
estimated times of arrival are all based on this system. For example: 9 a.m.
Central Standard Time is expressed as 0900C; 1 p.m. Mountain Standard
Time is 1300M; 10 p.m. Eastern Standard Time 2200E. These times will
often be abbreviated as 09C, 13M, and 22E, respectively.

Measurement of Courses By using the meridians, direction from one
point to another can be indicated in terms of degrees measured in a
clockwise direction from true north. Thus, to indicate a course to be
followed in flight, the pilot will draw a line on the chart from the point
of departure to the destination and measure the angle which this line

Figure 67. The compass rose enables the pilot to determine direction in

terms of points of the compass and degrees of arc.




makes with a meridian. Direction is expressed in terms of degrees, as
shown by the compass rose in figure 67.

Because meridians converge toward the poles, conrse measurement
should be taken at a meridian near the midpoint of the course rather
than at the point of departure. The course thus measured on the chart
is known as the true course, because it represents & direction measured
by reference to a meridian or true north. It is the direction of intended
flight as measured in degrees clockwise from true north. As shown in
figure 68, the direction from A to B would be a true course of 065°,
whereas the retarn trip {sometimes called the reciprocal) would be a true
course of 245°.

The direction in which the nose of the airplane points during a
flight when measured in degrees clockwise from true north, is the
true heading. Usually it is necessary to head the plane in a direction

. slightly different from the true course to offset the effect of wind; conse-
quently, the true heading generally does not correspond with the true
conrse. This will be discussed more fully in subsequent chapters; in
this chapter we shall assume noavind conditions, under which heading
and course would coincide. Thus, for a true course of 065° the true head-
ing would be 065°. However, if we wished to fly by the compass, we
should make corrections for magnetic variation and for compass deviation.

Variation Variation is the angle between true north and magnetic
north at any given place. It is expressed as east varigtion or west varia-

Figure 68. Courses are determined by reference to meridians on aero-
nautical charts.
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Figure 69. Magnetic meridians are in black, geographic meridians and
parallels are in blue; variation is the angle between a magnetic and
geographic meridian.
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tion depending upon whether magnetic north (MN) is to the east or
west of true north (TN), respectively.

The north magnetic pole is located clase to latitude 71° N., longi-
tude 96° W.—about 1,300 miles from the geographic or true north pole,
as indicated in figure 69. If the earth were uniformly magnetized, the
compass needle would point toward the magnetic pole, in which case
the variation between true north (as shown by the geographical meridi-
ans) and magnetic north (as shown by the magnetic meridians) could
be measured at any intersection of the meridians.

Actually, the earth is not uniformly magnetized. In the United
States the needle usually points in the general direction of the magnetic
pole but it may vary in certain geographical localities by many degrees.
Consequently, the exact amount of variation at thousands of selected
locations in the United States has been carefully determined by the
National Ocean Survey, The amount and the direction of variation, which
change slightly from time to time, are shown on most aeronautical charts
as broken red limes, called isogonic lines, which connect points of equal
magnetic variation. (The line connecting points at which there is no
variation bhetween true morth and magnetic north is the agenic kire.) An
isogonic chart is shown i figure 70. Minor bends and turns in the iso-
gonic and agonic lines probably are caused by unusual geological con-
ditions that affect the magnetic forces in certain areas.

From this it can be readily seen that on the west coast of the United
States the compass needie will point to the east of true north, on the
east coast it will point to the west of true north. On a line ronning
roughly through Lake Michigan, the Appalachian Mountains and off
the coast of Florida, magnetic north and true north coincide (compare
figs. 70 and 71).

Because courses are measured by geographical meridians which
point toward true north, and are flown by reference to the compass
which points along the magnetic meridian (in the general direction of
magnetic north), the true direction must be converted into magnetic
direction for the purpose of flight. This conversion is made by adding
or subtracting the variation indicated by the nearest isogonic line on
the chart. The true heading, when corrected for variation, is known as
magnetic heading.

At Providence, R. I., the variation is shown as “14° W.” This
means that magnetic north is 14° west of true north. If we wished to
fly a true heading of north, we would have to add these 14° and fly a
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magnetic heading of 014°. The same correction for variation must be
applied to the true heading to obtain any magnetic heading at Provi-
dence, or at any point close to the isogonic line “14° W.” Thus, to fly
east, we would use a magnetic heading of 090° + 14° = 104°. To fly
south, the magnetic heading would be 180° + 14° = 194°, To fly west,
it would be 270° + 14° = 284°. To fly a true heading of 060°, we
would use a magnetic heading of 060° + 14° = 074° (fig. 72).

Now suppose we are in Denver, Colo., where the isogonic line shows
the variation to be “14° E.” This means that magnetic north is 14°
to the east of true north. Therefore, to fly a true heading of north, we
would have to subtract these 14° and fly a magnetic heading of 346°
(360° — 14°). Again the 14° would be subtracted from the appro-
priate true heading to obtain the magnetic heading at any point close to
the isogonic line *“14° E.” Thus, to fly east we would use a magnetic
heading of 076° (090° — 14°). To fly south the magnetic heading
would be 166° {180° — 14°). To fly west it would be 256° ([270° —
14°). To fly a true heading of 060°, we would use a magnetic heading
of 060° — 14° = 046° (fig. 72).

To summarize: To convert TRUE (measured from the meridians

EASTERLY VARIATION WESTERLY VARIATION

20° 15* 10* 5* 0* 5* 10°0 15° 20°

Figure 70. A typical isogonic chart. The black lines are isogonic lines
which connect geographical points with identical magnetic vaeriation.
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Figure 71. In an area of west variation a compass needle points west of true north; in an area of zero variation it points to true north; in an area of east
variation it points east of true north.

on the chart) to MAGNETIC, note the variation shown by the nearest
isogonic line. If variation is west, add; if east, subtract.

Many methods have been devised for remembering whether to add
or subtract variation. The following jingle has proved helpful: West
is best (add); East is least (subtract).

Deviation The magnetic heading is of no particular value to the pilot
except as an interraediate step necessary to obtain the correct compass
reading for the flight. The remaining step is the correction for deviation.
Because of magnetic influences within the airplane itself (electrical cir-
cuits, radio, lights, tools, engine, magnetized metal parts, etc.), the com-
pass needle is frequently deflected from its normal reading. This deflec-
tion is deviation. The deviation is different for each airplane; it also
varies for different headings of the same airplane. For instance, if mag-
netism in the engine attracts the north end of the compass, the effect is
nil when the plane is heading toward magnetic north. On easterly or
westerly headings, the compass indications are in error, as shown in
figure 73. Magnetic attraction may lie in many other parts of the air-
plane; the assumption of attraction in the engine is merely used for
purpose of illustration.

Some adjustment of the compass, compensation, can be made to
reduce this error, but the remaining correction must be applied by
the pilot.

Proper compensation of the compass requires special skill and tech-
nique, and is best performed by a competent technician. Since the mag-
netic forces within the plane frequently change, owing to landing shocks,
vibration, mechanical work, or changes in equipment, the pilot shonld
have his deviation card checked occasionally, particnlarly before any
flight which might depend upon the use of the compass. The procedure
used to check the deviation card (called “swinging the compass”) is
briefly outlined.

The airplene is placed on a magnetic compass rose, the engine
started, and electrical devices normally used (such as radio) are turned
on. (Tailwheel-types of airplanes will first have to be jacked up into
flying position.) The plane is aligred with magnetic north indicated on
the compass rose and the reading shown on the compass is recorded.
The plane is rotated throngh each 30° and each reading is recorded.
If the airplane is to be flown at night, the lights are turned on and any
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WHEN VARIATION 1§ EAST

IT 1S SUBTRACTED
TH {060°) - VAR (14" E}=MH (046")

significant changes in the readings are noted. If so, additional entries
are made for use at night.

As a practical method of roughly checking the accuracy of the com-
pass, the pilot may compare the compass reading with known runway
headings.

On the compass card the letters, N, E, S, and W, are used for north,
east, south, and west. The final zero is omitted from the degree markings
so that figures may be larger and more easily seen.

MAGNETIC NORTH MAGNETIC MORTH MAGNETIC MORTH

MAGNETIZED

ENGINE compass”

NO DEVIATION
CoMPASS COMPASS
DEFLECTION DEFLECTION
o o DEVIATION. 4oy oL o . o REVIATION ..

Figure 73. Magnetized portions of the plane cause the compass to deviate
from its normal indication.
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Figure 72. The relationship between true heading, magnetic heading, and varigtion in areas of east and west variation.

™ VAR | WHEN VARIATION IS WEST
3 IT IS ADDED

TH (060°)+ VAR {(14°W)=MH (074"}

A deviation card, similar to figure 74, is mounted near the compass,
showing the addition or subtraction required to correct for deviation
on various headings, usually at intervals of 30°. For intermediate read-
ings, the pilot can interpolate mentally with sufficient accuracy. For
example, if the pilot wanted the correction for 195° and noted the correc-
tion for 180° to be 0° and for 210° to be +2°, he would assume that the
correction for 195° would be +1°. The magnetic heading, when corrected
Jor deviation, is known as compass heading.

To illustrate the applieation of the compass corrections, assume
that we wish to make a flight from Winston Airport southwest of Snyder,
Texas (32° 42’ N. Latitude; 100° 57" W, Longitude), direct to Mineral
Wells Airport southeast of Mineral Wells, Texas (32° 47’ N. Latitude;
98° 03’ W. Longitude). 4 line should be drawn on the Dallas-Ft. Worth
chart from the center of the Winston Airport to the center of the Mineral

FOR (MAGNETIC) ... N 30 60 E 120 | 150
STEER (COMPASS) ... 0 28 57 8 | 117 | 148
FOR (MAGNETIC) ... S 210 | 240 ¢ W | 300 | 330
STEER (COMPASS) ......... 180 [ 212 { 243 | 274 [ 303 | 332

Figure 74. Compass deviation card.




Wells Airport. The mid-meridian for this course is at 99° 30" Longitude.
Measaring the direction of the course line at this meridian with a protractor
gives us 2 true course {TC) of 088°. If there were no wind, our true
heading (TH) would be the same as our true course, or 088°. Magnetic
variation over comparatively short distances is obtained from the iso-
gonic line on the navigation chart nearest the mid-point of the planned
route. If the flight distance and direction is suck that a number of
isogonic lines will be crossed, then the number of degrees of variation
added or subtracted must be recomputed as appropriate to allow for
significant changes in variation. Variation (VAR) for this course is
shown by the mid-isogonic line as 10° E. as shown in fig. 75. Subtracting
10° from 088° gives us a magnetic heading (MH) of 078°. Checking
the deviation card for our airplane, we find the instructions “for E

™ M

HEADING

Figure 75. Relationship between true, magnetic, and compass heading for
a particular instance.

(090°) steer 086°,” which tell us to subtract 4° from the magnetic
heading, making our compass heading (CH) read 078° — 4°, or 074°.
We should now be able to take off from Winston Airport and fly direct
to Mineral Wells Airport (assuming no wind) with our magnelic com-
pass reading 074°. Figure 75 shows the relationship between true head-
ing, magnetic heading, and compass heading in this particular problem.
Of course, the lines depicting true north (TN), magnetic north (MN),
and compass north (CN) might fall in any order depending upon the
direction of variation and deviation.

The magnetic compass is a thoroughly reliable instrument upon
which the pilot may depend if he is aware of its idiosyncracies. When the
airplane is banked in a turn, the compass is tilted from the horizontal
plane and will give an incorrect reading. This is often called the north-
erly turning error. When the speed of the airplane is increasing or de-
creasing the compass is subject to an acceleration error. But when the
airplane is in steady straight-and-level flight, the pilot may be quite
sure that if his judgment disagrees with the compass reading, the error
lies in judgment and not in the compass. Frequently, a pilot suffers the
illusion that the compass is stuck. This, of course, is possible, but not
probable. A simple test is to make a 90° turn using some line on the
ground as a point of reference and resume level flight. If the compass
then shows a change of 90° in the reading, the pilot may return to
his original course with the assurance that his compass is not seriously
in error. The magnetic compass will be more fully covered in the section
on instruments.

15. Basic Caleculations

In Chapter 14 we determined how to measure the true course on
the aseronautical chart and how to make corrections for variation and
deviation, but one important factor has not been considered—wind effect.

Effect of Wind As we learned in our study of the atmosphere, wind
is a term used to indicate that a body of air is moving over the surface
of the earth in a definite direction. When we say that the wind is blowing
from the north at 25 m.p.h., we simply mean that air is moving south-
ward over the earth’s surface at the rate of 25 miles in 1 hour.
Under these conditions, any inert object wholly free from contact
with the earth will be carried 25 miles southward in 1 hour. This effect
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becomes apparent when we observe clouds, dust, toy balloons, etc., blown
along by the wind. Obviously, an airplane flying within the moving mass of
air will be affected in exactly the same way. However, the airplane moves
through the air at the same time that the air is moving over the ground.
Consequently, at the end of 1 hour of flight, the airplane will be in a
position which results from a combination of these two motions: the
movement of the air mass in reference to the ground, and the forward
movement of the airplane through the air mass.

Actually, these two motions are independent. So far as the airplane’s
flight through the air is concerned, it makes no difference whether the
air is moving or is stationary. A pilot flying in a 70-mile gale would
be totally unaware of any wind (except for possible turbulence} unless
he looked at the ground. In reference to the ground, however, the air-
plane would appear to fly faster with a tailwind or slower with a head-
wind, or to drift right or left with a crosswind.

As shown in figure 76, an airplane flying eastward at an airspeed
of 120 m.p.h. in still air, will have a ground speed exactly the same—
120 m.p.h. If the mass of air is moving eastward at 20 m.p.h., the speed
of the airplane (airspeed) will not be affected, but the progress of the
plane as measured over the ground will be 120 plus 20, or a ground
speed of 140 m.p.h. On the other hand, if the mass of air is moving
westward at 20 m.p.h., the speed of the airplane still remains the same,
but ground speed becomes 120 minus 20 or 100 m.p.h.

If the plane is heading eastward at 120 m.p.h., and the air mass
moving southward at 20 m.p.h., the plane at the end of 1 hour will be
120 miles east of its point of departure (due to its progress through
the air) and 20 miles south (due to the meotion of the air) (fg. 77).
Under these circumstances the airspeed remains 120 m.p.h., but the
ground speed is determined by combining the movement of the airplane
with the movement of the air mass. Ground speed can be measured as
the distance from the point of departure to the position of the airplane
at the end of 1 hour. The ground speed can be computed in flight by
noting the time required to fly between two points a known distance
apart {such as two checkpoints on the course). It also can be deter-
mined before flight by constructing a wind triangle, which will be ex-
plained in Chapter 16.

The direction in which the plane is pointing as it flies is heading.
Its actual path over the ground, a combination of the motion of the
airplane and the motion of the air, is track. The angle between the head-
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Figure 76. Motion of the air affects the speed with which airplanes move
over the earth’s surface. Airspeed, the rate at which a plane moves through
the air, is not affected by air motion.
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Figure 77. Airplane flight path resulting from its airspeed and direction, end the wind speed and duration.

ing and the track is drift angle. 1 the airplane is headed down the
course line with the wind blowing from the left, the track will not coin-
cide with the desired course. The wind will drift the airplane to the
right, so the track will {all to the right of the desired course (fig. 78).
By anticipating the amount of drift, the pilot can counteract the
effect of the wind, thereby making the track of the airplane coincide
with the desired course. If the mass of air is moving across the course
from the left, the airplane will drift to the right, and a correction must
be made by heading the airplane sufficiently to the left to offset this
drift. Te state it another way, if the wind is from the left the correction
will be made by turning the airplane to the left—correct into the wind.

HEADING o2

Figure 78. Effects of wind drift on maintaining desired course.

This is the wind correction angle and is expressed in terms of degrees
right or left of the true course (fig. 79).

To summarize;

COURSE is the direction toward the destination, as measured on
the chart.

HEADING is the direction in which the nose of the airplane poinls
during flight.

TRACK is the actual path made over the ground in flight. (If proper
correction has been made for the wind, track and course will be identical.)

DRIFT ANGLE is the angle between heading and track.

DESIRED
COURSE

Figure 79. Establishing a wind correction angle that will counteract wind
drift and maintain the desired course,
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WIND CORRECTION ANGLE is correction applied to the course to
establish 2 heading that will make track coincide with course.

AIRSPEED is the rate of the plane’s progress through the air.

GROUND SPEED is the rate of the plane’s progress over the ground.

Calculating Time, Speed, Distance, and Fuel Consumption Before
attempting a cross-country flight, a pilot will need to know how to make
commen calenlations for time, speed, and distance, and the amount of
fuel required. These are azll matters of simple arithmetic, which should
present no difficulty,

Converting Minutes to Equivalent Hours Because speed is ex-
pressed in miles per hour, it frequently is necessary to convert minutes
into equivalent hours when solving speed, time, and distance problems.
To convert minutes to hours, divide by 6¢ (60 minates = 1 hour}. Thus,

30
30 minutes equals — = 0.5 hour. To convert hours to minutes, multiply
by 60, Thus, 0.75 hour equals 0.75 X 60 = 45 minutes.

D
Time T = —-é To find the time (T) in flight, divide the distance

(D) by the ground speed {GS). The time to fly 210 miles at a ground
speed of 140 m.p.h. is 210 divided by 140, or 1.5 hours. (The 0.5 hour
multiplied by 60 minutes equals 30 minutes.) Answer: 1:30.

Distance D = 6S X T. To find the distance flown in a given
time, multiply ground speed by time. The distance flown in 1 hour and
45 minutes at a ground speed of 120 m.p.h. is 120 X 1.75, or 210 miles.

D
Ground Speed GS = —. To find the ground speed, divide the

distance flown by the time required. If an airplane flies 270 miles in 3
hours, the ground speed is 270 divided by 3 = 90 m.p.h.

Converting Knots to Miles Per Hour Another important conversion
is changing knots to miles per hour. Air carriers and the military serv-
ices use knots rather than miles per hour when reporting speeds. The
National Weather Service reports both surface winds and winds aloft in
knots. However, airspeed indicators in personal-type airplanes are normally
calibrated in miles per hour (although many are now calibrated in both
miles per hour and knots). Private pilots, therefore, should learn to
convert wind speeds In knots to miles per hour,

A knot is 1 nautical mie per hour. Because there are 6,076.1 feet
in a nantical mile and 5,280 feet in a statute mile, the conversion factor

78

is 1.15. To convert knots to miles per hour, simply multiply knots by
1.15. For example: a wind speed of 20 knots is equivalent to 23 m.p.h.

Most computers used in navigation have a means of making this
conversion simply by reading the scale. Another quick method of con-
version is to use the scales of nautical miles and statute miles at the
bottem of aeronautical charts.

Fuel Consumption Airplane fuel consumption rate is computed in
gallons per hour.

Consequently, 1o determine the fuel required for a given flight, you
must know the time required. Time in flight multiplied by rate of con-
sumption gives the quantity of fuel required. For example, a flight of
400 miles at a ground speed of 100 m.p.h. requires 4 hoors. If the plane
consumes 5 gallons an houvr, the total consumption will be 4 X 5, or
20 gallons.

The rate of fuel consumption depends on many factors: the condition
of the engine, the pitch and speed of propeller rotation, the richness of
the mixture, and particularly the percentage of horsepower used for
flight at cruising speed. Ordinarily, the pilot will know the approximate
rate from cruise performance charts, from his own experience, or from
the experience of someone familiar with the plane. In addition to the
amount of fuel required for his trip, he should always allow enough
reserve for at least an additional 45 minutes of flight,

16. The Wind Triangle

The wind triangle is a simple graphic explanation of the effect of
wind upon flight. It gives the pilot essential information about ground
speed, heading, and time for any flight. It is used by all pilots, from the
novice to the most experienced navigator, and applies to the simplest
kind of crosscountry flight as well as the most complicated instrument
flight. The seasoned pilot becomes so familiar with the fundamental
principles that he can usually make rough estimates adequate for visual
flight without actually drawing the diagrams. The beginning student,
however, needs to develop skill in constructing these diagrams as an
aid to his complete understanding of wind effect. Either consciously or
unconsciously, every good pilot thinks of his flight in terms of the
wind triangle.

. —————



Figures 80 and 81 show how to construct the wind triangle with a
protractor or ruler.

Figure 81. The wind triangle as it is drawn in navigation practice. Blue
lines show the triangle as drawn in figure 80.

H you wish to fly a course to the east, with a wind blowing from
northeast, you know you must head the plane somewhat to the north
of east to counteract drift. This you can represent by a diagram as shown
in figure 80. Each line represents direction and speed. The long dotted
line shows the direction the plane is heading, and its length represents
the airspeed for 1 hour. The short dotted line at the right shows the
wind direction, and its length represents the wind velocity for 1 hour.
The solid line shows the direction of the track, or the path of the air-
plane as measured over the groand, and its length represents the distance
traveled in 1 hour, or the ground speed.

In actual practice, do not draw the triangle illustrated in figure
80; instead, construct a similar triangle as shown by the black lines
in figure 81,

Take a typical problem. Suppese you wish to fly from E to P.
Draw a line on the chart connecting the two points, measure its di-
rection (see Chapter 14) with a protractor, or plotter, and find the true
course to be due east (090°), You then learn from the National Weather
Service that the weather is favorable and the wind at the altitude you
intend to fly is 35 knots from the northeast {045°). Since the National
Weather Service reports the windspeed in knots, convert that speed ta
approximately 40 m.p.h. You know that your normal airspeed is 120 m.p.h.

Now on a plain sheet of paper draw a vertical line representing
north and south. (The various steps are shown in fig. 82).

Place the protractor with the base resting on this line and the curved
edge facing east. At the center point of the base, make a dot labeled “E”
(point of departure), and at the curved edge, make a dot at 90° (indi-
cating the direction of your course) and another at 45° (indicating wind
direction).

With the ruler draw the true course line from E extending it some-
what beyond the dot at 90°, and labeling it “TC 090°.”

Next, align the ruler with E and the dot at 45°, and draw the wmd
arrow from E, not toward 045°, but in the direction the wind is blowing,
making it 40 units long, te correspond with the wind velocity of 40
m.p.h. 1dentify this line as the wind line by placing the letter “W™ at
the end to show the wind direction. Finally, measure 120 units on the
ruler to represent the airspeed, making a dot on the ruler at this point.
The units used may be of any convenient scale or value, but once selected,
the same scale must be used for each of the linear measurements in-
volved. Then place the ruler so that the end is on the arrowhead (W)
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STEP 2 AND 3

TC 090" G5 88

Figure 82. Steps in drawing the wind triangle.
and the 120-mile dot intercepts the true course line. Draw the line and
label it “AS 120.” The point “P,” placed at the intersection, represents
the position of the plane at the end of 1 hour.

The diagram is now complete.
The distance flown in 1 hour (ground speed) iz measured as the
number of units on the true course line (88 m.p.h.).
The true heading necessary to offset drift is indicated by the direc-
tion of the airspeed line which can be determined in one of two ways:
1. By placing the straight side of the protractor along the north-
south line, with its center point at the intersection of the air-
speed line and north-south line. read the true heading directh
in degrees (076°) (fig. 83).

i
i

Figure 83. Finding true heading by direct measurement.

Figure 84. Finding zr h

2. By placing the straight side of the protractor along the true

course line, with its center at P, read the angle between the
true course and the airspeed line. This is the wind correction
angle (WCA) which must be applied to the true course to ob-
tain the true heading. If the wind blows from the right of true
course, the angle will be added; if from the left, it will be sub-
tracted. In the example given, the WCA is 14° and the wind
is from the left; therefore, subtract 14° from true course of
090°, making the true heading 076° (fig. 84).

TC 090° GS 88 P
WCA=14" L

b A - L i
SlEy T Y

il e R Gk
eading by the wind correction angle,




After obtaining the true heading, apply the correction for magnetic
variation to obtain magnetic heading, and the correction for compass
deviation to obtain a compass heading which enables you to fly directly
to your destination by dead reckoning.

Distance Time and Fuel Find the distance to your destination by
measuring the length of the course line drawn on the aeronautical chart
(using the appropriate scale at the bottom of the chart). This scale is
approximately 8 miles to an inch for sectional charts. If the distance
measures 220 miles, divide by the ground speed of 88 m.p.h., which
gives you 2.5 hours (or 2:30)} as the time required. If fuel consump-
tion is 8 gallons an hour, you will use 8 X 2.5 or about 20 gallons.
Briefly summarized, the steps in obtaining flight information are as
follows:

TRUE COURSE.—Direction of the line connecting two desired
points, drawn: on the chart and measured clockwise in degrees from
true north on the mid-meridian,

WIND CORRECTION ANGLE.—Determined from wind tri-
angle. (Added to TC if the wind is from the right; subtracted if
wind is from the left.)

TRUE HEADING.—The direction, measured in degrees clock-
wise from true north, in which the nose of the plene should peint
to make good the desired course.

VARIATION.—Obtained from the isogonic line on the chart.
(Added to TH if west; subtracted if east.)

MAGNETIC HEADING.—An intermediate step in the conver-
sion. (Obtained by applying variation to true heading.)

DEVIATION.—Obtained from the deviation card on the air-
plane. (Added 1o MH or subtracted from, as indicated.)

COMPASS HEADING.—The reading on the compass (found by
applying deviation to MH) which will be followed to make good
the desired course.

TOTAL DISTANCE.—Obtained by measuring the length of
the TC line on the chart (using the scale at the bottom of the chart).

GROUND SPEED.-Obtained by measuring the length of the
TC line on the wind triangle (using the scele employed for draw-
ing the diagram).

TIME FOR FLIGHT.—Total distance divided by ground speed.
FUEL RATE.—Predetermined gallons per hour used at cruising
speed.

NOTE: Additional fuel for 45 minutes of flight should be added
as @ safety measure.
A useful combination Planning Sheet and Flight Log form is shown
in figure 85.

Data for Return Trip The true course for the return trip will be the
reciprocal of the outhound course. This can be measured on the chart,
or found more easily by adding 180° to the outbound course (090° -
180° = 270°), if the outbound course is less than 180°. If the out-
bound course is greater than 180°, the 180° should be subtracted instead
of added. For example, if the outbound course is 200°, the reciprocal
will be 200° — 180° = 020°. The wind correction angle will be the
same number of degrees as for the outbound course, but since the wind
will be on the opposite side (right) of the plene, in the above example,
the correction will have to be added to the true course instead of sub-
tracted (270° + 14° = 284°). Thus, the troe heading for the return
trip will be 284°,

To find the ground speed, construct a new wind triangle. Instead of
drawing another complete diagram, however, consider the point E on
the previous diagram as the starting point for the return trip and extend
the true course line in the direction opposite to the outbound course.
The wind iine is then in the proper relationship and does not need to be
redrawn. The airspeed line (120 units long) can be drawn from the
point of the wind arrow (W) to intersect the return-trip true course line, as
indicated in figure 86. The distance measured on this course line from
the north-south line to the intersection gives the ground speed for the
return trip (147 m.p.h.}.

Figure 87 shows the various steps for constructing the wind triangle
and measuring the true heading and the wind correction angle for the
problem in which the true course is 110°, the wind is 20 m.p.h. from the
southwest (225°), and the airspeed is 100 m.p.h. Notice that the true
heading line has to be extended to insersect the north-south line to
measure the true heading directly.

Before attempting to use a computer, you should understand the
relationships invalved by constructing other wind triangles for various
airspeeds, winds, and true courses. Practice on the following problems:
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The Visual Flight Log may be prepared in advance by entering As the flight progresses, the actual time, ﬁroundspccd and
the selected checkpoints, together with the following data: Compass Heading should be filled in, thus completing the log.

Distance between checkpoints, and cumulative distance; estimated
Figure 85. Pilof’s planning sheet and visual flight log.




TC 270°

Exercise No. 1 By constructing a wind triangle, find the wind cor-
rection angle (WCA), true heading (TH), and ground speed (GS) for
each of the following conditions:

Direction
{degrees)
) 135
2 e 215
. 050
L 330
L 300
6 220

Note: See appendix 11 for correct answers.

Speed
(m.p.h.)

30
20
33
45
45
30

True
Course
(degrees)

240
260
260
350
100
130

Figure 86, Computations for a round-trip flight.

True
Airspeed
{m.p.h.)

120
130
150
150
150
150
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Figure 87. Steps in constructing the wind triangle and the various measurements for a true course of 110°; wind 20 m.p.h. from 225°; airspeed
100 m.p.k.



SECTION IV—AIRCRAFT AND ENGINE OPERATION

17. Airplane Structure

Of the many activities conducted by the Federal Aviation Adminis-
tration in promoting safety in flight, perhaps none is of greater impor-
tance to pilots than certificates of airworthiness for airplanes. Every
girplane certificated under the Standard classification has been manu-
factured under rigid specifications of design, materials, workmanship,
construction, and performance.

Thousands of wing designs have been developed in an effort to
determine the best types for specific purposes. Basically, all are similar
to those used by the Wright brothers and other pioneers, but modifica-
tions have been made to increase lifting capacity, reduce friction, increase
structural strength, and generally improve flight characteristics. Airfoils
of new design are subjected to painstaking analysis before they are
approved for use on certificated airplanes. Strength tests are conducted
to determine the effect of strains and stresses which might be encountered
in flight.

The most minute details of the entire structure of the airplane are
given careful consideration—the sirength and durability of each part,
the method of assembling, the weight and balance. Maximums and mini-
mums are esteblished for performance—takeoff distance, rate of climb,
landing speed, spin recovery characteristics, etc. Before delivery, every
new airplane has been subjected to a thorough inspection and has been
flight-tested. The Standard classification gives adequate assurance that
the airplane will not be subject to structural failure if properly main-
tained and flown within the limitations clearly specified. However, the
airplane is not safe if abused, improperly maintained, or flown with-
out regard to its limitations.

The goal of airplane design and construction is to obfzin maximum
efficiency, combined with adequate strength. Excess strength requires
excess weight and therefore lowers the efficiency of the airplane by re-
ducing its speed and the amount of useful load it can carry.

The required structural strength is based on the airplane’s nse. An

airplane which is to be used only for normal flying is not expected to
be subjected to the excessive strains of acrobatic maneuvers and there-
fore will not need to be as strong as an airplane intended for acrobatic
flight or other special purposes involving severe in-flight stresses.

To permit utmost efficiency of construction without sacrificing safety,
FAA has established several categories, with minimum strength require-
ments for each, Information about limitations of each airplane is made
available to the pilot through markings on instruments, placards on in-
strument panels, operating limitations attached to airworthiness certifi-
cates, or airplane flight manuals carried in the airplane.

Airplane strength is measured basically by the total load which the
wings are capable of carrying without permanent damage. The load im-
posed upon the wings depends very largely upon the type of flight in
which the airplane is engaged. The wing must support not only the weight
of the airplane but also the additional loads imposed during maneuvers
such as turns and pullouts from dives. Rough air (turbulence) also im-
poses additional loads. This has been discussed in Chapter 3.

Categories of Airplanes Airplanes in categories of interest to the
private pilot will withstand the limit-load factors shown in the table
which follows. The limit loads should not be exceeded in actual operation
even though a safety factor of 50 percent above limit loads is incorpo-
rated in the strength of the airplane.

Category Pasitive limit load
Normal (nonacrobatic) . 3.8 times gross weight.
Utility (normal operations and limited acrobatic

maneuvers) __.___________________________ 4.4 times gross weight.
Acrobatic ________________________ _________ 6.0 times gross weight.

Note: The negative limit-load factors shall be not less than
—0.4 times the positive load factor for the N and U categories,
and shall be not less than — 0.5 times the positive load factor for
the A category.



Maintenance If an airplane is to remain safe for flight, it must be
properly maintained. FAA regulations require that an aircraft shall not
be flown unless within the preceding 12 calendar months it has been
given an annual inspection conducted by authorized personnel. (NOTE:
A period of 12 calendar months extends from any day within any month
to the end of the last day of the same month of the following year.)
When an airplane is to be used to carry passengers for hire or for flight
instruction for hire, it must also have had a 100-hour inspection (that
is, inspected in accordence with the FAA regulations, within each 100
hours). The private pilot is prohibited by the regulations from carrying
passengers for hire (except in certain special cases) or giving flight in-
struction for hire.

Any unusual conditions, such as excessive strain incurred in flight,

hard landings, or abuse in the hangar, make additional inspections ad-
visable. Frequent additional inspections give the pilot assurance that his
airplane is thoroughly airworthy and reveal malfunctions which may be
remedied quickly before developing into serious defects calling for major
repairs,
Preflight Inspection

4 careful pilot will always conduet a routine inspection before flight.
By always beginning at a certain point and using an orderly procedure,
the check can be made systematically and quickly. It should include at
least the following items some of which are shown in figure 88.
Cockpit Battery (or master) and ignition switches should be checked
in the OFF position. The landing gear position selector (if retractable-
gear type) should be checked in the DOWN position.

Figure 88. Preflight inspection should include at least: (1) propeller; (2) engine; (3) landing gear; (4) wings and fuselage; (5) control surfaces
and controls; (6) weight of baggege and passengers.
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Pawerplant

Propeller —Check for nicks and cracks, tightness of hub, safetying
of nuts.

Engine—Check for tightness and safetying of all parts (including
cowling). Check for security of all fuel lines and oil lines and look for
fuel and oil leaks. Check exhaust manifolds for tighiness and absence
of cracks or holes (a cracked or broken exhaust manifold is & fire and
carbon monoxide hazard}.

Many light aircraft cabins are warmed by air that has been cir-
culated around the engine exhaust pipes. A defect in the exhaust pipes
or cabin heating system may allow carbon monoxide (CO) to enter

the cockpit or cabin. The danger is greatest during the winter months .

and any time the temperature is such that use of the cabin heating system
becomes necessary and windows and vents are closed. But there is
danger at other times, too, for carbon monoxide may enter the cabin
through openings in the firewall and around fairings in the area of the
exhaust system.

CO is the product of incomplete combustion of carbonaceous ma-
terial. It is found in varying amounts in the smoke and fumes from
burning aircraft engine fuels and lubricants. The gas itself is colorless,
odorless, and tasteless but is usually mixed with other gases and fumes
which can be detected by sight or smell.

When CO is taken into the lungs, it combines with hemoglobin, the
oxygen carrying agent in blood. The affinity of the hemoglobin for CO
is so much greater than for oxygen that oxygen starvation results, Oxygen
starvation of the brain reduces a person’s ability to reason and make
decisions. Exposure to even very small amounts of CO over a period of
several hours will reduce a pilot’s ability to operate an airplane safely.
Long exposure to low CO concentrations is as hazardous as short ex-
posure to relatively high concentrations.

Susceptibility to CO poisoning increases with altitude. As altitude
increases, air pressure decreases and the body has diffieulty pgetting
enongh oxygen. Add CO, which further deprives the body of oxygen, and
the situation can become critical. Inhalation of tobaeco smoke also intro-
duces CO into the body in significant quantities.

Early symptoms of CO poisoning are feelings of sluggishness, being
too warm, and tightness across the forehead. The early symptoms may
be followed by more intense feelings such as headache, throbbing
of pressure in the temples, and ringing in the ears. These in turn may

be followed by severe headache, general weakness, dizziness, and gradual
dimming of vision. Large accumulations of CO in the body result in loss
of muscular power, vomiting, convulsions, and coma. Finally, there is
a gradual weakening of the pulse, a slowing of the respiratory rate,
and . . . death!

NOTE: For additional information on carbon monoxide and other
medical facts pertinent to safety of flight, see AIM, Part 1.

Fuel and Oil.—Check supply visually—do not rely on gauges. Drain
into a container a substantial amount of fuel from the fuel strainer
{gascolator) and fuel tank, and check for contamination. See that fuel
and oil caps are fastened securely to avoid fuel or oi! syphonage, which
may result in fire or fuel or oil starvation. Be sure fuel and oil vents
are open and properly aligned; this will insure proper pressure in the
fuel or oil tanks, maintaining steady fuel and oil flow.

Landing Gear Check tires for cuts, cracks, and proper inflation. Check
struts and fittings for safetying and evidence of cracks, bends, or wear.
Lubrication should be adequate but not excessive. Check brake assem-
blies and look for possible hydraulic leaks.

Wing, Fuselage, and Tail Surfaces Check covering for holes, wrin-
kles, wear, or rot. Wrinkles may indicate internal damage. Check control
cables for tension. Check fittings and cables for wear and safetying.
Check ailerons, rudder, and elevator for tightness and freedom of move-
ment. Check to see that all surfaces are free from mud, snow, ice, or frost.

Pitot-Static System.—Check to see that the static venls are open and
that the pitot tube is unobstruced. Obstructions will result in unreliable
readings on the airspeed indicator and other pitot-static instruments.
Contrels Check controls for proper movement. Set stabilizer or ele-
vator trim tab for takeoff pesition.

Check the loading to be sure it does not exceed limitations as given
in the FAA-approved Airplane Flight Manual. Be sure that the maximum
weight allowance in the baggage compartment is NOT exceeded. This
may produce a tail- or nose-heavy airplane that has very undesirable
flight characteristics and is dangerouns.

NOTE: The Airplane Flight Manual should be checked for further
items of importance to be considered during the preflight inspection.

18. Engine Operation

Knowing a few general principles of engine operation will help you
obtain dependable and efficient service and avoid engine failure. In this
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short chapter, it is impractical to discuss in detail the various types of
engines and the finer points of operation which yon, as a pilot, will learn
only through experience. You will have access to the manufacturer’s in-
struction manual, you will be familiar with the operating limitations for
the airplane, and you will be able to get specific advice from your flight
instructor.

How an Engine Operates

Most airplane engines operate upon the same principle as automobile
engines. As shown in figure 89, the mechanism consists of a cylinder,
a piston, a connecting rod, and a crankshaft. One end of the connecting
rod is attached to the piston and the other to a crankshaft which converts
the straight-line motion of the piston to a rotary mation which turns the
propeller. At the closed end of the cylinder there are normally two spark
plugs, to ignite the fuel, and two openings, controlled by valves—aone

FUEL
MIXTURE

Figure 89. Four strokes of the piston produce: (A) Fuel mixture (light blue) is drawn into cylinder by dowmward stroke. (B) Mixture (darker
blue) is compressed by upward stroke. (C) Spark ignites mixture (red). jorcing piston downward and producing power that turns propeller. (D) Burned
88 gases (Light red) pushed out of cylinder by upward stroke.

to admit the mixture of fuel and air, and the other to permit the burned
gases to escape. Operation of the engine requires four sirokes of the
piston:

Diagram A of figure 89 shows the piston moving away from the
cylinder head. The intake valve is opened and the fuel-air mixture is
sucked into the cylinder.

Diagram B shows the piston returning to the top of the cylinder.
Both valves are closed, and the fuel-air mixture compressed.

When the piston is approximately at the top of the cylinder head,
a spark from the plugs ignites the mixture, which burns at a controlled
rate. Expansion of the burning gas exerts pressure on the piston, forcing it
downward in the power stroke, shown in diagram C.

Just before the piston completes the power stroke, the exhaust valve
starts to open, and the burned gases are forced out as the piston returns
to the top of the cylinder. The cycle is ready to begin again (dia.
gram D).

BURNED
GASES
out




From this description notice that a one-cylinder engine delivers
power only once in every four strokes of the piston or every two revo-
lutions of the crankshaft. The momentum of the crankshaft carries the
piston through the other three strokes. To increase power and gain smooth-
ness of operation, other cylinders are added and the power strokes are
timed to occur at successive intervals during the revolution of the crank-
shaft. ‘

Cooling of the Engine

The buming of fuel within the cylinders produces intense heat,
most of which is expelled through the exhaust. Muck of the remaining
heat, however, must be removed to prevent the engine from overheat-
ing. In practically all automobile engines, excess heat is carried away
by water circulating around the cylinder walls. Most airplane engines
are air-cooled. They are built with fins projecting from the cylinder
walls so that heat will be carried away by air flowing past the fins.

When an engine is operating on the ground, very little air flows
past the cylinders (particularly if the engine is closely cowled) and over-
heating is likely to occur. Overheating may also occur during a pro-
longed climb, because the engine is usually developing high power at
relatively slow air speed.

Operating the engine at a higher temperature than it was designed
for will cause loss of power, excessive oil consumption, and detonation.
It will also lead to serious permanent injury, scoring the cylinder walls,
damaging the pistons and rings, burning and warping the valves.

For engines with a cylinder-head temperature gauge, the proper
operating temperature can readily be determined. Many light engines,
however, do not have such a gauge, and the pilot must rely on the oil-
temperature gauge to indicate engine temperature.

0il, used primarily to lubricate the moving parts of the engine, also
helps reduce engine temperature by removing some of the heat from the
cylinders. The pilot should keep a constant check on oil gauges hecause
a variation beyond normal limits indicates engine trouble which calls
for an immediate adjustment or landing to prevent serious damage.
Using the kind of oil specified by the engine manufacturer will prevent
the expensive repairs that inevitably result from improper lubrication.

Proper Fuel is Essential

The engine must have the proper fuel to operate satisfactorily. Auto.
mobile gasoline should not be used becanse gums and other harmful

substances may form in the engine. In addition, automobile gasoline has
a much higher vapor pressure than aviation fuel and may produce vapor-
lock, a vaporization of gasoline in the fuel lines which prevents the fiow
of fuel to the carburetor. _

Aviation gasoline is classified by octome ratings and performance
number power ratings. The proper fuel rating for the engine, as speci-
fied by the manufacturer, is always found in the operating limitations and
is usually placarded at the fuel filler opening. Using aviation gascline
of a rating higher than specified does not improve engine operation and
may sometimes be harmful. Using aviation gasoline of a lower rating is
definitely harmful under any circumstances because it may cause loss
of power, excessive heat, burned spark plugs, burmed and stuck valves,
high oil consumption, and detonation.

Use of Mixture Control The fuel-air mixture in most engines can be
changed by adjusting the mixture control in the cockpit. The mixture
control will normally have a red knob (an indication to use cantion),
This control enables the pilot to adjust the ratio of the fuel-to-air mix-
ture that goes into the cylinders. This ratio of fuel to air is the most
important single factor affecting the power output of an engine.

If the fuel-air mixture is toc lean {too little fuel for the amount
of air—in terms of weight), rough engine operation, sudden “cutting
out” or “back-firing,” detonation, overheating, or an appreciable loss of
engine power may occur. Lean mixtures must be especially avoided when
an engine is operating near its maXimum output (such as on take-offs,
climbs, and go-arounds). At altitudes of less than 5,000 ft. MSL an exces.
sively lean mixture may cause serious overheating end toss of power.

I the fuel-air mixture is too rich (too much fuel for the amount
of air—in terms of weight), rough engine operation and an appreciable
loss of engine power may also accur.

Carburetors are normally calibrated for sea-level operation, which
means that the correct mixture of fuel and air will be obtained at sea
level with the mixture control in the “full rich” position. As eltitude
increases, the air density decreases, which means that a cubic foot of
air will not weigh as much as it would at a lower altitude. This means
that as the flight altitude increases, the weight of air entering the car-
buretor will decrease, although the volume remains the same. The amount
of fuel entering the carburetor depends on the volume of air and not
the weight of air. Therefore, as the flight altitude increases, the amount
of fuel entering the carburetor will remain approximately the same for
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any given throttle setting if the position of the mixture control remains
unchanged. Since the same amount (weight) of fuel is entering the car-
buretor, but a lesser amount (weight) of air, the fuel-air mixture becomes
richer as altitude increases.

We have already discussed the effects of too rich a mixture. To main-
tain the correct fuel-air ratio, the pilot must be able to adjust the amount
of fuel mixed with the incoming air as his altitude increases. To do this
the pilot uses the mixture control in the cockpit, which is connected to
the carburetor by mechanical linkage.

Follow the manufacturer’s recommendations on leaning the fuel mix-
ture for the particular airplane.

Detonation Detonation, which is easily detected in an automebile en-

gine by a “pinging” sound, may not be heard in an airplane engine be-
cause of other noises. When the engine is operating normally, the spark
plug ignites the fuel at the praper instant, and the fuel burns and expands
rapidly, exerting an even pressure on the piston. Detonation occurs if
the fuel explodes instead of burning evenly. The resulting shock causes
loss of power and frequently leads to serious engine trouble. As already
stated, detonation may be produced by overhealing, low-grade fuel, or
too lean a mixture. It may also be caused by opening the throttle abruptly
when the engine is running at slow speed. To prevent detonation, there-
fore, the pilot should use the correct grade of fuel, maintain a sufficiently
rich mixture, open the throttle smoothly, and keep the temperature of
the engine within recommended operating limits.

Refueling Procedure Static electricity, formed by the friction of air
passing over the surfaces of an airplane in fiight and by the flow of
fuel through the hose and nozzle, creates a fire hazard during refueling.
To guard against the possibility of a spark igniting fuel fumes, a ground
wire should be attached to the aircraft before the cap is removed from
the tank. The refueling nozzle should be grounded to the aircraft before
refueling is begun and throughout the refucling process. The fuel truck
should also be grounded to the aircraft and the ground.

When fueling from drums or cans, proper bonding and grounding
connections are extremely important, since there is an ever-present danger
of static discharge and fuel vapor explosion. Nylon, dacron, or woal
clothing are especially pronme to accumulate and discharge static elec-
tricity from the person to the funnel or nozzle. Drums should be placed
near grounding posts and the following sequence of connections observed:
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1. Drum to ground.

2. Ground to aircraft.

3. Drum to aircraft.

4. Nozzle to aircraft before the aircraft tank cover is opened.

5. When disconnecting reverse the order—4, 3, 2, 1,

The passage of fuel throngh a chamois increases the charge of static
electricity and the danger of sparks. The aircraft must be properly
grounded and the nozzle, chamois filter, and funnel borded to the aircraft.
It a can is used, it should be connected to either the grounding post or
the funnel. Under no circumstances should a plastic bucket or similar
nonconductive container be used in this operation.

Fuel Contamination

Water and dirt contamination of fuel systems is potentially danger-
ous; the pilot must prevent contamination or eliminate contamination
that has cccurred. Of the many accidents attributed to powerplant failure
from fuel contamination, most have been traced directly to:

1. inadequate preflight inspection by the pilot.

2. Servicing of aircraft with improperly filtered fuel from small

tanks or drums.

3. Storing aircraft with partially filled fuel tanks.

4. Lack of proper maintenance.

Each of these factors may result in fuel contamination,

Preventive Measures for Contaminated Fuel What can the pilot
do to help prevent water from contaminating the fuel? As one preven-
tive measure, he should have the fuel tanks completely filled after each
flight, or at least after the last flight of the day. This will prevent moisture
condensation within the tank since no air space will be left. Suppose the
pilot knows that on his next flight, to be made the next day, he will not
be able to carry a full fuel load becanse of the weight of his passengers
and baggage. If this situation arises and he chooses to refuel with only
the amount he can carry on his next flight, he must realize that he is
adding to the risk of having his fuel contaminated by moisture conden-
sation within the tank. If his flight is cancelled the next day for some
reason, then each additional day may add to the amount of moisture
condensation within the tanks.

A second preventive measure the pilot can take is not to refuel from
cans and drums. This practice introduces a major likelihood of fuel con-
tamination.
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As has been pointed out, the practice of using a funnel and chamois
skin when refueling from cans or drums is hazardous under any con-
ditions, and one that should be discouraged. It is not approved by the
FAA. It is recognized, of course, that in remote areas or in emergen-
cies, there may be no alternative to refueling from sources with inadequate
anticontamination systems, and a chamois skin and funnel may be the
only possible means of filtering fuel. If such is the case, it is imperative
that the precautions listed under Refueling Procedures be observed.

In addition, it should be clearly understood that the use of 2 chamois
will not always assure decontaminated fuel. Worn out chamois will not
filter water; neither will a new, clean chamois that is already water-wet
or damp. Most imitation chamois skins will not filter water. There are
many filters available that are more eflective than the old chamois and
funnel system,

Elimination Measures for Contaminated Fuel What can the pilot
do to eliminate water present in the fuel system of his aircraft? First of
all, he should always mssume that his fuel is contaminated with water,
and take the necessary steps to eliminate it during his preflight inspec-
tion. He should drain a substantial amount of fuel from the fuel strainer
{gascolator) quick drain and, if possible, from each fuel tank sump
into a transparent container end check for dirt and water. Water will
sink to the bottom of the sample. Water, being heavier then gasoline,
seeks the lowest levels in the fuel system. However, experiments have
shown that when the fuel strainer is being drained, water in the tank
may not appear until all the fuel has heen drained from the lines lead-
ing to the tank. This would indicate that the water is staying in the tank
itself and not forcing the fuel out of the fuel lines leading to the fuel
strainer. Therefore, drain enough fuel from the fuel strainer to be sure
that fuel is being obtained from the tank itself. This amount will depend
on the length of fuel line from the tank to the drain. If water is found
in the first sample, drain further samples until no trace appears.

Experiments have also shown that water still remgined in the fuel
tanks after the drainage from the fuel strainer had ceased to show any
trace of water. This residual water could be removed only by draining
the fuel tank sumps. Aircraft owners should have quick-drain valves
installed in aircraft fuel tanks if not already installed.

Ignition System
The function of the ignition system is to provide a spark to ignite the

fuel-air mixture in the cylinder. The magneto igpition system is used
on most modern aircraft engines. Magnetos are self-vontained units sup-
plying ignition current without using an external current supply. How-
ever, the magneto has to be actuated and the engine started. The aircrait
battery furnishes electrical power to operate the starter system; the
starter system actuates the rotating element of the magneto; and the mag-
neto then furnishes the spark to each cylinder to start the engine.
After the engine starts, the starter system is disengaged, and the battery
no longer has any part in the actual operation of the engine. If the bat-
tery (or master) switch were turned OFF, the engine would continue to
run. However, this should not be done, since battery power is necessary
at low engine r.p.m. to operate other electrical equipment (radio, lights,
etc.) and, when the generator or alternator is operating, the battery will
be storing up a charge, if not already fully charged.

Most modern engines have a duoal ignition system—that is, two
magnetos to supply the electric current to the dual spark plugs contained
in each combustion chamber. One magneto system supplies the current
to one set of plugs; the second magneto system supplies the current to
the other set of plugs. That is why the ignition switch has four positions:
OFF, L, R, and BOTH. With the switch in the “L” or “R" pesitian, only
one magneto is supplying current and only one set of spark plugs is
firing. With the switch in the BOTH position, both magnetos are sup-
plying current and both sets of spark plugs are firing. The main ad-
vantages of the duoal system are:

1. Increased safety. In case one system fails, the engine may be

operated on the other until & landing is safely made.

NOTE: That is why it is extremely important for each magneto to
be checked for proper operation during the preflight check. This should be
done in accordance with the manufacturer’s recommendations in the Air-
plane Flight Manual.

2. Improved burning and combustion of the mixture, and conse-

quently improved performance.

Carburetor leing

Carburetor icing is a frequent cause of engine failure. The vaporiza-
tion of fuel, combined with the expansion of air as it passes through the
carburetor, causes 2 sudden cooling of the mixture. The temperature of
the air passing through the carburetor may drop as much as 60° F. within
a fraction of a second. Water vapor in the air is “squeezed out” by this
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cooling, and, if the temperature in the carburetor reaches 32° F. or helow,
the moisture will be deposited as frost or ice inside the carburetor pas-
sages. Even a slight accumulation of this deposit will reduce power and
may lead to complete engine failure, particularly when the throttle is
partly or fully closed (fig. 90).

Conditions Favorable for Carburetor Icing On dry days, or when
the temperature is well below freezing, the moisture in the air is not
generally enough to cause trouble. But if the temperature is between 20°
F. and 70° F., with visible moisture or high humidity, the pilot should
be constantly on the alert for carburetor ice. During low or closed throttle
settings, an engine is particularly susceptible to carburetor icing.

Indications of Carburetor Icing For airplanes with fixed-pitch pro-
pellers, the first indication of carburetor icing is loss of r.p.m. For air-
planes with controllable piich (constant-speed) propellers, the first indi-
cation is usually 2 drop in manifold pressure. In both cases, a roughness
in engine operation may develop later. There will be no reduction in
r.p.m. in airplanes with constant-speed propellers since propeller pitch is
automatically adjusted to compensate for the loss of power, thus main-
taining constant r.p.m,

E
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Figure 90. Formation of ice (white) in the fuel intake system may reduce
or block fuel flow (red) to the engine.
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Use of Carburetor Heat The carburetor heater is an anti-icing device
that preheats the air before it reaches the carburetor. This preheating can
be used to melt any ice or snow entering the intake, to melt ice that forms
in the carburetor passages (provided the accumulation is not too great),
and to keep the fuel mixture above the freezing point to prevent forma-
tion of carburetor ice.

When conditions are favorable for carburetor icing, the pilot should
make the proper checks to see if any is present. When he notes indications
of icing, he should immediately apply carburetor heat. In either case
the procedure is the same. When initially applying carburetor heat, use
the full-on position. It should be left in this position until the pilot is
certain no ice is present or, if ice was present, that it has all been removed.
If ice is present, applying partial heat or leaving heat on for an insufficient
time may aggravate the situation,

When heat is first applied there will be a drop in r.p.m. in airplanes
equipped with fixed-pitch propellers and a drop in manifeld pressure in
airplanes equipped with controllable-pitch propellers. If there is no car-
buretor ice, there will be no further change in r.p.m. or manifold pressure
until the carburetor heat is turned off, when the r.p.m. or manifold pres-
sute will return to the reading before heat was applied. H carburetor ice
is present, there will normally be an immediate rise in r.p.m. or manifold
pressure (often accompanied by intermittent engine roughness); and
then, when the carburetor heat is removed, the r.p.m. or manifold pressure
will rise to a seiting greater than that before application of the heat. The
engine should also run more smoothly.

Whenever the throttle is closed during flight, the engine cools rapidly
and vaporization of the fuel is Jess complete than if the engine were warm,
Also, in this operating mode, the engine is more snsceptible to earburetor
icing. Therefore, if the pilot suspects ecarburetor-icing conditions and
anticipates closed-throttle operation, he should turn carburetor heat full-
on before closing the throttle. The heat should be left on during the
closed-throttle operation. The heat will help in better fuel vaporization
and carburetor ice prevention. Periodically, however, the throttle should
be opened smoothly for a few seconds to keep the engine warm, otherwise
the carburetor heater may not provide enough heat to prevent icing.

Use of carburetor heat tends to reduce the output of the engine and
also to increase the opersting temperature. Therefore, the heat should
not be used when full power is required (as during takeoff} or during
normal engine operation except to check for the presence of, or to remove,



carburetor ice. In extreme cases of carburetor icing, after the ice has been
removed it may be necessary to apply just enough carburetor heat to
prevent forther ice formation. However, this must be done with caution.
Check the manufacturer’s recommendations on the use of carburetor heat
for the airplane you fly.

The carburetor heat should be checked for proper operation during
the preflight check. Follow the manufacturer’s recommendations in making
this check.

Fuel Injection Fuel injectors have replaced carburetors in some air-
planes. In the fuel injection system, the fuel is normally injected into the
system either directly into the cylinders or just ahead of the intake valve;
whereas, in the carburetor, the fuel enters the airstream at the throttle
valve. The fuel injection system is generally considered to be less suscep-
tible to icing than the carburetor system, though impact icing of the air
intake is possible in either system. This, however, is not the same as the
icing which occurs in carburetors when lowered pressure and fuel vapori-
zation lowers the temperature of the fuel/air mixture to the point where
any water vapor or moisture present will freeze to form ice or frost
inside the carburetor.

There are several types of fuel injection systems in use today, and
though there are variations in design, the operational methods are gen-
erally similar. Most designs include an engine-driven fuel pump, a fuel/
air control unit, fuel distributor, and discharge nozzles for each cylinder.
Technically speaking, most of these so called “continuocus-flow™ systems
are not true fuel injection, since fuel is neither injected directly into the
cylinder itself, nor timed to the engine.

Some of the advantages of fuel injection are:
Reduction in evaporative icing.
Better fuel flow.

Faster throttle response.

Precise control of mixture.

Better fuel distribution.

Easier cold weather starts.
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Disadvantages are usually associated with:
a. Difficulty in starting a hot engine.
b. Vapor locks during ground operations on hot days.
c. Problems associated with restarting an engine that quits
because of fuel starvation,

Idling Procedure

Whenever the throttle is closed during flight, the engine cools rapidly
and vaporization of fuel is less complete. Furthermore, the airflow through
the carburetor system under such conditions is not sufficiently rapid to
assure a uniform mixture of fuel and air. Consequently, the engine may
stop because it is receiving too lean a mixture (starving) or too rich
a mixtare (loading up). A sudden opening or clesing of the throttle
may aggravate this condition, and the engine may cough once or twice,
sputter, and stop.

Three precautions should be taken to prevent the engine from stop-
ping while idling. First, make sure that the ground-idling speed is properly
adjusted (about 550 to 660 r.p.m. mimimum for most light engines).
Second, do not open or close the throttle abruptly. Third, keep the engine
warm during glides by frequently opening the throttle for 2 few seconds.

Starting the Engine

Before starting the engine, move the airplane to a position clear of
other aircraft, where the propeller will not stir up gravel or dust to
cause damage to the propeller or property, or cause personal annoyance
or injury. The wheels should be held firmly, either by adequate parking
brakes or blocks in front of the wheels.

Engines Equipped With a Starter The pilot should be familiar with
the Owner’s Manual or other sources of recommended procedures for
starting his particular engine. There are not only differences in procedures
applicable to starting engines equipped with conventional carburetors
and those equipped with fuel injections, but also between different systems
of either carburetion or fuel injection. If the engine has a starter, the
pilot should make sure no one is in front of the propeller. He should
always check to be sure the area is clear, call “clear,” and wait for a
response before engaging the starter. The engine should not be cranked
with the starter for long periods of time. Continuous cranking beyond
30 seconds duration may damage the starter. In addition, the starter
motor should be allowed to cool at least 1 to 2 minutes between cranking
periods. If the engine refuses to start under normal circumstances after
a reasonable number of attempts, the possibility of problems with ignition
or fuel flow should be investigated.

As soon g2s the engine starts, advance the throttle to obtain recom-
mended warmup r.p.m. and check the oil pressure gauge immediately.
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Unless the gauge indicates oil pressure within a few seconds, stop the
engine and determine what is causing the lack of oil pressure. If oil is
net circulating propetly, the engine can be seriously damaged in a short
time.

The engine must reach normal operating temperature before it will
run smoothly and dependably. Temperature is indicated by the cylinder-
head temperature gauge. If the airplane is not equipped with this gauge
you must depend on the oil-temperature gauge. Remember, in this case,
that oil warms very slowly in cold weather.

Just before takeoff check engine operation thoroughly—inclnding
each magneto separately. Check for proper operation of carburetor héat
at magneto-checking r.p.m. Follow the manufacturer’s recommendations
when performing all checks. Use a check list—do not rely on memory.

To enable the pilot to check operation quickly and easily, engine
instruments are marked in much the same way as the airspeed indicator.
A red line indicates maximum or minimum limits and a green arc indi-
cates normal operating range.

Engines Not Equipped With a Starter 1f the airplane has no self-
starter, the person who is to tarn the propeller calls “Gas on, switch off,
throttle closed, brakes on.” The pilot will check these items and repeat
the phrase. The switch and throttle must not be touched again until the
person swinging the prop calls “contact.” The pilot will repeat “contact”
and then turn on the switch—never turn on the switch and then call
“contact.”

If you are swinging the prop yourself, a few simple precautions will
help you avoid accidents.

When touching a propeller, always assume that the switch is on,
even though the pilet may confirm your statement “Switch off.” The
switches on many engine installations operate on the principle of short-
circuiting the current. If the switch is faulty, as sometimes happens, it
can be in off position and still permit the current to flow to the spark
plugs just as i it were on.

Be sure the ground is firm. Slippery grass, mud, grease, or loose
gravel might cause you to slip and fall into or under the propeller.

Never allow any portion of your body to get in the way of the
propeller. This applies even though the engine is not being cranked;
occasionally, a hot engine will backfire after shutdown and the propeller
has almost stopped rotating.
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Stand close enough to the propeller to be able to step away as it is
pulled down. If you stand too far away from the propeller, you must
lean forward to reach it. This throws you off balance and you may fall into
the blades s the engine starts. Stepping away after cranking is a safeguard
in case the brakes give way.

In swinging the prop, always move the blade downward by pushing
with the palms of the hands. If you push the blade upward, or grip it
tightly with your fingers, backfiring may break your fingers or draw your
body into the path of the blades.

If you are to remove blocks from in front of the wheels, remember
that the propeller, when revolving, is almost invisible. Cases are on
record in which people, intending to remove the blocks, attempted to
walk directly through the propeller.

Unsupervised “hand propping” of an airplane should not be attempted
by the inexperienced, and regardless of the experience level, it should
never be attempted by anyone without taking adequate safety measures.
Nonpilot passengers, uninformed or without experience in airplane start-
ing procedures, should never be required to handle throttle, brakes, etc.,
or to remain in the airplane. The airplane should be as securely chocked
or tied down as possible. Great care should be exercised in setting the
throttle. In some cases, it may be well to consider the procedure of turning
the fuel selector valve to “off” after properly priming the engine and
prior to actually attempting the hand start. Even with the fuel off, the
engine will usually run after it starts for a period of time sufficient to per-
mit returning the fuel selector valve to the “on” position after the engine
starts.

Relationship Between Manifold Pressure and Propeller R.P.M.
An airplane equipped with a fixed-pitch propeller has only a throttle power
control. In this case, the setting of the throttle controls the propeller
r.p.m. and engine r.p.m.

An airplane equipped with a controllable-pitch, constant-speed pro-
peller has two power controls—a throttle and a propeller control. The
throttle controls the power output of the engine which is registered on
the manifold pressure gauge. The propeller controls the r.p.m. of the
propeller (and also the r.p.m. of the engine), which is registered on the
tachometer. As throttle setting (manifold pressure) is increased, the pitch
angle of the propeller blades is automatically increased through the
action of the propeller governor system. The increase in propeller pitch



increases the load on the propeller so that the r.p.m. remains constant.
As throttle setting {manifold pressure) is decreased, the pitch angle of
the propeller blades is automatically decreased. The decrease in propeller
pitch decreases the load on the propeller so that the r.p.m. remains
constant.

For any given propeller r.p.m., there is a manifold pressure that
should not be exceeded. If an excessive amount of manifold pressure is
carried for a given r.p.m., the maximam allowable pressure within the
engine cylinders could be exceeded, placing undue stress on them. If
repeated too frequently, this undue stress could weaken the eylinder
components and eventually cause engine structural failore.

What can the pilot do to avoid conditions that would possibly over-
stress the cylinders? First, be constantly aware of the tachometer indica-
tion (propeller r.p.m.), especially when increasing the throttle setting
(manifold pressure). Know and conform to the manufacturer’s recom-
mendations for power settings of a particular engine to maintain the
proper relationship between manifold pressure and propeller r.p.m. Re-
member, the combination to avoid is a high throttle setting (manifold
pressure indication) and a low propeller r.p.m. (tachometer indication).

When both manifold pressure and propeller r.p.m. need to be changed,
the pilot can further help avoid overstress by making power adjustments

in the proper order, When power settings are being decreased, reduce
manifold pressure before r.p.m. When power settings are being increased,
reverse the order—increase propeller r.p.m. first, then manifold pressure.
1} propeller r.p.m. is reduced before manifold pressure, manifold pressure
will automatically increase and possibly exceed manufacturer’s tolerances.

Summarizing: In an airplane equipped with a controflabie-pitch
(constant-speed) propeller, the throttle controls the manifold pressure
and the propelier control controls the propeller r.p.m. Avoid high manifold
pressure settings with low propeller r.p.m. When decreasing power, first
decrease manifold pressure, then propeller r.p.m.; when increasing power,
first increase r.p.m., then manifold pressure, The preceding is a standard
procedure for most situations, but with unsupercharged engines it is
sometimes modified to take advantage of auxiliary fuel metering devices
in the carburetor. These devices function at full throttle settings, provid-
ing additional fuel flow. This additional fuel helps to cool the engine
during takeoff and full-power climbs where engine overheating may be
a problem. In such instances, a modest reduction in r.p.m. js possible
without overstressing the engine, even though the throttle is in the full-
power position. If in doubt, the Owner’s Handbook, Approved Operations
Manual, or manufacturers recommendations should be followed.



SECTION V —FLIGHT INSTRUMENTS

19. The Pitot-Static System Flight
Instruments

The pitot-static system {fig. 91) is a source of pressure for operations
of the

(1.} Aliimeter;

(2.) vertical-speed indicator; and

(3.) airspeed indicator.

The pitot tube is mounted so there is minimum disturbance of the
air due to the motion of the airplane. For this reason its location will
vary on different types of aircraft, Static vents are generally located flush
with the fuselage—one on either side.

Both the pitot-tube opening and the static-vent openings should be
checked during the preflight inspection to see that they are not clogged.
I clogged, call for a mechanic to clean them out. Clogged or partially
clogged openings may cause inaccurate instrument readings. Do not blow
into these openings. This can damage any of the three instruments.

The Altimeter

The altimeter (fig. 92) measures the height of the aircraft above a
given level. Since it Is the only instrument that gives altitude information,
the altimeter is one of the most important instruments in the aircraft. To
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Figure 91. Pitot-static system with instruments operated from it
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vse his altimeter effectively, the pilot must thoroughly understand its
prineiple of operation and the effect of baremetric pressure and tempera-
ture on the altimeter.

Principle of Operation Air is more dense at the surface of the earth
than aloft. As altitude increases, the atmospheric pressure decreases.
This difference in pressure at various levels causes the altimeter to indi-
cate changes in altitude. The pressure altimeter is simply a barometer
that measures the pressure of the atmosphere, and presents an
altitude indication to the pilot in feet. This indicated altitude is

Figure 92, Sensitive altimeter. The instrument is adjusted by the knab
(lower left) so the current altimeter setting (30.34 here) appears in
the window to the right.



correct, however, only if the sea level barometric pressure is 29.92” Hg
(inches of mercury), sea level free air temperature is 4+15° C. (59° F.),
and temperature and pressure decrease at a standard rate with increase
in altitude. These conditions are requisite to a standard atmosphere, and
without appropriate corrections, it is only under standard atmospheric
conditions that this type of altimeter is accurate.

Effect of Nonstandard Pressure and Temperature Atmospheric
pressure and temperature vary continuously, Rarely is the pressure at sea
level 29.92 inches of mercury or the temperature exactly 59° Fahrenheit
(standard sea level conditions). If no means were provided for adjusting
altimeters to nonstandard pressure, flight could be very hazardous.

On a warm day the expanded air is lighter in weight per unit volume
than on a cold day, and the pressure levels are raised. For example, the
pressure level where the altimeter indicates 10,000 ft. will be HIGHER
on a warm day than under standard conditions. On a cold day the reverse
is true, and the 10,000-foot level would be LOWER. The adjustment made
by the pilot to compensate for nonstandard pressures does not compen-
sate for nonstandard temperatures. Therefore, if terrain or obstacle
clearance is a factor in the selection of a cruising altitude, particularly
at higher altitudes, remember to anticipate that COLDER-THAN.STAND-
ARD TEMPERATURE will place the aircraft LOWER than the altimeter
indicates. See VFR Exam-0-Gram No. 9 in Appendix I

Setting the Altimeter Most altimeters are equipped with an altimeter
setting window (sometimes referred to as the Kollsman window) which
gives the pilot a way to adjust his altimeter for the atmospheric pressure
variations discussed previously. FAA regulations provide the following
concerning altimeter settings:

The cruising altitude of an aircraft below 18,000 ft. MSL shall be
maintained by reference to an altimeter that is set to the current reported
altimeter setting of a station along the route of flight and within 100
rautical miles of the aircraft. i there is no such station, the current
reported aitimeter setting of an appropriate available station shall be
used—and provided further that, in an aircraft having no radio, the
altimeter shall be set to the elevation of departure or an appropriate
altimeter setting available before departure.

Many pilots confidently expect that the current altimeter setting will
compensate for irregularities in atmospheric pressure at all altitudes.
Unfortunately, this is not always true. Remember that the altimeter setting

broadcast by ground stations is the station pressure corrected to mean
sea level. The altimeter setting does not account for distortion at higher
levels, particnlarly the effect of nonstandard temperature.

However, it should be pointed out that if each pilot in a given area
were to use the same altimeter setting, each altimeter would be equally
affected by temperature pressure variation errors, making it possible to
maintain desired altitude separation between aircraft.

When flying over high mountainous terrain, remember that certain
atmospheric conditions could cause your altimeter to indicate an altitude
of 1,000 ft., or more, HIGHER than you actually are. Allow yourself a
generous margin of altitade—not only for possible allimeter error, but
also for possible downdrafts which are particularly prevalent if high
winds are encountered.

As an illustration of the use of the altimeter setting system, we will
follow a flight from Love Field, Dallas, Texas, to Abilene Municipal Air-
port, Abilene, Texas, via the Mineral Wells VOR. Before tokeoff from
Love Field, Dallas, Texas, the pilot receives a current altimeter setting
of 20.85 from the control tower. He applies this setting to the altimeter
setting window of his altimeter. He then compares the indication of his
altimeter with the known field elevation of 485 ft, If his altimeter is
perfectly calibrated, the altimeter should indicate the field elevation of
485 ft. {However, since most altimeters are not perfectly calibrated, an
indication of plus or minus S0 ft. is generally considered acceptable. If
an altimeter indication is off more than 50 fi. the instrument should be
recalibrated by an instrument technician.)

When the pilot is over the Mineral Wells VOR, he makes a position
report to the Mineral Wells FAA Flight Service Station. He receives a
current altimeter setting of 20.94, which he applies to the altimeter setting
window of his altimeter. Before entering the traffic pattern at Abilene
Municipal Airport, he receives a new altimeter setting of 29.69 along with
other landing instructions from the Abilene tower. Since he desires to
fly the traffic pattern at approximately 800 ft. above terrain—the field
elevation at Abilene is 1,778 ft.—he maintains an indicated altitude of
approximately 2,600 ft. Upon Janding, his altimeter should indicate the
field elevation at Abilene Municipal (1,778 ft.)

Let’s assume that the pilot neglected to adjust his altimeter at Abilene
to the current setting. His traffic patern would have been approximately
250 ft. below the proper traffic pattern altitude, and his altimeter would
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have indicated approximately 250 ft., more than the field elevation upon

landing.
Actual setting ____ . 29.94
Proper setting __ oo 20.69
25
(1 inch equals)
approximately
1,000 fr.)

.25 x 1,000 fr. = 250 ft.

The importance of properly setting and reading the altimeter cannot be
overemphasized,

Altimeters and Altimetry

Altitude Knowing the aircraft’s altitude is vitally important to the pilot
for several reasons. He must be sure that he is flying high enough to
clear the highest terrain or obstruction along his intended route; this
is especiglly important when visibility is poor. To keep above mountain
peaks, the pilot must note the altitude of the aircraft and elevation of
the surrounding terrain at all times. To reduce the potential of a midair
collision, the pilot must be sure he is flying the correct altitudes in accord-
ance with air traffic rules {on flights conducted at more than 3,000 ft.
above the surface). Often he will fly a certain altitude to take advantage
of favorable winds and weather conditions, Also, a knowledge of the alti-
tude is necessary to calculate true airspeeds. {See Exam-O-Gram No. 9,
appendix I.)

Types of Altitude Altitude is vertical distance above some point or
level used as a reference. There may be as many kinds of altitude as
there are reference levels from which to measure. However, pilots are
usually concerned with five types of altitudes:
ABSOLUTE ALTITUDE—The altitude of an aircraft above the sur-
face of the terrain over which it is flying.
INDICATED ALTITUDE—That altitude read directly from the al-
timeter (uncorrected) after it is set to the current altimeter setting.
PRESSURE ALTITUDE—The altitude read from the altimeter when
the altimeter setting window is adjusted to 29.92. (Used for computer
solutions for density altitude, true altitude, true airspeed, etc.)
TRUE ALTITUDE—The true height of the aircraft above sea level—
the actual altitude. (Often expressed in this manner: “10,900 it
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MSL.”) Airport, terrain, and obstacle elevations found on charis
and maps are true altitudes.
DENSITY ALTITUDE—This altitude is pressure altitude corrected for
nonstandard temperature variations. (An important altitude, since it is
directly related to the aircraft’s takeoff and climb performance.)

Vertical Speed Indicator

The vertical speed indicator (fig. 93) shows whether the aircraft is
climbing, descending, or in level flight. The rate of climb or descent is
indicated in feet per minute. If properly calibrated, this indicator will
register zero in level flight.

Principal of Operation Before he can use this instrument properly,
the pilot must understand one important fact. When the aircraft enters
a climb or descent, or levels off, there is a short interval before the
instrument gives the correct rate indication. This lag is a result of the
time necessary for pressure changes to take place inside the instrument.
If pitch changes are small and are made slowly, the indication on the
instrument will be a very close representation of the correct rate at any
given instant. When a rapid pitch change, or a large pitch change or a
combination of the two is made, the instrument may lag far behind the
correct indication (Note: A vertical speed indicator is now available

Figure 93. Vertical speed
indicator.




which does not have this lag and gives a correct, instantaneous indication
of the rate of climb or descent.)

Using the Vertical Speed Indicator U a pilot understands the lag in
this instrument and overcomes the tendency to “chase the needle,” the
vertical speed indicator can be an aid to smooth precision flying. For
example, during straight-and-level flight, small changes in altitude are
detected almost instantly by this instrument. Therefore, the vertical speed
indicator can be an invaluable aid in maintaining level flight when used

with the altimeter.
The Airspeed Indicator

The airspeed indicator (fiz. 94) is a sensitive, differential pressure
gauge which measures and shows promptly the difference between (1)

Figure 94. Airspeed indicator.

pitot, or impact pressure, and (2) static pressure, the undisturbed
atmospheric pressure at flight level. These two pressures will be equal
when the aircraft is parked on the ground in calm air. When the aireraft
moves through the air, the pressure on the pitot line becomes greater
than the pressure in the static lines. This difference in pressure is regis-
tered by the airspeed pointer on the face of the instrument, which is
calibrated to give the pilot his airspeed in miles per hour, or knots, or both.

Kinds of Airspeed There are three kinds of airspeeds that the private
pilot should understand: (1) indicated airspeed; (2) calibrated airspeed;
and (3) true airspeed.

Indicated Airspeed The direct instrument reading the pilot obtains
from the airspeed indicator, uncorrected for variations in atmespheric
density, installation error, and instrument error.

Calibrated Airspeed Calibrated airspeed {(CAS) is indicated airspeed
corrected for installation error and instrument errer. Although aircraft
and instrament manufacturers attempt to keep airspeed errors to a mini-
mum, it is not possible to entirely eliminate these errors throughout the
airspeed operating range. At certain airspeeds and with certain flap
settings, the installation error and instrument error may amount to several
miles per hour. This error is generally greatest in the low airspeed range.
In the cruising and high airspeed range, indicated airspeed and calibrated
airspeed are normally approximately the same.

Airspeed limitations such as those found on the color-coded face of
the airspeed indicator, on placards in the cockpit, or in the Airplane Flight
Manual or owner’s handbook, are usually calibrated airspeeds (some-
times referred to as TIAS—True Indicated Airspeed). Therefore, it may
be important for the pilot to refer to the airspeed calibration chart to
allow for possible airspeed errors. The airspeed calibration chart may be
posted near the airspeed indicator, or it may be included in the Airplane
Flight Manual or owners handbook.

The airspeed indicator should be calibrated periodically to make sure
it is working properly. Leaks may develop in the tubing, or moisture may
collect. Vibrations may destroy the sensitivity of the diaphragm. The
instrument may he ruined by blowing into the pitot tube. Dirt, dust, ice,
or snow collecting at the mouth of the tube may obstruct air passage
and prevent correct indications.

True Airspeed The airspeed indicator registers true airspeed under
standard sea level conditions—that is, when the pressure is 29.92 and the
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temperature is 15° C. Because air density decreases with an increase in
altitude, the airplane has to fly faster at higher altitudes to cause the same
pressure difference between pitot impact pressure and static pressure.
Thus, for a given true airspeed, indicated airspeced decreases as altitude
increases.

To put it another way, for a given indicated airspeed, true airspeed
increases with an increase in altitude. A pilot can find his true airspeed
by two methods.

The first method, which is more accurate, involves using a computer
{see Chapter 30). In this method, the calibrated airspeed is corrected for
temperature and pressure by the airspeed correction scale on the computer.

Approximate true airspeed can be computed by a second “rule of
thumb” method. This is done by adding to the indicated airspeed 2%
of the indicated airspeed for each 1,000 ft. of altitude.

Sample Problem :

Given:
TAS e e 140 m.p.h
Altitude e 6,000 ft
Find: True Airspeed (TAS)
Solution ;

2% X 6= 12% (.12)
140 X .12 = 1638
140 + 16.8 = 156.8 m.p.h. (TAS)

The Airspeed Indicator Markings Airplanes of 12,500 lbs. or less
manufactured after 1945 and certificated by FAA are required to have
airspeed indicators that conform to a standard color-coded marking sys-
tem. This system of color-coded markings, pictured in figure 95, enables
the pilot to determine at a glance certain airspeed limitations which are of
vital importance to the safe operation of his aircraft. For example, if
during the execution of a maneuver, the pilot notes that his airspeed
needle is in the yellow arc and is rapidly approaching the red line, he
should react immediately and take necessary corrective action to reduce
his airspeed. Of course, at high airspeeds it is essential for the pilot to use
smooth control pressures to avoid severe stresses upon the aircraft
structure.

The private pilot should understand the airspeed limitations indicated
by the color-coded marking system of the airspeed indicator. (See also
Exam-O-Gram No. 45, appendix 1.)
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FLAP OPERATING RANGE (the white arc).

POWER-OFF STALLING SPEED WITH THE WING FLAPS AND
LANDING GEAR IN THE LANDING POSITION (the lower air-
speed Limit of the white arc).

MAXIMUM FLAPS EXTENDED SPEED (the upper airspeed limit
of the white arc). This is the highest airspeed at which the pilot
should extend full flaps. If flaps are operated at higher airspeeds,
severe strain or structural failure may result.

NORMAL OPERATING RANGE (the green arc).

POWER-OFF STALLING SPEED WITH THE WING FLAPS AND
LANDING GEAR RETRACTED (the lower airspeed limit of the
green arc).

MAXIMUM STRUCTURAL CRUISING SPEED (the upper airspeed
limit of the green arc). This is the maximum speed for normal
operation.

Figure 95. Adirspeed indicator showing color-coded marking system.



CAUTION RANGE (the yellow arc). The pilot should avoid this area
nnless in smooth air,

NEVER-EXCEED SPEED (the red line). This is the maximum speed
at which the airplane can be operated in smooth air. No pilot should
ever exceed this speed intentionally.

Other Airspeed Limitations There are other important airspeed
limitations not marked on the face of the airspeed indicator. These speeds
are generally found on placards in view of the pilot and in the Airplane
Flight Manual or owner’s handbook.

For example, one of the speeds, a very important one, is the
MANEUVERING SPEED. This is the pilot’s “rough air” speed and the
maximum speed for abrupt maneuvers. If during flight rough air or
severe turbulence is encountered, the airspeed should be reduced to
maneuvering speed or less, to reduce the stress upon the airplane structure.

Other important airspeeds include LANDING GEAR OPERATING
SPEED, the maximum speed for the safe operation of the landing gear for
aircraft equipped with retractable landing gear; the BEST ANGLE OF
CLIMB SPEED, important when a short field takeoff to clear an obstacle is
required; and the BEST RATE OF CLIMB SPEED, the airspeed that will
give the pilot the most altitude in a given period of time. The pilot who
flies the increasingly popular light twin engine aircraft must know his
aircraft’s MINIMUM CONTROL SPEED, the minimum flight speed at
which the aircraft is satisfactorily controllable when an engine is
suddenly made inoperative with the remaining engine at takeoff power.
The last two airspeeds are now marked either on the face of the airspeed
indicator or on the instrument panel of recently manufactured airplanes.

Description of these airspeed limitations are. through choice, limited
to layman language.

20. Gyroscopic Flight Instruments

The following flight instruments contain gyrocopes (fig. 96) :
(1) Turn and slip indicator.

(2) Heading indicator (directional gyro).

(3) Attitude indicator (artificial horizon or gyro-horizon).

Tarn and Slip Indicator

The turn and slip indicator was one of the first modern instruments

used for controlling an aircraft without visual reference to the ground

Figure 96. Model gyroscape.

or horizon (fig. 97). It is a combination of two instruments, a ball and a
turn needle. The ball part of the instrument is actuated by natural forces,
while the turn indicator depends upon gyroscopic proprieties for its
indications.

Figure 97. Turn and slip
indicator.
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The Ball The ball checks the pilot’s coordination. It is actually a
balance indicator, because it indicates the relationship between the angle
of bank and the rate of turn. /¢ tells the pilot the “quality” of the turn—
whether the aircraft has the correct angle of bank for its rate of tarn.

In a coordinated turn, the ball assumes a position between the
reference markers (fig. 98, left).

In a skid, the rate of turn is too great for the angle of bank, and the
excessive centrifugal force causes the ball to move to the outside of the
turn (fig. 98, center). To correct to coordinated flight calls for increasing
the bank or decreasing the rate of turn, or a combination of both.

In a slip, the rate of turn is too slow for the angle of bank, and the
lack of centrifugal force causes the ball to move to the inside of the turn
(fig. 98, right). To correct to coordinated flight requires decreasing the
bank or increasing the rate of turn, or a combination of both.

The Turn Needle The turn needle indicates the rate (number of
degrees per second) at which the aircraft is turning about its vertical axis.
Unlike the attitude indicator {artificial horizon), it does not give a direct
indication of the banking attitude of the aircraft. However, for any given
airspeed, there is a definite angle of bank necessary to maintain a
coordinated turn at a given rate. The faster the airspeed, the greater the
angle of bank required to obtain & given rate of turn. Thus, the turn
needle gives only an indirect indication of the aircraft’s banking attitude
or angle of bank.

Since the turn and slip indicator is one of the most reliable flight
instruments used for recovery from unusual attitudes, the pilot should
understand and learn to interpret its indications.

Types of Turn Needles There are two types of turn needles—the “2
minute” turn needle and the “4 minute” turn needle. On a 2 minute turn
needle, a 360° turn made at a rate indicated by a one-needle width deflec-
tion would require 2 minutes to complete. In this case, the zircraft would
be turning at a rate of 3° per second, which is considered a standard rate
turn. With the 4 minute turn needle, a 360° turn made at a rate indicated
by a one-needle width deflection would require 4 minutes to complete. In
this case, the aircrait is turning at a rate of 114° per second. A standard
rate turn of 3° per second would be indicated on this type of turn needle
by a two-needle width deflection. You may find a turn-and-slip indicator
marked as a “2-minute” turn needle but calibrated so that a tweo-needle
width deflection represents a standard rate of turn of 3° per second.

The Heading Indicator

The heading indicator (or directional gyro) is fundamentally a
mechanical instrument designed to facilitate the use of the magnetic com-
pass. Errors in the magnetic compass are numerous, making straight
flight and precision turns to headings difficult to accomplish, particalarly
in turbulent air. The heading indicator (fig. 99), however, is not affected
by the forces that make the magnetic compass difficult to interpret.

Proper use of the heading indicator requires that the pilot bhe able
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Figure 98. Indications of the ball in various types of turns.
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Figure 99. Heading indicator. Figure 100. Attitude indicator.
to adjust the compass card. To do this he pushes in a caging knob (fig.
99) generally located just below the instrument. He then turns this caging
knob, thereby rotating the compass card until the desired heading is
obtained. It is important to check the indications frequently and reset
the heading indicator with the magnetic compass when required.

Check the heading indicator at least every 15 minutes against the
magnetic compass. Use great care when reading the magnetic compass.
Adjuse the heading indicator to the magnetic compass indication only
when the magnetic compass reading is obtained with the aircraft in
wings-level unaccelerated flight,

The pilot should be familiar with the limits of the heading indicatar.
The limits of operation vary with the particular design and make of
instrument. However, on the type of instrument generally found in light
airplanes, the limits for all practical purposes are 55° of pitch and 55°
of bank. When either of these attitude limits is exceeded, the instrument
“tumbles” or *spills” and no longer gives the correct indication until
reset. After the instrument has been spilled, it may be reset with the
caging knob.

The Attitude Indicator

The attitude indicator, or artificial horizon or gyro-horizon, with its
miniature aircraft and horizon bar is the one instrument that gives a
picture of the attitude of the real aircraft (fig. 100). The relationship
of the miniature aircraft to the horizon bar is the same as the relation-
ship of the real aircraft to the actual horizon. This instrument gives

an instantaneous indication of even the smallest changes in attitude. It
has no lead or lag and is very reliable, if properly maintained.

To aid the pilot in interpreting this instrument’s reading, an adjust-
ment knob is provided with which he may move the miniature aircraft
upward or downward inside the case. Normally, the miniature aircraft
is adjusted so that the wings overlap the horizon bar when the real air-
plane is in straight-and-level cruising flight.

Some models of attitude indicators are equipped with a caging
mechanism. If the instrument is equipped with a caging mechanism, i
should be uncaged only in straight-and-level flight; otherwise, it will not
give proper indications. When unecaging this instrument, uncage it fully;
otherwise, it may tumble at lower limits.

The pitch and bank limits depend upon the make and model of the
instrument. Limits in the banking plane are usually from 100° to 110°,
and the pitch limits are usnally from 60° to 70°. If either of these limits
is exceeded, the instrument will tumble or spill and will give incorrect
indications until reset with the caging mechanism.

Every pilot should be able to interpret the banking scale (fig. 101).
Most banking scale indicators mave in the opposite direction from that
in which the plane is actually banked. This will confuse the pilot if he
uses this indicator to determine the direction of bank. This scale should
be used only to obtain precision. The relationship of the miniature air-
craft to the horizon bar should be used for an indication of the direction
of bank of the real aircraft. {(An attitude indicator is now available
with a banking scale indicator that moves in the same direction as the
bank.)

The attitnde indicator is a reliable instrument. Tt is the most realistic
flight instrument on the instrument panel. Its indications are very close
approximations of the actual attitude of the aircraft itself.

21. Magnetic Compass

The magnetic compass (fig. 102) is a simple instrument whose basic
component consists of two magnetized steel needles mounted on the float,
around which is mounted the compass card. The compass card has letters
for cardinal headings, and each 30° interval is represented by a num-
ber. the last zero of which is omitted. For example, 30° would appear as
a 3 and 300° would appear as 30. Between these numbers, the card is
graduated for each 5°.
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Level flight Climbing turn to the left Descending turn to the lﬂ

Figure 101. Various indications on the attitude indicator.

Compass Errors

Variation. Although the magnetic field of the earth lies ronghly north
and south, the earth’s magnetic poles do not coincide with its geographic
poles. Consequently, at most places on the earth’s surface, the direction-
sensitive steel needles which seek the earth’s magnetic field, will not
point to True North Pole but to Magnetic North Pole. Furthermore, local
magnetic fields from mineral deposits and other conditions distort the
earth’s magnetic field and cause an additional error in position of the
compass’ north-seeking magnetized needles with reference to True North.
The angular difference between True North and the direction indicated
by the magnetic compass—excluding deviation error—is veriation. Vari-
ation is different for different points on the earth’s surface and is shown
on the charts as broken lines connecting points of equal variation. These
lines arve isogonic lines. The line where the magnetic variation is zero
is an agonic line. Variation was discussed in Section III.

Deviation. Actually, a compass is very rarely influenced solely by
the earth’s magnetic lines of force. Magnetic disturbances from magnetic
fields produced by metals and electrical accessories in an aircraft dis.
turb the compass needles and produce an additional error. The difference
between the direction indicated by an undisturbed magnetic compass,
and that indicated by a magnetic compass in an aircraft, is deviation.

If an aircraft changes heading, the compass’ direction-sensitive, mag-
netized needles will continue to point in about the same direction while
Figure 102. Magnetic compuss. the aircraft turns with relation to it. As the aircraft turns, metallic and
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electrical equipment in the aircraft change their position relative to the
steel needles; hence, their influence on the compass needle changes and
deviation changes. Thus, deviation depends, in part, on the heading of
the aircraft. Although compensating magnets on the compass are ad-
justed to reduce this deviation on most headings, it is impossible to
eliminate this error entirely on all headings. Therefore, a deviation card,
installed in the cockpit in view of the pilot, enables him to maintain his
desired magnetic headings. Deviation was discnssed in Section III.

Using the Magnetic Compass Since the magnetic compass js the only
direction-seeking instrument in most aircraft, the pilot must be able to
turn his aircraft to a magnetic compass heading and maintain it. Remem-
ber these characteristics of the magnetic compass:

(1) If the aireraft is on a northerly heading and a turn is made
toward east or west, the indication of the compass lags or
indicates a turn in the opposite direction.

(2) If the aircraft is on a southerly heading and a turn is made,
the compass needle will indicate a greater amount of turn
than is actually made.

(3) If the aircraft is on an east or west heading, no error is appar-
ent while entering 2 turn to north or south.

(4) If the aircraft is on an east or west heading, an increase in air-

speed causes the compass to indicate a turn toward north.

(5) 1f the aircraft is on an east or west heading, a decrease in air-

speed causes the compass to indicate a turn toward south.

(6) If the aircraft is on a north or south heading, no errer is ap-

parent while climbing, diving, or changing airspeed.

As you can see, the compass should be read only when the aircraft
is flying straight and level at 2 constant speed. Reading the compass
only under these conditions will reduce errors to the minimum.

Precision turns to magnetic compass headings are made difficult
by these characteristics. If only the magnetic compass is available for
making turns to headings, use the following procedure: While in straight-
and-level, unaccelerated flight, note the indication on the magnetic com-
pass. Determine the number of degrees you need to turn to reach the
desired heading. Then, using reference points on the ground, turn this
approximate number of degrees. Recheck the mapnetic compass indi-
cation when again in straight-and-level, unaccelerated flight. If you have
not obtained correct heading, follow the procedure again.

If the pilot thoroughly understands the errors and characteristics
of the magnetic compass, that instrument can become his most reliable
means of determining heading.

105



SECTION VI—AIRCRAFT PERFORMANCE

22. Weight and Balance

All airplanes are designed for certain limit loads and balance con-
ditions, Responsibility for making sure that the weight and balance
limitations are met before takeofl rests with the pilot. Any pilot who
takes off in an airplane that is not within the designated limit load
and balance condition is not only violating the FAA regulations but
inviting disaster.

Three kinds of weight must be considered in the loading of every
aircraft, These are empty weight, useful load, and gross weight.

Empty Weight The weight of the basic airplane—the structure, the
powerplant, and the fixed equipment, all fixed ballast, the unusable
fuel supply, undrainable oil, and hydraulic fluid.

Useful Load (Payload) The weight of pilot, passengers, baggage,
usable fuel, and drainable oil.

Gross Weight The empty weight plus the useful load is the gross
weight of the airplane at takeoff. When an airplane is carrying the maxi-
mum load for which is is certificated, the takeoff weight is called the
maximum allowable gross weight.

Understand that although your airplane is certificated for a specific
maximum gross weight, it will not safely take off with this load under
all conditions. For example, conditions that affect takeoff and climb per-
formance—high elevations, high temperatures, and high humidity (high-
density altitudes), may require the “off loading” of fuel, passengers,
or baggage. (Cther factors to consider—runway surface, runway length,
the presence of obstacles—will be discussed in Chapter 23.)

In most modern airplanes, the pilot has a loading option. He must
decide the type mission to be flown and load his airplane accordingly.
For example, if all the seats are occupied and maximum baggage is car-
ried, gross weight limitations may require less than full fuel. On the
other hand, if the pilot is interested in range, he may elect to carry a
full fuel load and carry fewer passengers and less baggage.

Balance Not only must the pilot consider the amount of load he car-
ries, he must also determine that the load is arranged to fall within
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the allowable center of gravity range specified in the airplane weight
and balance data. The center of gravity location, often indicated by the
letters “c.g.,” is the point where an airplane will balance. The allowable
range where the c.g. may fall is called the c.g. range. The exact location
of the range, usually near the forward part of the wing root (fig. 103),
is specified for each type of airplane. Obtaining this balance is simply
a matter of placing loads so that the average arm of the loaded airplane
falls within the c.g. range. In many modern aircraft, this can be accom-
plished by using common sense in distributing the load by following
placards in the aircraft. For an increasing number of light aircraft,
however, passengers and/or baggage can be loaded in a manner that
makes it easier to exceed the center of gravity range. In such instances,
considerable care must be exercised if one is to be certain that the air-
craft is properly loaded. Currently light aircraft manufacturers provide
the data, graphs, charts, and instructions required im computing the
weight and balance conditions for specific airplanes at specified gross
weights and load placement. Every pilot should be familiar with and
understand the use of such materials. Space precludes the individual dis-
cussion of each of the several variations in format and method of com-
putation currently in use. In order to become familiar with these vari-
ations, pilots should take full advantage of the information which is
readily available in owners handbooks or operations manuals.

Many airplanes are certificated in two categories—normal and
utility. The normal category applies to normal operations that do not
exceed 60° of bank and 30° of pitch. In some aircraft, any weight in
the rear seat or baggage compartment automatically precludes any of
the maneuvers permitted in the utility category, such as stalls, steep
turns, spins. chandelles, and lazy eights. Typically, any such airplane,
though operating within normal gross weight and c.g. limitations, but
exceeding specified weight and c.g. limitations prescribed for its utility
category, must be operated as a normal category airplane. Thus it will
be restricted against all maneuvers which exceed 60° of bank and 30°
of pitch while in this category. Do not exceed the maximum allowable
weight that can be carried in the baggage compartment. In the absence
of placards the pilot should refer to the weight and balance data in the
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Figure 103. Before takeoff, be sure the load is distributed correctly to

assure proper balance. Flight can be very hazardous if the center of
gravity is not within the allowable c.g. range.

Airplane Flight Manual to be sure the load is distributed so the air-
plane is in proper balance. An airplane loaded outside this range, even
though gross weight limitations are met, may develop very undesirable
Right characteristics.

The addition of equipment may have changed the c.g. and empty
weight from that listed in the Owner’s Manual. Be sure to use the latest
weight and balance information in the FAA-Approved Airplane Flight
Manual or other permanent aircraft records as appropriate.

Figure 103 (top) shows an airplane loaded forward of the c.g.
range. Some of the undesirable characteristics for this airplane woeld be:
Excessive loads on the nose wheel itendencv to nose over on tail-
wheel type airplanes).
Decreased performance.
Higher stalling speeds.
Higher stick forces.
Figure 103 (center) shows an airplane loaded properly.
Figure 103 (bottom) shows an airplane loaded to the rear of the
c.g. range.
Some of the undesirable characteristics of this airplane would be:
Decreased static and dynamic longitudinal stability. Under some con-
ditions the airplane may be impossible to control.
Violent stall characteristics.
Very light stick forces (easy to overstress the airplane inadvertently).
{Detailed information concerning airplane weight and balance may be
found in AC 91.23. Pilot's Weight and Balance Handbook.)

Weight and balance and their relationship to performance is dis-
cussed further in Exam-o-Gram No. 13, Appendix I.

Sample Weight and Balance Problem In this sample weight and
balance problem for an airplane with a maximum allowable gross weight
of 2,650 pounds, the pilot is seeking the answers to two problems: {i) Is
the gross weight within the maximum allowable gross weight? and (2)
Does the airplane meet balance requirements (is the c.g. within the allow-
able range)?

The answer to the first question is relatively simple. Add the weight
of items comprising the useful load (pilot, passengers, fuel, oil, and bag-
gage) to the licensed empty weight of the airplane. Then check total
weight to see that it does not exceed maximum allowable gross weight.

The solution to the second question can usually be found by common
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sense distribution of the load, following the placards in the aircraft or
the loading instructions in the weight and balance data.

23. Aircraft Performance

Weight

EMPTY WEIGHT (licensed) .. __________________ 1,59L.0 Takeoff Performance Data

OIL (10 qts.) 2t 7.5 lbs. per gallon __. . __ . ..._____ 190 Far too many takeoff accidents have occurred simply because the

PILOT AND FRONT SEAT PASSENGER - oooeoeeeee 347.0 pilots involved did not realize the effect of density altitude on airplane

REAR PASSENGERS e —_ 3030 performance. This subject was covered in detail in Sections I and II;

FUEL (maximum) 55 gal. at 6 Ibs. pe, gallon _ oo 330.0 here it will be discussed only briefly with other factors affecting takeoff

BAGGAGE .o 200  distances.

Total e oo 2,610.0 Factors Affecting takeoff Distances

Since the maximum allowable gross weight for this airplane is 2,650
pounds and the gross weight falls within this figure, the weight require- 1. Pressure Altitude.—The elevation read from the altimeter when
ments are met with this particular load. Assuming the loading placards the altimeter setting window (Kollsman window) is adjusted to
or instructions are followed, balance requirements are also met with 29.92. Generally, the higher the pressure altitude, the longer the
this load. takeoff distance required.

. AKE- 0/'/' ﬂll}l

TAKE-OFF DISTANCE WlTH 2o° FLAPS FROM HARD SURFACE RUNWAY

b e o m"l"’“ Sl s et o

GR(BS HEAD AT SEA LEVEL & 59“ ) AT 2500 FT. & ‘50° AT 5000 7FT. & 41°F. AT 7500 FT. :‘i 32°F
WEIGHT WIND GROUND TO CLEAR GROUND TO CLEAR GROUND TO CLEAR GROUND TO CLEAR
LBS. MPH RUN 50' OBSTACLE RUN 50' OBSTACLE RUN 30° OBSTACLE RUN 50' OBSTACLE
— ——t ————— e

Li] 335 715 390 810 465 935 560 1100

2100 15 185 465 225 540 270 625 330 T45
30 5 260 9% 305 125 365 160 450

0 440 895 525 1040 630 1210 770 1465

2400 15 255 600 310 700 8o 835 478 1020
30 115 350 150 420 190 510 245 640

0 555 1080 665 1260 T90 1500 965 1835

2650 15 330 735 40% 865 490 1050 655 1345
30 160 445 205 535 255 6685 335 845

Note: Increase distances 10% for each 25°F above standard temperature for particular altitude.

Figure 104. Takeoff performance data chart.
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Temperature.—While most pilots understand the effects of pres-
sure altitude on airplane performance, many do not realize
the extent to which temperature variations can affect perform.
ance. Higher than standard temperatures may raise the density
altitude of a field by several thousand feet. (Pressure altitude
corrected for nonstandard temperature variations is density
altitude.)

Humidity.—As previously pointed out in Chapter 1. an airplane
will require a longer takeoff ground-run when the air is sat-
urated with moisture than under similar conditions in dry air.

Gross Weight.—Takeoff distances vary with gross weights, Under
certain conditions—high density altitude, short runways, ete.
it might become necessary to “off load” part of the useful
load to obtain a takeoff margin of safety.

Runway Surface.—The takeoff performance figures in your Air-
plane Flight Manual or owner’s handbook are generally based
on takeoffs from hard-surface runways. Remember that long
grass, sand, mud, or deep snow can eesily double your take.
off distances,

Headwind Component.—See takeoff data chart {figure 104) for
headwind effect on takeoff distances.

Ground Effect.—When an airplane is flown at approximately
one wing span or less above the surface, the vertical com-
potent of airflow is restricted and modified, and changes occur
in the normal pattern of the flow of the air about the wing
and from the wing tips. This change to the vertical com-
ponent alters the direction of the relative wind in a manner
that produces a smaller angle of attack. All this simply means
that a wing operating in ground effect with a given angle of
attack will generate less induced drag than a2 wing out of
ground effect, Therefore, it js more efficient. While this may
be usefnl in specific situations, it can also trap the unwary
into expecting greater climb performance than the airplane is
capable of sustaining. In other words, an airplane can take
off, and while in ground effect, establish a climb angle and/or
rate that cannot be maintained once the airplane reaches an
altitude where ground effect can no longer influence perform-
ance, Conversely, on a2 landing, ground eflect may produce

“floating,” and result in overshooting, particularly at

appreach speeds.
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Figure 105. The Denault computer.
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Use of Flaps for Takeoff Some airplanes require the use of partial
flaps for best takeoff performance; others no flaps, since the additional
drag caused by flaps more than offsets the lift advantage acquired from
their use. The pilot should always use the takeoff flap setting recom-
mended in his Airplane Flight Manual or owner’s handbook.

The Denalt Computer This computer was developed by the Federal
Aviation Administration to replace the Koch Chart for computing alti-
tude-temperature effects on airplane performance. Two versions are
available. One is for aircraft equipped with fixed pitch propellers (fig.
105) and the other for those equipped with variable pitech propellers.

Instructions for their use are printed on the computers themselves.
It should be noted that both types of computers supplement the air-
plene manufacturer’s published performance data. They do not replace
this data since they provide only representative or typical values for
personal-type airplanes. They can, however, be a valuable aid to the
pilot whose airplane has no other takeoff data available.

Figure 105 illustrates the correction factors applicable at pressure
altitudes from —2,000 ft. to 14,000 ft. when free air temperature is
80° F., 100° F., and 120° F. These corrections must be made to the
takeoff and rate of climb performance data that pertains to operations
conducted under standard conditions of pressure and temperature.
Exercise No. 2 Using the Denalt computer (fig. 105) and the condi-
tions given below, find:

(1) the takeoff distance.

{2) the rate of climb.

Takeoff distance & rate

Pressure altitude Temperature of climb
(ft.) (F.) (standard pressure & temp.)
1. Sea level, 80° 715 £1./700 f.p.m.
2. Sea level. 120° 715 ft./700 f.p.m.
3. 3,000. 80° 875 ft./560 f.p.m.
4. 3,000. 120° 875 ft./560 f.p.m.

NQTE : See appendix I for correct answers.

Takeoff Data Chart Takeoff data charts are in many Airplane Flight
Manuals and owner’s handbooks. From this chart the pilot can deter-
mine (1) the length of the takeofl ground-run, and (2) the total distance
required to clear a 50-foot obstacle under various airplane weights, head-
winds, pressure altitudes, and temperatures. Of course. the chart for
different airplanes will be different. Figure 104 shows one such chart.

110

The first column of the chart illustrated gives three possible gross
weights (2,100 lbs., 2,400 Ibs., and 2,650 lbs.). The second column lists
three wind speeds (0, 15, and 30 m.p.h.}) oppesite each gross weight.
The remainder of the chart consists of pairs of columns, each pair hav-
ing a main heading of a pressure altitude and temperature standard for
that altitude (sea level, 59° F.: 2,500 ft., 50° F.; 5,000 fi., 41° F.; and
7,500 ft., 32° F.). The first column of each pair is headed “ground-run”:
the second “to clear a 50-foot obstacle.”

At the bottom of the chart is this note: “Increase distance 10 per-
cent for each 25° F. above standard temperature for particular altitudes.”

To determine the takeofl ground run for a given set of conditions,
the following procedure should be used:

(1} Locate the computed gross weight in the first column.

(2} Locate the existing headwind in the second column and on the
same row as the computed gross weight in (1).

13} Follow the headwind row out to the first column (headed by
“ground-tun”) of the pair of columns headed by the flight
altitude, The number at the intersection of this row and
column is the length of the ground-run in feet for the given
set of conditions, provided the temperature is standard for
the altitude.

{4} Increase the number found in (3) by 10 percent for each 25°
F. of temperature above standard (for that altitude). The
resulting figure is the length of the ground-run.

The same procedure is followed to find the distance to clear a 50-
foot obstacle except that in (3) the headwind row would be followed out to
the second column (headed by *“to clear a 50-foot obstacle”} of the pair
of columns headed by the altitude. To find distances based on conditions
in between those listed in the chart. vou must interpolate.

Sample Problem.—What will be the takeoff ground-run distance with
the following conditions?

Gross weight . 2,100 lbs.
Pressure altitude o e 2,500 fi.
Temperalure oo e e 75° F.
Headwind .o e 15 m.p.h.

Solution.—Applying steps (1), (2), and (3) to the performance
chart, we obtain a figure of 225 ft. Since the temperature is 25° above
standard. step (4) must also be applied. Ten percent of 225 is 22.5, or



approximately 23. Adding 23 to 225 gives a total of 248 ft. for the takeoff
ground-run. Putting this in tabular form, we have:

Basic distance exclusive of correction for above Fe.

standard temperature __________ .. _________________.._ 225
Correction for above standard temperature (225 X 0.10) _.._ 23
Approximate takeoff distance required ____________________ 248

Sample Problem.—What will be the distance required to takeoff and
elear @ 50-foot obstacle with the same airplane and with the following
conditions?

Gross weight ______ .. 2,650 lhs.
Pressure altitude __ . ____ . 5,000 ft.
Temperature ___ . .. 91° F.
Headwind _____ et Calm

Solution.—Following the four-step procedure, except using the “to
clear a 50-foot obstacle” column, the solution of this problem gives these
results,

Basic distance exclusive of correction for above Ft.
standard temperature ___ .. ______._._ . ____._______.. 1,500
Correction for above standard temperature
(1,500 X 0.20) e im—m—mm—am 300

Approximate distance required to take off and
clear a 50-foot obstacle _ oo e 1,800
Exercise No 3 Find the takeoff ground run distance and the distance
necessary to clear a 50-foot obstacle under each of the following sets of
conditions.

Pressure
Gross weight Headwind altitude  Temperature
{1bs.) {m.p.h.) (f.) (°F.)
1. 2100 ______ 30 Sea level __ 59
2. 2650 ______ Calm . ____._ 7500 __ 57
3. 2400 ______ 15 - 2500 _. 50
4., 2650 ______ Calm _________. Sea level __ 1090
5 2250 ______ 15 5000 __ 41

NOTE: See appendix 1l for correct answers.

Cruise Performance Data

Cruise performance charts (fig. 106), which are compiled from
actual tests. are a valusble aid in planning cross-country flight. However.

CRUISE PERFORMANCE CHART

TAS
Altitude RPM m P, BHP “BHP MPH Gal/Hr.
2560 2450 23 175 % 158 14.2
22 160 kH 154 1.4
2 157 63 tL1] 12.7
bl 140 43 148 12.9
2300 23 1654 n 154 13.1
2 13-4 67 149 12.2
2t 143 82 145 11.%
2% 13% £3] 142 1.0
2200 p) 153 [ ] 149 2.1
22 44 &3 485 1.4
21 1% 59 142 10.8
20 128 55 138 10,2
126 6.7
Hange 1975 " 1) 121 8.2%
Setungs M 1 9 RITEFM A 1.5,
Al 17 :H] B 24 105 1.0
iz " b - K
5000 2450 0 179 kL] 183 1.5
2 169 kL] 159 13.6
n 14) 0 156 13.0
2 150 8% 13 12.2
2300 23 167 1 158 1.4
22 158 1) 185 12.8
21 148 &4 151 11.9
20 1% [ 146 1.2
2200 21 157 48 138 12.4
22 148 s 151 1n.T
21 2] ] 46 11.0
wn m ” 142 10. 5
imum E) 1 .5
Range 18 L) ; 4 na 7.9
Setungs J 17 TR 86 ne 1117 .87
poes il 16 ° % M 310 8.8
7500 2450 21 18 ki 181 131
20 153 87 157 12.4
19 143 a2 132 1.7
18 133 E 147 1.0
2300 F4] 15) €8 156 12.2
20 142 €2 131 11.6
19 133 ] 147 1.0
18 12% 54 142 10.5
2200 2 143 €2 152
0 134 ke 148
19 128 54 142
18 ns 81 138

________ il Bl Bl s

based le ,

conditions, and maximum gross weight

Figure 106. A cruise performance chart.
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since the number of variables involved ruies ol great accuracy, an ample
fuel reserve should be provided. Fuel consumption depends largely on
altitude, power seiting (manifold pressure and propeller r.p.m.), and
mixture setting.

This same problem will show how to use the cruise performance
chart in figure 106.

Sample Problem.—How many fight hours of fuel remain under the
following conditions?

Altitude - 5,000 ft.

Propeller rpam. oo 2,300 r.p.m.

Manifold pressure (mp) . __________..___ 22" Hg

Mixture e ae Lean

Fuel remaining . _______ 40 gal

Solution—

(1.) Locate the altitude (5,000 ft.) in the altitude column (first col-
umn).

(2.) Locate the r.p.m. (2,300) in the r.p.m. column (second col-
umn) opposite the altitude (5,000 ft.) just found in (1).

(3.) Locate the manifold pressure (22 inches of mercury) in the
MP column (third column) opposite the r.p.m. (2,300) just
located in (2).

(4.) Follow this manifold-pressure row out to the column headed
by “Gal./Hr.” where the figure 12.6 is read. This is the
rate of fuel consumption in gallons per hour.

(5.) Divide fuel remaining (40 gallons) by rate of fuel consump-
tion just found (12.6 gal./hr.). The result is 3.17, the num-
ber of flight hours remaining. The 3.17 hours is equivalent
to 3 hours and 10 minutes (multiply 0.17 by 60 minutes).

NOTE: The true airspeed (TAS) with this power setting would be
155 m.p.h. (next to last column).

Sample Problem.—If in the preceding sample problem, a power set-
ting of 18 inches of manifold pressure and 2,000 r.p.m. were used, how
much more flight time would be available?

Solution—

(1.) Following the same steps as in the preceding problem (except

using the new r.p.m. and MP), a fuel consumption rate of
7.9 gallons per hour is found.
(2.) Dividing the fuel remaining (40 gallons) by 7.9 gives a total
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remaining flight time of 5.06 hours. When converted, this
is equivalent to 5 hours 4 minutes,

(3.) Subtracting 3 hours 10 minutes from 5 hours 4 minutes gives
an added flight time {(endurance time) of 1 hour 54 minutes,

Exercise No. 4 Find the true girspeed (TAS), rate of fuel consump-
tion, and total flight time available under the following conditions:

Fuel
Altitude Manifold available
(ft.) R.PM. pressure {gals.)
1. 2,500 2,450 23 55
2. 5,000 2,200 22 45
3. 7,500 2,000 16 25
4. 2,500 2,000 17 25
5. 5,000 2,300 23 50

Note: See appendix I for correct answers.

Landing Performance Data

Variables similar to those discussed under Factors Affecting Take-
off Distance also affect landing distances, although generally to a lesser
extent. Consult your Airplane Flight Manual or owner’s handbook for
landing distance data, recommended flap settings, and recommended ap-
proach airspeeds.

Semple Problem.—With a power-off approach speed of 61 m.p.h.
and 40° of flaps, approximately what ground roll will be required under
the following conditions? (Refer to fig. 107.)

Elevation _____ . . Sea level
Gross weight ___ . 2,200 lhs.
Temperature . e . 59° F.
Headwind _____ o Calm

Solution.—Approximately 355 ft.

Sample Problem.—With power-off approach speed of 66 m.p.h. and
40° of flaps, approximately what total landing distance (including ground
roll) would be required to clear a 50-foct obstacle and land under the
following conditions?

Elevation ____ o oo 2,500 fi.
Gross weight _ . e 2,600 Ibs.
Temperature ___________ o _____. 50° F.

Headwind .. e 12 mph,

e



Figure 107. A landing perjormance data charr,

cxren | apprOACE AT 5FA LEVEL & ST AT 2500 FT & S0°F AT 3000 FT & O1°F AT TS FT 4 22°F
WTEET [AS
103, ure GROUND CLIEAR GROUND TO CLEAR GROUND TO CLAAR GROUND TO CLEAR
ROLL S QRITACLE POLL Wy GBSTACLE ROLL 50 CBSTACLE ROLL | 30° OBETACLE
e L] (1] 915 5 m o ng w um
360 kel 470 13 L e i ux e L300
™0 ™ 20 1w “w - um i
p———

Solution—

Basic landing distance before headwind correction ____._ 1,030 fi.
Correction for headwind (1,030 X .20)
Approximate landing distance

Additional information concerning the use of performance charts

will be found in VFR Exam-O-Gram No. 33, Appendix L
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SECTION VII—AIRMAN’S INFORMATION MANUAL

24. Airman’s Information Manual

Introduction

The Airmar’s Information Manual has been designed as a pilot’s
operational manual for use primarily within the conterminous United
States. It presents, in a four-part document, the information necessary
to plan and conduct a flight within the “48 States.” Flight information
for Alasks, Hawaii, and United States possessions is presented in sepa-
rate publications.

Although considered as a single document, the AIM (Airmen’s In-
formation Manual) is divided into four parts each of which is presented
as an individual booklet which may be purchased separately, or as a
complete package. Each part contains a specific category or family of
information in a format designed to meet the operational needs of avia-
tion. It consclidates items of similar information and segregates Air
Trafic Control procedural information, using a sequence that is ar-
ranged for operational use—preflight, departure, enroute, arrival, and
landing.

The AIM is intended for cockpit use either collectively or inde-
pendently by parts. Each of the four parts of AIM is published as loose-
leaf pages held together by two staples and three-hole punched to fit a
standard three-ring binder. By removing the staples and separating the
pages at the fold, you can place them in a three-ring binder and have
a loose-leaf book. You may place each part in a separate binder or place
them in the same binder, depending on which method best meets your
needs. By leaving the staples in, you may use each part as an individual
manual since each has a cover.

Each part of AIM is published at varying intervals during the year.
depending on the expected frequency of change of information. The
various parts and the issuance cycle of each are:

PART 1—Basic Flight Manual and ATC Procedures—issued quar-

terly.
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PART 2—Airport Directory—issued semiannually.

PART 3 & 3A—Operational Data and Notices to Airmen—Part 3

is issued every 28 days; Part 3A is issued every 14 days.

PART 4—Graphic Notices and Supplemental Data—issued semian-

nually.

The above issuance schedule provides a completely new manual
every 6 months. New or amended textual or tabulated material (except
in the Airport/Facility Directory) is indicated by a solid dot (#} pre-
fixing the heading, paragraph, or line (see figure 108).

Part I—RBasic Flight

AIRMAN'S Manual and ATC
INFORMATION AProcedures This part
MANUAL

«is¥ is issued quarterly and
contains basic fanda.
mentals required to fly
in the National Air-
space System; adverse

o factors affecting Safety

R f Flight; Health and

Medical Facts of inter-

f est to pilots; ATC

information  affecting

rules, regulations and
procedures; a Glossary
of Aeronautical Terms:

Air Defense ldentifica.

tion Zones (ADIZ);

o T Designated Mountain.
BASIC FLIGHT MANUAL °U3 Aress: Seatana.

AND and Emergency Proce-

ATC PROCEDURES dures.

Annual subscription price $4.00. (Foreign mailing, $1.00 additional.)

DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

PART 1

R -



AIRMAN’S
INFORMATION
MANUAL

AIRPORT DIRECTORY

PART 2

DEPARTMENT OF TRANSPO
FEDERAL AVIATION ADM

Part 2—Airport Di.
rectory This part is
issued  semiannually
and contains a Direc-
tory of all Airports,
Seaplanes Bases, and
Heliports in the con-
terminous United
States, Puerto Rico,
and the Virgin Islands
which are available for
transient civil use. It
includes all of their fa-
cilities and services, ex-
cept communications,
in codified form. Those
airports with commu-
nications are also listed
in Part 3 which reflects
their radio facilities. A
list of new and perma-
nently closed airports
which updates Part 2 is
contained in Part 3.

Included, also, is a list of selected Commercial Broadcast Stations
of 100 watts or more of power; U.S. Entry and Departure Procedures.
including Airports of Entry and Landing Rights Airports: and a listing
of Flight Service Station and National Weather Service Telephone

Numbers.

Annual subscription price $4.00. (Foreign mailing, $1.00 additional.)

AIRMAN'S

INFORMATION

MANUAL

DEPARTMENT OF TRANSFORTATION

FEDERAL AVIATION ADMINISTRATION

PART 3

OPERATIONAL DATA
NOTICES TO AIRMEN

AND

Part 3 & 34—0p-
erational Data and
Notices to Airmen
Part 3 is issued every
28 days and contains
an Airport/Facility Di-
rectory containing a
list of all major air.
ports with communica-
tions; a tabulation of
Air Navigation Radio
Aids and their assigned
frequencies; Preferred
Routes; Standard In-
strument  Departures
{SIDs); Substitute
Route Structures; a
Sectional Chart Bulle-
tin, which updates Sec-
tional charts cumula-
tively; Special General
and Area Notices: a
tabulation of New and
Permanently Closed
Airports, which up-
dates Part 2, and Area
Navigation Routes.

Part 3A is issued every 14 days and contains Notices to Airmen
considered essential to the safety of flight as well as supplemental data

to Parts 3 and 4.

Annual subscription price $20.00. (Foreign mailing, $5.00 addi-

tional.)
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Part 4—-Graphic No-
tices and Supple-
mental Data Part 4
is tssued semiannually
and contains a list of
abbreviations used in
the AIM, a tabulation
of Parachute Jump
Areas; locations of
VOR Receiver Check
Points (both Ground
and Airborne); Spe-
cial Notice — Area
Graphics; and Heavy
Wagon and Oil Burner
Routes. Future editions
will be expanded to in-
clude additional Ter-
minal Area Graphics
and other data not re-
quiring frequent
change.

AIRMAN'S
INFORMATION
MANUAL

Part 4

DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

Annual subscription price $1.50. (Foreign mailing 50 cents addi-
tional.)

These publications are available from the Superintendent of Docu-
ments, Government Printing Office, Washington, D.C. 20402. Orders may
also be placed at any of the following branch bookstores:

GPO Bookstore, Federal Building, Room 1023, 450 Golden Gate
Avenue, San Francisco, Calif. 94102,

GPQO Bookstore, Federal Office Building, Room 1463 14th Floor,
219 South Dearborn Street, Chicago, Ilinois 60604.

GPO Bookstore, Federal Building, 300 N. Los Angeles Street, Los
Angeles, California 90012.

GPO Bookstore, Federal Building, Room 135, 601 East 12th Street.
Kansas City, Mo. 64106

GPO Bookstore, Room G25. John F. Kennedy Federal Building.
Sudbury S5t., Boston, Massachusetts 02203.

GPO Bookstore Room 1C46. Federal Bldg.—U.S. Courthouse. 1100
Commerce St., Dallas Texas 75202
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GPO Bookstore Room 100, Federal Bldg., 275 Peachtree St. N.E,,
Attanta, Georgia 30303.

Orders should be accompanied by check or money order made pay-
able to the Superintendent of Decuments.

Beginning with Part 1, the next five chapters of this text will deal
separately with Parts 1, 2, 3, 3A, and 4 of AIM, A number of excerpts
from each of the parts will be found in these chapters. These excerpts, in
the form of numbered figures, are for illustrative purposes only. THEY
DO NOT NECESSARILY REFLECT CURRENT DATA AND ARE NOT
TO BE USED FOR FLIGHT PLANNING PURPOSES. Only a current
edition of AIM is suitable for this.

25. Airman’s Information Manual-Part 1

BASIC FLIGHT MANUAL AND ATC PROCEDURES

Selected excerpts from AIM, Part 1, Basic Flight Manual and ATC
Procedures, are presented and discussed in this Chapter. One or more
excerpts are taken from each family of information pertinent to the VFR
pilot. Most of these excerpts, which appear as numbered figures in the
text, are largely self-explanatory and no in-depth discussion will be de.
voted to them. Each excerpt selected is of vital interest to a pilot and
should familiarize him with the type and importance of information con-
tained in this part. Remember that this part contains approximately 100
pages of information most of which is of interest to the_private pilot
and much of which is required knowledge 1o become a certificated private
pilot. Space limitations preclude the inclusion of all of this material.

Clossary of Aeronautical Terms An excerpt from this section, shown
in figure 108, gives the definition of terms which are consistently mis-
understood by pilot applicants; yet, knowledge of each is necessary if
FARs are to be compiled with, and safe flight operations are to be con-
ducted. There are other terms in this glossary for which a thorough
knowledge is equally important.

Aeronautical Information and the National Airspace System This
excerpt {figure 109) is self-explanatory and is reproduced here exactly
as it appears in AIM.

Adir Navigotion Radio Aids Brief descriptions of the various types
of radio aids available for use today are found in this section. Those
that are of particular interest and applicability to the private pilot will
be discussed in the excerpted examples (figures 110, 111, 112, and 113)



AIRPORT ADVISORY AREA—Ths orea within fiva statute miles of on uncontrolled airport
on which is locuted o Flight Service Stotion so depicted on the appropriate Sactional
Aeronavtical Chort
AIRPORT ADVISORY SERVICE—A service provided by o Flight Service Station to enhance
the safety of terminc) operations of airports where o stotion is oparating but where
there is no control tower.
MILES—As used in this publication, Miles means nautical miles unless otherwiss spocified,
and means stotue miles in confunction with visibility.
RADAR SERVICE—A tarm which encompusses one or mors of the following services based
on the use of radar which con be provided by o controller 10 ¢ pilot of & radaridentified
alreraft.
Radar Seporation—Radar spacing of aircraft in accordnace with established minimeo.
Rador Navigotion Guidance—Vectoring oircroft to provide covurse guidancs.
Radar Menitoring—The radar fight following of aircroft, whose primary novigation is
belng performed by the pilat, to observe and note deviations from its authorized flight
path girway, or route. As applisd to the monitoring of instrument approaches from
the finol approoch fix to the nunway, it olso includes the provision of odvice on
position relotive to approuch fixes and whenevar the aircroft proceeds ocutside the
prescribed sofety rones.
VISIBILITY, PREVAIRLING—The horizonta!l distance ot which targets of known distance are
visible cver ot lanst hoif of the horizon. I3 is normaily determined by on cbierver on or
close to the ground viewing buildings or other similar objocts during the day and
ordinary city lights ot night. Under low visibility conditions the cbservations are usually
made at the control tower. Visibility is REPORTED IN MILES AND FRACTIONS OF MILES
in the Aviation Weathor Report. If a single volue does not adequately describe the
visibility, additional information i reported in the “Remurks” section of the report.

Figure 108. Aeronautical terms.

that follow. For mare detailed information, consult the appropriate chap-
ter in the Airman’s Information Manual.

Figure 110 gives a portion of the information pertaining to L/MF
radio ranges found in AIM. The low frequency radio ranges are discussed
turther in Chapter 33.

The utility of ron-directional redio beacons (figure 111) is not
restricted by the line-of-sight limitations enherent to VHF, but their
emissions are subject to some of the same distarbances as the low fre-
quency range. Their primary utility for the private pilot is in conjunction
with low frequency radio receivers designed to provide Automatic Direc-
tion Finding (ADF) or “homing” information. They are still very useful
in making so-called ADF instrument approaches at many airports. Addi-
tional information on ADF will be found in Chapter 33.

1. Asronoutical information concerning the Nutional Airspace System is disseminated
by three methods. The primary method is aeronautical charts. The sscond method is the
Alrmon’s Information Manuol (AIM), and the third is ths Notiono! Notice to Airmen
System. These threo systems have been desipned to suppl t and complement each
other. The basic differance batwesn these throe systems is the frequency of ix To the
maximum extent possible, tical charts reflect the most current information cvailoble
at time of printing. The AIM contuins static procedure] dota and dota changes known
sufficiently in advance to permit publication,

2. Information of a time-critical nature thot is required for flight planning and mot
known sufficiently in odvance to permit publication on o chart or in the AIM receives
immediate handling through the Notional Natice to Airmen System.

3. informotion distributed by the Nofico to Airmen System is categorized into two
types—NOTAMs and Airmen Adviscries. 1t is the inten}, inscfar os possible, to limit to
dissemination by NOTAM that timo-critical information which would affect a pllot's
decision to make o flight; for example, an cirport closed, terminal radar out of service,
on routes navigationa! aids out of servics, etc. Disseminotion of informotion in this category
will incdlude that perfaining to oll navigationo! facilities ond ol IFR cirports with approved
instryment approach procedures and for those VFR airports which are designated os the
destination point on a daily average of two or more general aviation VFR flight plans.
All such airports are annotated in Part 2 and Part 3 of this manual by the section symbol
“8$"" gnd are primarily those airporit having an assigned three latter location jdentifier.

4. Information which is primarily of an advisory er “nice-tosimow' nature, plus dota on
dairports not included above, that can be given to the pilct upon request on on “as-needed”
basis before departure, while en route, or prier to landing, is clatsed o3 an Airmen
Advisory and given locol disiribwiion vic oppropriote voice communicotions, loco) telatype-
writer or telavtogroph cdircuits, felephone, efc. Examples of this type are: Men and
eguipment croising a runway, snowbanks off the sides of the runways, toxiway dosed,
etec.

5. Pilois plonning o flight should contacr the nearest FAA Fight Servics Siaotion Yo
obtain current flight infornration.

Figure 109. National airspace system.

LOW/MEDIUM FREQUENCY (L/MF) RADIO RANGE

1. These ronges ara classified by their type of antenno. Two types of low-frequency
rangss are in use: Loop rangs {l) and Adcock rongs {(A),

2, 1t is o populor misconception that loop ranges should not be usad for homing.
The dunl-frequency or “simultanecus” type loop range trontmits o nondirectional signal
that can be used quite satisfactarily for this purpose.

2. low-freq y radia rangs coorses are subject to disturbances that result in multiple
courses, sipnal fades and surges over rough country. Pilots flying over unfomiliar routes
are cauvtioned to be on the olert to detect thess vogaries, porticularly over mountainous
terrain,

Figure 110. 4ir navigation radio aids.
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NON-DIRECTIONAL RADIO BEACON (NDB)

1. A low or madiunrfreqguency radio bsocon tronsmits nondwectionol signals whershy
the pilot of an airaaft equipped with o toop ontenna cun determine his bearing and
“home” on the station. These facilities aormully cperate in the frequancy band of 200 to
415 kHz and fransmit a continuous carrier with 1,020-cycls modulation keyed to provide
identification except during voice transmission.

2. When a radio beccon is used in conjunction with the Instrument landing System
moarkers, it is called o Compass Lacater,

3. All rodic beacons except the compass locators transmit a continuous threeletter
identificotion in code except during voice transmissions.

Figure 111. Nondirectional radio beacon.

Currently the omniranges are the backbone of the VHF radio air
navigation system used by general aviation pilots. Therefore, private
pilots should be thoroughly familiar with this system, and all the infor-
mation pertaining to it. AIM supplies considerably more information
about this system than is supplied by figure 112.

VHF OMNIDIRECTIONAL RANGE (VOR)

1. Omnirangas operate within the 108-118 MHzx frequency band and have a powsr
output necessary to provide coverage within their assigned operational service velume.
The equipment is VHF, thus, it is subject to line-ofsight restriction, and its range varies
proportionclly to the chitude of the recsiving equipment. There is zome “spill over,”
howsver, ond reception at on cltituds of 1000 feet is chout 40 to 45 miles. This distance
increasas with altitude.

Figure 112, VHF omnidirectional range (VOR).

Though the requirements of FAR 91,25 with respect to ¥OR equip-
ment accuracy checks (figure 113) apply to flight under instrument flight
rules, every private pilot should be aware of and concerned with the
procedures for determining the accuracy of his VOR receiver.

VOR RECEIVER CHECK

1. Periedic VOR receiver calibration is most important. If o receiver's Automatic Gain
Control ar modulotion circuit deteriorates, it is possible for it to display acceplable
neevracy and sonsitivity close in to the VOR or VOT ond dispiay out-of-dolerunce readings
when locoted ot greoter distonces where wenker signal arens exist. The likelihood of
this deterioration varies between receivears, and is generally considared a funcion of time.
The best ossuronce of having an accurate receiver is periodic colibrotion. Yeorly intervals
are recommended ot which time an outhorized repoir facility should recalibrate tha
receiver to the manufacturer's spocifications.

Figure 113. F¥OR receiver check.
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Obviously any pilot who expects to rely upon radio as an aid to
navigation must be informed as to the type and capabilities of the facility
he plans to use. Figure 114 relates to this information.

CLASS OF VOR/VORTAC/TACAN

VOR, VORTAC, and TACAN oids are classed according to their operational use. There
are three clastes:

T (Terminnl)

L (Low altitude)

H (Migh altitude)

T class facilities are used to provide service at terminal locations whers it & not
practical to frequoncy protect the larger service range of an L closs focility. The normal
sarvice renge for the T, L, and H class qids is included in the following table. Cerlain
operational requir ts make it y to vse some of these nidt ot grecter servico
ronges than are listsd in the table. Extended range it mude possible through fighe
inspection dsterminotions. Some aids also hove lesser sarvice ronge due ¥o location,
terrain, fraquency protection, etc. Restrictions to servics range are listed in Part 3 of
this manuol.

VOR/VORTAC/TACAN NAVAIDS
Normal Uscbls Altitudes and Radius Distances

Distance
Class Altitudes (miles}
T 12,000’ and balow 5
t Below 18,000" 40
H Balow 18,000 40
H 14,500 — 17,999 100*
H 18,000° — FL. 450 130
H Above A 450 100

Applicable only within the contarminous U.5.

Figure 114. Class of VOR/VORTAC/TACAN.

VHF/UHF direction finder equipment can be and has been of in-
estimable value to the pilot who finds himself in certain types of emer-
gency situations, but before it can be completely effective the pilot must
communicate with the appropriate ground station. In addition to the
information contained in figure 115, VHF/UHF direction finding is dis-
cussed again in Chapter 34 in conjunction with emergency procedures,




VHF/UHF DIRECTION FINDER

1. The VHF/UNF Direction Finder (VHE/UHF/DF) is ane of the Common System equip-
ments thot halps the pilor without his being oware of its cperction. The VHF/UHF/DF
is a ground-based rodio recoiver used by the operator of the ground station whers
it is located,

2. The equipment comsists of @ directional antenvo system, o VHE end o UHF rodie
raceiver. At o radorequipped towsr or centor, the cothode-ray tube indicotions may
ke superimposed on the radarscope.

3. The VHF/UHF/DF display indicotes the magnetic direction of the aircroft from the
station each time the airooft tronsmits. Where DF equipment is tied into radar, a strobe
of light is flushed from the center of the radarscope in the direction of the transmitting
alreraft,

4. DF equipment is of porticular valus in locating lost eireraft ond in helping to identify
wircraft on radar,

Figure 115. VHF/UHF direction finder.

Radar The importance of rader in the National Airspace System
is increasing. Even the private pilot should be familiar with its capabili.
ties and limitations, It is particularly important that the aviation com-
munity recognize the fact that there sre limitations to radar service and
that ATC controliers may not always be able to issue traffic advisories
concerning aircraft which are not under ATC control and cannot be
seen on radar. One of the various types of radar appears in figure 116. A
more detailed discussion of radar will be found in this chapter under

Services Available to the Pilot.
SURVEILLANCE RADAR

1. Surveillance radars are divided into two general cotegories: Alrport Surveillonce
Radar and Air Route Survelllonce Rodor. Airport Svurveillance Rador {ASR) is designed
to provide relatively short rangs covercge in tha ganeral vidnlty of an oirport ond to
serve o3 an expeditious meons of hondling termimal aren troffic through observation of
precite aircraft locotions on o rodarwcepe. The ASR con also be used os an instrumant
approach aid. Air Route Surveillance Rodar {(ARSR} is a longrange radar system
designed primarily to provide o disploy of oircraft locotions over large oreas.

2. Surveillance radors scan through 360° of azimuth and present torgst information
on o radar display located in o tower or center. This information is used independently
or in conjunction with other novigational aids in the contrel of air traffic.

Figure 116. Radar.

Airport, Air Navigation Lighting, and Marking Aids The title of
this section indicates the type of information it contains. Most pilots
have seen and all should be familiar with the many different types of

markings on runways, various colored rotating beacons, visual approach
elope indicators (VASI), etc., which are pertinent to the VFR pilots.
Figores 117 and 118 illustrate some of the informatien in this section.
Pilots should study and/or review this section carefully. It contains much
information which is vital to safe operations at azirports, nonetheless,
many pilots are not sufficiently familiar with the data provided.

HAZARDS (RED ALONE)

1. Red flashes only fram a rotating beacon er a code bsacen mean the presence of
an chstruction or obstructions to air novigation or an arsa on the ground used for
purposes horordout to air navipotion. (Refersnce Advisory Clrevlar No. 70/7440-1,
“Qbstruction Morking ond Lighting,” issved by the Federa) Aviation Administrotion.)

2. Steady burning red lights are employed near airperts to mark obstructions and are
alio used to supplament flathing lights in morking en coute obstructions.

MILITARY AIRPORTS

1. Military alrport beccons flosh olternotely white and gresn, but ors diffsrentiated
frem clvil beacons by dualpecked {two quick) white flathes between the gresn flashes.

DAYLIGHT BEACON OPERATION

1. Operation of an oirport rotating beccon during the hours of doylight, means that
the ground visibility in the control zone is less than thrae miles and/or the ceiling is less
than 1000 fest and thot o tratfic cleurance is required for landings, toke-offs, and flight
in the traffic pottern,

LIGHTED TETRAHEDRON AND TRAFFIC INDICATOR

During hours of darkness, flathing lights outlining the tetrohedren or wind fee means
that grownd vitibility is less thon 3 miles ond/or that the ceiling is less than 1000 fest.

RIGHT TRAFFIC INDICATOR (AMBER)

A flashing ambar light near the center of the sagmented circle {or on top of the center
of the segmented circle {or on top of the control tower or adjeining building) indicotes
that a right treffic pottern is in effect at the time.

VISUAL APPROACH SLOPE INDICATOR (VAS!)

1. VASI is designad to provide by visual reference the same Information that the
glids poth unit of an ILS provides electronically. It provides a visval light path wishin
the approuch zone, at a fixed plane which an approaching pilot can see and utilize for
descont guidance during an approach te @ lending. The el t of cours guidonce is
obtained from reference to the runwoy lights.

2. Standord installation of the complete system consists of either 2, 4, or 12 light
tource unitt arravnged in vpwind and downwind light bars. The Vitual Glide Slope
reforence point Ts midway between the upwind ond downwind bors.
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3. The following is offered to pilots as yet unfamilior with the princples and operation
of this system ond the pilot techniqus required. The basic princple of the VASIH is that
of color diffarentiation betwaen red and white. Each light unit projects a beam of light
having a white color in the upper port and a red color in the lower part. The light
units ore arranged so that the pilot of an aircraft during opproach will see the following
combinction of lights on tha upwind and downwind boxes on a 12 light installotion:

white white
{a) Above glide slope: white white
rod rad
{b) On glide slope: white whits
red red
{c) Below glide slope: red rod

® 5. In haze or dust conditions or when the approach is made into the sun, the white
lights may appear yellowish. This is also true ot night when the VASI is operoted at
a low intensity, Certain atmospheric debris moay give the white lights on orange or
brownish tint; howsver, the red lights ars not offected and the principls of color
differentiation is still applicable.

Figure 117. Airport lighting.
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1. In the interest of sofety, regularity, or efficienty of aircraft oparations, the FAA
has recommended for the guid of the public the following cirport morking. (Runwoy
numbars and letters are determined from the appraach direction. The number is the
whola number nearest one-tenth the magnetic czimuth of the centerline of the runway,
maasvred clockwise from the magaetic north) The letter or letters diffarenticte betwesn
parallsl runways:

For two poraflel runwoys “L” “R*
For thres pﬂ:rﬂll.l rynways L "C* R

a. Basic Reaway Morking—markings used for operations under Vitual Flight Rules:
centerline marking and runway direction numbsers,

RELOCATED THRESHOLD

BLAST /~THRESHOLD

OVERRUN OR STOPWAY P
STABLIZED, ABANDOMED RUNWAY, ETC. © | P szb' \\ \ S?

OIS
/S5

OVERRUN/STOPWAY AND BLAST PAD AREA

CLOSED RUNWAY OR TAXIWAY
Figure 118. Airport marking.

The Airspace This portion of Part 1 deals with the various types of
airspace, their location and limits. Applicable weather minimums and
operational restrictions are also included.
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The operations and needs of airspace unsers are varied. Because of
the nature of some operations, restrictions must be placed upon others
for safety reasons. The complexity or density of aircraft movements in
other airspace areas may result in additional aircraft and pilot require-
ments for operation within such airspace. It is of the utmost importance
that pilots be familiar with the operational requirements for the varions
airspace segments. Some of these requirements are depicted in figures
119 and 120.

CONTINENTAL CONTROL AREA

The continentol control areo contists of the oirspoce of the conterminous United Stofes
at and cbove 14,500 feet MSL and Alaska south of lat. 68°00°N, excluding the Almska
peninsvlo west of long. 160°00'W, but does not include:

1. The airspace less than 1500 fest chove the surface of the earth; or

2. Prohibited or restricted areas, other thon restricted area militery climb corridars,
ond the restricted arsas fsted in Subpart D of Port 71 of the FAR's

CONTROL AREAS

Contrel oreas consis? of the airspuce designoted os Colored Federal airways, VOR
Fedsral airways, Additional Control Arens, and Control Areo Extensions, but do net
include the Continentol Control Areo. Unless otherwise designated, control crecs also
indude the airspace between o segment of o main VOR airway and its asodated
cltsmote seogments. The verticol extant of the vorious categories of cirspoce contained
in control arens is defined in FAR Part 71,

VFR REQUIREMENTS

Rules goverming VFR flight have been adopted to assist the pilot in mesting his
responsibifity to sse and avoid other dircraft, Minimum weather conditions and distance
from clouds required for VFR flight are contoined in these rules. (FAR 91.305)

TRANSITION AREAS

1. Controlled airspoce extanding vpward from 700 feet or more above the surface
when desig d in junction with an oirport for which an instrument approach
procedure has been pm:ﬂbod- ar from 1,200 feet or more cdhove the surface when
designated in conjunction with oirway routs structures or segments. Unless specifically
specified otherwise, tronsition areas tarminots af the buse of averlying controlled
airspace.

2. The designation of tronsition areas is a means of ensuring that IFR qircroft can
remain within controlled airspace for specific operations.

CONTROL ZONES

1. Controlled nirspoce which extends upword from the surface and tarminates ot the
base of the continantal control orea. Control zones thot do not underlie the continental
<ontrol arsa hove no upper limit. A contrel 20ne may include one or mare airports and

it normolly o dreulor aren with o radius of 5 stotute miles ond any extensions nacessary
to includs instrumant deporture and arrival paths.

2. Control zones are depicted on charts (for example—an the sectioral charts the zone
is outlined by a broken blue Fne).

Figure 119. Airspace—general.

SPECIAL USE AIRSPACE
GENERAL

Specin] use airspace consists of thot airspoce wherein cctivities must be confined
bacavse of their nature, or wherein limitotions are imposed upon circroft operations
that are not a part of those activities, or both, These areas are depicted on cerenoutical
charts.

PROHIBITED AREA

Prohibited areas contoin oirstpoce of defined dimensions identified by on arec on the
surface of the earth within which the flight of aircraft is prohibited. Such oreas are
sstablished for security or other reasons associated with the nations] welfare. These
areus are published in the Federal Register.

RESTRICTED AREA

Restricted aroos contoin airspace ideniified by an area on the surface of the earth within
which the flight of aircraft, while not wholly prohibited, is subject to restrictions. Activities
within these areas must be confined becouse of their noture or limitotions imposed vpon
aircraft operations thot are not o part of those aclivities ar both. Restricted areas denote
the existence of unusual, often invisible, hazards to aircraft. Panetration of restricted
areas without authorization from the using or controlling ogency may be extramsly hoz-
ardoys to the aircroft ond its occupants. Restricted areas are published in the Federal
Register and constitute Part 73 of the Faedersl Aviation Regulations.

WARNING AREA

Warning areas is that dirpace which mey tain h ds ta participating aircraft
in internotional oirspoce. Waming oreas ore established bayond the 3 mile limit.
Though the activities conducted within waming creas moy be a3 harardous os those in
Restricted areas, Warning areas cannot be legally designoted bacause they are over
international waters. Penetrotion of Warning areas during periods of gctivity moy be
hazardous to the aircroft and its occupants. Official descriptions of Warning areas may
be obtoined an roquest to the FAA, Washington, D.C.

INTENSIVE STUDENT JET TRAINING AREA (ISJTA)

Trtamas YR}

° iet troining area is that airspoce whict : the int training
activities of military student jet pilots and in which restrictions are imposed on IFR flight.
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information on these Iraining creas may he obtoined from any FS5 within 100 miles
of the oreo.

ALERT AREA

Alert areas contain airspace which is depicted on oetronautical charts to inform non-
participating pilots of arcas that may contain o high volume of pilod training ar an
vnusual typs of aeriol activity, and pilots should be porticularly alert. All activity within
oan Alert Areo should be conducted in accordonce with Federal Aviation Regulations,
withowt waiver, and pilots of participating oircruft as well o3 pilots trunsiting the areo
sholl bo equally rerponsible for collision avoidance. Information concerning thess arsos
may be obtained upon request to the FAA, Washington, D.C.

OTHER AIRSPACE AREAS

AIRPORT TRAFFIC AREAS

1. Unless otharwise specifically designated {FAR Port 93), that cirspoce with o harizon-
tal radius of five stotute miles from the geoprophical center of any girport at which a
control tower is operoting, extending from the swrfoce up to, but not including 3,000
faeet above the surface.

2. The sules preseribed for airport troffic arsas are established in FAR 91.70, 91.85 and
91.67. They require, in offect, that unless a pilot is landing or taking off from an
airport within the cirport traffic area, he must avoid the ares unless atherwise avthor-
izad by ATC. If operating te, from or on the airport served by the contrel tower, he
must also estcblish ond intain rodig tcati with the tewer. Maximum indi-
coted airspesds ore prescribed. The arens are not depicted on charts. The girpart traffic
areg is illostroted below:

IMRPORT TRAFFIC AREA
- . P

/‘/.

DISASTER AREA

1. Consists of that oirspocs below 2,000 fest above the surfoce within o 5 slatute
mile radius of an aircraft or train accident, flood, forest fire, earthquake ar other
disaster of substantial magnitude. The designation of o disaster aren iz made in a Natice

to Airmen.

2. Pilots are not 1o operate their circraft within o disaster aren unless they are part
of the airborne refief activities; they are opersting to or from on airport within the srea
and the operotion will not homper the relief activities; or flight around the arso is
impracticable because of weather or other reotons ond pricr notice is given to ATC.
{Ref. FAR %1.91}

e AIRPORT ADVISORY AREA

1. The areo within five statute miles of an airport whore o control tower ix not
operating but where o Flight Service Station is locoted. At such locations, the FS$
provides advisory service to arriving and deporting aircraft. (See AIRPORT ADVISORIES
AT NON TOWER AIRPORTS in Chopter 4.)

2. It is not mondotery that pilots participote in the airport odvisory sarvice progrom,
but it is strangly recommended that they do.

Figure 120. Special use and other airspace.

Air Traffic Control This section of Part 1 concerns itself with the mul-
titude of subjects related to the control of air traffic, such as services
available to the pilot, airport operations, ATC clearances, departures,
en route and arrival procedures, and emergency procedures. Only ex-
cerpts from items important to the private pilot will be included here.
No discussion will accompany the material found in figure 121. For
more complete coverage of these subjects, pilots should refer to Airman’s
Information Manual.

VFR ADVISORY SERVICE

1. VFR odvisory service is provided by numerous nearadar Approach Centrol facilities
to those pilots intending to land ot an airpert served by an approcch control tawer.
This service Includes: wind, runway, traffic and NOTAM information, unless this informe.
tion is contained in the ATIS broadeast.

2, Such informution will be furnished vpon initiol contoct with concerned appreach
control facility. The piiot will be requested to change to the towsr frequency ot a pre-
determined time or point, to receive further londing information.

3. Where availoble, uvse of this procedure will not hindar the operation of VER flights
by requiring excessive spacing between aircraft or devious routing. Radio contact paints
will bs based on fims or distance rather than on {andmarks.

4. Compliance with this procedure is not mandatory but pilot particpotion s
sncouraged. )




AUTOMATIC TERMINAL INFORMATION SERVICE (ATIS)

Avutomatic Terminal Information Service (ATIS) i the continvovs broodcast of recorded
noncontred information in selected high activity terminal areas. lts purpose is to improve
cantroller effectivensss and to reliave frequency congsstion by automating the repetitive
transmission of exsential but routine information.

tnformation such as ceiling, visibility, wind, alimeter, instryment approach, and rum
ways in use is continususly broodcost on the voice feosture of a TVOR/VOR/VORTAC
lotated on or near the cirport, or on a dhcrete VHF tower fragquency. Where VFR arrival
wircraft are expected 1o make inftia) contoct with approach control, this fact and the
oppropriate frequencies will be broadcast on ATIS. Pilots of aircraft arriving or departing
the terminal area can receive the confinuous ATIS broadcasts at times when cockpir duties
are leost pressing and fisten to as maay repeats as desired. ATIS broadcasts will be
vpdated when there is a significant change in information contained tharein.

Sample Brogdecast:

"THIS IS WASHINGTON NATIONAL AIRPORT INFORMATIDON BRAVO. CEILNG MEAS-
URED TWO THOUSAND, OVERCAST, VISIBILITY SIX, SMOKE. WIND ONE SIX ZERO
DEGREES AT FIVE. ALTIMETER TWO NINER NINER TWO. VOR RUNWAY ONE FIVE AP-
PROACH IN USE. LANDING RUNWAY ONE EIGHT. DEPARTURES ON RUNWAY ONE
FIVE. NOTAM, GEORGETOWN RADIO BEACON OUT OF SERVICE.”

AIRPORY ADVISORIES AT NONTOWER AIRPORTS

1. Airport Advisory Service-Flight Service Stations {F55) located ot cirports whers thare
are no control towers in operation provide advitory information to arriving and departing
alreraft. This service is offered for safety purposes; troffic control is not exercised.

2. Airport codvisories provide: wind direction and velocity, favored or designated
runway, cltimeter satting, known traffic {cavtion: all aircraft in the airport vicinity may
not ba communicating with the F55), notices to ai , airport foxi routas, airport traffic
patterns, and instrument approach procsdures. Thess elemonts ore voried so o to best
serve ths current troffic situction. Some oirport monagers have specified thot wnder
eortoin wind or other conditions, designoted runwoys ars to be used. Pilots ysing other
than the fovered or designated runways should advise the F55 immediately.

RADAR TRAFFIC INFORMATION SERVICE

1. A service provided by rodar air troffic contral facilities. Pilots receiving this service
are advised of any rador target observed en the radar disploy which may be in such
proximity to the position of their aircraft or its intended route of flight that it worrants
their aftention. This service is not intended to relisve the pilot of his responsibilty for
cantinual vigilance to see and avoid other aircrafi.

TERMINAL RADAR PROGRAMS FOR VFR AIRCRAFT

1. SYAGE | SERVICE (Radar Advisory Service for VFR Alrcroft)
a. In addition to the use of rador for the control of IFR aircroft, Stage 1 facilities
provide traffic information and limited vectoring to VFR circroft on o worklood permit-
ting buasis,

b. Vectoring service moy be provided when requested by the pilot or with pilot
concurrence when suggested by ATC.

¢. Pilots of amiving aircraft should contart aporoach contrel on the publicized
frequency (sectional aeronavtical chart/AIM), give their position, olfitude, radar beacon
cods (¥ transponder equipped), destinotion, and request troffic information.

d. Approach control will issue wind and runway, except when the pilot states ‘HAVE
NUMBERS’ or this information is contained in the ATIS broadcast. Traffic information is
provided on @ werkload permitting bosis. Approoch contrel will specify the fime or ploce
at which the pilot is to contoct the tower an locol controf frequency for further landing
information. Upon being told to contect the tower, radar service is outematicolly
terminated.

Figure 121. Air trafic control.

Radiotelephone Phraseology and Technique Only those items
deemed most germane to the private pilot in regard to radio communi-
cations are depicted in figure 122. More complete coverage will be found
in the Airman’s Information Manual

s CONTACT PROCEDURE

1. Initiate radio communications with o ground facility by using the following format:
o. Identification of the unit being colled.
b. Identification of the aircroft.
c. The typs of mossage to follow, when this will be of assistance.
d. The word ‘OVER.’
Example:
NEW YORK RADIO, MOONEY THREE ONE ONE OMNE E, OVER.
2. Reply 1o collup from o ground focility by using the following formut:
a, ldentification of the unit initiating the callup.
b. Udentification of the aircrafr.
¢. The word "OVER.’
Example:
PITTSBURGH TOWER, CESSNA TWO SIX FOUR FIVE ZEBRA OVER.
Note.—~The word ‘OVER’ may be omitted if the messags obviously requires a reply.
3. Usze the same format as for initial eollvp and reply aftar commounicotion hos besn
estublished except, after stating your identification, stats the message to be sent or
acknowledgment of the message received. The acknowledgment is mads with the word
‘ROGER’ or 'WILCO’ and pilats are expected 10 camply with ATC clearances/instructions
whon they acknowlsdge by using sither 'ROGER’ or "WILCO."
Exampls:
APACHE ONE TWO THREE X, ROGER.
4, After contoct has been definitely established, it moy be continved without further
callup or identification.
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MICROPHONE TECHNIQUE

1. Proper microphone tschnique is impertant in redictefephone communications. Trans
missions should be and in a normal conversational tone.

Note.—ldentification of Aircraft—Pilots are requested to exerciss care that the
identification of their circraft is clearly transmitted in each contact with an ATC
facility. Also pilots should be certain that their gircraft are cearly identified in
ATC transmissions before faking action on an ATC clearance.

2. When originating o rodiotelephone collup to any air-ground fadlity, indicate the
chonnel en which reply is expected, if other than normal.

Figure 122. Radio phraseclogy and technique.

Airport Operations Figures 123 and 124 are excerpts from AIM deal-
ing with airport operations which relate to takeoff and landing informa-
tion and procedures for tower-controlled and nontower airports.

TOWER-CONTROLLED AIRPORTS

1. When opearating to an airport where traffic control is being exercised by @ control
towaer, pilots oro required to maintoin two-woy radie <ontoct with the towsr while
operating within the airport troffic ares unless the tower authorizes otherwise. Initial
cafkup should be made cbout 35 miles from the airport.

2. When necessary, the tower controfler will issus clecrances or other information for
aircraft to generally follow the desired flight path (traffic pottorns) when flying in the
airpart troffic area/control zene, and the proper toxi routes when operating on the
ground. ¥ not otherwise authorized or directed by the tower, pilots approaching to land
in on airplone must circle the airport to the left, and pilots approcching to land in a
helicopter must avoid the flow of fixed wing traffic. However, an cppropricte clearance
mus? be received from the tower bhefore londing.

NON-TOWER AIRPORTS

1. Tho segmented circle system is designed to provide troffic pottern information at
airports without operating conirol towers. {Refer to AIM, Part 1, for detailed information,)
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Figure 123. Airport operations—tower and nontower controlled.

USE OF RUNWAYS
Runways are bered to correspond to their magnetic bsaring. Runway 27, fer
example, hos o bearing of 270 dagrees. Wind direction issued by the tower is also
magnefic,

e [INTERSECTION TAKEOFFS

1. In order to enhance wirport capotities, reduce toxiing distances, minimize departure
delays, ond provide for more efficient movement of air troffic, controllers may initiate
intersoction takeoffs as well as approve them when the pilot requests. If for ANY reason
a pilot prefers 1o use o different intersection or the full length of the runway or desires
fo obtain the distance between the intersection and the runway end, HE 1S EXPECTED TO
INFORM ATC ACCORDINGLY,



Portable traffic control light signals:

Colar ond Type
of Signal ©On the Grovnd In Flight
STEADY Cleared for tokeoff
GREEN Cleared to land
RASHING Cleared to toxi Return far landing {to be
GREEN followed by steudy gresn
at proper fime)
STEADY Stop Give wuy to other aircraft
RED and continve dirding
FLASHING Toxi cdear of landing area | Airport untafe—do net lond
RED (runway) in vse
FLASHING Retvrn to starting point on
WHITE airport
ALTERNATING General Warning Signal—Exercise
RED Extrame Coution
& GREEN

Fignre 124. Airport operations—miscellaneous.

ATC Clearances and Separations Most of this section is more ger-
mane to the IFR than to VFR flights. Figure 125, however, deals with
information quite important to the private pilot conducting a flight
under Visual Flight Rules.

SPECIAL VFR CLEARANCES
Speclal VFR Flight Clearance Procedures (F.AR. Part 91.107)

1. An ATC closoronts must be cobtained prior to cperciin within o contro} zons whan
the waather is less than that reguired for VFR flight {1,000 feot ceiling and 3 miles
visibility). Within most control zones, a VFR pilot moy request and be given o clearance
to cenduct special VIR flight 10, from, or within the control zone providing such flight
will not deloy IFR operations. The weather and cearance from clovd requirements for
special VFR flight are: 1 mile ground visibility f landing or departing (1 mie for air
carriers), 1 mils Flight visibility if transiting the control xons, and flight to be conducted
deor of cleuds. When a controf tower is locatsd within the control zone, requests for
clearances should be to the tower. If no tower is locoted within the control zone, ©
clearance moy be obtoined from the nearest tower, flight service station or center.

2. 11 is not necesory to file o complete flight plan with the request for clearance
tut the pilot should state his intentions in suffident detail 1o permit air traffic cantrol to
fit his flight into the troffic Aow. The clearonce will not contaln o specific altitude s
the pilet must remain clear of covds. The controller may require the pilot to fly at or
below a certain glitude due to other traffic, but the cltitude specified will parmir flight
ot or above the minimum sofe altitude. in cddition, ot radar locotians, flights may be
vectorad if nscessary for contrel purposes or an pilot request.

3. ATC provides separation between special VFR flights and between them and ather
1ER flighes,

4. Within some control zonas, the velume of IR traffic is such thar special VIRt fRight
can no? be permitted. A Jist of these control zones is ¢ontained in Port 11t of the ATM.

Figure 125. Special VFR clearances.

Preflight. The preflight phase of every flight is of the greatest impor-
tance. The care exercised by the pilot in familiarizing himself with all
available information concerning his flights may well mean the difference
between a safe operation and disaster. In fact, FAR 91.5 makes such pre-
flight action mandatory and for all flights not in the vicinity of an air-
port, the regulation refers to specific items that must be checked. Some
of the important points to consider are depicted in figure 126. Addi-
tional information relative to weather briefings may be found in Chap-
ter 35.
GENERAL

1. Every pilot is urged to recsive o praflight briefing and to file o flight plan. This
briefing weuld consist of weather, dirport, and enroute novaid information, Briefing
sarvice may be obtained from a Fight Service Station sither by telophone/interphone, by
radio whan airborne, or by a perianal visit to the Stoticn.

2. In addition to the filing of o flight plan, if the flight will traverse or lond in one
or mors forelgn countries, it is porticularly importunt that pilots Teove a complets itinerary
with someone directly concerned, kesp that person edvised of the flight's progress and
inform him, that if serious doubt urises o3 to the safety of the flight, he should first
contact the FSS.

WEATHER BRIEFING

1. Consult your focnl flight servics stotion (F55), hined stotion/tower (C5/T), or
weather bureav airport station (WBAS) for preflight wecther brisfing. FSS and WBAS
personne! are certificated pilot weather briefers; howsver, since CS/T personne] ars not
certificated pilot wecther brivfers, weather briefings they furnish are limited to factval
dota derived directly fram weather sequence and forecast information.

2. Whan talephaning for information, use the follawing procedure:

a. Idantify yourself as o pilot. (Many persons calling WB stotions want information
for purposes other than flying.)

b. State your intended route, destination, propesed departure fime and estimated
time en route,

€. Advise if you intend to fly only VFR.

d. When talking to an F3S, you will be asked your aircroft idenification for octivity
record purposes.

3. You ars urged fo use the Pilors Preflight Chack List which is on the revarss of the
flight plan form. The Check List is a reminder of items you should ke aware of before
beglianing flight. Also provided baneath ths Check List is o Flight Log fer your ume
if desired,
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FLIGHT PLAN—VFR
1. GENERAL

a. Except for operations in or penetrating & Coostal or Domestic ADIZ or DEWIZ, o
flight plan is not raquired for VFR flight; howevaer, it is strongly recommended that one
be filed.

b. To obtain maximum benefits of the flight plon program, flight plons should be filed
direcily with the nearest flight service station. For your convenience, F58s provide one-ccll
{relephone/interphone) or one-stop (personal) aeronavtical and meteorological brisfings
whils aceepting flight plans. Radio may be used to file if no other meons are avciloble.
Also, some states opsrale asr tical communicati facilities which will accept and
forward flight plans to the F55 for further handling.

c. Pilots are encouruged to give their departure times directly to the flight servics
station with which the fliglt plan waos filed. This will ensure more efficient flight plan
service and permit the F55 to advise you of significant chonges in aeronoutical focilitias
or mstecrological conditions. The following procedures are in effecr: when o VFR flight
plan is filed, it will be held until one hour after the proposed departure time and than
concelad unless:

1. The actual departure time is received.

2. A revised proposed departure time is received.

3. At o time of filing, the ¥55 is informad thet the proposad departure tims will be
met, but actual time cannot ba given b of inodequate communications.

d, On pilor's raguest, at a location having an octive towes, the aircraft identification
will be forwarded to the towsr for reporting the actual departure time. This procedure
should be avoided at busy oirporis.

o. Afthough pesition reports are not required for VFR flight plans, periodic reports
to FAA Flight Service Stations along the routs are good practice. Such contocts permit
significant information to be possad to the transiting aircraft and also serve to check
the progress of the flight should it be necessary for any to locate ths aircraft or
its occupants.

DEFENSE VFR FLIGHT PLAN

Detoiled ADIZ procedures are found in the emergency section of this chopter. (Ses
FAR 99 and FAR 91.32)

CLOSING VFR/DVFR FLIGHT PLANS

VFR and DVFR flight plans must be cosad (canceled) or an arrivel report filed,
within Y2 hour {15 minutes for jets) after the estimated time of arrivel. To ensure flight
plon closure, notify the nearsst flight service station, If an F55 is not available, request
any air traffic control facility to reloy the cancallation to the FSS. If a report is not
racoived within this time, a communications search will be conducted by Fedaral Aviotion
Administration facilities. i this search foils to locate your aircraft, o search and rescue
center will be advised ond an extensive, costly physical seorch for your gircraft will be
initiated.

2. CLOSE YOUR FLIGHT PLAN
a. The control towser does not auvtomatically close flight plans since mony of the
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tanding aircraft are not opercting on flight plans. It ramains the responsibility of o
pilot to close his own flight plan. This will prevent o nesdless search.

Figure 126. Preflight planning.

Emergency Procedures This section of AIM covers the various ways
you can declare an emergency in order to obtain assistance, information
on crash locator beacons, search and rescue procedures, and rules per-
taining to aircraft accidents, incidents, overdue aircraft, and safety in-
vestigations. In addition to the information provided in figure 127,
emergency radio procedures are discussed in Chapier 34.

LOCATOR BEACONS

T loks

1. Locator Beacons of varicus types are indep tly powersd, reliabls, and
of incolculable valus in an emergency hove besen developsd ond are goining wide
acoceptance as o means of locoting downed aircraft and their occupants. Thess elecironic,
battery operated beacons are not o fire hazard. They are designed %o emit o distinclive
downward swept audio tone for homing purposes on 1215 MHz and/or 243 MH1,
praferably on both emergency frsquencies. The power source should be copable of
providing power for continuous operation from 24 to 48 hours or mors of a very wide
range of ambient temperatures and can expedite search and rescue operations as well
as focilitote accident investigation ond analysis.

5. Pilots of aircraft equipped with locator bsucons ars encouraged te include this
information in the REMARKS portion of their flight pluns,

Figure 127. Locator beacons.

Safety of Flight This important chapter in AIM discusses altimetry,
important aspects of weather and weather services available to pilots,
wake turbulence, medical facts for pilots, and good operating practices.
Figures 128, 129, 130, 131, 132, and 133 are typical of the information
supplied in this portion of AIM.

1. The accurocy of aircraft oltimeters is subject to the following factors: (o) nonstand-
ard tempercture of the atmosphers; (b) aircraft stotic pressure systems (position errer);
and {c} instrument error. Pilots should disregord the effect of nonstandard atmespheric
temperctures excapt that low temperatures need to be considered for terrain clearance
purposes.

Note.—Standard temperature ot sea level is 15° C. (59° F.). The temperature gradient
from sea level is 2° €. (3.5° F.) par 1000 feot. Piloks should apply corractions for static
pressurs systams and/or ir ts, if joble errors exist.

Lol o

Figure 128. Altimetry.




Weather Much of the information found in this portion of AIM will
be covered in detail in Sections II and X of this handbook. AIM in-
cludes discussions on weather briefings, transcribed and scheduled weather
broadcasts and broadcast weather format, pilot weather reports, turbu-
lence reporting criteria, etc. Becanse of their importance, the following
items (figure 129) are included here as representative of AIM informa-
tion on weather and its relationship to safety in flight.

AIRFRAME ICING

The effects of ice accretion on gircoft are cumulative—Thrust is reduced, Drag increasss,
L3 lessens, Weight incronses. The resolts are an increasa in stall spsed and o deterioro-
tion of aircroft performance. In extrems cases, 2 o 3 inches of ice can form on the
leading edge of the airfoil in fess thaen 5 minutes, It takes but Y, inch of ice to reduce
the lifting power of some aircraft by 50% and increases the Frictional dmg by an equal
percentage.

A pile? con expect icdng when flying in visible precipitation such a3 roin or cloud
droplets, and the temperature is © depress Centigrade or colder. When icing is detectad,
@ pliot shovld do one of two things, particularly #f the circraft is not equipped with
deicing squipment, he should get out of the area of precipitation or go to an altitude
whars the temperature is above freezing. Thir “warmer” altitude may not always be a
lowsr altitude. Proper pre-flight oclion indudes obtoining informnotion on the freezing
leval and the obove-freszing lovels in precipitation areos. Report icing %o ATC/F5S, ond
if operating IFR, request new rovting or cltitude if icing will be o hazard. Be sure to
give type of alrcraft to ATC when reporting icing. Fellewing is o table that describes
how to report icing conditions.

REPORTING OF CLOUD MEIGHTS

1. Ceiling, by definition in Part ) Federal Avistisn Regulations, and es used in
Avistion Weather Reports and Forscosts, is the height obove ground (or water) fevel of
the lowest loyer of clouds or obscoring phenomsnon that is reported as “broken”,
"o ", or “ob tion” and not clossified ay “thin” or “partiol”, For exompls, a
forecast which reads “CIGS WILL BE GENLY 1 TO 2 THSD FEET” refers to heights above
ground lavel (AGL). On the other hand, a forecast which reads "BRKN TO OVC LYRS At
& TO 12 THSD MSL” states that the height is cbove meon ten level (MSL).

2. Pllots vsuolly report haight volues cbove mean seo levsl, since they detarmine
haights by the altimeter. This is token in account when disseminating ond otherwise
opplying information receivad from pilots. (“Ceilings” heights are always above ground
lovel] In reports disseminated as PIREPS, height references are given the samo as
received from pilots, that is obove mean sea level (MSL ar ASL).

Figure 129. Ceiling and icing.

@® WAKE TURBULENCE

GENERAL
EVERY AIRCRAFT GENERATES A WAKE WHILE IN FLIGHT. In the past this turbulence

was atributed to “prop wosh.” later studies found this disturbowes to be o poir of
counter rotating vortices trailing from the wing tips. It wes found that the intemsity
of the vortices increcsed with the size ond weight of the aircruft. As eircroft became
lorger and heovisr, the intensity of the vortices begon to pose problems for smaller
aircraft, Soma of teday’s jet aivcraft, particularly the new jumbo jeis, generats rell
velocities eoxceeding the roll control capability of some aircraft. Furthes, turbulencs
generated within vortices can damage circraft comp ts and squip t
tered ot closs range. ATC applies procedures designed to preclude woke encounters, but
in most VFR sitvations the pilot senr up his own separation from other aircraft. For his
awn safety, the pilot must leorn to anvision ths location of the vortex wecke gensrated
by farge aircroft and aodjust his flight path accordingly.

Dutring ground operations, jet engine blast {thrust stream furbulance} con cause damage
and upsets if encountered of close range. It is recommendad thot light aircroft remain
at lecs? 200 feet behind a jot oporating its engines ot idle speed—400 feet behind a taxi-
ing jot—1,000 feot fram o jet taking off. Engine thrust velocities genercted by large jet
aircraft during Initia) takeoff rolf and the drifting of tha turbulence in refation to the cross-
wind component dictate the desirability of lighter circroft awaiting tokecHf to hold welt
back of the runway adge or taxiway holdline; alse, the desirobility of aligning the aircraft
to face the possible jet engine blost movement. The FAA hos established new stondards
for location of taxiway hold lines at airports served by air corriers as fallows:

“Locate all taxiway holding lines such that the distence from the runway structyral
pavement sdge to the texiwoy holding line i3 ot least equal to the greater of the
following: (1) 100 feet or (2} the wing spun of the largest airplans thot is expected to
use the runwoy.”

Though the following information refers primarily to heavy jets, ramember thay afl
cirereft create o woke ond thot large prop driven aircralt may generote vortices of
high intensity.

when encoun-

VORTEX GENERATION

The circulation and downwash affect of the cirflow over the wing c¢nuses the oir
leaving each troiling edge to form a vortex shest which rolls itself up inte a swirling
spiral of oir oft of the wing tips. After the rofl up is completed, the wake consists of
two counter refoting vortices.
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VORTEX STRENGTH

%. The strength of o vortex is governsd primarily by the weight, speed, and shaps of
the wing of the generating circraft. The basic factor is weight, and the vortex strength
increases with Incraasas in weight ond span loading. During a recent test, vortex tangaential
valocities wers recorded at 150 feet per second or about $0 knots, The greatest vortex
strength cccuns whan the geneeating airaaft is HEAVY—CLEAN-SLOW,

2. induced Roll. A serious wake encounter could rasult in structural damoge. However
the primary horord is loss of coptral bacouse of induced roll. Aircraft imtentionully flown
directly up the core of a vortex doring Hight tests tended to roll with that vortex.

VORTEX CHARACTERISTICS

Trailing vortex wukes have certuin characteristics, Being familiar with these charac-
teristics will assist the piler in visuclizing the lacation of thets vortex wakes,

1. Vortex generation starts with rotation for lift off and ends when the wing unloads
after touchdown,
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2. The vortex circulation is outwerd, upword and around the wing tip when viewed
from either ahead gr behind the aircraft. Tests with heavy aircreft have shown thot the
diameter of the vortex core ronges from 25 1o 50 feet, but the Field of influence is larger.
The vortices stay cdose together (about 3/4 of the span} until dissipation. Thus, if per
sistent vortex turbulence is encountered, o slight lateral change in flight path will usually

avoid i,
H Digmeter = 25' o 507

Spread 3/4 of the Span

3. Flight tests have shown that the vortices from heavy jets start to sink immediately at
about 400 to 500 feet per minute. Thay tend to level off abovt BOD to 900 fest helow
the generating oircraft's flight path. Vortex strength diminishes with time and distance
behind the generoting oircroft. Atmospheric turbulence hastans brevkup. Residual chop-
piness remains aftsr vortex breokup. Pilots should fly ot or above the heavy je¥'s flight
path, altering course us necessory ¥o ovoid the orea behind ond below the gsnerating
aireraft.

4. When the vortices sink into ground effact they tend 1o move loterolly oviweord over
the ground ot a speed of obout § knets,

a Aa ind comp will d the lateral ment of the upwind vortex
and i the ma of the downwind vortex. This moy result in the upwind vortex
remoining in the touchdown zone or hasten the drift of the downwind vortex toword o
paroliel ruaway. Similarly, o il wind condition con move the vartices of o precading
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No Wind

Vortex Mavenment in Ground Effect = No Wind

aircraft into the touchdown zone. Pilots should be alert to heavy aircraft upwind of their
flight path.

Wmmae 5K Wind

Upwind Vortax Hovers
Vortex Movement in Ground Effect with Cros Wind
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OPERATIONAL PROBLEM AREAS

1. A woke encounter mey not ily ba L d It con be one or mare jolts
with vorying intensity depending on the direction of the encounter, distance from the
generating alraeft and point of vortex encounter. The probability of buffeting and
induced roll increases when the encountering oircraft’s heading is generally aligned with
the vortex trail. Pilots sheuld be paorticularly clert to calm wind condifions and
situations when the vortices:

a. Remain in the touchdown areq.

b. Drift downwind to a paraflel runway.

¢. Sink into the takeoff or londing path of a cossing runway.
d. Sink into the troffic patterns for other airports.

e. Sink into the flight path of VFR flights operating below.

2, Pilots should visualize ths location of the vortex trail and use proper avoidance
procedures in a mixed traffic environment, AVOID WAKE ENCOUNTERS BELOW AND
BEHIND THE GENERATING AIRCRAFT, ESPECIALLY AT LOW ALTITUDE WHERE EVEN A
MOMENTARY WAKE ENCOUNTER COULD BE HAZARDOUS.

VORTEX AVOIDANCE PROCEDURES

1, GENERAL. Under certnin conditions afrport traffic controllers apply procedures for
soparating other aircraft from heavy jets, They will also provide VFR aircraft, which in
the tower’s opinion moy be adversely affocted by potential wake turbulence, with the
position, altitude and direction of flight of the heovy jot. When the tower controller
advisas "CAUTION WAKE TURBULENCE,” etc., he is following his procedures and warning
you that it may exist. YOU ARE EXPECTED TO ADJUST YOUR OPERATION AND FUGHT
PATH AS NECESSARY TO PRECIUDE SERIOUS WAKE ENCOUNTERS. Don't hesituts to
request further information if you belisve it will aisist you in analyxing the situaton.
Remember, aven though you have raceived a cleoroncs to land or tokeoff, if you believe
it sofer to wait, use o different runway, or in some other way alter your operation, ask
the controller for o revised clearance,

2, Tho following vortex avoid proced
situations:

3. LANDING BEHIND A HEAVY JET—SAME RUNWAY, Stay at or above the jst's final
approach path—note his touchdown point—land beyond it.

b. LANDING ON A PARALLEL RUNWAY BEHIND A HEL VY JET WHEN THE PARALLEL
RUNWAYS ARE LESS THAN 2500 FEET APART. Note wind for possible vortex driff, request
upwind runway if possible. Stay ot or abave the jet's final opprooch flight path—note his
touchdown peini—land beyend a point ab his touchd point.

c. LANDING BEHIND A HEAVY JET—CROSSING RUNWAY. Cross above the jet's flight
path.

d. LANDING BEHIND A DEPARTING HEAVY JET—SAME RUNWAY. Note je¥'s rotaticn
point—lond well prior to rotation point.

o. LANDING BEHIND A DEPARTING HEAVY JET-—-CROSSING RUNWAY. Note jet's
rototien point—if past the intersection—land prior to the intersection. If jet rotates prior
to the infersection avoid flight below the jet's flight path, Abandon the approach unless
landing is assured well before reaching the intersection.

f. DEPARTING BEHIND A HEAVY IET. The tower will withhold clearances for 2 min-
utes for takeaoffs on the same cunway, a parallel runwoy separated by less than 2500 feet,
and any othar situation where inflight crossing courses are evident, Pilots should note the
iat's rotation point—climb above the jer's climb path until turning clear of his wake.
Avoid subsequent flight paths which will ¢cross below and behind o heavy jet.

. INTERSECTION TAKEOFFS—SAME RUNWAY. Towars will withhold takecH clsarance
for 3 minutes bohind o large turbojet on the same runway. Be alert to adiacent heavy
iet operations particularly upwind of your runway. Avoid subsequent headings which will
cross below a heavy jeV's poth closer than 1000 feet,

h. ENROUTE VFR. Aveoid flight below and behind o heovy jet's flight path. If you
obsarve o heavy jet above you on the same trock (some or opposite direction) adjust your
pesition laterally, preferoble wpwind to the jet.

ore recommended for the various
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HELICOPTERS

A b ing belicopter g a downwaosh from its main rotor/s similar to the prop
kiast of o convantional aircraft. In ferward flight, this anergy i3 transfarmed mfo o pair
of trailing vortitss aimilor to wing tip vortices, Pllots of small oiranft and helicopters
should aveld both the vortices and the downwash of heovy helicoptars.

PILOT RESPONSIBILITY

Governmamt and industry groups are making concerted efforts to minimiza the
hazards of troiling vortices. Mowever, the flight disciplinos necessary to assurs vortax

avaidonce during YFR operclions must be exercised by the pilot. Vortex visualiration
and aveidance is equal in importance to traffic avoidance.

Figure 130. Wake turbulence.

MEDICAL FACTS FOR PILOTS
GENERAL

Just os yeur aircroft is required to undergo regular chacks and maintenonce, you ars
also required to undergo regular medical examinations to snsure your fimess to fly.
The physical standards you are roquired to mest are minimum standords, You do not
have to be a suparman to fly. Many defects con bs compensated for, as, for example,
waating glasses for visual defects. You may bs taquirad to demonstrate by a medical
flight test that you con compemsols for any othar defects of potential significance to
flight safety.

Student pilots thould visit a Designuted Aviation Medical Exominer and determine
i they med) Hre stundords before spending much maney taking fiying instructions.

It should be recallsd that humans are essentially eurthbound creatures. However if
wea are awars of certuin oeromedital fattors, and pay attention to thess, we ¢an leave
the edrth and fly safely. What fellows will not ba one hard comprehensive lssson in
aviation ovidicine. It will point out the more importont factors with which you should
be familior prior to flying.

Modeth indestry’s record in providing religble equipment is very good. When the
pilat enters the aircraft, he becomes an integral part of the man-machine system. He is
fust ax wisantiul te & surcessful flight as the control surfaces, To ignore the pllot in pre-
flight planniny Id be a3 loss as failing 1o inspuct tha integrity of the control
surfatsd or uny ether vital part of the machine. The pilot himself has the sole responsic
bility fer datermining his relichility prior to entering the cockpit for flight.

While piloting on aircrafs, an individual should be fres of conditions which are
hermfvl to clertaens, ability to make correct decitions, ond rapid cecction times, Per
sons with sondifidns which ore spt to producs sudden incapoditation, such os epilepsy,
serious heart tresble, wncontrolled dicbetes mellitus or diabetes mellitus requiring hypo-
shycemis agents, and teMain other conditiens hozordous te flight, carnot be medically
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cartified according to the Federal Aviation Regulations. Condifions such a3 atute infec-
tions, anemias, and pepiic vicers, are temporary disquolifying. Consult your Aviation
Madicul Examiner whan in doubt cbout any aspect of your health status, just as you
wovuld consult o liconsed aviation mechenic when in doubt about the sngine stoiun
Specific asromadical factors are hersin exploined, For odditional information on these
or other asromedical flight foctors, write to: The Fedarcl Air Surgeon, Federal Aviation
Administration, Washingten, D.C. 20590.

FATIGUE

Fotigus genarolly slows reaction times and causes foolish errors due to inattention.
In uddition to the most common couse of fotigus, insofficient rest and less of slesp, the
pressures of business, financial worries and family problems, cun be importont contrib-
wting factors. If your fatigus is marked prior to a given Hight, dont fly, Ta prevent
fotigue effects during long flights, keap active with respect to muking ground chedks,

radio-novigation pesitien plotting, and remaining manmally active.

HYPOXIA

Hypoxio in simple terms is o luck of sufficient oxygen 1o keep the brain and other
body tissves functioning propery, Wide individual voriation occurs with raspect to sue
caplibility to hypoxio. In addition to progressively insufficient oxygen at higher alt-
tudes, anything interfaring with the body's ability te corry oxygen can contribute te
hypoxia (anamias, carhon monoxide, ond certain drugs). Alo, alcohol and varicus drugs
decrsuss the brain’s tolerante Yo hypoxia.

Your bedy has no built in alarm system to 1ot you know when yov are not getting
enovgh oxygen. It is impossible to predict when or where hypoxic will occur during
a given flight, or how it will manifest itseif.

A major sarly symptom of hypoxia it an increased sense of wallbeing (refarred to as
suphotic). This progrestes to slow reaclions, impaired thinking ability, unusua) fatigue,
and dull headache fealing.

The symptomns are slow but progressive, insidieus in onsat, and ors most marked wot
altitudes starting above ten thousand fest. Night vision, however, can be impaired start-
ing ot cltitudes lower than ten thousand fest. Heavy smokers moy also experiance sarly
symptoms of hypexia st oltitudas lower than is so0 with nonsmokers,

If you observe the genercl ruls of not flying chove ten thousand fest without sup-
plamental oxygen, you will not get inte trouble.

HYPERVENTILATION

Hyperventilation, or over breathing, it a disturbance of raspiration that may occur
in individuals a3 o result of emotional tension or anxiety. Under conditions of eme-
tional stress, fright or poin, breathing rate moy incsaw, couting incrscte lung vantila-
tion, olthough ths corbon dioxide cuviput of the body cells does not increcss. As @
resvit, corbon dioxide is “washed ou¥’ of the blood. The most commen symptoms of
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hyperventilotion are: dizziness; hot and cold sensations; tingling of the hands, legs ond
feot; telany; nausea; sleepiness; and finally unconsciousness.

Should symptoms occur which connot definitely be identified a: either hypoxia ar
kypervantilotion, the following steps should be taken:

1. Check your oxygen equipment und put the regulator outo-mix lovel on 100% oxy-
gon (demond or pressurs demand system). Continuous flow-chack oxygsn supply and
flow machanism.

2. After thres or four desp breaths of oxygen, the system should improve markedly,
if the condition wos hypoxia (recovery fram hypoxia is rapid).

3. If the symptoms persist, consciously tlaw your brecthing rote unti! symptloms clear
and then resume normal breathing rote. Brenthing con be stlowed by breothing into a
bag, or talking lemd.

ALCOHOL

Do not Hy whils under the influence of akohal. An sxcellant rule is to allow twanty-
four hours between the last drink and takeeff time. Even small amounts of olcohal in
ths systam con odverssly offect judgment and decision-muoking abilities.

Remembar thet your body metobolizes alcohol ot o fixed rate, and no amount of
coffss or medicotion will clter this rote,

By all means, do not fly with a hangover, or @ “moatked hungover’” {symptoms sup-
prossed by aspirin or other madication).

DRUGS

Sslimedication or toking medicine in any form when you are flying con be extremaly
hatordous. Even simpls homs or ovarthe-covntsr remediss and drugs such us aspirin,
antihistamines, cold tablets, cough mixtures, loxotives, tranquilizers and appetite sup-
pressors, may sericusly impair the judgment and coordination needed while fiying. The
safest rule is to take no medicine while flying, except on the advice of your Aviation
Medical Examiner. i should olso be rememberad that the condition for which tha deug
is required, moy of itralf ba very horardour 10 flying, even when the symptoms are
suppressed by the drup.

Cortoin specific drugs which have besn associated with aircraft accidents in the
recent past are: Antihistomines (widely prescribed for hay fever and other allergiss);
Tranquilizers (prescribed for nervous conditions, hypertension, and other conditions): Re-
ducing Drugs (amphetamines and other appetite suppressing drugs con produce senso-
tioms of well-being which hove an odversa affect on judgment); Barbiturates, Nerve tanics
or pills (prescribed for digestive and other disorders, barbiturates produce s marked
suppression on mental clertness).

VERTIGO

The waord itself is hard to define, To earthbound individuals i usually means dizziness
or swimming of the hend. To o pilot it means, in simple terms, that he doesnt know
which end is up. In fact, vertige during flight con have very fatal conseguences,

On the greved we know which woy &s up through the combined use of thres senses:
1. Visian—Wa con see where we ars in melation to fixed objects.
2. Pressura—Gravitational poll on muscles and joints tefls us which way is down.
3. Spaciol Parts In Ovr Inner Ear—The otoliths tell us which way is down by gravi-
tationa) puoll. it should be noted that cecelerations of the hody are detscted by the fluid
in the semicircular canals of the inner ear, and this fells us when we change position.
Howevar, in the absence of o visual reference, such os flying into o cloud or ovarcass,
the accelerations can be confusing, especiolly since their forces can be misinterpreted os
gravitational pulls on the muscles and otoliths. The result is often disorientotion and
vortigo (or dixziness).

All pilots should have on instructor pilot produce monsuvers which will produce the
sensotion of vertigo. Once experienced, later unontitipated incidents of verfigo can be
overcome. Closing the ayas for o second or two may help, a3 will wotching the flight
instruments, believing them, and controlling the airplane in accordance with the infor.
motion pressnted on the instruments. All pilots should obtoin the winimum training
recommeded by the FAA for atfitude control of aircraft solely by reference to the gyro-
scopic instrumants.

Pilots are piible to experiencing vertigo at night, ond in any flipht condition
whon outtide visibility is reduced to the point thot the herizen is obscured. An oddi
tional type of vertige is known as flicker vertigo. Light, flickering at cerfnin frequencies,
from four fo twenty times per sscond, can producs unpleasant and dangerous reactions
in some persens. Thess rsactions wmay incduds nouseu, dirziness, unconsciousness, or
even reactions similar to epileptic fit. In a single engine propeller airplane, heading into
the svn, the propeiler may ant tha sun to give thia flashing effecs, particulardy dering
londings when the engins is throttied back. Thess undesirable effects may be avoided
by not storing directty through the prop for more than ¢ momant, and by making fre-
quent but small changes in RPM. The flickering light traversing helicopter biades has
tesn known to cause this difficulty, os hos the bounce-back from rototing beocons on
aircraft which bove penstrated douds,

CARBON MONOXIDE

Corbon menoxide is o colusless, adorless, tasteless produet of an internol combustion
engine and is alwoys present in exhaust fumas, Even minute quantities of corbon monox-
ide breathed over ¢ long pericd of time, muy Isad to dire consequences.

For biochemicol r , carbon ide hos o greater obility to combine with the
hemoglokin of the blood than oxygen. Furthermors, once curbon monoxide is obsorbed
in the blead, it sticks “like glua” to the hemoglobin and cctually prevents the oxygen
from attaching to the hamoglabin,

Mos? heoters in ligh? aircraft work by oir flowing over the manifold, So i you hove
to vse the hecter, be wory if you smell exhauyt fumes. The ont of symptoms is in

idi with “blurred thinking,” o possible fesling of unsasiness, end subsequent dirsi-
ness. Loter hoodache cccurs. Immaediately shut off the heoter, open the air ventilators,
descend to lower altitudes, and land ot the nearest airfield. Consult an Aviation Medicol
Examiner. It may taks saveral doys to fully recover and clear the body of the carbon
monoxide,

131



VISION

On the ground, reduced or impairsd vition con sometimes be danperous depending
on where you are and what you are doing. In flying it is alwoys dangerous.

On the ground or in the air, o number of factors such as hypoxia, carbon monoxide,
olcoho!, drugs, fatigue, or sven bright sunlight can affecy your vision. In the air thesa
effects are critical.

MIDDLE EAR DISCOMFORT OR PAIN

Certain persons {whether pilots or passengers) have difficulty balancing the air loads
on the ear drum while descending. This is particvlorly troublesome if @ heod cold
or throat inflammation keeps the eustacian tube from opening properly. If this trouble
occurs during descend, try swallowing, yowning, or holding the nose ond mouth shut
and forcibly exhaling. If no relief occurs, dimb back vp o few thousand fast to relisve
the presturs on the outer drum. Then descend cgain, using these meosures. A more
grudual descent may be tried, and it may be necessary to go through several climbs
and descents to “stair step” down. If o nasa) inhaler is availoble, it moy afford relief.
iF trouble persists sasveral hours after landing, consult your Aviation Medical Examiner.

NOTE.—If you find yourself airborne with a heod cold, you may possibly avoid
-troubls by using an inhaler kept as part of the flight kix

PANIC

The development of panic in inexperienced pilots is o process which con ge? inte
» vicious circle with itself and lead to unwise and precipitous cction. If lost, or in some
other predicamens, forcibly toke stock of yourself, and do not allow ponic to mush
room. Paniec ¢an be controlled. Remember, Prevent Panic to Think Straight. Fear is a
normal protective reaction, and occurs in normal individuals, Fear progression te panic
is an chnormal development,

SCUBA DIVING

You may use your plane to fly to a sea resort or lake for a day's SCUBA diving, and
then fly home, cll within a few hours’ time. This can be dangerous, particularly if you
have been diving to depths for any length of time.

Under the increased pressure of the water, excess nitrogen is cbsorbed into your
system. If sufficient time has not elopsed prior 1o tokeoff for your system te rid itself
of thiz excess gas, youv may experi the bends ot cltitude under 10,000 feet where
most fight planes fly.

Figure 131. Medical facts for pilots.
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BIRD HAZARDS

All pilots are requested to contact the nearest FAA Air Route Traffic
Control Center, Flight Service Station, or tower (including non-federal)
when they observe large flocks of birds and report the: (1} Gee-
graphic location (2) Bird Species {if known) (3) Approximate number (4)
Altitude (5) Direction of bird flight path.

Migratory Patterns

The birds considered of greatest potentiol hazard to aircraft bscause of lorge sizse,
abundonce, or hobils of fying in dense flocks are the whistling swuns, Conada gsese,
snow geose, blus gesse, white-fronted geess, mollards, pintails, gulls, vultures, starlings,
and blackbirds. Birds of thess species are considered particularly hozardous during spring
and fall migration and when they ars concentrated in wintering areas. At some ain
ports, large flocks of sandpipers, horned larks, tres swallows, longapurs, white pelicans,
sandhill cranes, or other species could be o problem at certoin seasons.

Unfortunotely, we do not have complete data for the United States concerning the
migration paths of all of these species, or the exact fimes of migration, or the altitudes
at which thess birds fly, or the offects of weather on migration patterns. However, avail-
oble data are summarized below for birds of six of these speciss—whistling swans,
Canado geesa, snow geess, mallards, pintails, and double«crested cormorants.

Sincs migrating waterfow! tend to dive when closely approached by aircraft, pilots
ars warned not to fly directly under migreting flocks of swons, geese or ducks.

Figure 132. Bird hazards.

GOOD OPERATING PRACTICES

It should be remembered that adherence to air traffic rules
does not eliminate the need for good judgment on the part
of the pilot. Complionce with the following Good Opsrating
Procticas will greatly enhonce the safety of evary flight.

Aleriness

Be alert ot oll times, especially when the weather is good. Most pilots puy attention
to business when they cre operating in full IFR weather conditions, but strangely, oir
collisions almost invariably hove octcurred under idecl weather conditions. Unlimired
visibility app to ge o sense of security which is not of all justified. Consid-
erable informotion of volus may be obtained by listening to advisories being issuad in
the terminol areo, even though controller workload may prevent o pilot from oblgining
individual sarvice.




Judgment in VFR Flight

Use reasonable restraint in exercising the prerogative of VIR Fflight, especially in
terminal areas. The weather minimums and distances from clouds ara minimums. Giving
yourseff o grester margin in specific instonces it just good judgment.

Conducting a VFR oparation in o Contro] Zone when the official visibility is 3 or 4
miles is not prohibited, but good judgment would dictate that you kesp out of the
spproach arsa.

It has always bean recognized that precipitation reduces forward visibility. Conse-
quently, shhough agoin it moy be perfectly lagal to cancel your IR flight plan at any
time you can proceed VFR, it is good proctics, when precipitation is oecurring, to cone
tinuve IFR operation into a terminal area until you are reasonably closs fo your destingtion.

In conducting simulated instrument flights, be sure that the weathsr is good encugh
to compensate for the resiricted visibility of the tafety pilot and your greater concen
tration on your flight instruments. Give yourself o [liitle greater margin when your
Aight plan lies in or near o busy airway or clute to an airport.

USE OF CLEARING PROCEDURES

Bafore Takeoff. Prior 10 taxiing onto a ronway or landing cren in preparation
off, pilots should scan the approach areas for possible landing traffic, axecuting
te clearing mansuvers to provide him o clear view of the approach arees.

ond level. Sustained periods of straight gnd level flight in conditions
visual detection of other traffic shouvld be broken ot intervals with appro-
priats proced \res fo provide effective visucl scanning.

4. Yeaffic Pttern. Entries into traffic potterns whila descending crecte specific col-
lision hazards Fand should be avoided, Where turns are mode in o traffic pottern, entry
should be on ¢ 44y downwind leg at the midway point, unless otherwise Instructed by
the cirport @i, poffic control or when the published troffic pottem indicates otherwise.

5. Traffic jf! VOR sites, All operstors sheuld emphosize the need for sustained
cockpit vigilfines in the vicinlty of VORs and airway intersactions dus to the conver
gencs of ®offic,

ﬁ-_):‘}’cining opserations. Operators of pilot training programs are vrged to adopt the
following proctices:

a. Pilots undergeing flight tnstruction of all levals should be requested to verbalize
clearing procedures {coll eut, “dear” left, right, chove or below) to instill and sustain
the haobit of vigilones during mansuvering.

b. High-wing cirplane, momentarily raise the wing in the direction of the intended
turn and look.

c. Lowswing airplune, momentarily fowar the wing in the direction of the intended
turn and look,

d. Appropriate cleating procedures should preceds the execution of all turms includ-
ing chandelles, laxy eights, stalls, slow flight, climbs, stroight and level, spins and other
combination maneuvers.

Giving Way

If you think another aircraft is foo closs to you, give way instead of waiting for
the other pilot to respect the rightof-way to which you may be entitled. It is a lot
safer to pursve the right-of-way angle ofter you have completed your flight.

Figure 133. Good operating practices.

26. Airman’s Information Manual-Part 2
AIRPORT DIRECTORY

This part lists all airports, seaplane bases, and heliports which are
available for transient civil use in the conterminous United States, Puerto
Rico, and the Virgin Islands. The states and territories are Lsted alpha-
betically and the airports in each are listed alphabetically according
to the name of the town at which they are located. Note the information
indicated by the arrow in figure 134, “ADDISON See DALLAS.” This
meens that the codified information for Addison airport will be found
under Dallas, the name of the town near which this airport is located.
All of the facilities and services (except communications) for each air-
port are contained in this part of AIM in codified form.

Figure 135 is the airport legend which is used to interpret the codi-
fied information contained in Part 2. The codified information for most
airports will not contain all of the items shown in the airport legend;
however, by the location and format of this codified information, it can
easily be interpreted through the use of the airport legend and the legends
for the various coded symbols.

The arrows in figure 136 show that NOTAM service is available
tarrow No. 1), the city name (Dallas—arrow No, 2) at which the air-
port is lecated, the name of the airport (Redbird—arrow No. 3), and
the location of the airport in nautical miles (to the nearest mile} and

ADDISON  See DALLAS/

Figure 134. Airport directorv—Addison airport.
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Longest
Runway

Lengest Runway Headi Airpor?
Surface ond length eacind {FR Airport of Entry
Associated
Flight Service Station
No. of Location Ruaway Weight
NOTAM Service Runwoys (NM from City} Beasing Capacity o
i loca ne
Provided
fovige Servicing Numbfer
nghlmg
Airport
Elevotion \!CITY N\AME A!RPORT NAME IFR 3 E AOE FSS: /Nome (LC 736—-1234}
533 H65[8—26(1] {$-50, T-100, TT-200}  BL4.6, aA 9,10,14 £12,18,30, 40

Teaffic Potern /.-—YPA: 800'AGL VASI: Rnwy 8 REiL: .Rnwy 26 RVV: Rnwy 31 RVR: Rnwy 13-31

Altitude YFR ADV: Cic Ft WorthlApp Con
/vuuor: Cte FSS or twr ~
VFR Advisory Remarks: (£) Aftended /0700-1900. Fee.| Clsd to fighter type| acrt xcpt on pror} request.
Service P lines N and S,

Atr Traffic Control Tower
and/or Instrument Londing Visual Approoch Runway End Runwoy Runwoy
System Avcilable Slope Indicator identifier Lights Visibility Velue Visual Range

Figure 135. Airport directory legend.
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direction from the cenler of the city 16 NM soutt - -t of Dallas—arrow

No. 4).
: § DALLAS, RED’Bﬁ 6 sw“ﬁ FSS: Dellos (LC FL 2-849T)

660 PF54/13-31V (D) (5-35 T-60, TT-110) BL4 S5 F12,18, 34 U-2
Remarks: {£) 1521 (2349 MSL) twr 7.5 NM SW, 1559 (2349’ MSL)
twr 8 nm SW. For additionol info see Pan 3.

The arrow in figure 139 points to runway informatien. “HS5 (2).”
“H" indicates that the runway is hard surfaced; “55” represents the long-
est runway to the nearest 100 ft. using 70 as the division point: and
the number in parentheses **(2),” indicates the total number of runways
available. However, only hard surfaced runways are counted at airfields
with both hard surfaced and sod runways. If the runway length does not
have an “H” in front of it, the runway surface is sod, clay, etc.

y4

Figure 136. Airport directory—Red Bird airport,

Arrow No. 1 in figure 137 points out the flight service station
{FSS) which is associated with Howard County Airport and arrow
No. 2 indicates the local telephone number you would call to talk to
FSS personnel to obtain weather briefings, file flight plans, etc. In this
case, if you were landing at Howard County Airport, you could contact
the Flight Service Station at Midland, Texas. by radio to close your
fitght plan or to obtain other information. If you wanted to talk to them
by phone, vou would diel AM 3-3601.

ESS: Midland

(LT AM 3-2601)

The arrow in figure 138 points out the elevation of the airport in
feet above mean sea level. The elevation of an airport is based on the
highest usable portion of the landing area. When the elevation is below
sea level, 2 minus (—) sign will precede the figure. The elevation of
Howard County Airport is 2.563 fi. above mean sea Jevel (MSL).

§ BIG SPRING, HOWARD CO 3 NE IFR
2563 H55(2) BL4 S5 Fi2,18 U-1
VER ADY: Ctc Webb App Con 118.4
Remarks: Rgt tfc mwy 24 & 34.

Figure 137. FSS name/phone number.

F5S: Midlond
(LC AM 3-3601)

§ BIG SPRING, HOWARD CO 3NE IFR
2563 HS55(2) BL4 S5 F12,18 U-1
VFR ADV: Cic Webb App Con 118.4
Remarks: Rgt tfe mwy 24 & 34.

Figure 138. Field elevation.

FS$S: Midlend
(LC AM 3.3601)

§ BIG SPRINJFHOWARD CO 3NE IFR
253 H55(2) BL4 S5 F12,18 U-1
VFR ADV: Ctc Webb App Con 118.4
Remarks: Rgt tfe rmwy 24 & 34,

Figure 139. Runway length.

Howard County Airport has twe hard surfaced runways, the longest
of which is 5,500 ft. to the nearest hundred feet. Actually it is hetween
5470 ft. and 5,570 ft.

The arrow in fipure 140 points to airport lighting information
“BL4.” Tao interpret this coded information, you need to refer to the
lighting code in the Airport Directory legend (figure 141). “B” indi-
cates that there is a rotating beacon at the airport; “L4” indicates that
field lighting consists of low intensity runway lights. If there i= an
asterisk (*) preceding an element in the lighting information, it means
that element operates only on prior request. For example “B*LA4” indicates
that airport runway lights will be turned on by prior request only (phone
call, telegram, or letter). When the asterisk is not shown, the lights are
in operation or available sunset to sunrise or by request (radio call).
“L” by itself indicates temporary lighting such as flares, smudge pots,

lanterns.
p.

FSS: Midland
(LT AM 3-3601)

§ BIG SPRING, HOWARD¥Z) 3INE IFR
2563 H55(2) BL4 85 F12,18 U-1
VFR ADYV: Ctc Webb App Con 118.4
Remarks: Rgt tfe mwy 24 & 34.

Figure 140. Field lighting.
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LIGHTING

“=—ifi. Rotating Light (Rotating beacon). (Green and white,
split-beam and other types.) Omission of B indicates
rotating light is either not available or not operating
standard hours (sunset-sunrise),

NoTe.~—Code lights are not codified, and are carried in
Remarks.

\ L: Field Lighting (when code L4-7 is indicated, lighting
4, 5, 6, 7 1s available). An asterisk (*) preceding an
element indicates that it operates on prior request only
(by phone call, telegram or letter), Where the asterisk
is not shown, the lights are in operation or available
sunset to sunrise or by request (radio call). L by itself
indicates temporary lighting, such as flares, smudge pots,
lanterns.

1—Portable runway lights (electrical)
2—Airport Boundary

3—Runway Floods

4—Low Intensity Runway

5—Medium Intensity Runway

6—High Intensity Runway

7—Instrument Approach (neon)

8A, B, or C—High Intensity Instrument Approach

Figure 141. Field lighting legend.

Howard County airport has a rotating beacon and low intensity
runway lights that are in operation or available from sunset to sunrise
or by request (radio call).

The arrow in figure 142 points to aircraft servicing information.
When the coded information “S5” is referenced to the servicing excerpt
(figure 143) from the Airport Directory legend, you can readily see
what services are available. At Howard County Airport, storage facilities,
major airframe repairs and major powerplant repairs are all available.

In figure 144, the arrow points to aircraft fuel information “F12,
18.” You should know the type of fuel your airplane uses, and when
planning any cross-country flights, should check this coded mformation at
airports where you plan to land to determine that your type of fuel is avail-
able. By comparing the coded fuel information “F12, i8” with the “fuel”
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P
§ BIG SPRING, HOWARD COgS NE IFR FSS: Midland
2563 H55(2) BL4 S5 F12,18 U-1 (LC AM 3-3601)
YFR ADV: Ctc Webb App Con 118.4
Remarks: Rat tfc mwy 24 & 34.
Figure 142. dirport services.
SERVICING .
S1: Storage, T B

$2: Storage, minor airframe repairs.

$3: Storage, minor airframe and minor powerplant re-
pairs.

$4: Storage, major airframe and minor powerplant re-
\ pairs.

$5: Storage, major airframe and major powerplant re-
pairs,

Figure 143. Airport service legend.

legend excerpt (figure 145) from the Airport Directory, you note that
Howard County airport has fuel available only in the grades of 80/87
and 100/130. (Note: Color coding is also used to identify grades of
fuel. Red, blue, green, purple, and straw colored fuels are used to identify
grades 80/87, 91/98, 100/130, 115/145, and jet fuels, respectively. If
a fuel rating is 100 or above, it is referred to as a “performance rating”
rather than an octane rating.)
/

FS$S: Midland

§ BIG SPRING, HOWARD CO 3 NEJAFR
(LC AM 3-3601)

2563 H55(2) BL4 S5 Fi2,18 U-d
VFR ADY: Ctc Webb App Con 118.4
Remorks: Rgt tfc rmwy 24 & 34,

Figure 144. Fuel.

In figure 146, the arrow points to UNICOM information. By relating
this information *U-1" to the excerpt from the Airport Directory legend,



FUEL
\Code Grade
F12 80/87
F15 91 /98
F18 100/130
F22 1157145
F30 Kerosene, freeze point —40°F
£34 Kerosene, freeze point —58°F
F40 Wide-cut gasoline, freeze point —60°F
F45 Wide-cut gasoline without icing inhibitor,

freeze point —60°F
Figure 145. Fuel legend.

pd

§ BIG SPRING, HOWARD CO 3NE |[FR
2563 H55{2) BL4 S5 Fi2,18 U-1
YFR ADV: Ctc Webb App Con 118.4
Remorks: Rgt tfc rawy 24 & 34.

FSS: Midland
{(LC AM 3-3601)

Figure 146. Unicom.
UNICOM
A private aeronautical advisory communications facil-

ity operated for purposes other than air traffic control,
transmits and receives on one of the following fre-
quencies :

U1—122.8 MHz for Landing Areas (except heliports)

/ without an ATC Tower or FSS;
U2—123.0 MHz for Landing Areas (except heliports)
with an ATC Tower or FSS; ‘
U3—123.05 MHz for heliports.

Figure 147. Unicom legend.

figure 147, you note that UNICOM is available at Howard County Airport
on a frequency of 122.8 MHz. This is the standard frequency for UNI-
COMS located at airports without a control tower or FSS.

The arrow in figure 148 points to VFR Advisory Service information.
This is the place you would check to see if there is a facility vou can call

to ohtain advisory service on VFR flights, If you are going into Howard
County Airpost, you could contact Webb Approach Control on the
frequency 118.4 MHz, advise them of your position, and that you intend
to land at Howard County airport. Webb Approach Control will give you
wind, traffic, and NOTAM information, and if you were landing at the
aitport with a control tower with which Webb Approach Contro! is asso-
ciated, they would also give you runway information,

§ BiG SPRING, HOWARD CO 3INE IFR
\2563 HS5(2 BL4 S5 F12,18 U
YER ADV: Cic Webb App Con 118.4
Remarks: Rgt tfc mwy 24 & 34.

FSS: Midland
(LC AM 3-3601)

Figure 148. V' FR advisary service.

In figure 149 the arrow points to “VHF/DF” information. VHF/DF
stands for very high frequency direction finder. When the designation
VHF/DF appears in the airport directory imformation, it indicates that
very high frequency direction finder equipment is available at the Me-
Allen Flight Service Station which is located on Miller International air-
port. To use this service, contact the McAllen FSS on standard FSS fre-
quencies. See Section IX, Chapter 34, for information concerning when
and how VHF/DF can be used.

§ McALLEN, MILLER INTL 25 IFR AOE FSS: McAllen on Fld
106 H62/13-31 (3) BL4, 11 S5 F18,30 U2 REML: Rady 13
“~ VHE/DF: Ctc FSS

Remorks: (£) For additional info see Port 3.

Figure 149. VHF direction finder.

The arrow in figure 150 points to the “Remarks™ section of the air-
port directory information for a specific airport, in this case, Dallas Red
Bird. This section includes information concerning:

1. An air traffic control tower and/or an instrument landing system

associated with the airport. This will be indicated by the symbol £

appearing after the word “Remarks” and generally followed by the
phrase “For additional information see Part 3 (of the AIM).

2. Landing fees charged by the airport.
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3. Runways for which right-hand traffic is used.

4. Operational items affecting the status and usability of the airport,
traffic patterns, and departure procedures.

5. The more dangerous obstructions.

§ DALLAS, RED BIRD 6 SW iFR F$5: Dolios (LC FL 2-8491)
660 H54/13-31(2) (S35 T-60, TT-110) BL4 S5 Fi2, 18, 34 U-2
Remorks: (£) 152V (2349 MSL) twr 7.5 NM SW, 1559° (2349' MSL)
/ twr 8 nm SW. For additional info see Part 3.

Figure 150. Airport directory remarks.

The “Remarks” section for Dallas Red Bird airport (Dallas, Texas)
indicates; (1)} that a control tower and/er an instrument landing system
is associated with the airport, (2) that there are obstruction hazards in
the form of towers near the airport, and (3) that additional information
appears in Part 3.

Part 2 of AIM also contains a list of commercial broadcast stations
for pilots who wish to use them with their radio compass (ADF), as weil
as information pertaining to telephone numbers and the information pro-
vided by Flight Service Stations and National Weather Service Offices.

27. Airman’s Information Manual-Part 3
OPERATIONAL DATA

The sections of Part 3 of the Airman’s Information Manual that are
probably used most by private pilots are the Airport/Facility Directory.
which includes air navigation radio aids and their assigned frequencies:
the Sectional Chart Bulletm, which updates sectional charts cumulatively;
Special Notices — General: and New and Permanently closed Airports.
Discussions and typical examples of these sections follow,

Airport/Facility Directory

The Airport/Facility Directory contains a tabulated listing of all
major airports, heliports, and seaplane bases in the conterminous United
States that have terminal navaids and communications facilities (control
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towers) available at the airport, as well as, all enroute navaids (VOR,
radio beacons, etc.). States and territories are listed alphabetically; the
airports in each are listed alphabetically by the town at which they are
located just as in AIM, Part 2, Airport Directory; and the en route
navaids are listed alphabetically by name of the navaids and integrated
with the airports.

Figure 151 shows the legend unsed in interpreting the information for
each airport listed in the Airport/Facility Directory. Essentially, this in-
formation (and the legend) is divided into three parts —airport informa-
tion, communications facilities tnformation, and terminal navaids in-
Jormation. The airport information is contained in the first part, down
through the first “Remarks.” Communications facilities information is
contained in the second part beginning with the “Tower” line and extend-
ing down to but not including the first navaid, “ILS,” “BVORTAC,” or
“NDB,” whichever comes first, Termial navaids information is contained
in the third part, beginning with the first navaid (“ILS,” “VOR.” or
“NDB”) and extending through the last “Remarks.”

The legend for the airport information portion of the tabulated data
for each airport is essentially the same as that for Part 2, Airport Direct-
ory of AIM, except that much more is generally available at the airports
listed in Part 3 — such as VASI (Visual Approach Slope Indicator), ATIS
( Automatic Terminal Information Service), etc.

The availability of VASI at an airport may be shown in two different
ways or, in most cases, it is shown in both ways. Arrows 1 and 2 in figure
152 show these two ways. Arrow #1 points to number “10” in the airport
lighting information, figure 153. This means that a VASI is available at
Dallas, Love Field, Dallas, Texas. Arrow #2 points to “VASI: Rnwy 13R
and 31R.” This means that the VASI is available when making an ap-
proach to runway “13 Right and 31 Right.”

Arrow #3 indicates that oxygen for high and low pressure systems
is available. High and low pressure replacement bottles are also available.

Arrow #4 indicates that NOTAM service is provided.

Arrows #5 through #7 point out communications facilities informa-
tion. Arrow #5 indicates control tower frequency. Love Field Tower
transmits and receives on 1187 MHz and 124.3 MHz, but can only receive
on 122.5 MHz. Arrow #6 points out ground control frequency informa-
tion. Love Field Ground Control transmits and receives on 121.9 MHz,
and 121.65 MHz.

Arrow #7 pomts to “ATIS” which stands for Automatic Terminal



No. of

Runwo
Longest Runwoy n

Surface ond length

@ SAMPLE

Location
{NM from City)

Runway Weight
Beoring Capaocity

Local Phone
Number

Airport
. Longest of Entry .
NOTAM Service . Associated
Provided ::::;?; IFR Airport Flight Service Stotion
Airport Servicing
Elevation STATE NAME Lighting
N
CITY NAME uel
§ AIRPORT] NAME IFR 3.4 ENE AOE JFSS: NAMENLC 481-5867) / __ Oxrgen
5330 H55/8-26(3) 15-100, T-200, TT-400) 8L6,8A.9,10,11 55 F12,18,30 Oxl Runway
UNICOM U-2 VAS): Rnwy 13 BREIL: Rowy 26 RVV: Rnwys 18/15 Visibility Valve
RVR: Rwy 36 ——
Runway /omorks: Fee: $1.50 acft ever 2,000 lbs. No turas until reaching Runway End
Visual Range 6000° MSL. Clsd to fighter type jets excp on prior request. Identifiar Lights
Tower 1181 122.5R 2787 Gnd Con 121.9
$Clene Det 1277

Pre.Toxi Cl
re-fax) Liearance ATIS: ARR 1127 DEP 124.2 APPROACH CONTROL SECTORS

Procedure Avail. Rodar Services [8CN)
. . App Con 119.5' 125.6°
Automatic Terminagl Dep Con 124.2 ~

Infarmation Service Stage 1 Ctc APP CON 25 mi out on 125.6

VFR Advisory Cic twr on 119.1
PAK Rnwy 11 Ceil 200 Vsby "5 mi  Min Alt 553)

Radio Aids ASR  Rnwy 35 Ceil SO0  Vsby 2 mi  Min Alt 583)
IS 1099 I-MGM  Apch Brg 093" BC unusable LOM 3246/PH

Transcribed Weather (H) BVORTAC 115.6/PHP /122.1R 122.T_256° 53 NM 1o fd.

2308°-128°

"‘\\\ 125.6 %

-~

)
127°-307° 19.5 S~

Broadcasts (TWEB) NDBH-SAB 3260/PH 264" 1.5 NM to Fid. LRCO or RCO
VHF/DF Ctc twr/FSS /T T==—— VYOR Test Signol
Remarks: '127°-307° “308°-126° LOM is H-SAB. VOT: 108.2.

ALL BEARINGS/RADIAL ARE MAGNETIC.
Figure 151, Airport/facility directory legend.
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§DALLAS \OVE FIELD IFR 5NW F5S: DALU% Fid
486 HBB/WR-31L(3) (S-100, T-150, TT-350) BL4,6,8A,9,10,11,14',15

§5 F22,40 Ox1,2,3,4 U2 Vw 31R REIL: Rawy 3IR
RVR: Rnwy 13L 3L

Remarks: U.5, Customs Indg rgts o 30-1700 ld time Mon-
Sat. Req arrival notice be forwarded customs when filing fit
@ plon in Canada, Mexico os Cuba. Prior Indg opproval from
customs required. Phone R19-3507. Rgt hand He mwy 13R,
3R, 18, 35. 'Non standard.

Tower 118.7 124.3 122.5R Gnd Con 121.9 121.65
\ # Clmc Del 1200

ATIS 120.7

Radar Services: (BCM)
\Dallas App Con 1258 119.8° 122.5R

Dalias Dep Con 125.2 122.5R
Stage Il Ctc App Con 25 mi ovt 125.8% 119.8', Dep Con 125.2

®\ILS’ 110.3 |-DAL Apch Brg 128° LOM: 371/DA

{LS* 1117 ILVF Apch Brg 310° LOM: 275/LV
@ Dallas (L} BVORTAC® 114.6/DAL 220° 15.6 NM to fid.
Remarks: ‘Acft apchg N and E of Dal Iclzr crs extadd 308-127°.
@ ‘Acit apchg from S and W of Dallas 128-307°. *Glide slope
unusable below 6777 MSL due roughness and BC unusabie
beyond 12NM below 2500° MSL. *MNo voice on lclzr and BC
\ﬂnq:lgbeyond 8NM. No sked wea best avbl 2300-0500
tel Him&™VOT: 111.0.
Figure 152. Adirport/facility directory legend—Love Field.

Information Service and is the continuous broadcast of recorded non-
control information in selected high activity terminal areas. Its purpose
is to improve air traffic controller effectiveness and to relieve frequency
congestion by automating the repetitive trenamission of essential but
routine information. Information such as ceiling, visibility, wind, alti-
meter, and runways in use is continuously broadcast on the voice feature
of a VOR located on or near the airport, or on a special VHF tower
frequency. Pilots of aircraft departing from or arriving at the terminal
area can receive the continuous ATIS broadcasts at times when cockpit
duties are least pressing and listen to as many repeats as desired. Pilots
departing from or arriving at the Love Field area can receive the ATIS
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LIGHTING

B: Rotating Light (Rotating beacon). (Green and white,
split-beam and other types.) Omission of B indicates
rotating light is either not available or not operating
standard hours (sunset-sunrise).

Note.—Code lighta are not codifled, and are carried in Re-
marks.

L: Field Lighting. An asterisk (*) preceding an element
indicates that it operates on prior request only (by
phone call, telegram or letter). Where the asterisk
is not shown, the lights are in operation or available
sunset to sunrise or by request (radio call). L by itself
indicates temporary lighting, such as flares, smudge pots,
lanterns.

1—Portable runway lights (electrical)
2—Airport Boundary

3—Runway Floods

4—Low Intensity Runway

5—Medium Intensity Runway

6—High Intensity Runway

7—Instrument Approach (neon)

7A—Medium Intensity Approach Lights (MALS)

8A, B, or C—High Intensity Instrument Approach
(ALS})

9—Sequence Flashing Lights (SFL)
10—Visual Approach Slope Indicator (VASI)

11—Runway end identifier lights (threshold
strobe) (REIL)

12—S8hert approach light systems {SALS)
13—Runway alignment lights (RAIL)
14—Runway centerline

15—Touchdown zone
Figure 153. Field lighting legend.




broadcast on 120.7 MHz. See Chapter 25 for an example of an ATIS
broadcast.

At the time he requests taxi information, the pilot should advise
ground control (or tower, if appropriate) that he has received ATIS
information.

Arrow #8 points to information which indicates that Radar Advisory
and Sequencing Service (see also figure 121) is available to VFA aircraft
and lists the facility to contact and the frequency on which to contact
them if you desire information relative to other air traffic in the area.
In the case of Dallas’ Love Field, you would contact Love Field Approach
Control on 125.8 MHz or 119.8 MHz when 25 nautical miles from the
airport. Approach Control will give you traffic information for proper
sequencing with other VFR and IFR traffic en route to the airport, and
will specify when you should contact the control tower for landing. Upon
being told to contact the tower, radar service is terminated. Compliance
with this procedure is not mandatory, but pilet participation is encouraged.

Arrows #9 through #11 point out terminal navaids mformation.
Arrow #9 points to information which indicates that Dallas VORTAC
is located 15.6 nautical miles from the airport on a bearing of 220°; and
has a frequency of 114.6 MHz and an identification of DAL.

Arrow #10 points to “Remarks” which state that all aircraft approach-
ing from north and east of the extended localizer course should contact
Approach Control on 119.8 MHz; those approaching from south or west
of the Dallas VORTAC 128-307° radial should contact approach control
on 125.8 MHz. The VOR test facility (VOT) frequency is 111.0 MHz
{(arrow No. 11}.

As noted previously, the Airport/Facility Directory also includes
en route air navigation radio aids. These aids are integrated alphabetically
with the airports. Figure 154 shows an excerpt from the Airport/Facility
Directory which includes some en route radio aids.

Figure 155 is an excerpt from the legend which is used to interpret
radio aids information relating to the class designations and operational
limitations of the radio aids appearing in figure 154.

For example, arrow #1 {figure 154) points to “Benbreck (L} VOR
108.8/BEQ.” Benbrook is the name of the radio aid; “(L)” indicates
that the facility is normally usable at up to a distance of 40 miles; and
“VOR” indicates that it is a “VHF navigational facility—omnidirectional
course only.” That is, the facility operates on VHF (very high frequency)

BEAUMONT-PORT ARTHUR
$JEFFERSON CO [FR 9SE CS/T: BEAUMONT on Fid
16 H57/11=29(3) (5-65, T-%1, TT-170} BL4,4,8A,9,11 S5
F18,30 U2 REIL: Rnwy 16 RVR: Rawy 11
Remorks: Rnwy 16-34 (5-83, T-118, TT-212}.
Tower 119.5 122.5R
Beaumont App Con 121.3 122.5R 114.57
VFR Advisory Ctc App Con
ILS 109.5 |1-BPT Apch Brg 114° LOM: 257/BP
@ Beavmon!? (L) BVOR/DME' 114.5/BPT on fid

Gnd Con 1219

VHF/DF Ctc CS/T
\ Remarks: 'Comsng delayed UFN.
BENBROOX (L} VOR 108.8/8EQ
@ BERGSTROM NDB HW 293/85M
BIG SPRING (L} BVORTAC 114.3/BGS/122.1R

BORSER (L) BYOR 108.6/8GD/122.1R 123.6R F55: AMARILLO

BRAZQS SANTIAGO NDB HW 314/PIL C5/T: BROWNSYILLE
Remarks: NDB does not transmit o ten-second dash after the
three letter ident. Th's is an Aeronavtical ond Marine NDB.

FS§5: FT. WORTH
FSS: AUSTIN
FSS: MIDLAND

Figure 154. Airport/facility directory radio navigation aids.

and gives course information from any direction. It operates on a fre-
quency of 108.8 MHz and its identification is BEO (- ... . ---).

Arrow #2 in figure 154 points to “Bergstrom NDB HW 293/BSM.”
Bergstron{ is the name of the facility: “NDB” indicates that the facility
is a nondirectional beacon: the legend in fizure 155 reveals that “HW”
means that this facility is a homing beacon of 50 watts to less than 2,000
watts in power, and withont voice facilities: “293/BSM” indicates that
the facility operates on a frequency of 293 kHz with morse code identifi-
cationof BSM (..- ... --).

Sectional Chart Bulletin. This bulletin provides a tabulation of the
major changes in aeronautical information since the last publication date
of each Sectional Aeronautical Chart. By referring to this tabulation, the
VFR pilot can update his chart to include all current and essential data,
When a new edition of the Sectional Aeronautical Chart is republished.
the corrective tabulation will be removed from the bulletin. Figure 156
represents an excerpt from this bulletin.

Special Notices — General. Special Notices of a general nature or uni-
versal application are grouped together under General Notices. The month
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RADIO CLASS DESIGNATIONS

Idertification of VOR/VORTAC/TACAN Stations by Class (Oper-
ational Limitations):

Normal Usobls Altitudes and Radius Distances

Distance

Class Altitudes (miles}
T 12,060’ and below 25
L Below 18,000 40
H Below 18,000' 40
H 14,500 — 17,909 106*
H 18,0000 — FL 450 130
H Above FL 450 100

*#Applicable only within the contigucus 48 Stiates.
H=High L=Low T=Terminal

Norz: An H facility is capable of providing L and T
service volume and en L. facility additionally provides T
service volume,

The term VOR is, operationally, 2 general term cover-
ing the VHF omnidirectional bearing type of facility
without regard to the fact that the power, the frequency-
protected service volume, the egnipment cenfiguration,
and operational requirements may vary between facilities
at different locations.

AB ________. Automatic Weather Broadcast (also
shown with e following frequency).

- S Scheduled Broadcast Station (broadcasts
weather at 15 minutes after the hour,

DME _______ UHF standard (TACAN compatible) dis-
tance measuring equipment.

H e Non-directional radio beacon (homing),
nower 50 watts to less than 2,000 watts,

TACAN _____ UHF nuvigutional facllity—omnidirection-
al course and distance information.

YOR . ____ VHF navigational facllity—omnidireetion-

al, course only.

VOR/DME __ Collocated VOR navigational facility and
UHF standard distance measuring
equipment.

VORTAC .._ Collocated VOR and TACAN naviga-
tional facilities,

W oeee Without voice facliities on range fre-
quency.
Z . VHF station location marker at a LF

range station.

Figure 1535. Radio class designation.

SATLANTA
3rd Edition, October 16, 1969

Correct airway designation V-50 to V-06S via 098°M
Augusta VORTAC and Columbia VORTAC 238°M.
Change Atlanta RBn name to Bruce ident to BRU 33°-
38743''N, 84°18'41"'"W. Restore UNICOM Robbins arpt
33°58’N, 86°23'W. Add UNICOM Centerville arpt 35°-
50’N, 87°27'W. Add UNICOM Wilson arpt 32°42’N,
83°39'W. Add obstn 902’ MSL (361’ AGL) 34°47'38''N,
87°37'29'W. Add obstn 830" MSL (270’ AGL’) 34°37'-
53N, 86°40'17"'W. Delete Rutherford arpt 35°21°N,
81°55'W. Add obstn 1135’ MSL (200’ AGL) 35°09'50’''N,

. 86°34’18'W. Change Spartanburg RBn name to Fair-

mont ident to FRT 34°54’08''N, 81°59'06''W. Delete
Figure 156. Sectional chart bulletin.

and year the notice is initially inserted into the manual is provided at the
conclusion of each Special Notice. Figure 157 depicts excerpts from this
section.

o OPERATION IN PROXIMITY TO HEAVY JET AIRCRAFT

1. Recont tasts indicate the previously issved precautionary mecsures regarding opar
ation in proximity to B747/C3A gircraft were somewhat excessive as to the separstion
required and insufficient as to the scope of application.

2. Thess studies show that “heavy jst” aircraft, ie., those capable of takeetf weights
of 300,000 pounds or more, generats greater wake turbulence, both on the ground and
in the air. Aircraft in the aviation flest currantly defined as “heavy jets” are Bosing
747, C5A, DC—B8-50 Series, Intarcontinantal DC—8, series 30, 40 and 50, Intercontinental
B707, VvC-10, 1162, C-14), B-32, EC135, VvC-137.

3. Pilots should:

a. Review material in AIM Part 1 and Advisory Circulor 90-238 partaining to
wake turbulence.

b. Avoid flight within five milss bshind a heavy jst when operating ot the same
altitude or within lets than 1,000 fest helow.

¢ Uss exirame coution when taxiing behind o heavy jet. Static test data indicate
that the area of concern is within 750 feet behind the tall of the heavy jot aircrafr.

d. When operating in the sume environment as o heavy jet and baing provided



radar sequencing/vectors, pilots can expect fo be vactored at leust five miles behind
tha heavy jet. Pilots nor being provided fhe radar sequencing/veciors ore expected to
maintain adequate spacing to enswre that wake turbulence problems are no? encountersd.

4. Additionally, test data indicate patential woke torhulence problems may exist when
porallel runweys saparated by less than 3,500 fest are being used by any four engine
i#* aircraft. Pilots should be owars thyt there s a likelihoed that, undsr crosswind con-
ditions, the wake turbulence created by these operations on one runwoy will drift across
and offsct operations on the other nmway. Pilots should sxercise caution when such
conditions exist.

HEAVY TRAFFIC AROUND MILITARY FIELDS

Pilots are advised to exercise vigilanes when in ¢lose proximity te most mifitary air-
ports. These cirporis moy have jet oircroft traffic pottems extending up to 2500 feey
wbove the surface. In addition, they may have on unusually heavy concentration of jer
aircoft oparating within a 25 nevtical mile radivs and from the surfoce 10 all altitudes.
This precautionary note also applies to the larger civil airperts.

Figure 157. Special notices.

New and Permanenitly Closed Airports. This section also includes
information on Heliports and Seaplane Bases. Listings are by state. Newly
activated airports are listed separately from those that have been aband-

oned or permanently closed. Figure 158 illustrates hoth types of informa-
tion,

A Checklist for Maintaining Currency of Sectional Charts

L. Check the latest Sectional Chart Bulletin (published every 28 days)
for any additions, depletions, or revisions for the appropriate sectional
chart. Note particularly any airspace restrictions or hazards and air-
port or radio frequency changes as they apply to your intended flight.

2. Check the latest NOTAMS (published every 14 days) for more recent
changes to information listed above. Remember, NOTAMS will norm-
ally be your only source of information for temporary changes,

3. Check the Airport Directory (published every 6 months) for informa-
tion concerning the airports vou intend to use. Although the revision

cycle is approximately the same as that for Sectional Charts, the
Directory may have a later publication date.

4. Check the Airport/Facility Directory (published every 28 days) for
information concerning major airports and navaids you intend to use.
Pay particular attention to communication and navaid frequencies for
pessible changes.

28. Airman’s Information Manual-Part 3A

NOTICES TO AIRMEN

Part 3A. Notices to Airmen, is issued every 14 days and is pri-
marily designed lo supplement Part 3 of AIM. NOTAMS contain much
information that may well affect your flight. A newly constructed tele-
vision tower that extends as much as 1,500 ft. above the ground in the
vicinity of your destination airport may not appear on your chart. Your
intended destination airport may be temporarily closed because of con-
struction, flooding, heavy accumulation of snow, or other conditions.
Certain runways may be closed or certain areas of the airport may be
unsafe for taxiing. There may be other hazards not normally expected.
Perhaps, the control tower has changed its transmitting frequency. Some
of the air navigation radio aids you plan to use on your flight may be
temporarily out of commission or may have had recent frequency changes.

Permanent and Temporary Data The information in NOTAMS falls
into two general categories, permanent and temporary. Data considered
permanent is preceded by a check mark (\/) and is usually cited only
once; however, it will be transferred to the next revision of the Sec-
tional Chart Bulletin (figure 156) and carried there until a new See-
tional Chart is published. You should note such changes on your charls
and other records. Temporary data is normally carried twice unless re-
submitted.

NOTAMS are presented alphabetically by states and by cities or
localities within states.

New or Revised Data New or revised data is indicated by underlining
the first line of the affected item. The new information is not necessarily
limited to the underlined portion. which is used only to attract attention
to the new insert.
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NEW AND PERMANENTLY CLOSED AIRPORTS
(Including Heliports and Seaplane Bases)

New Airports
The following new airports have been activated and will be included in the next Airport Directory effective

March 1970.
City, Airport Name Associated

Distance & Direction from City FSS
ALABAMA

Ashford, Wright FId 5 SE____________________.__ Dothan

Mobile, Brookley Fid 8 S____ o Mobhile
ARIZONA

Buckeye, Pierce 2 W___ . __________ . ____ Phoenix

City, Airport Name Associated

Distance & Direction from City F5S
ILLINOIS

Auburn, Ross McNaught 5SW
Earlville, Schmidt Fld 2e________________________ Joliet
Gibson City Muni 5 ENE_.___ . ___________ Champaign
Havana, Murray Johnson 58__. . _______ Peoria
New Lenox, Howel! 3.6 S.____ . . . _._.. Joliet

Springfield, Holiday Inn East Heliport adj SE__Vandalia

Closed and Abandoned Airports

The following airports have been abandoned (a) or permanently closed to public use (e) and should be de-

leted from charts and records:

® Alabama
Foley, Chisenhall 1.5 S (c)
Russellville, Wood Dearing 3 E (a)

Arizona

® Hereford, Thompson Intl 1 SE (¢)

@ Inscription House Trading Post 1 N (¢)
Quartzsite Arpt 0.4 SW (a)

Illinois
Canton, Ingersoll Fld 2.8 NW (a)
Chicago Heights, Wings Fld 4 SW (¢)
Hopedale, Land L. 4 S (a)
Olney, Ulrich 2 E (a)
Rushville, Flying Club 2.5 NE (a)
Sublette, Truckenbrod Lndg Area 3.5 ENE (a)
Valmeyer, Jacobs 2 NW (a)

Figure 158. New and permanently closed airports.
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Sample NOTAM Figure 159 shows an excerpt from the NOTAM

section for Texas. The plain language interpretation of the San Antonio

International Airport tabulation (designated by an arrow) is as follows:
Runways 12 right and 30 left are closed due to construction until
approximately March 1970. The approach light system for runway
12 right is out of service,

SAN ANTONIO, SAN ANTONIO INTL ARPT: Rowy
1Z2R-30L cisd for constr until aprxly March 1870,
ALS 12R inop.

Figure 159. NOTAMS.

29. Airman’s Information Manual-Part 4
GRAPHIC NOTICES AND SUPPLEMENTAL DATA

Selected excerpts from Part 4 of AIM are presented and discussed
in this chapter.
Parachute Jumping Areas Part 4 of AIM lists all reported parachute
jumping sites in the United States. Unless the listing indicates to the
contrary, all activities are conducted during daylight hours under VFR

conditions. All times are local and altitudes MSL, unless otherwise speci-
fied. Figure 160 represents an excerpt from this section.

YOR Receiver Check Points The use of VOR airborne and ground
check points which are listed in Part 4 of AIM is explained in Part 1
(see figure 113). In figare 161, VOR receiver check point information
for the state of Arizona is in the following order:

Facility name (plus airport name, if peeded);
bearing in degrees magnetic from VOR;

location of the check point (distance in nautical miles);
and zltitude in feet MSL, if any.

DISTANCE AND RADIAL MAXIMUM
LOCATION FROM NEAREST VOR/VORTAC ALTITUDE REMARKS

ALABAMA

Bayou La Batre, Ray Arpt __ . ____ . _______. 12 NM; 217° Brookley __________. 12,500

Fort Rucker, Cairns AA¥® ____ ____________ 5.8 NM; 059° Cairns VOR _______. 14,500 Weekends on fld

Gadsden . 12,500

Harvest _.__._ _______ 9 NM: 297° Huntsville __________ 13,500

Moundville _____________ 18 NM; 192° Tuscaloosa _—.___.__ 12,500

Warrior ________ o _ 11 NM; 350° Birmingham ________ 12,500

Figure 160. Parachute jumping areas.
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ARIZONA
Airborne—
Gila Bend: 191°; 5.5;: over apch end of rnwy 35 of Gila
Bend Aux. Fld: 2000'.
Prescott: 124°; 5.0 NM over appreoach end rnwy 30; 7000'.
Tucson: 258°; 6 NM ; main rowy intersection; 4000,
Winslow: 107°; 5.0 NM; over approach end rnwy 29;
6000'. '
Yuma (MCAS/Yuma Intl) : 166°; 6.5 mi centerline rnwy
17-35; 1500,

Ground—

Douglas (Bisbee-Douglas Intl) : 160°; int of SW ramp
and txwy T-2.

Flagstaf (Muni Arpt) : i58°; 0.5 NM—ixwy entrance to
T-hangars midfield.

Kingmen (Muni): 222°; center of runup area west of
apch end of rnwy 03.

Figure 161. VOR receiver check points.

Restrictions to En route Navigation Aids These restrictions are
listed in AIM until canceled by the station concerned. Restricted areas are
defined in degrees from magnetic north. Figure 162 is an excerpt from
this section.
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TEXAS

AUSTIN VORTAC: VOR portion unusable 260-320°
beyond 35 mi below 3,500° MSL.

EL PASO VORTAC: DME portion unusable 265-300°
beyond 30 mi below 9,200 MSL.

HOUSTON VORTAC: DME portion unusable 085-210°
beyond 35 mi below 2,500’ MSL.

SALT FLAT VORTAC: Unusable 031-049° beyond 30
NM below 15,000 MSL.

Figure 162. Restrictions to navigation aids.

Oil Burner Routes Both the USAF and the U.S. Navy conduct low
level navigation/bombing training flights in jet aircraft in both VFR
and IFR weather conditions over certain specified routes. These routes
and information pertaining to them are found in Part 4. In addition,
Flight Service Stations have, in booklet form, the narrative descriptions
as well as the charts for these routes. This booklet, revised every 28 days,
is also available on a subscription basis from Distribution Division
(C-44), National Ocean Survey, Washington, D.C. 20325. Write to them
for further information. Figure 163 is representative of this material
as found in AIM.




KANSAS/OKLAHOMA/TEXAS

DODGE CITY OB~65
Effoctive 29 Januory 1970 thrv 22 July 1970

Alrcraft shall croms the Dodge City, Konsas, VORTAC (Gorden City, Kansas VORTAC
036/34 NM DMS Fix) ot FL 230 or cs anigned by ARTC; then at L 230 or ossigned
citituda direct to 37°46'N, 100°13'W, then descend direct so as to cross 37°28°N,
101°00'W at Fl. 180; then descend direct so as to cross I7°22°N, 101°15° W at 14,000
MSL; then ot 14,000’ MSL direct to 37°1&'N, 101°30'W; then descend direct so os te cross
37°04'N, 102°00'W ot 5,300° MSL; then turn left ond descend so a5 to cross 36°5%N,

102°04'W (low lave! entry point) at 4,900° MSL; than ot 4,900° MSL direct to 35°02°30"N,
100°09°30"W; then ot 4,900 MSL turn left to 36°00'N, 101°02°30"W; then ot
4,900" MSL direct 10 36°00°N, T00°25°W; then ot 4,900’ MSL direct to 35°58°N, 100° 16'W,
then descend direct 10 as to cross 35°55'N, 100°01'W of 3,500 MSL; then at 3,500° MSL
direct 10 35°52/30""N, 99°49'W.

Llay Down—After passing 35°52°30”N, 99°49'W, aircraft sholl mointain 3,500 MSL
through the first bomb run corridor (on centerline from 35°52°30”N, 99°49'W to 35°37'N,
98°34°30"W). After exiting the first bomb run corridar ut 35°37°N, 98°34°30"W, airercht
shall maintoin 3,500 MSL direct to 35°35'N, 98°25'W; then tum right and descend so
as to cross 35°30°'N, 98°19'W at 3,000° MSL; then ot 3,000° MSL dirsct to 34°4&'N, . . .

e

108-69%)
DODGE CITY_» \
ENTRY POINT \i :
18°5y

0z g
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>

5 8 JAN 1870

Ponea Oty
PC]

EXIT POINT
15°14° 30

'l’lt'lu'

Sulphut Sgengs
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Quitman
%> Gregg Co
8 GGG
0
A

Figure 163. Oil burner routes.
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SECTION VIII — FLIGHT COMPUTER

30. Slide Rule Face

The computer illustrated and discussed in this handbook has two
sides—the slide rule or calculator face (fig. 165) and the wind face, fig.
(166). The slide rule face is used to solve problems involving times, dis-
tance, fuel consumption, speed, and nautical-to-statute-mile conversions.
The wind face is used to compute certain values associated with the wind
triangle, if enough of these values are known. In this handbook only one
type of wind triangle problem will be considered. This will be the prob-
lem of computing the true heading and ground speed when the wind
direction and speed, true course, and true airspeed are known. To plan
his flight properly, the private pilot will have to solve this type problem
during preflight planning.

Three Scales on the Slide Rule Face The main portion of the slide
rule face consists of the “miles,” “minutes,” and “hours” scales (fig.
164). The miles scale (arrow 1) is the outer scale and lies on the fixed
portion of this face. The minutes scale (arrow #2) is the middle scale;
and the hours scale (arrow #3) is the inner scale. Both the minutes and
hours scales lie on a rotatable disk.
You will note in figure 167 that the graduations of the miles scale
and minutes scale are the same. Those on the hours scale are different.
The outer, or miles scale will also be used to represent gallons {of
fuel) and true airspeeds. The middle, or minutes scale is also used to
represent indicated airspeeds.! The hours scale is used only to represent
hours and minutes,

Scale Graduations (Miles and Minutes Scales) As noted above, the

miles and minutes scales are graduated in exactly the same intervals.

Two problems are associated with interpreting these scales properly.
The first problem is assigning the proper value to the intervals that

| Actually, the minutes scale is used to represent calibrated airspeed. However,
since indicated and celibrated airspeeds are approximately the same in the cruising
airspeed range, only indicated airspeeds will be used in the flight computer dis-
cussion.
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Figure 164. Three scales and speed index. Arrow #1, miles scale; arrow
%2, minutes scale: arrow #3, hours scale: arrow # 4, speed index,
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Figure 165. Slide rule jace of a flight computer, Figure 166. Wind jace of a flight computer.
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afe numbered. The numbered intervals begin with 10 and end with 90.
Betweent 10 and 25, each unit interval Is numbered (10, 11, 12, eto.).
Between 25 and 60, each 3-unit Intervel Is numbered (25, 30, 35, ete.).
, Butween 60 and 90, each 10-unit interval ia numbered (60, 70, ote.).
We will choose 60 to illustrate the first problem, This partioular mark
4?@ * ott the seale eould represent 0.6, 6, 60, 600, ete, In the case of calculations
_ : made by the private pilot, it will usually indicate 6, 60, or 600,
N The second problem is assigning the correct values to the subinter-
vals, By subintetvals we mean the graduations that lle between the num-
befed intervals, These will represent different values. Each subinterval
between the numbered intervals from 10 to 15 represent onetenth (\1) of
the larger unit; between 15 and 30, each amall subinterval represents two-
tenths (2) of a unit. The large intervals between 25 and 30 represent a
uait (26, 27, 28, and 29). Betwesn 30 and 60, cach large subinterval
tepresents @ unit (81, 32, ete.) and each smaller subinterval fivestenths
(.8) of a unit. Between 60 and 100 each subinterval represents one unit.
Cominon sense must be used to determine what values to assign to the
subintervals.

We will how take some examples and see how to assign values at
various intervals on the scale. The first step should be to assign a value
to the two numbered intervals on ejther side of the desired interval (unless
the destred interval is numbered), The second step is to assign the proper
valte to the subintervals. To assign the proper value to the subintervals,
we must firet count the number of subintervals between the numbered
intetvaly.

Now we are ready for examples. For the first example refer to arrow
#1, fgure 167. We will assign 11 and 12 to the two numbered intervals
ot either side of our desired interval (indicated by the arrow). There are
10 small subintervals between these two numbered intervals, so each one
would have the value of onetenth (.1). The arrow then points to a vaiue
of L7, If we awsign 110 and 120 to the two numbered intervals, each
subititerval has & value of one and the arrow would represent a value
of 117.

Figure 167. Assigning values to the gradusiivn of the scales. A secand example is indicated by arrow #2. First, we will assign the
values 55 and 60 to the two humbered intervals. There are five large sub-
intefvals, edch of which would have a value of one, Each of these intervals
is futther divided into two small subintervals having a value of five-tenths
(0.8). The gradustion indleated by arrow #2 then represents a value of
37.5. If 560 and 600 are awsigned to the two numbered imtervals, each

s

»

® 4
m I[”/

/

150

\



- — _

—

subinterval has a value of 10 (large interval) and & (small interval),
respactively, and the graduation represented by arrow #2 has a value of
575, If 5.5 and 6.0 are amsigned to the numbered intervals, then by the
samo reasoning as above, the value of the graduatian is §,75.

A third oxample is illustrated hy arraw #3. If 81 and 22 are pasigned
to the numbered intervals, each subinterval has a value of two:tenths and
the arrow points to 21.6, If 310 and 220 are assigned, each subinterval ia
equal to two and the arrow points to 316,

Scale Graduations (Hours Seale) Between 1 hour and 2 hours on the
hours scale, each 10-minute interval is numbered with subintervale for each
S minutes, Between 2 hours and 5 hours, each half-hour interval is rum-
bared with subintervals for each 10 minutes, Between § haurs and 10
hours, each hourly iInterval is numbered with subintervals for each 10
minutes,

Speed Index Tho Speed Index is the large hlack arrow, or triangle:
shaped symbol, located at the 60-minute ar 1-hayr position an the minutes
scale {fig. 164, arrow #4). This Index enables the operator to loeate
speeds much more rapidly and easily in time-and-distanee prohlems.

Time, Speed, and Distance Problems

In Chapter 13, we learned the relationship of tims, grourd speed, and
distance and solved some probleme hy using arithmetic. We are now
ready to solve these same types of prohlema an the slide rule faee of the
computer. If we know any two of the three quantities (time, grannd
speed, or distance), we can find the third quantity,

Determining the Amount of Time for a Flight In his preflight plan-
ning the pilot will compute his estimated ground speed for a fAight hased
on the forecast winde aloft and his proposed true course as measured on
the chert. After computing the ground speed, he will use it, aleng with the
distance to be flown, to determine the total time for the flight.

Now the computer solution:
Soemple Problem.—If a pilot maintains a ground epeed of 140 m.ph..
how long will it take him to fly 210 milea? (See fig, 168,)

Solutian—
Given: Ground apeed .-~ oo —___ 140mph.
Distance to fly oo oo e oo 210 miles

GATI e
AR “Aﬂtm “gN. Dxa, '

2770 ) g 8] et
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TR, UG AR B VN NN D, PN
" |\ -

Figure 168, Finding total flight time when ground speed and distance
are known,

Find: Time of flight.
(1.) Rotate the minutes seale until the speed index falls under 14 on

151



the *“miles” scale (fig. 168, arrow #1). The 14 represents 140
m.p.h.

(2.) Under 21 (representing 210 miles) on the miles scale, read 90 on
the minutes scale (fig. 168, arrow #2). This represents 90
minutes, or 1 hour and 30 minutes {1:30), which could have
been read directly from the hours scale.

is maintained, how much
? Substitute the fol-

Exercise No. 5 If a ground speed of (a)
time will be required to fly a distance of {b)
lowing quantities in blanks (a) and (b) and solve:

(a) (b)

(m.p.h.) (miles)
e et 107 250
2 e = 123 320
3 et —ccmm e 139 205
R 152 365
B e m—————————— 157 68
B oo e 135 43

Note: See appendix Il for correct answers.

Determining Ground Speed During Flight During a flight, a pilot
will wish to determine his actual ground speed. He will do this in the
following way: Once he is on course at cruising altitude, airspeed, and
power, he will check the time as he passes over a certain check point,
which he locates on the chart. He then maintains a constant heading and
checks the time when he passes over a second check poinl, which he also
locates on the chart. He measures the distance between the check points on
the chart and notes the length of time it took him to fly this distance.
With these two figures, he can determine his ground speed. Now the com-
puter solution:

Suppose the distance between the check points was 25 miles and
the time to fly this distance was 10 minutes. Thus, our problem is:

Sample Problem.—1If he flew 25 miles in 10 minutes, how many miles
will he By in 1 hour?

Solution—
Given: Distance flown - cmmn o 25 miles
Time flown - o e 10 minutes

Find: Ground speed.
(1.} Rotate the minutes scale until the 10 on this scale appears directly

152

under the 25 on the miles scale (fig. 169, arrow #1).
(2.) On the miles scale, opposite the speed index, read 15, which repre-
sents the ground speed of 150 m.p.h. (fig. 169, arrow #2).
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Figure 169. Finding ground speed when flight time and distance flown
are given.
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Exercise No. 6 1f an airplane flies (a) miles in (b) min-

utes, what is its ground speed? Substitute the following quantities in
blanks (a) and (h) and solve:

{a) (b)

{miles) (minutes)
1 ccmeccccceccmmeccmeeesne—m—mmmm—————— 30 12
D st ae—— e em—me—ma—————ae 10 5
. S O 13 8
B crceccercccmmandeetm—mceema—maman——— 27 15
B ceeceemceceesemeesme—mmem e - —a———————— 32 16
27 105

Note: See appendix 11 for correct answers.

Fuel Consumption Problems

Fuel consumption problems may also be solved on the slide rule face
of the computer in the same way as time, distance, and ground speed prob-
lems were solved. The miles, or outer scale will be used to represent
gallons and galions per haur: the minutes scale will still be used to repre-
sent time,

One of the most important items a pilot should consider on any
flight is: Do 1 have enough fuel to complete the flight with encugh left in
resarve to fly at least 45 minutes? A pilot should know the amount of
usable fuel an board before taking off. He should also know the fuel
consumption rate (gallons per haur) of the airplane he plans to fly for
the altitude, power setting, and mixture setting at which he plans to fly.
This information is available in the Airplane Flight Manual.

Determining Total Flight Time Avallable One kind of fuel con-
sumption problem a private pilot will have to salve is determining the
total fight time available based on the fue! load.

Sample Problem.——If an airplane carries 60 gallona of usable fuel

and the rate of fuel consumption is 12 gallons per hour, how much flight
time is available?
Solution—
Given: WUsable fuel o 60 gallons
Rate of fuel consumption
Find: Total fight time available.
(1} Rotate the minutes scale until the speed index falls under 12
on the miles scale (fig. 170, arrow #1). In this case 12 repre.
sents gallons and not miles.

(2) Under 60 on the miles scale, read 30 on the minutes gcale. In
this case, 30 represents 300 minutes, or 5 hours, which could
have been read directly from the hours scale (fig. 170, arrow
#2). Five hours is the total flight time available.
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Figure 170. Finding total available flight time when amount of fuel and
rate of juel consumption are known.
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Exercise No. 7 1f an airplane carries (a) gellons of usable fuel (a} {b)

and the rate of fuel consumption is (b) gallons per hour, what is {gals.) (g-p-h.s
the total flight time available? Substitute the following quantities in L e 36 9

blanks (a)} and (b) and sclve: e ———————————————— 45 as
.- . ] proE B e —————— 317 7
I A 55 13

B e ;e m e 18 6.3

'DB‘DReo

h

Note: See appendix Il for correct answers.

Determining Total Fuel to be Used on a Flight A second type of
fuel consumption problem a private pilot should be able to solve is de-
termining how much fuel will be used during a flight.

Sample Problem.—How much fuel will be used during a flight of 5

hours and 20 minutes if the rate of fuel consumption is 14 galions per
-atiey (suy) BYL hrsd o

wrre wg S L ST el 3, Pmn N 2 hour?
1% aAR (e “oy WAV WOl BYL NTVHO Of
ey Wﬂm"ﬂ L. D ) Solution“—
Given: Time of flight _______ ... ______.. 5:20 (320 minutes)
Rate of fuel consumption - __.______. 14 g.p.h.

Find: Total fuel used.
(1) Rotate the minutes scale until the speed index falls under 14 on the
miles scale (fig. 171, arrow #1).
(2) Opposite 32 (representing 320 minutes) on the minutes scale, read
75 on the miles scale (fig. 171, arrow #2). Here 75 represents
75 gallons—the amount to be used on the flight.
The pilot must compare the above computed figure with the amount
of usable fuel aboard so that he can determine his refueling points.

Exercise No. 8 How much fuel will be used duting a flight of (a)
if the rate of fuel consumption is (b) gallons per hour. Substituie
the following quantities in blanks (a} and {b) and solve:

{a) fb)
{time) (g-ph.)
V. a2 3hours ___________ 7
2 e 3 hrs 30 min ____._ 11
U 2 hrs 20 min _._.__ 9.5
- R 4 hrs 15 min ... .- 103
Figure 171. Estimazing amount of fuel to be used when estimated time B o e 5 hrs 10 min ______ 13.7

en route and fuel consumption rate are known. Note: See appendix I for correct answers.
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True Airspeed Problems

To compute correctly his ground speed and heading, a pilot must
know his true airspeed. To compute his TAS (true airspeed), he must
know the pressure altitude at which he will be flying, the temperature in
degrees Centigrade at this altitude, and his 1AS (indicated airspeed).

The pilot will not know the pressure altitude during his preflight
planning. In this case, he can use his proposed indicated croising altitude.
This introduces a slight error, but an insignificant one for the private
pilot's use of airspeed readings. Once he reaches his cruising altitude, he
can check the pressure altitude if he desires.

The pilot will not know the actual temperature at his proposed cruis-
ing altitude during his preflight planning. In this case, he can use the
forecast temperatute given in the winds-aloft forecast. After arriving at
his cruising altitude, he can check his outside air temperature gauge for
the actual temperature.

Determining True Airspeed Knowing the altitude, temperature, and
TAS, TAS may be determined on the computer in the sector labeled FOR
AIRSPEED AND DENSITY ALTITUDE COMPUTATIONS (fig. 172,
arrow #1). It is determined in the following way:

(1) Locate the proper {ree air lemperature on the small acale labeled
AIR TEMPERATURE °C (arrow #3).
12) Rotate the disk, setting this temperature opposite the proper
pressure altitude in the window marked PRESSURE ALTI-
TUDE THOUSANDS OF FEET (arrow #2). (If the pres-
sure altitude reading is not available, nse indicated altitude.)
{3} On the minutes scale, locate the number corresponding to the
indicated airspeed. For example, 13 if the airspeed is 130,
f4) Opposite the TAS on the minutes scale, read the TAS on the
miles scale.
Sample Problem.—What is the TAS of an airplane flying at an 1AS
of 120 m.p.h. at an altitude of 5.500 ft. with an outside air temperature
of + 10° C.?

Solution—
Given: Altitude _____ _____ . 5,500 ft.
Air temperature ... .. _______________. ... + 10° C.
TAS e 120 m.p.h.

Find: TAS

{1) Locate + 10° on the small scale marked AIR TEMPERATURE
°C. (fig. 173, arrow #1).

{2) Rotate the disk until 5.500 is located directly under + 10
(fig. 173, arrow #1).
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Figure 172. Sector of computer used for true airspeed computations,
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{8) Opposite 12 (representing 120 m.p.h.} on the minutes scals, Two mistakes are frequently made in this computation: One is using
read 132 on the miles scale, which represents a TAS of the wrong window. Be sure to use the window labeled FOR AIRSPEED
132 m.p.h. (fig. 173, arrow #2), AND DENSITY ALTITUDE COMPUTATIONS, and not the window
labeled FOR ALTITUDE COMPUTATIONS. The second mistake is for-
getting that the temperature scale is reversed—the plus temperatures are
on the left and the minus temperatures are on the right.

¢ NAVIGATION,
TIPL MI-4 Exercise No. 9 Find the TAS when the following pressure altitudes,
® temperatures, and JAS are given.

m”ﬁ;’ : Altitude Temperature 148
I (ft.) (°C.) (m.ph.)
) I 5,000 0 120
2 et crmeem——an 4,000 -10 145
2, . 4,000 + 10 145
: B e 7,500 +10 145
28 - 6,500 - 15 150

Nate: See appendix Il Jor correct answers,

SRR
l.lli‘;l -

Converting Knots to Miles per Hour Since the winds-aloft forecasts
give the wind epeed in knots, a private pilot must be able to convert knots
to statute miles per hour to determine accurately his correct heading and
ground speed., Since “knots” actually means “nautical miles per hour,”
our problem is converting nautical miles 1o statute miles, Computer
solution of this conversion follows,

The conversion sector of the computer is shown in figure 174. The
left arrow is labeled “naut.” for nautical miles: the right arrow is labeled
“stat.” for statute miles,

Sample Problem.~-Suppose we determine from the winds-aloft fore-
cast that the wind speed at our proposed cruising altitude is 33 knots.
What is the wind speed in miles per hour?

H N

ot
(R
b od
Pl
-
-

Solution—

{11 Rotate the minutes scale until 33 appears under the arrow labeled
“paut.” (fig. 174, arrow #1),

(2) On the minutes scale under the arrow labeled “stat.” read 38
(arrow #2). This indicates that 33 nautical miles is equiva-
lent to 38 statute miles, or 33 knots = 38 m.p.h.

Figure 173. Finding true airspeed when temperature, altitude, and in. Exercise No, 10 1f the following wind specds are given in knots, find
dicated airspeed are known. the speed in statute miles per hour.
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1. 20 knots 4,
2. 16 knots 5
3. 26 knots

Note: See appendix 1l for correct answers.
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Figare 174, Converting knots to miles per hour (33 knots equals
38 m.p-h.).

31. Wind Face

The wind face of the computer consists of & movable disk and a
sliding grid. The outer rim of the moveble disk (indicated by “compass
rose” in figure 175) is graduated im degrees from 0° to 360°, The center
portion of the movable disk is made from a piece of frosted plastic on
which pencii marks may be made.

Sliding Grid The sliding grid (fig. 175) consists of two sets of printed
lines and slides up and down through the movable disk, The horizontal
lines sre arcs of concentric circles whose center is at the very bottom
of the eliding grid, These circles, “speed circles,” ars equidistant, and
each one represents 2 miles per hour. At each 10-mile interval, heavier
“speed circle” lines appear and ars numbered for easy reference. They are
used for all measurements of speeds for the wind trisngle—wind speed,
ground speed, and true alrspeed.

The second set of lines is a series of converging straight lines which
meet at the center of the concentric circles (bottom of the grid). The
center line of this series is the “true course” line,~—it will always repre.
sent the frue course in our discussion,! The other lines in this sct are
“true heading” lines, since they will show the number of degrees by which
the true heading differs from the true course. In other words, the true
heading lines represent degrees to either side of the center or true course
line. Below the 150 speed circle, each line represents 2° and heavy lines
appear and are numbered for each 10° interval. Above the 150 speed
circle, each line sepresents 1° and heavy lines sppear and are numbered
for each 5° interval,

The sliding grid has two sides—a high-speed side and a low-speed
side. The private pilot should use only the low-.speed side, the only side
used throughout this discuesion. This side will give greater accuracy
because the graduations of the scale are finer.

Compass Rose (or Asimuth Scale) As noted asbove, the outer rim
of the movable disk is graduated in degress from 0° to 360°. It is indi-

' There are seversl correct methods of solving wind veetor problems on the com-
puter. The finsl snswer is the same if the corroct procedures are used, no matter
which method is followed. The system used in this discussion was selected because:

(1} Only the most common type of wind vector problem will be solved in this
handbook—thar of finding the irue heading and ground speed when the wind
direction, wingd speed, true course, and true nirspeed are known.

{2) Using this method requires no juggling of the computer,
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Figure 175. Important parts of the flight computer wind face.

cated by the “compass rose” in figure 175. The four cardinal points of
the compass, north, east, south, and west, are prominently indicated by
N, E, §, and W. The compasa rose, or azimuth scale, may be used to set
any desired angular direction measured from true north.

The center portion of the compass rose is made from a piece of
frosted plastic on which pencil marks may be made and erased. At the
center of the compass rose is a amall black circle, the grommet (fig. 175).
The ground speed will be read under the grommet.

True Index Just above and adjacent to the upper portion of the com:
pass rose or asimuth scale is a fixed scale. Each line on this fixed scale
represents 1°. At the middle of this fixed scale is & small black triangle
with the apex pointing downward (fig. 175). This small black triangle
is the true index. It lies directly above the center line of the sliding grid.

In wind triangle problems, the wind direction and true course will
be positioned directly below the true index at verious stages of solution,

Wind Triangle Representation

The various terms associated with a wind triangle were defined and
discussed in the section on navigation. Befere solving a wind triangle
problem on the computer, we will review each term briefly and discuss
its relationship or representation on the computer,

Wind Direction The wind direction is that direction from which the
wind is blowing and is measured in degrees clockwise from true north.

in solving wind triangle problems on the computer, the wind direc.
tion will be placed directly below the true index by rotating the compass
rose.

Wind Speed The wind speed is the rate of movement of the mass of air
over the ground and is given in knots in weather reports and control
tower instructions, Before the wind sped is represented on the computer,
the speed inknots should be converted to miles per hour as previously
shown,

The wind speed is represented on the computer by moving upward
from the grommet along the center line of the grid a distance equivalent
to the wind speed and making a pencil mark—either a small dot or
small cross. In our discussion this pencil mark will be called the wind dot.

True Course True course is the direction of a proposed flight path as
drawn on the chart measured in degrees clockwise from true north at the
mid-meridian.




The true course is always represented by the center line of the grid.
In solving wind triangle problems, place ths true course directly below
the true index by rotating the compass rose.

True Airspeed The true sirspeed of an airplane is its rate of progress
through the air. In wind triangle solutions, always place the true airspeed
speed circle under the dot.

Wind Correction Angle The wind correction angle is the correction
that must be applied to the true course to establish the true heading that
enables an eirplane to make good a proposed true course. The angle is
measured in degrees to the left or right.

The wind correction angle is represented on the computer as the
number of degrees, left or right, from the true course line (center line of
the grid) to the wind dot.

True Heading True Heading is the actua! heading of the airplane in
Aight, measured in degrees clockwise from true north, It is determined
in wind triangle problem solutions by applying the wind correction angle
to the true course.

Ground Speed The ground speed of an airplane is its rate of progress
over the ground. In wind triangle problem eolutions, the ground speed is
read under the grommet,

Wind Trinngle Representation Figure 176 shows the wind triangle
as it should be visualired on the computer, although these lines will not
actually be drawn. The following facts, closely related to our discussion,
should be noted about this wind triangle:

(1.) The wind dot is the point of intersection of the wind line (W}
and the true heading-true airspeed line (TH.TAS). Notice
that the wind arrow points toward the grommst, This is the
way you should always picture the wind when uaing the
computer (as described in this handbook) because it enables
you to visualize the effect the wind is having on your air.
plane. This {s important because you can immediately de-
termine whether the ground speed will be less than or greater
than the true airspeed by noting whether you have a head-
wind or a tallwind. You can also immediately determine
whether the true heading will be to the left or right of the
true courss by noting whether there is a crosswind from the
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Wind triangle as it should be visualized in this discussion.
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left or the right. In other words, by merely visualizing the
relationship between the wind direction and the course line,
you will not make the common mistake of applying the wind
correction angle to the true course in the wrong direction.
The length of the wind lino represents the wind speed in
miles per hour.

{2.) The true course (TC) is represented by the center line of the
grid. The ground speed (GS) is represented by the length of
the TC-GS line and is read under the grommet, In this case,
it is 160 m.p.h.

(3.) The wind correction angle is the angle between the true course
(TC) line and the true heading line (TH). In the pictured
triangle, it is 12° right, The little airplane, which lies on the
true course line, has its longitudinal axis displaced to the
right of the true course line (into the wind) an amount equal
to the wind correction angle. In other words, the longitudinal
axis of the airplane is parallel to the true heading line.

{(4.) The TAS is represented by the length of the TH/TAS line. The
true airspeed circle is placed dnder the wind dot. In this
case, it is 190 m.p.h.

Solution of a Wind Triangle Problem
We are now ready to solve a wind triangle problem on the computer.
The only type of problem we will fllustrate in this handbook s the one
the private pilot will encounter most often and should solve before taking
off on a cross-country flight. This is the problem in which the true course,
true airspeed, wind direction, and wind speed are known, and the pilot
wants to find true heading and ground speed.

Sample Problem.—The pilot measures his true course on the charl
and finds it to be 345°, He plans to cruise at a TAS of 140 m.p.h. The
winds.aloft forecast gives the wind direction and speed at his proposed
crulsing altitude as 220° and 33 knats. What is his ground speed and true
heading for this fight.

Solution——
Given: Wind oon oo cceiceciecema. 220°/33 knots
Teue course (TC) cocrcmmeae e, 345°
True airspeed (TAS)...__....._..___.140 m.p.h.

Find:  Ground speed (GS)
True heading (TH)

160

WIND
TAS | TC po A | | 68
MPH | FROM
140 345° 38 220° ? ? ?

(1.) Convert the wind from knots te miles per hour, as shown in
Chapter 25. By this method, we find that 33 knots is equivs-
lent to 38 m.p.h. The known quantities are entered in a
a portion of a flight log.

¢2.) Slide the grid through the computer until one of the heavy
horizontal lines lies under the center of the grommet. (The
170-mile grid line was chosen for this example.)

(3.) Rotate the compass rose until the wind direction (220°) ap-
pears under the true index (fig. 177).

(4.} Measure up from the grommet, along the center line, a length
equivalent to 38 miles. (Note—Each horizontal line repre-
sents 2 miles.) At this point, place a pencil mark which we
will refer to as the wind dot (fig. 177).

(5.) Rotate the compass rose until the true course {345°) appears
under the true index (fig. 178).

(6.) Slide the grid through the computer until the TAS (140 m.p.h.)
speed line lies directly under the wind dot (fig. 178).

WIND
Tas | 1€ | WCA | T | s
MPH | FROM ] R+ L-
140 345° 38 220° ? ? 159
17.) Read the ground speed (159 m.p.h.) under the grommet.
(8.} Find the wind correction angle by checking the number of

degrees between the center line of the grid and the wind
dot. In this case, it is 13°, (Note—Below the 150 m.p.h. line,
each vertical line is equivalent to 2°; above the 150 m.p.h.
line, each vertical line is equivalent to 1°.) Since the wind

dot is to the left of the center line, the wind correction angle
is 13° left.
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{9.) Since the wind coirection angle is 13° L, the true heading is Exercise No. 11 If the following TAS, TC, wind speed, and wind

found by subtracting 13 from the true course. Thus, the ditection are given, find the wind correction angle, true heading, and
true heading is 332° (345° — 13°). ground speed.
WIND
TAS TC WCA TH GS WIND
MPH | FROM | R+ L- TAS TC — WCA TH GS
0 | 5° | 38 | 2200 | i3 | 332 | 1 SPEED |FROM | R+ L-
125 010° |35m.p.h. | 150°
NOTE: After the wind correction angle was found, the true heading 122 267° |42m.p.h. | 087°
could have been determined in another way. On the outer fixed scale (either 144 045° (15mph. | 315°
side of the true index), each mark represents 1°. To find the true head- 137 140° |36 m.p.h. | 230°
ing in the example above, count 13° to the left (since the wind correction 135 120° | 20knots | 060°
angle was 13° L) and directly under this mark read the true heading
(332°) on the compass rose scale. NOTE : See appendix Il for correct answers.
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SECTION IX —RADIO COMMUNICATIONS

32. Radio Communications

We have already studied briefly some of the basic principles of navi-
gation, Until recently many pilots relied entirely on pilotage and dead
reckoning when making VFR cross-country flights. Even now. some ex-
perienced pilots are reluctant to use radio navigation aids and com-
munication facilities because they are not familiar with phraseologies.
air traffic control pracedures, and the convenience of radio aid in navi-
gation.

However, private pilots can no longer afford to overlook the ad-
vantages and safeties made available by the radio. At busy airports
throughout the country, arriving and departing air traffic is directed by
control towers. Although light-gun signals are sometimes used when
small airplanes are not radio-equipped, most airport traffic centrol in-
structions are given by radio. For operations of aircraft to, from, or
on airports with FAA control towers, aircraft are now required to have
both a radio rereiver and a transmitter,

On cross-country flights many situations arise which make the use of
two-way radio desirable en route. For example, a pilot may wish to obtain
information about current weather along his course or the amount of
ice or smow on the runways at his destination. Such information may
be readily obtained by using the radio to call the nearest FAA Flight
Service Station.

Transcribed Weather Broadcasts Equipment is provided at selected
FAA flight service stations by which meleorological and Notice to Airmen
data is recorded on tapes and broadcast continuously over the low-
frequency (200 --. 415 kHz) navigational aid (L/MF range or H facility)
and VOR.

Broadcasts are made from a series of individual tape recordings. The
first three tapes identify the station, give general weather forecast condi-
tions in the area, pilot reports (PIREP). radar reports when available.
and winds aloft data. The remaining tapes contain weather at selected
locations within a 400-mile radius of the central point. Changes. as they
occur are transcribed onto the tapes,

Scheduled Weather Broadcasts All Flight service stations having
voice facilities on radio ranges { VORs) or radio beacons (NDBs) broad-
cast weather reports and Notice to Airmen information at 15 minutes
past each hour from reperting points within approximately 150 miles
from the broadcast station.

At each station, the material is scheduled for broadcast, as available.
in this order:

(1) Alert Notice announcement.

(2) Hourly Weather Reports.

(3) Weather Advisorv. (SIGMETS. AIRMETS, etc.)

(4) Pilot Reports.

(5) Radar Reports.

(6) Notice to Airmen— (NOTAMS,

VISORIES.)

(7) Alert Notice. (Information concerning overdue aircraft.)

In addition, special weather reports and some Notices to Airmen data
are broadcast off-schedule, immediately upon receipt. If you need special
forecast service en route. vou mav obtain it from any Flight Service
Station.

AIRADS-AIRMEN AD-

The time of observation of weather reports included in a scheduled
broadcast is 58 minutes past the hour preceding the broadcast. When the
time of observation is otherwise, the observation lime is given.

In-Flight Service 1f your aircraft has two-way radio. you may call any
FAA station along your route for any in-flight information or assistance,
such as weather reports, special National Weather Service advice (outlined
below) to aid in establishing your pesition or locating an airport. You
do not need to be thoroughly familiar with the standard phraseologies
and procedures for air/ground communications.

A brief call to any FAA station, stating your message in your own
words, will get immediate attention.

Personnel at FAA Flight Service Stations are trained to help pilots
establish position by: (a) visual reference to terrain features; (b) VHF
omnirange indications (triangulation):; and (¢) low-frequency radio
range orientation. {Refer to AIM. Part 3.)
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A word of caution relative to the use of aircraft radio transmitters—

all pilots should be aware of, and alert to, an operational safety hazard
associated with the use of aircraft radio microphones. Sometimes the
microphone “button” will stick in the “ON” position. Often the pilot
fails to note this condition, but as long as his microphone button (switch)
is stuck in the “ON” position he can not receive on the transmitting fre-
quency, and for all practical purposes, neither can the pilots of other
aircraft using that frequency. In other words, a microphone button stuck
in the “ON” position will either block or seriously interfere with all com-
munications on the particular frequency involved. Pilots should suspect
this possibility and therefore check their microphone when unable to
obtain a reply to their transmissions. Often it is possible to do this simply
by unplugging the microphone. If receiver operation is thereby restored,
it is quite likely the problem is a sticking microphone button.
Pilot Weather Reports (PIREPS) Whenever 5,000-foot or lower
ceilings, 5-mile or lower visibilities, or thunderstorms and related phe-
nomena are reported or forecast, FAA stations are required to solicit
and collect PIREPS which describe conditions aloft. Pilots are urged to
cooperate and volunteer reports of cloud tops, upper cloud layers, thun-
derstorms, ice, turbulence, strong winds, and other significant flight con-
dition information. PIREPS should be given directly to FAA stations
on normal en route station frequencies.

PIREPS, SIGMETS, and AIRMETS are included at the beginning
of scheduled weather broadcasts by FAA stations within 150 nantical
miles of the area affected by the potentially hazardous weather. Also,
pilots are advised of these reports during preflight briefings by FAA
and National Weather Service Stations and in air/ground contacts with
FAA stations,

Weather Broadcast Format Scheduled weather broadeasts (15 min-
utes past each hour) will begin with the announcement “Aviation Broad.
cast, Weather.” Example:

“AVIATION BROADCAST, WEATHER. OKLAHOMA CITY.

OKLAHOMA CITY WILEY POST MEASURED CEILING ONE

THOUSAND BROKEN, VISIBILITY TWO, FOG. TEMPERATURE

FOUR THREE, DEWPOINT FOUR ONE. WIND ONE NINER

ZERO DEGREES AT FOUR. ALTIMETER TWO NINER EiGHT

SEVEN.” The completed broadcast is ended by saying: “THE TIME

1S ONE EIGHT AND ONE QUARTER.” Reports for approximately

10 additional stations may follow. The local report is repeated as
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the last station report. Temperature is not broadeast, for other than
the local report, when it is 40° or less or 85° or higher.

When the temperature/dewpoint spread is 5° or less, both the tem-
perature and dewpoint are given. Surface wind direction and speed is
given when 10 knots or more (sustained). For this station, wind direc-
tions are magnetic; that is, measured from magnetic north rather than
true north. The altimeter setting is given for the broadcast stations local
report only,

Special weather reports and advisories are broadcast when warranted
by significant changes in the weather at a particular station or in a
given area.
Radio Frequencies To take advantage of the communication and navi-
gation features of the Nativnal Airways System. pilots should know some-
thing of the radio frequencies assigned for aviation use by the Federal
Communications Commission. Aviation frequencies may be checked in
the Adirman’s Information Manual, on aeronautical charts, or with the
nearest FAA Flight Service Station, tower, or center. Use the most recent
tevision of the appropriate sections of AIM. rather than aeronautical
charts, as the final check on these frequencies (see Chapter 24)1. Radio
frequencies normally of interest to private pilots are:

AIRCRAFT RECEIVING FREQUENCIES

Low and medium frequencies ___________ . ____ 200 to 415 kHz
{Ranges, towers, heacons, etc.)
Omnirange (VOR) stations _______._.__.__ 108.20 through 117.90 MHz

(Airway track guidance and
en route communications)

Air traffic control communications ________ 118.00 through 121.40 Miz
122.20 MH=. 126.70 MHz

Emergency __ oo __ 121.50 MHz

Airport utility (ground control} ______.__. 121.90 MHz, 121.70 MHz

- Aeronautical advisory station (UNICOM)..122.80 MHz, 123.00 MHz

(If the airport has an operating tower, the
UNICOM frequency is 123.00 MHz. Aero-
nautical advisory stalions that use these
frequencies are operated by private agen-
cies such as airport operators.)

Note: Private aircraft mav receive and
transmit on these frequencies.
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AIRCRAFT TRANSMITTING FREQUENCIES

Private aircraft to towers __________________ 122.40 MHz, 122.50 MH=.
122.60 MHz, and 122.70 MHz
Private or commercial aircraft to FAA
Flight Service Stations _.______ 1222 MHz, 122.3 MHz, 122.6 MHz,
and 123.6 MH:
(Check the Airman’s Information Manual to
determine additional tower and FSS frequencies.)

Low and medium frequencies are subject to considerable interference
from static, whereas the very high frequencies (VHF) give relatively
static-free radio communications. VHF reception distances vary with dis-
tance from the station and altitude of the aircraft.

Examples of normal VHF reception distances are shown in the following
table for aircraft at several altitudes:

RecepTioNn DisTANCE
{ Statute miles)

ALTITUDE OF AIRCRAFT
{ Above ground station)

LO0O & o ____ 45 miles
3,000 fr, o 80 miles
5000 fr. ___ . _____ 100 miles
10,000 ft. __ ..o __ 140 miles

NOTE: This table is based on zero elevation of the radio facility. Altitudes
and distances shown are theoretical for flat terrain where no physical
obstructions intervene,

Tuning a Radio Receiver An aircraft radio is tuned to the station
just as an ordinary home szet is tuned. For best reception though, you
musl recognize certain pecularities of the airplane radio.

Just as when reading other instruments, the pilot should view the
frequency indicator from directly in front, preventing an error that
might result in no signal or in reception of the wrong station. Another
source of error is inaccuracy in frequency calibration, often caused by
continued vibration or hard landings. Thus, a station which should be
received on 116.40 MHz may appear (on the radio dial) on 116.10 MHz.
116.60 MHz, or at some other frequency. 1f no signal is received when
the set is tuned to a given frequency, turn selector in both directions
until the station is tuned in. Then reduce the volume and adjust the fre-
quency control slightly for best reception.

When a station is broadcasting intermittently (a control tower, for ex-
ample), you may have to ask station personnel for a short or long count
(counting from 1 te 5 or from 1 to 10) so that tuning may be completed.
At busy locations though, requesting a count is both unnecessary and
undesirable because it disrupts normal communications.

Range stations are identified either by code, or by voice recording
alternated with cade. It is very important to check this identification to
make sure the desired station is being received.

In recent years an increasmg number of aircraft radios )receivers
as well as transmitlers) are equipped with crystals possessing specific
frequency characteristics. This makes it possible to *““tune” to an exact
frequency simply by selecting the appropriate crystal. This selection
is made by rotating a selector to the combination of digits that corre-
sponds to the desired frequency. This eliminates most of the calibration
problems cited previously. In most instances, there will also be a capa-
bility for single channel “simplex (SCS) communication. That is, non-
simultanesous communication between the airplane and the station which
atilizes the same frequency for both transmitting and receiving.

Using an Aircraft Radio Transmitter As already indicated, FAA
recommends, and good operating practice demands, that pilots use their
two-way radies for air/ground communications. To use a transmitter,
however, you must obtain two licenses through the Federal Communica.
tions Commission (FCC). A radio station license is required for the air-
craft transmitter itself, and the pilot must have a restricted radiotelephone
aperator permit,

When an aircraft has a VHF transmitter, the pilot should be sure he
is transmitting on the proper frequency (normally 122.10 MHz for Flight
Service Stations, and 122.50 MHz for towers) i his radic equipment
is without simplex capability.

When he is ready to transmit, the pilot should hold the microphone
close to his mouth. After giving thought to what he is going to say, he
should speak in a normal tone of voice. Although the message may be
phrased in his own words, certain radiotelephone phraseclogies are com-
monly used to reduce the length of transmissions and provide uniformity.
The following are a few of these phraseologies:

Word or phrase Meaning

ACKNOWLEDGE_. _____________ Let me know that you have received
and understand this message.
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ROGER._ ... . ___ 1 have received all of your last trans-
mission. (Used to acknowledge re-
ceipt; should be used for no other

purpose.)

AFFIRMATIVE ______._______ Yes.

NEGATIVE . .. ____ That is net correct.

I SAY AGAIN__.___._____.__ Self-explanatory.

SAY AGAIN_________________ Self-explanatory.

STAND BY. ___ . _____ Self-explanatory.

VERIFY. .. ______ ... ___. Check with originator.

OVER. . My transmission is ended and 1 expect
a response from you.

ouT____ .. This conversation is ended: I do not
expect a response from you.

CORRECTION________________. An error has been made in the trans-

mission (or message indicated).

Remember, however, that il is not necessary for you to be thoroughly
familiar with the standard phraseclogy and procedures for air/ground
communications. A brief call to any FAA station, stating your message
in your own words. will rereive immediate attention.

Airport and En Route Communications Procedures To illustrate
two-way radio communication procedures, we will make an imaginary
VFR flight direct irom Abilens Municipal Airport, Abilene, Texas, to
Love Field, Dallas, Texas.

Follow the flight ronte on the Dallas-Ft. Wosth Sectional Chart which
accompanies this handbook,

The pilot should personally check the weather at ¢ither a National
Weather Service Office or at a Flight Service Station, either by telephone
or by visiting the facility. He should then file his VFR flight plan, if
weather condiiions are satisfactory. with the Abilene Flight Service Station
via interphone, telephone, or m person. He will then complete any re-
maining preparations for the flight.

When ready to taxi he calls the Abilene control tower on the ground
control frequency—121.9 MHz. After establishing contact by giving and
receiving confirmation of his aircraft identification, he will advise ground
control of his position on the airport and request taxi ipstructions. At
some airports it would also be appropriate to advise that vou have re-
ceived ATIS information. Though not mandatory. it is helpful under
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some conditions if he also gives the type of operation he plans to con-
duct (VFR or IFR) and his flight plan destination.

Example—

Pilot:  ABILENE GROUND CONTROL THIS 1S ASTROLARK
THREE NINER TWO ONE BRAVO AT HANGAR
TWO, READY TO TAXI. VFR FLIGHT TO DALLAS,
OVER.

ASTROLARK THREE NINER TWO ONE BRAVO,
CLEARED TO RUNWAY ONE FOUR. WIND ONE
THREE ZERO DEGREES AT ONE SIX. ALTIMETER
TWO NINER NINER EIGHT. TIME ZERO EIGHT
THREE ONE.

Pilot: ASTROLARK THREE NINER TWO ONE BRAVO,

ROGER,

After 1axiing to run-up pesition and completing his pretakeoff check
list, the pilot changes his radio transmitter and receiver to the appropriate
tower frequency and calls the tower.

Pilot: ABILENE TOWER ASTROLARK THREE NINER TWO

ONE BRAVO, READY FOR TAKEOFF.

The tower controller determines that there is no conflicting traffic
and replies:

Tower:

Tower:

ASTROLARK THREE NINER TW(Q ONE BRAVO.
CLEARED FOR TAKEOFF.
Pilot: ASTROLARK THREE NINER TWO ONE BRAVO,
ROGER.

The pilot continues to guard the conirol tower frequency until leay-
ing the airport traffic area. Then he retunes his VHF communications
radio to the appropriate frequency (122.3 MHz) and calls Abilene radio
ziving his time of takeoff so they can activate his flight plan.

Example--

Pilot:  ABILENE RADIO THIS IS ASTROLARK THREE NINER
TWO ONE BRAVQ. OFF AT ONE ZERO. VFR
FLIGHT TO DALLAS. OVER.
Station: Acknowledges the transmission.
While proceeding on his flight, he continues to monitor Abilene ra-
dio until within receiving range of Mineral Wells radie. at which time
he tunes in Mineral Wells. In the vicinity of Mineral Wells, he contacts



Mineral Wells radio to give a position report. He first establishes contact
with them, indicating the frequency on which a reply is expected.
Example---
Pilot:  MINERAL WELLS RADIO THIS IS ASTROLARK
THREE NINER TWO ONE BRAVO. REPLY ON VOR
FREQUENCY. OVER.

Station: ASTROLARK THREE NINER TWO ONE BRAVO. THIS
IS MINERAL WELLS RADIO. OVER.
The pilot then proceeds with his message, which usually includes
position, time, flight altitude, and VFR flight plan from point of de-
parture to destination.
Pilot:  ASTROLARK THREE NINER TWO ONE BRAVO SIX
MILES WEST OF MINERAL WELLS ZERO FIVE AT
FIVE THOUSAND FIVE HUNDRED ON VFR FLIGHT
PLAN ABILENE TO DALLAS. OVER.

Station: Mineral Wells radio acknowledges his position report and
will give him the latest weather information (including
Dallas weather), NOTAMS, and other information perti-
nent to his fight.

Pilot:  ASTROLARK THREE NINER TWO ONE BRAVO,

ROGER, OUT.

While in the vicinity of Fort Worth, the pilot may wish to contact
Greater Southwest or Britton radio for further information.

When approximately 25 miles west of Dallas, he calls Dallas approach
control on the frequency listed in the current issue of AIM. See fig. 152
for an example.

Pilot: ~ DALLAS APPROACH CONTROL THIS 1S ASTROLARK

THREE NINER TWOQ ONE BRAVO TWO FIVE MILES
WEST AT THREE THOUSAND. LANDING AT LOVE
FIELD. OVER.
Approach control will give him wind and runway information, other
trafftc in his area, and will advise him at what point ta comtact the con.
trol tower. At the specified point or distance from the airport, the pilot
calls the tower.
Example—
Pilot: LOVE TOWER THIS 1S ASTROLARK THREE NINER
TWO ONE BRAVO, FIVE MILES WEST. REQUEST
LANDING INSTRUCTIONS. OVER.
Tower: ASTROLARK THREE NINER TWO ONE BRAVO. FIVE

MILES WEST. CLEARED TO ENTER TRAFFIC PAT-
TERN, RUNWAY THREE SIX, WIND THREE FOUR
ZERO DEGREES AT ONE FIVE. OVER.

Pilot:  ASTROLARK THREE NINER TWO ONE BRAVO.
ROGER.

The pilot then enters the traffic pattern on the downwind leg, and re-
porls to the tower while turning on base leg. After receiving a clearance
to land, he acknowledges and proceeds with his landing. While he is turn-
ing off the active runway, the tower instracts him to tune to ground
control frequency for further taxi instructions. After clearing the active
runway, he changes his radio transmitter and receiver to the ground
control frequency, makes a radio check, and acknowledges all taxi in-
structions. He proceeds to the parking area, continuing to monitor this
frequency until the airplane is parked. [f he has not previously closed
his flight plan by radio with the Dallas FSS (or tower), he should go
to the nearest telephone, call the FSS station (or tower), and request
that they close his flight plan from Abilene,

33. Radio Guidance in VFR Flying

In addition to the communications services discussed in the pre-
ceding chapter, the National Airways System of the FAA provides several
radio aids te air navigation. For example, the VHF omnirange (VOR)
and the four-course, low-frequency range are particularly useful to VFR
pilots, both for navigation guidance and e¢n route communication. For
assistance mainly to instrument pilots, there are such aids as radar and
instrument landing systems (ILS).

Though new and improved types of electronic equipment are con.
stantly being developed to make flying safer and easier, VORTAC and
VOR are the basic VHF systems currently in use for general aviation radio
navigation. (See fig. 179.) In addition to the bearing information ob-
tained from the omnirange, this system supplies properly equipped air-
planes with the distance of the plane from the station. With bearing
and distance known, the pilot can determine his position, eliminating
the need for bearings on two or more stations. Completion of all ground
instaliations and widespread availability of low-cost equipment for use
in personal planes will bring into fullest use this simplified means of
determining position. However. an airplane equipped with a VOR receiver
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Figare 179. A typical VORT AC station.

can still use a VORTAC station for besring information just as it uses
a normal VOR station. (NoTE: Throughout this handbook, VOR will be
used to include both VOR and VORTAC stations.)

In recent years, the VHF omnirange (VOR) has replaced the low-
frequency range gs the basic radio aid to navigalion. Frequeacies of om-
nirange stations are in the VHF band, between 108 and 118 MHz. The word
“omni” means all, and an omnirange is a VHF radio range that projects
courses in all directions from the station, like spokes from the hub of a
wheel. Each of these spokes, or radials, is denoted by the outhound mag-
netic direction of the spoke. A radial is defined as “a line of magnetic
bearing extending from an omnidirectional range (VOR).” In contrast
to the situation with low-frequency ranges, which have only four range
legs, it is possible to fly to and from omniranges in any direction,

A few of the advantages of flying omniranges are:

(1.) A flight may be made to a VOR from any direction, by flying

the course to the station.
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(2.} A flight may be made to any destination from the station by
selecting the proper radial. Remember that VOR radials, as
shown on charts, are always from the station, never toward.

(3.) When within range of two or more YOR’s, a fix may be deter-
mined quickly and easily by taking bearings on the stations
and determining position on a chart.

{4.} Static-free reception and the elimination of the complex orien-
tation procedures often used by instrument pilots flying low-
frequency ranges,

An important fact is that VOR sigpais, like other VHF transmis-
sions, follow an approximate line-of-sight course, Therefare, reception
distance increases with an increase in the flight altitude of an aircraft
(fig. 180). A means is vsvally provided with omnireceivers to indicate
when the signal is too weak for satisfactory reception.

In addition to their use in navigation guidance, VOR frequencies are
used by FSS personnel for weather broadcasts and other communications.
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Figure 180. VHF transmission follows a bne-of-sight course.
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VOR stations are assigned three-letter identifications. At some stations
these identification letters are broadcast continuously in code. Other sta-
tions are identified by a voice recording (example: Dallas VORTAC).
alternating with the usual Morse Code identification (DALLAS VORTAC,
— — o, DALLAS VORTAC, —. — ._., etc.).

VOR Receivers VOR receivers are very simple to operate. The de-
sired frequency is selected as previously discussed in Chapter 27. Three
basic components are normally used by the pilot in VOR flying (fig. 181).
One component is the omnibearing (course) selector, which enables the
pilot to select the course he wants to fly. A second component is the
“TO-FROM” indicator (also known as the ambiguity meter or sense
indicator), which shows him whether the course is TO or FROM the
station. The third is a deviation indicator (often called the “LEFT-
RIGHT” indicator or vertical needle), which tells him when he is on
course, or left, or right of course. Using these three components, the
pilot obtains visual indications which give him a variely of information
and guidance. The “TO.FROM" indicator and deviation indicator are
often combined into a single display as they are in our illustration.
Because accaracy is an important factor in any navigation equip-
ment, pilots should check their VOR receivers periodically to he sure
they are functioning properly. Procedures and locations for checking
VOR receivers are published by FAA in the dirman’s Information Manual.
When a pilot wishes to fly directly to a VOR facilitv. he should:

IBENT WAL CRANKELS TRANEWT 122
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Figure 181. Typical FOR receiver set.

(1.) Tune the receiver to the frequency of the VOR and positively
identify the station either by code or voice recording. (The
receiver is properly tuned when there is a positive indication
on the TO-FROM indicator. If this indicates neither TO
nor FROM or just partially indicates TO or FROM. or there
is an oscillation, the signal is unusable.)

(2.) Manually rotate the omnibearing (course} selector until the
LEFT-RIGHT needle is centered at the bottom of the dial.

{3.) Check to see that the TO-FROM indicator reads “TO.” If it
should read “FROM.” merely turn the course selector 180°
to obtain a “TO" reading, and the LEFT-RIGHT needle is
again centered.

(4.) Turn to the approximate heading that will maintain the mag-
netic course, i.e., the heading on the course selector that will
take the airplane directly to the VOR station.

When a pilot wants to fly directly away from a VOR, he should:

(1.) Follow the same procedure in (1.) and (2.) above.

{2.) Check to see that the TO-FROM indicator reads “FROM.”
If it should read “T0,” turn the course selector 180° to
ohtain a “FROM” reading. and the LEFT-RIGHT needle
is again centered.

(3.} Turn to the approximate heading that will maintam the mag-
netic course. i.c., the reading on the course selector that
will take the airplane directly away from the VOR station.

Figure 182 shows various positions of an airplane relative to a VOR
station and a desired course line, along with the indications of the VOR
receiver components al each position. In referring to figure 182, turn
the handbook so you are looking in the direction the airplane is flying.

In position No. 1, the pilot has found (by rotating his omnibearing
selector) that his magnetic course TO the station is 030° and has already
turned to a magnetic heading of approximately 030°. Note that the om-
nibearing selector is set on 30 (030°). the TO-FROM indicator reads
TO, and the LEFT-RIGHT needle is centered. This indicates that the
magnetic course to the station is 030°. If the pilot maintains these indi-
cations on his VOR receiver instruments, he will fly directly to the sta-
tion. When the LEFT-RIGHT needle deviates from the centered position,
the pilot should make small corrections in heading to center it again,
and in this way he will fly to the station. To get back on course he should
make corrections in heading toward the needle.
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Position No. 2 in figure 182 shows the component readings when
the airplane is to the left of course. The LEFT-RIGHT needle is deflected
to the right. It indicates the position of the desired course line relative
to the pilot. It is deflected to the right, so the desired course is to the
right and the pilot should turn to the right to get back on his course.

In position No. 3, the LEFT-RIGHT needle is deflected to the left,
indicating that the desired course is to the left, and a turn to the left
should be made.

As the airplane passes over the station, the TO.-FROM indicator
will change from TO to FROM.

In position No. 4, notice that the TO-FROM indicator now shows
FROM, since the airplane has passed the VOR station. The course selec-
tor is still set on 30 (030°). The LEFT-RIGHT needle reacts in the
same way as daring flight TO the station. If the airplane strays to the
left of course (as it has in position No. 4), the LEFT-RIGHT needle is
to the right. This indicates that the course is to the right and a change
in heading should be made to the right.

Io position No. 5, the needle is deflected to the left, indicating that
the airplane has strayed off course to the right. So, a turn should be
made to the left to correct back to course.

In position No. 6, the airplane is back on course as is indicated by
the centered LEFT-RIGHT needle.

Quite often when a pilot takes off on a cross-country flight, he already
knows the approximate direction of the VOR station on which he wishes
to “home in.” So he may head in that direction and turn the course
selector until the needle is centered but forget to check his TO-FROM
indicator. Assume that he does fail to check this indication and further
assume that it indicates “FROM.” If he gets off course now and corrects
by turning toward the needle, he will continue to get farther off course,
because now the needle is deflected in the direction opposite his desired
course.

The same situation exists when a pilot takes off and flies away from
a VOR station, if he centers the needle with the course selector but the
TO-FROM indicator reads “TO.” A correction by turning toward the
needle will get him farther off course.

Summarizing: If you wish to fly to a VOR station, center the needle
with the course selector in such a way that the TO-FROM indicator reads,
“T0O,” and fly the approximate heading shown on the course selector. If
vou wish to fly away from a VOR station, center the needle with the

course selector so that the TO-FROM indicator reads “FROM™ and
again fly the approximate heading shown on the course selector. If you
do it this way, you will always correct back to course by turning toward
the needle. It may also help you to remember that, whether flying toward
or away from the VOR station, your heading and the indication on
the course selector should be approximately the same—-never 180° out
of phase.

The Low-Frequency Range Until the advent of the omnirange (VOR),
the low-frequency radio range was the principal air navigation aid in
the United States. Though there are no low-frequency ranges now in use
in the 48 conterminous states: there are some low-frequency ranges still
operating in the State of Alaska. Also many of the old four-course ranges
have been converted to L/F nondirectional radio beacons (homers).
Therefore, the discussion of low-frequency ranges has been left in this

handbook.

The ranges were placed in use at & time when comparatively few
airplanes were in operalion, and four courses were ample for naviga-
tion and air traffic control. Beside the limited number of courses, low-
frequency ranges have other limitations, such as poor reception because
of static, and complex orientation procedures (mainly of concern to in-
strument pilots).

Despite these limitations, low.frequency ranges have certain ad-
vantages. They aperate in the 200 to 400 kHz bank, and a low-frequency
receiver is the only equipment needed to receive them. Under normal
conditions, the low-frequency range is usable for distances of 50 to
100 miles, and can be received at low altitudes and on the ground.

Like omniranges (VORs), each low-frequency range station is as-
signed a letter-group identification. Unlike omniranges, however, this
identifier may consist of a three.letter or two-letter group. This gen-
erally will depend upon whether there is an omnirange station using the
same name as the low-frequency station. If an omnirange station and a
low-frequency range station located in the same area have the same name,
the omnirange generally will be identified by a three-letter group and the
low-frequency range generally will be identified by a two-letter group.
For example, the Anchorage. Alaska. omnirange is identified by ANC
( — —. ——. ), and the low-frequency range by AC 1 — ——, ).

Low-frequency range signals are interrupted every 30 seconds
while the station identification signals are transmitted in code.
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Figure 183 represents a typical four-course range. The signals in
International Morse Code for A ( .— ) and N ( _. ) are broadcast di-
rectionally from special antennas into opposite quadrants. Unless a pilot
is flying on or near one of the four courses of the range, he will receive
either “dit dah” ( .— ) or “dsh dit” ( ... ) signals depending on the
quadrant in which the plane is located. When the pilot is flying on a
range leg, the A and N signals interlock, giving a monotone or steady
on-course hum, popularly known as the beam. Beams (equisignal zones)
are wedge-shaped zones approximately 3° wide. On aeronautical charts,
the magnetic course to the station is printed on each range leg.

Areas in each quadrant adjacent to range courses are known as bi-
signal zones. Here the pilot receives the on-course hum with an A or N
in the background, depending on the quadrant in which he is located.
in those portions of each of the quadrants remote from the range legs.
either an A or N will be received.

Pilots making VFR cross-country flights need not be proficient in
complex orientation procedures on low-frequency ranges. They will, how-

ever, find these ranges most helpful when used in connection with pilotage.
M \
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AM(—.) On Course Signal
_ {Beam)

Figure 183. Quadrants and courses of an LF/MF radio range. (Note:
On sectional aeronautical charts, the “N” quadrants are outlined by lines
along the range courses.)
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dead reckoning, and VOR flying, for directional guidance to determine
position.

The Automatic Direction Finder Many personal-type airplanes are
equipped with ADF (Automatic Direction Finder) radio sets which oper-
ate in the low- and medium-frequency bands. By tuning to low-frequency
radio stations such as four-course ranges, nondirectional radio beacons,
and commercial broadcast stations, a pilot may use ADF for navigation
in cross-country flying. Frequencies of radio aids to navigation are
readily obtained from seronautical charts. Changes since the published
date of the latest sectional charts appear in the Airman’s Information
Manual. The sectional chart shows standard broadcasting stations most
likely to be used by pilots. Positive identification of the station to which
the set is tuned is extremely important.

Probably the most common use of ADF is that of homing by “Rying
the needle to a station. Another useful practice is to first obtain bearings
from two or more radio stations, and then plot radio lines of position on
an aeronautical chart to establish position. This is known as plotting a
radio fix. Since ADF does not account for wind drift and is susceptible
to difficulties from thunderstorms and static, it lacks several of the ad-
vantages of VOR. When standard broadcast stations for homing are used,
one of the principal disadvantages is the difficulty of positive identifi-
cation. Nevertheless, pilots who do extensive cross-country flying will do
well to make a thorough study of ADF and its uses.

VFR Flight Using Radio Aids To illustrate the vse of radio aids in
cross-country flying, assume that a pilot is making a Right using the
Dallas-Ft. Worth Sectional Chart (refer to the chart which accompanies
this handbook). He decides to fly from Graham Airpert (33° 06" N.;
98° 33" W.), Graham, Tex., direct to the Bridgeport VOR, and then
fly direct to Majors Field (33° 04" N.; 96° 04’ W.), Greenville, Tex,
Draw these courses on the Dallas-Ft. Worth chart.

With his VOR receiver tuned to the frequency of the Bridgeport
VOR (1165 MHz), he listens carefully for code or voice identification
of Bridgeport radio. Next, he turns his course selector (omnibearing
selector} until the LEFT-RIGHT (vertical)} needle centers at the bottom
of the dial and the TO-FROM indicator indicates “TO” the VOR. The
course selector should then read 070°, which means his magnetic course to
the station is 070°. Keeping the needle centered by making corrections
toward the needle to return 1o course, he flies directly to the station.
While he is passing over the station. the LEFT-RIGHT needle may swing




sharply back and forth (directly over the station), and the TO-FROM
indicator then settles on “FROM,” indicating that he is now heading
away from the station.

Correction for wind drift and magunetic variation have not been
mentioned. Each is automatically compensated for when the pilot makes
heading corrections to keep the LEFT-RIGHT needle centered. Since all
radials from a VOR are magnetic rather than true bearing, magnetic
variation is corrected in the VOR itself Wind drift correction is made
automatically by the pilot when he “crabs” the proper amount to keep the
needle centered, which enables him to fly a straight-line course to the
station.

After he has passed over the Bridgeport VOR, the pilot turns his
course selector to 087°, the outbound besring from the Bridgeport VOR
to Majors Field. After making sure the TO-FROM indicator shows
“FROM,” he simply keeps the LEFT-RIGHT needle centered by turning
toward the needle to stay on course.

Before getting out of range of the Bridgeport VOR, he obtains a
fix using bearings from the Bridgeport and Greater Southwest VOR's,
While tuned to Bridgeport, his LEFT-RIGHT needle is centered indi-
cating that he is on course. Next, he tunes the VOR receiver to the
Grester Southwest VOR (110.6 MHz), identifies the station, and turns
the course selector until the vertical needle centers and the TO-FROM
indicator reads “FROM.” From the course selector, he determines that
his bearing from the Greater Southwest VOR is 005°. Upon plotting this
bearing, he finds that it intersects the bearing from the Bridgeport VOR
(the course which he is flying) at a point between a small arm and large
arm of Garza-Little Elm Reservoir. This type of fix is most accurate when
the cross bearings are approximately 90° apart, as are these two. In
situations where more than two VOR’s are within reception distance, addi-
tional radio bearings may be taken to confirm a fix.

During the latter portion of the flight (assuming he is at a relatively
low altitude), he will be out of range of the Bridgeport VOR. However.
he will be able to obtain bearings from the Dallas VOR to check progress
along his course. For example, suppose he plans to start his letdown over
the small lake adjacent to Lake Lavon, 27 miles west of Majors Field.
The bearing from Dallas VOR to this point on his course is 032°. To
confirm his position, he sets his course selector at 032° with the TO-
FROM indicator showing “FROM” the station. Before reaching the point
for reducing power for letdown. his vertical needle is to the RIGHT.

While approaching this bearing (032° radial), the needle gradually moves
toward the LEFT. When the needle becomes centered, he knows that the
032° radial (spoke of the wheel with an outbound magnetic direction
of 032°) has been reached, and he double-checks his position by chart
reading before beginning the letdown.

He notices from the chart that Majors Field lies on the 076° radial
of the Dallas VOR. As an aid in letting him know when he is in the
vicinity of the airport, he adjusts the course selector to 076° with the
TO-FROM indicator showing “FROM” the station. The vertical needle
will be to the RIGHT. When he approaches this radial, the needle grad-
ually moves to the LEFT. When the needle becomes centered, he knows
that the 076° radial has been reached and that he should be near the

airport.

34. Emergency Radio Procedures

We would like to think that getting lost is something that always
happens to “other pilots,” never to us. Most of this handbook is devoted
to information that should be used often and should enable a pilot to
complete a flight successfully, confidently, and safely. This chapter is
devoted to information to help a pilot complete a fight, but it is infor-
mation which should seldom have to be used. However, it is information
which no pilot should be without in case an emergency does arise and he
becomes lost. The chapter explains what you must do if you get lost,
what can be done for you, who can help you, and kow they will help.

Because of inattention, poor visibility, or unusnal wind conditions,
a pilot may miss his check point and, as a result, become confused and
reach that state of mind in which he thinks he is lost. He can follow
a logical procedure to determine his position, locate satisfactory land-
marks, and change his course, if necessary. In no case should the pilot
alter his course radically without first determining his position. Circling
aimlessly, doubling back on course, flying on hunches, etc., will only
create confusion and make it impossible for him to follow any definite
plan.

A recommended procedure is to continue on the established heading,
watching prominent landmarks which can be identified on the chart. The
pilot sometimes discovers that he has prematurely identified a check
point. or has failed to observe one,
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He should carefully check the visible landmarks avaitable with his
calculated position on the chart. The downwind side of the course should
be checked first. If he fails to identify his position within 10 to 15 min-
utes, he should alter course slightly toward a conspicuous bracket (if
available) provided he definitely knows which side of it he is on. He
should then follow this bracket in the direction most likely to give him
a definite fix. (A bracket is a distinct feature of the terrain which bounds
the course on one side and serves as a guide line. Ideal hrackets are
large rivers, prominent highways, railroads, and mountain ranges. Brack-
ets are desirable on either side of the course. One at right angles to the
course at or beyond the destination also is desirable as an end bracket.)

When a landmark is finally recognized, the pilot should accept it
with caution and confirm his pesition by identifying other landmarks
before proceeding with assurance, He should then determine the reason
for error, and correct his heading to prevent flying off course again.

Because a majority of small airplanes are now equipped with radios,
these procedures for determining position are normally combined with
the use of radio aids.

Air markers of the type shown in figure 184 often prove a boon
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Figure 184. A typical air marker.
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to pilots. In many instances, pilots who were lost, and low on gas, with
radios inoperative, have located their positions from air markers, and
have made emergency landings at nearby airports. Each air marker con-
sists of the name of the town painted in large chrome-yellow letters on a
dark background; an arrow shows the direction and distance to the
nearest airport. These markers usually are painted on rooftops of large
buildings conspicuous from the air. However, the number of markers is
far too small to be relied upon for navigation,

Methods of Declaring an Emergency If the above procedures fail,
the lost pilot must call for help and he should not wait too long. In gen-
eral, private pilots have two ways of declaring an emergency: (1) by
transmitting an emergency message, and (2} by flying a triangular
pattern,

Ground stations (Flight Service Stations, radar stations, contrel
towers, etc.) have three electronic means of assisting: (1) by receipt of
the emergency message transmitted by the pilot; (2) by radar detection
of the triangular pattern; and (3) by DF (direction finding) bearings.

Transmitting Emergency Messages When a pilot is in doubt about
his position, or feels apprehensive for his safety, he should not hesitate
to ask for help. That is his first means of declaring an emergency—to
use his radio transmitter and ask for kelp. If he is in distress and needs
help immediately, he may transmit the word MAYDAY several times
before transmitting his message. This shonld get him immediate attention
from all who hear. If he is only uncertain as to his position and wishes
to alert ground stations, he may transmit the word PAN several times
before transmitting his message. PAN indicates a lesser urgency than
MAYDAY, but should get immediate attention

An emergency message may be transmitted on any frequency: how-
ever, there are frequencies especially designated for such messages. The
emergency frequency most likely available on the airplane radio used
by the average private pilot would be the VHF frequency of 121.5 MHz.
He should be able to both transmit and receive on this frequency. This
would be the best frequency to transmit and receive on during an emer-
gency because almost all control towers, VHF direction finding (DF)
stations, radar facilities, and Flight Service Stations guard this frequency.
Because of the line-of-sight limitations of VHF, it may not always be
possible to establish communications on the standard emergency fre-
quency of 12i.5 MHz. In such instances, pilots who find themselves in
an emergency phase should use anv frequency possible to obtain as-




sistance. Regardless of which type of facility he contacts or frequency
he uses, that facility can help him, even if only by alerting other facilities
to his difficulty.

Aid from Flight Service Stations FAA Flight Service Station per-
sonnel are trained to assist pilots in establishing positions by: (a) visual
reference to terrain features; (b) VHF omnirange indications (triangula.
tion); and (c) low-frequency radio range orientation. One of these
methods should help the pilot locate his position.

Adid from Radar Stations Any radar slation in the general area of a
lost airplane will attempt to locate it on the radar screen. The pilot would
be requested to make a series of turns or changes of heading that would
enable the radar personnel to distinguish his plane from other airplanes
on their screen. Listen carefully and follow their instructions. After posi-
tive identification by the radar station, the pilot will be notified of his
position. He can then be given a heading to an airport or any point in the
radius of coverage of the radar station.

Aid from DF Stations A direction-finding station is a ground-hased
radio receiver capable of indicating the bearing from its antenna to a
transmitting airplane. There are HF, VHF, and UHF direction-finding
stations, However, only VHF stations will be discussed here since this
is the type of radio transmitter most likely to be in the airplane of the
average private pilet.

H a pilot is unable to establish communication with a VHF/D¥F
facility, or if there is doubt about whether this service is available, he
may ask for the service through any Flight Service Station or tower. His
request will be relayed immediately to the appropriate DF facility. The
pilot must remember that VHF transmissions follow line of sight; there.
fore, the higher his altitude, the better his chance of obtaining this service.

This example illustrates the procedure to be followed when using a
direction-finding station:

(1.) Pilot calls VHF/DF station: “DALLAS HOMER, THIS IS
ASTROLARK THREE NINER TWO ONE BRAVO RE.
QUESTING EMERGENCY HOMING. OVER.”

(2.} VHF/DF station acknowledges call up: “ASTROLARK THREE
NINER TWO ONE BRAVO, THIS iS DALLAS HOMER,
TRANSMIT FOR TEN SECONDS. OVER.”

(3.) Pilot replies: “DALLAS HOMER, THIS 1S ASTROLARK
THREE NINER TWQ ONE BRAVO” (pilot then holds his

transmitter switch down for 10 seconda). This is followed

by “ASTROLARK THREE NINER TWO ONE BRAVO.
OVER.”

{4.) VHF/DF station replies: “ASTROLARK THREE NINER TWO
ONE BRAVOQ, THIS IS DALLAS HOMER, COURSE WITH
ZERO WIND, ZERO THREE ZEROQ DEGREES. OVER.”

{5.) Pilot acknewledges: “DALLAS HOMER, THIS IS ASTRO.
LARK THREE NINER TWO ONE BRAVO. MY COURSE
IS ZERO THREE ZERO DEGREES. OUT.”

In order that a close check may be kept on the lost pilot, this pro-
cedure will be repeated as many times as necessary to bring him safely
to the station.

When the pilot transmits for homing, his transmission must be long
enough for the station personnel to rotate their antenna to obtain a hear-
ing on him. The transmission must be steady for them 10 get a good fix.

The course given the pilot by the DF station is the magnetic course
to the station. However, unless the pilot has a good knowledge of wind
conditions (which is unlikely, if he is lost), he will probably use the
course given to him as a heading. If there is a strong crosswind, the
course the station gives him will change each time he transmits for
homing.

Emergency Lost Procedure With Radio Inoperative What can a
pilot do if he becomes lost and his radio is inoperative? His problem is
how to let someone know he is lost. Perhaps only his transmitter is ount
and the receiver still operates. If he could only alert a radar station,
personnel at this station conld transmit instructions 10 him, even though
he could not acknowledge them. We will divide the problem into two
parts: (1) when only the transmitter is inoperative, and {2) when trans-
mitter and receiver are inoperative,

With an inoperative transmitter and an operative receiver, the pilot
can fly a triangnlar pattern to the RIGHT (fig. 185, bottom}. He should
hold each heading for 2 minutes and make the turns at a rate of approxi-
mately 114° per second. A minimum of two such patterns should be com-
pleted before the original course is resumed. This pattern should be re-
peated at 20-minute intervals, While flying this pattern, the pilot should
have the emergency frequency of 121.5 MHz tuned in on his radio re-
ceiver. If his pattern is observed bv radar controllers, instructions will
be transmitted to him by the radar personnel.
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H transmitter and receiver are both inoperative, the lost pilot should
fly the same triangular pattern to the LEFT (fig. 185, top). If the pattern
is observed by radar personnel, an escort airplane will be dispatched.
if possible. If a pilot is lost in limited visibility conditions or at night, he
may turn on his landing lights and navigation lights to aid the interceptor
airplane. When a rescue airplane arrives. the pilot of the lost airplane
should follow him.

The Four C’s in an Emergency Situation In any emergency situa
tion, you should remember the FOUR C’s:

(1.) CONFESS yaur predicament to any ground station. You should
not wait too long. Give search and rescue a chance!

2.y COMMUNICATE with the ground link stalion and pass as
much of the distress message on the first transmission as
possible. They need information for best search and rescue
action.

(3.) CLIMB to a higher altitude, if possible, 1o get better radar and
DF (direction finding) detection.

(4.) COMPLY--especially with advice and instructions received.

To the above Four C's might be added a fifth--CONSERVE fuel by

using an economical or maximum endurance power setting. Such a set-
ting can be determined from the Airplane Flight Manual, but the pilot
should be familiar enough with his airplane to approximate the setting.
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Figure 185. I} you are lost and the
airplane radio is not operating prop-
erly, fiy a triangular pattern. If onh
the transmitter is inoperative, {lv the
pattern to the right (bottom). If re-
ceiver and transmilter are inepera-
tive, fly the pattern to the left (1op].



SECTION X —FLIGHT PLANNING

35. Preflight Planning

What should the private pilot do to prepare himself for a cross-
country flight?

FAA regulations state, in part, that before beginning a flight, the
pilot-in-command of an aircraft shall familiarize himself with all avail-
able information concerning that flight. For flights not in the vicinity
of an airport, this must include information on available current weather
reports and forecasts, full requirements, alternatives available if the
planned flight cannot be completed, and any known traffic delays of which
he has been advised by ATC.

Careful preflight planning is extremely important. With adequate
planning the pilot can complete his flight with greater confidence, ease
and safety. Withoot it he may become a statistic—figures show inade-
quate preflight planning is a significant cause of fatal accidents.

Assembling Necessary Materials The pilot should collect the neces-
sary material well before the flight to be sure nothing is missing. Appro-
priate current sectional chart and charts of areas adjoining the flight
route should be among this material if his route of flight takes him close
to the border of a chart. By having this information he will be prepared
to circumnavigate weather or locate his position should he become lost.
To determine the charts that cover surrounding areas, check the small
replica of 2 map of the U.S. which appears on each of the new sectional
charts. This map gives the coverage of each chart and identifies them by
name (see pg. 67). For example, the charts surrounding the Dallas-Ft.
Worth chart are: Wichita, Kansas City, Memphis, Houston, San Antonio,
and Albuguerque.

The latest AIM should be among the material. It is available through
the Superintendent of Documents, U.S. Government Printing Office, Wash.
ington, D.C. 20402. The Airman’s Information Manual is available on
an annual subscription basis (a1 present $29.50).

Additional equipment should include a computer, plotter, and any
other item appropriate to the particular flight—for example, if a night

flight, carry a flashlight: if a flight over desert country, carry a supply
of water.

Weather Check You may wish to check the weather before you con-
tinue with other aspects of flight planning to see, first of all, if the flight
is feasible and, if it is, which route is best. You should visit the local
National Weather Service airport station or the nearest FAA Flight Service
Station, if available. A personal visit is best because you will have
access to the latest weather maps and charts, area forecasts, terminal
forecasts, SIGMETS and AIRMETS, hourly sequence reports, PIREPS,
and winds-aloft forecasts, and you will have a weather briefer to interpret
the weather for you.

If a visit is impractical, telephone calls are welcomed. Some Natianal
Weather Service stations have “restricted” (unlisied) ielephone numbers
on which only aviation weather information is given. These numbers, along
with other National Weather Service and FSS numbers, are listed in the
ATM, part 2. When telephoning for aviation weather information, identify
vourself as a pilot: state your intended route, destination, intended time
of takeoff, approximate time en soute: and advise if you intend to fly

enly VFR.

Unfortunately, there are still many general aviation pilots who are
inclined to scoff at or ignore aviation weather forecasts and briefings,
since the weather information they received has not always proved
entirely accurate. Unfortunately. weather forecasting today is not the exact
science one wonld like it to be and there is no question that there is a
requirement for greater forecasting accuracy. However, the adequacy or
accuracy of the forecasts concerned in more than 1,000 cases was ex-
amined in considerable detail and it was determined that in 80% to
85% of those cases, the forecasts adequately depicted the weather condi-
tions with which the pilots would have faced if they had in fact received
those forecasts. Accordingly, it is considered that, with those odds, a pilot
simply cannot afford to initiate a flight without full knowledge of the
available weather data, including the forecasts. Of course, the weather-
wise pilot looks upon weather briefings and forecasts as help and advice
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and not fixed absolutes. Jt is almost as bad for a pilot to have blind
faith in weather information and forecasts as it is for him to have none
at all. The pilot who understands not only the weather information as
given, but appreciates its limitations as well, is the pilot who will be
able to make the most effective use of all the weather service available
to him. He will always be wary of the marginal weather situation.

Much of the following has been discussed previously in this Hand.
book in one way or another, but it bears repeating. It is presented here
in step-by-step sequence and should be carefully reviewed.

Weather briefings are provided in the interest of assuring that you
receive the best available weather information for effective flight planning.
Adequate briefings, properly understaod and applied, are the best bases
for determining whether your flight should be executed as planned, post-
poned, altered, or cancelled. Safety demands your carveful consideration
of current and forecast weather before you depart on any flight.

How to Get a Briefing

1. Persen lo person—Visit the nearest National Weather Service air-
port station or FAA Flight Service Station.

2. By telephone—--Call the nearest National Weather Service airport
station or FAA Flight Service Station, or call PATWAS (Pilot Automatic
Telephone Answering Service). The telephone numbers of these facilities
may be found in the Airman’s Information Manual.

3. By radio—Tune to any L/MF (Low/Medium Frequency)} “H”
Radio Beacon for continuous transcribed weather broadcasts (TWEBS).
Tune to any NAVAID with voice broadcast at 15 minutes after each
hour for scheduled weather broadcasts. Cail the nearest FAA Flight Service
Station radio facility.

Information for the Briefer

1. Your name, type of pilot certificate held, e.g., studenl. private.
commercial, and whether instrument rated.

2. Type of aircraft and aircraft number.

3. Point of departure and destination.

4. Proposed ronte and flight altitude.

5. Estimated time of departure and arrival plus time needed to
reach alternate if required.

6. Whether you wish to go IFR or VFR.
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Items the Weather Briefing Should Contain

1. Weather synopsis (positions and movement of pressure systems,
fronls, precipitation areas, etc.).

2, Current weather (at point of departure, en rouote, including pilot
reports, terminal, and alternate if weather is marginal}.

3. Forecast weather {at point of departure, en route, terminal, and
alternate if required).

4. Alternate routes.

5. Hazardous weather (tornadoes, tropical storms, thunderstorms,
hail. turbulence, icing, duststorms. or sandstorms).

6. Forecast winds aloft.

7. A request for pilot reports (help the briefer and fellow pilots
by reporting via radio immediately any adverse weather, particularly
that which is significantly different from that forecast),

Recommendations

1. ¥f possible, obtain a complete weather briefing to determine if
vour flight can be conducted safely. Consider your own skill and experi-
ence and the limitations of your equipment, and we repeat, if there is any
doubt, don’t go. Once you have begun your flight, update your weather
information frequently.

2. File an appropriate flight plan with FAA,

3. If you are not instrument rated, avoid “VFR On Top” and “Spe-
cial VFR.” Being caught above an undercast when an emergency descent
is required (or at destination) is a hazardous position for the VFR
pilot. Also, accepting a clearance out of certain airport control zones
with no minimum ceiling and 1-mile visibility as permitted with “Special
VFR” is an invitation to disaster for a VFR pilot. The weather and/or
the terrain within the control zone and beyond may be tolally unsuitable
for visual flight. '

4. Avoid flight through or near thunderstorms. Recent research has
proven beyond any doubt that all thunderstorms are potentially dan-
gerous and should be given a wide berth.

5. Avoid flight through areas of known or forecast severe weather.
You may encounter tornadoes, squall lines, hail, and severe or extreme
turbulence. Severe or extreme clear air turbulence may be encountered
frequently at low and intermediate levels up to 20 miles ahead of squall
lines. The “roll cloud” ahead of a squall line is a visible sign of viclent
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torbulence, but the absence of a roll cloud should not be interpreted
as denoting the lack of turbulence.

6. Avoid flight through areas of known or forecast icing conditions
unless your aircraft is well equipped with deicing/anti-icing devices.
Ice accumulation through areas of freezing precipitation and wet snow
can be rapid and heavy. In addition to airframe icing, carburetor icing
can occur when visible moisture is present and when moisture is not
visible under the right atmospheric conditions (i.e., low temperature,
high humidity).

7. Avoid flight at low altitudes over mountainous terrain, particu-
larly near the lee slopes. If the wind velocity near the level of the ridge
is in excess of 40 knots and approximately perpendicular to the ridge,
mountain wsve conditions are likely over and near the lee slopes. If
the wind velocity at the level of the ridge exceeds SO knots, a strong
mountain wave is probable with strong up and down drafts and severe
or extreme turbulence. The worst turbulence will be encountered in and
below the rotor zone which is usually 8 to 10 miles downwind from the
ridge. This zone is characterized by the presence of “roll clouds” if suffi-
cient moisture is present, Altocumulus standing lenticular clouds are
also visible signs that a mountain wave exists, but their presence is like-
wise dependent upon moisture. The mountain wave downdrafts may ex-
ceed the climb capability of your mircraft.

8. Avoid areas of low ceilings and restricted visibility unless youn
are instrument proficient and have an instrument equipped aircraft, then
proceed with caution and have planned alternates.

9. Use caution when landing on runways that are covered by water
or slush which cause hydroplaning (aquaplaning), a phencmenon that
renders braking and steering ineffective because of the lack of sufficient
surface friction. Snow- and ice-covered runways are also hazardous.

10. Use caution when taking off or landing during gusty wind con-
ditions.

11. Avoid taking off or landing toe close behind large aircraft.
“Wake turbulence” caused by these aircraft can be hazardous.

12. When you have completed your flight, visit or call the National
Weather Service airport station or FAA Flight Service Station, if at all
possible, and for the benefit of your fellow pilots, discuss the weather
that you encountered.

In-Flight Visibility and the VFR Pilot In Section Il of this Hand-

baok, basic information relative to the atmosphere and weather behavior

was presented. Here in Section X, we emphasize the necessity for proper
planning and use of the weather information available, based on a clear
understanding of what it can and cannot do. We also outline specific
hazards and how to cope with them, but in the final analysis it is the
pilot’s judgment that is the critical factor. Establish your own personal
weather limitations based on a realistic assessment of your limitations
and that of your equipment. In nearly every instance, if weather con-
ditions are marginal, or if there is any suspicion of worsening weather,
the safest rule is—do not go!

Statistics indicate that on a national basis, over 25 percent of all
fatal accidents and over 31 percent of all fatalities result from taking
off or continuing into adverse weather with subsequent loss of aircraft
control. In other words, cold hard facts indicate that weather-involved
accidents continue to acconnt for an unnecessarily high number of fatsli-
ties for VFR pilots. A VFR pilot is one who does not have an instrument
rating or an instrument rated pilot who is not current. It is also a fact
that the average pilot who kas had no training in instrument flight will lose
control of his aircraft in a matter of seconds when he loses outside
references.

The inescapable conclusion to the preceding is that VFR pilots
must atay out of weather, and to stay out of weather, he must understand
the limitations, as well as, the capabilities of present day meteorology.
He must neither expect the impossible, nor neglect the attainable. Recent
studies of aviation forecasts indicate the following:

1. For up to 12 hours and even beyond, a forecast of good weather
{ceiling 3,000 ft. or more and visibility 3 miles or greater) is much
more likely to be correct than is a forecast of conditions below 1,000 ft. or
helow 1 mile.

2, However, for 3 to 4 hours in advance, the probability that below
VFR conditions will occur is more than 80 percent if below VFR is
forecast.

3. Forecasts of single reportable values of ceiling or visibility in-
stead of a range of values imply an accuracy that the present forecasting
system does not possess beyond the first 2 or 3 hours of the forecast
period.,

4. Forecasts of poor flying conditions during the first few hours of
the forecast period are most reliable when there is a distinct weather sys-
tem. such as a front. a trough, precipitation, etc., which can be tracked
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and forecast, although there is a general tendency to forecast too little
bad weather in such circumstances.

5. The weather associated with fast-moving cold fronts and squall
lines is the most difficult to forecast accurately.

6. Errors in forecasting the time of occurrence of bad weather are
more prevalent than errors in forecesting whether it will occur or will not
occur within a span of time.

7. Surface visibility is more difficult to forecast than ceiling height,
and snow reduces the visibility forecasting problem to one of rather
wild guesswork.

Available evidence shows that forecasters CAN predict the follow-
ing at least 75 percent of the time:

1. The passage of fast-moving cold frents or squall lines within plus
or minus 2 hours, as much as 10 hours in advance.

2. The passage of warm frorts or slow-moving cold frents within
plus or minus 5 hours, up to 12 hours in advance.

3. The rapid lowering of ceiling below 1,000 ft. in prewarm front
conditions within plus or minus 200 ft. and within plus or minus 4 hours.

4. The onset of a thunderstorm 1 or 2 hours in advance if radar
is available.

5. The time rain or snow will begin within plus or minus 5 hours.

6. Rapid deepening of a low pressure center.

Forecasters CANNOT predict the following with an accuracy which
satisfies present aviation operational requirements:

7. The time freezing rain will begin.

8. The location and occurrence of severe or extreme turbuience.

9. The location and oceurrence of heavy icing.

10. The location of the occurrence of a tornado.

11. Ceilings of 100 fr. or zero before they exist.

12. The onset of a thunderstorm which has not yet formed.

13. The position of a hurricane center to nearer than 100 miles for
more than 12 hours in advance.

14. The occurrence of ice/fog.

These indications of what can and cannot be predicted will vary.
depending on the climatology and general weather conditions of the
area. In genersl, rare events are more difficult to predict than common
events. Weather conditions which have a pronounced daily variation,
such as the occurrence of nighttime radiation fog or of afternoon con-
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vective clouds, can be forecast more reliably than conditions which have
small daily variation.

Similarly, weather conditions which depend on interaction of wind
flow with mountain ranges, coastal areas, or large bodies of water are
more reliably forecast than similar weather conditions which are asso-
ciated with cyclonic storms moving slowly over flat, uniform terrain.
In either instance, however, the pilot who plans ahead and keeps informed
of what the weather is doing and what it is forecast to do. even if he
has to land to do so, is exercising good judgment.

The pilot whe predicates his safety for several hours of flying on one
forecast or briefing may well be gambling with his life.

Visibility vs. Time In order to stay out of clouds, VFR pilots are
often forced to go to low altitudes to remain VFR. Even when they are
able to remain clear of the clouds, visibility, more often than not, is
marginal, and it is here that visibility in a very real sense relates to time
as much as to distance. That is, how many seconds ahead can a pilet
see with 1 mile visibility? How many seconds does he have to perceive.
interpret, act, and obtain aircraft reaction?

How Fast Can You See Cruising at 95 knots, an aircraft travels 160
feet per second. If we relate this to 1 mile visibility, the pilot can see
33 seconds ahead. Matters get worse as speed increases and/or visi-
bility decreases! The pilot can see ahead only 20 seconds if cruising at
154 knots with 1 mile visibility. You may think this is plenty of time
to do things such as turning before you reach zero-zero conditions loom-
ing ahead, or to miss an obstruchion, but is it?

Reaction Time It takes time, very precious time under marginal con-
ditions of visibility, for the eye to see something, for the brain lo inter-
pret what the eye sees, for the brain to send a message to your muscles
to do something, for the muscles to do it, and finally for the airplane
to respond to your muscles. On the average, this all takes from 4 to 5
seconds. Subtract this time from, say, 10 to 20 seconds that a pilat can
see ahead, and he will not, at certain speeds and/or angles of bank, miss
whatever it is he is trying to miss. At 160 knots with a reaction time
of 5 seconds, he will travel 1,400 ft. before anything even begins to
happen in the way of evasive action.

Radius of Turn Suppose a pilot must turn away from a range of
hills or 2 mountain, or a low-lying cloud bank. If he is flying at 154 knots,
he will have moved in the direction of his obstruction approximately



3,900 ft. by the time he completes a 90° turn (1,400 ft. for reaction time,
plus 2,457 ft. for radius of turn). If visibility is less than three-quarters
of a mile, he will never make it—without the help of a good headwind.
If he has a tailwind and only 1 mile visibility, he may never make it.
Even at 95 knots he will use more than one-quarter of a mile. Obviously,
the safe thing to do if caught in such restricted visibility, low-altitude
conditions is to slow down. Do not fly faster than you can see if you
have an option.

The Cockpit Cut-Off Angle and In-Flight Visibility. Ali too often,
adequate visibility at the surface becomes marginal, or even below mini-
mums at altitude, yet the VFR pilot may continue on his way simply
because surface visibilities are reported at values comfortably above
minimums. Some method of determining in-flight visibility with reason-
able accuracy is, therefore, important. A rule of thumb (figure 186)
which will not be equally accurate for all airplanes, but which is usually
better than guessing is as follows:

The approximate visibility in miles will equal the number of thou-
sands of feet above the surface when the surface is just visible over the
nose of the airplane. In other words, at that point where the surface
first appears over the nese of the airplane, your slant-range visibility

RULE OF THUMB

when surface is just visible over nose of aircraft
the forward visihility will be approximately 1 mile
for each 1000 feet altitude.
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Figure 186. Rule of thumb.

will be approximately 2 miles if yon are flying at 2,000 ft. above the
surface. This rule of thumb is based on the cockpit cut-off angle. All
airplanes do not have the same cut-off angle, therefore, the rule of thumb
will not be equally accurate for all airplanes. As will be subsequently ex-
plained, the cockpit cut-off angle for any airplane can be determined
rather easily. Once it is determined for a given airplane, it will remain
constant as long as the eye level of the pilot is not changed. The steps
in determining this cut-off angle on the ground are as follows (see figure
187):

(1.} Adjust the aircraft's ground attitude to correspand as closely
as possible te its normal cruise pitch attitude.

(2.) While sitting as you normally would, adjust the pilot’s seat to
the same position used in flight.

(3.) Measure the vertical distance from eye level and the ground.
(Six feet in the example.)

(4.) Look straight out over the nose of the airplane (cockpit cut-
off angle) and determine the spot where the surface is first visible.

{5.) Measure the distance from directly under the eye position te
the spot established in step 4 (30 ft. in the example).

(6.) At this point you can determine the visibility either by estab-
lishing a simple proportion, or by solving for the tangent value using
the information in the following table. In either case, the result repre-
sents the least slant-range visibility you could have when flying at 1,000
ft. above the ground.

COMPUTING CUTOFF ANGLE

30’

all measurements are from pitots eye level
Figure 187. Cockpit cut-off angle.
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Tangent Value  Angle (°) Approximate Visibdity at 10000 AGL.

0.052 3 19.000 ft. (5,280 ft. = 1 statute mile)
070 4 14,280
087 5 11,500
105 6 9,530
123 7 8,130
141 8 7,090
158 9 6,330
176 10 5,750
194 1 5,150
213 12 4,710
231 13 4,320
249 14 4,010
268 15 3,730
287 16 3,480
306 17 3,270
325 18 3,070
344 19 2,910
364 20 2,750

NOTE: At 500 ft. above the ground, visibility in ft. would be
approximately half of the 1,000 ft. value.

Tangent Value Method: The tangent value (tan ©) is equal to 6 ft. di-
vided by 30 f. or,

6,,
an® = 3
tan© = .20

Referring to the information in the table and locating the value
closest to .2, it is apparent that the cut-off angle is somewhere between 11°
and 12°. Accurate interpolation reveals that with this cut-off angle the
visibility is 5,000 ft.

Preportion Method : Six ft. is to 30 fi. as 1,000 ft. is to “X” fi.
6fi. LoVt

e = —— oo,
30ft, Xt

6X = 30,000 ft.
X = 5000#f.

One must understand that in either case the visibility thus obtained
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would be the very least one could have from the cockpit to the ground
straight ahead. It can, of course, be more than this in respect to slant
range, but if you can see the ground at this altitude, it cannot be less.
Horizontally or laterally, visibility may be more or significantly less,
depending on in-flight weather conditions. However, the visibility to the
ground ahead (a primary VFR reference for aircraft control) would, in
the example cited, be at least 5,000 ft. If the pilot must descend in order
to see the ground over the nose of the airplane, his slant-range visibility
is proportionally less. (See Note in table.)

Using the Aeronautical Chart Draw the course to be Rown on the
sectional chart or charts. The course line should begin at the center of
the airport of departure and end at the center of the destination airport.
If the route is direct, the course line will consist of a single straight line.
If the route is not direct, it will consist of two or more straight line
segments—for example, you may choose a route via a VOR station which
is off the direct route but which will make navigating easier.

Appropriate check points should be selected along your route and
noted in some way. These should be easy-to-locate points such as large
towns, large lakes and rivers, or combinations of recognizable points such
as towns with an airport, towns with a network of highways and railroads
entering and departing, etc. Normally choose only towns indicated by
splashes of yellow on the chart. Do not choose towns represented by a
smail circle—these may turn out to be only a half-dozen houses. (In iso-
lated areas, however, towns represented by a small circle can be promi.
nent checkpoints.

You should check along and to either side of your route for alert,
warning, restricted, prohibited and intensive student jet training areas, ov
Air Defense ldentification Zones {ADIZ). Each area will have its re-
strictions printed on the chart either within the area or somewhere near
the border, depending on its size. Detailed information concerning ADIZ
can be found in Part 1, AIM.

Study the terrain along your route. This is necessary for several
reasons. It shonld be checked to determine the highest and lowest eleva-
tions to be encountered so you can choose an appropriate altitude which
will conform to FAA regulations. (If you are flying above 3,000 ft.
above the terrain, you must conform to the cruising altitude appropriate
to the direction of flight.) Check your route for particularly rugged
terrain so you can avoid it. Areas where a tzkeoff or landing will be made
should be carefully checked for tall obstructions. Television transmitting
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towers may extend to altitudes over 1,500 ft. abave the surrounding ter-
rain. It is essential for you to be aware of their presence and location.
You must know the location of any such obstruction all along your route
if the flight will be made at a low altitude.

Make a list of the navigation aids youn will use along your route and
the frequency on which you can receive each one. Indicate the aids that
have voice facilities so you will know on which stations weather broad-
casts can be received.

It is important that you utilize the chart legend to determine the
meaning of chart symbols or colors that you may not be familiar with.
Instructions on plotting direct courses can be found on the chart itself if
you need to use both front and back sides.

Use of the Airman’s Information Manual

Make a list of the Flight Service Stations along your route and the
frequencies which you can use for transmiiting and receiving (in addition
to the navigation aid frequencies selected from the chart). Check the
correctness of navigation aid frequencies selected from the seronautical
chart. This can be donme by checking the Sectional Chart Bulletin,
NOTAMS, and the appropriate navigational aid information in Part 3,
AIM.

Stndy available information about each airport at which you intend
to land. This should include a study of the following sections: NOTAMS;
Airport Directory if the airport has no control tower; and Airport/Facility
Directory if the airport has a control tower. Most of the information
will be found in the Airport and Airport/Facility Directories. This in-
cludes lacation, elevation, runway and lighting facilities, available services,
availability of UNICOM, types of fuel available (use to decide on refuel-
ing stops), FSS located on the airport, control tower and ground control
frequencies, traffic information, remarks and other pertinent information.
The NOTAMS section, issued every 14 days, should be checked for addi-
tional information on hazardous conditions or changes that have been
made since issuance of the Airport and Airport/Facility Directory sec-
tions. Remember that the information in the Airport Directory section
may be up to 6 months old and that in the Airport/Facility Directory
should be no more than 28 days old.

The Sectional Chart Balletin subsection should be checked for major
changes that have occurred since the last publication date of each sectional
chart you plan to use. Remember, your chart may be up to 6 months old.

The published date of the chart appears at the top of the legend side of
the chart.

The Airman’s Information Manual will generally have the latest
information pertaining to such matters and should be used in preference
to the information on the back of the chart, if there are differences,

Airplane Flight Manual Data Check your Airplane Flight Manual to
determine the proper loading of your airplane (weight and balance data).
You must know the weight of the usable fuel and drainable oil aboard.
the weight of the passengers, the weight of all baggage to be carried, and
the empty weight of the airplane to be sure your total weight does not
exceed the maximum allowable. You will also have to know the distribu-
tion of the load to tell if the resulting center of gravity is within limits.
Be sure to use the latest weight and balance information in the FAA-
approved Airplane Flight Mannal or other permanent aircraft records,
as appropriate, to obtain empty weight and empty weight center of
gravity informatien.

Determine the takeoff and tanding distances from the appropriate
charts, based on the calculated load, elevation of the airport, and tem-
peratare; then compare these distances with the amount of ruoway avail-
able. Remember, the heavier the load and the higher the elevation, tem-
perature, or humidity, the longer your takeoff roll and landing roll and
the lower your rate of climb will be. (See Exam-O-Gram No. 33, appendix
)

Check the fue! consumption charts to determine the rate of fuel
consumption at your estimated flight altitude and power settings. Calcu-
late your rate of fuel consumption, then compare it with the estimated
time for vour flight so you can decide upon refueling points along your
route.

Using the Plotter, Computer, etc. When you draw your course line
on the zeronautical chart, use a protractor (or plotter) to determine your
true course. Then determine the magnetic variation from the mid-isogonic
line, apply it to your measured true course and obtain your magnetic
course. When flying at or above 3,000 ft. above the surface, you must
know the magnetic course to decide whether to fly at an even-thousand-
plus-five-hundred-feet level or an odd-thousand-plus-five-hundred-feet
leve). Then measure the length of your course line, using the distance scale
at the bottom of the chart and NOT the scale on the plotter.

If after a thorough weather check vou decide that the flight can be

183



made safely, you should obtain the winds-aloft forecast and choose an
altitude, with as favorable winds as possible, that will conform to FAA
regulations. Of course, you may wish to sacrifice favorable winds at
times in order to fly at an altitude where there is no turbulence. After
determining your altitude and the forecast winds at that altitude, nse this
information and your estimated true airspeed, and measured true course,
to compute (on your computer) the true heading and groundspeed.
From the computed true heading, determine your compass heading by
applying variation (already obtained from the mid-isogonic line on the
chart) and deviation (obtained from the compass correction card). From
your computed groundspeed and measured course distance, determine
the total flight time. Then use the computed total time and your esti-
mated fuel consumption rate to determine the amount of fuel you will
consume during the flight.

After making the necessary computations, you are ready to file your
fight plan.

VFR Flight Plan An examination of en route accidents shows a strik-
ing relationship between the number of accidents by aircraft not on flight
plans and those on flight plans. Filing a flight plan is not required by FAA
regulations; however, it is good operating practice, since the information
contained in the flight plan will be used in search and rescue operations
in event of emergency.

Though flight plans can be filed in the air by radio, it is usually
best to file a flight plan with the nearest FSS in person or by phone
just before departing. After takeoff, contact the FSS by radio and give
them your takeoff time so they can activate your flight plan. To avoid
congestion of already busy communication channels, use radio for filing
fight plans only when it is impossible to file any other way.

When a VFR flight plan is filed, it will be held by the FSS until
1 hour after the proposed departure time and then canceled unless:

(1) The actual departure time is received; or

(2) A revised proposed departure time is received; or

(3) At the time of filing, the FSS is informed that the proposed

departure time will be met, but actual time cannot be given because

of inadequate communication.

The FSS specialist who accepts your flight plan will not inform vou
of this procedure, however.

Remember, there is every advantage in filing a flight plan: the one
thing you must not forget is to close your flight plan upon arrival. Do
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this by telephone with the nearest FSS, if possible, to avoid radio con-
gestion. If there is no FSS near your point of landing, you may close it
by radio with the nearest FSS on arriving over your destination.

Figures 188 and 189 show the flight plan form a pilot files with the
Flight Service Station. When you file a flight plan by telephone or radio,
give the information in the order of the numbered spaces. This enables
the FSS specialist to copy the information more efficiently. Most of the
spaces are either self-explanatory or nonapplicable to the VFR flight plan
{(such as item 13). However, some spaces may need explanation.

Item 4 asks for the estimated true airspeed in knots. I you are able
to convert your airspeed from miles per hour to knots, there is no prob-
lem. If you are not able, then report your airspeed in miles per hour.

Item 6 asks for your proposed departure time in Greenwich Mean
Time (indicated by the “Z"). If you are unable to convert local standard
time to Greenwich Time, give the time as local standard and the FS5
will convert it to Greenwich. To convert local standard time to Greenwich
Mean Time, add 5 hours to Eastern Standard Time (EST): add 6 hours
to Central Standard Time (CST); add 7 hours to Mouatain Standard
Time (MST); and add 8 hours to Pacific Standard Time (PST). To
convert local daylight time to Greenwich Mean Time, add 4 hours to

FEDERAL AVIATION AGENCY Forus Approved.
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Figure 189. Back of flight plan jorm.

Eastern Daylight Time (EDT); add 5 hours te Central Daylight Time
(CDT); add 6 hours to Mountain Daylight Time (MDT); and add 7
hours to Pacific Daylight Time (PDT).

Item 7 asks for the initial cruising altitude. Normally you can enter
“VFR” in this block, since you will choose your own cruising altitude to
conform to FAA regulations (on IFR flights, air traffic control designates
the cruising altitude).

Item 8 asks for the route of flight. If the flight is to be direct, enter
the word “direct”; if not, enter the actual route to be foliowed such as
via certain towns or navigation aids.

Item 12 asks for the fuel on board in hours and minutes. This is
determined by dividing the total usable fuel aboard in gallons by vour
estimated rate of fuel consumption in gallons.

Item 18 can be ignored since Flight Following Service is no longer
available.

Figure 189 shows the reverse side of the flight plan. This is used as
a check list for---and a place to enter—the information pertinent to your
flight. it also contains a measuring scale for both Sectional Aeronautical
Charts and World Aeronautical Charts,

Even if you decide not to file a flight plan, make regular position
reports to Flight Service Stations to receive altimeter setting, SIGMETS,
and advisories to small aircraft. This will also enable search and rescue
action to be focused in the proper area in case of an emergency. Remem-
ber, the Flight Service Stations are anxious to help you in every way
possible. Tt is only sensible to take advantage of their services,
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APPENDIX 1—SELECTED EXAM-0-GRAMS

VFR Exam-0-Gram No. 9
Altimetry

Your altimeter is a vitally important instrument. You will agree that
flight without this instrument would indeed be a haphazard undertaking
—yet, HOW WELL DO YOU KNOW YOUR ALTIMETER? Take this

short quiz on altimetry; grade yourself by checking the answers and
explanations that follow.

L

Check your ability to quickly interpret your altitude by jotting
down the readings of the six altimeters pictured. 4llow yourself
1 minute.
FAR requires that you maintain your cruising altitudes (VFR
as well as IFR) by reference to your altimeter. What do regula-
tions require concerning the setting (or adjustment) of your
altimeter?
If you are flying in very cold air (colder than standard lempera-
turesj, you should expect your altimeter to read
(a) higher than your actual altitude above sea Jevel.
{b) lower than your actual altitude above sea level.
(¢) the same as your actual altitude above sea level.
Here are four altitudes with which you should be familiar. Briefly
give the meaning of each.
(1) Indicated altitude.
(2) Pressure altitude.
(3} Density altitude.
(4) True altitude.
Assume that your proposed route crosses mountains with peaks
extending to 10,900 feet above sea level. Prior to crossing this
range, you adjust the altimeter setting window of your altimeter
to the current altimeter setting reported by a Flight Service Sta-
tion located in a valley near the base of this mountain range.
If you maintain an indicated altitude of 11,500 feet by your
altimeter, can you be assured of at least 500 feet vertical clearance
of these mountain peaks?

Auswers to Questions on Altimetry

. (1) 7,500 ft., (2) 7,880 ft., {3) 1,380 ft., (4) 8,800 ft., (5) 12,420

ft., (6) 830 ft.

if your altimeter is the three-pointer-type sensitive altimeter such
as those pictured, an orderly approach to reading your altitude
is to first glance at the smallest hand (10,000-ft. hand); next
read the middle hand (1,000-ft. hand); and last, read the large
hand (100-ft. hand). For the two-pointer altimeter, simply read
the small hand first and the large hand next.

. Your altimeter should be set to the current reported altimeter

setting of a station along the route of flight (Flight Service Sta-
tions, Control Towers, etc.). If your aircraft is not equipped with
a radio, you should obtain an altimeter setting prior to departure
if one is available, or you should adjust your altimeter to the
elevation of the airpert of departure.

. I you are flying in cold air, you should expect your altimeter

to indicate HIGHER than you actually are. There is an old saying

—one well worth remembering—that goes something like this:

“WHEN FLYING FROM A HIGH TO A LOW OR HOT TO

COLD, LOOK OUT BELOW ! In other words, if you are flying

from a high pressure nrea to a low pressure area or into colder

air, you had better be careful because you probably aren’t as
high as you think—assuming, of course, that no compensations
are made for these atmospheric conditions.

(1) Indicated altitude—That altitude read directly from the al-
timeter (uncorrected). ’

(2) Pressure altitude—The altitude read from the altimeter when
the altimeter setting window is adjusted to 29.92. (This al-
titude is used for computer solutions for density altitude,
true altitude, true airspeed, etc.).

{3) Density altitude—This altitude is pressure altitude corrected
for nonstandard temperature variations. (It is an important
altitude as this altitude is directly related to the aircraft’s
takeoff and climb performance.)




(4) True altitude--The true height of the aircraft above sea level
—the actual altitude. (Often yoo will sce a true altitude ex-
pressed in this manner: “10,900 ft. MSL"—the MSL stand-
ing for MEAN SEA LEVEL. Remember that airport, terrain,
and obstacle elevations found on charts and maps are true
altitudes.)

5. NO, you are not assured of 500 feet vertical clearance with these
mountains. As a malter of faet, with certain atmospheric condi-
tions, you might very well be 500 feet BELOW the peaks with
this indicated altitude. (To begin with, 500 feet is hardly au
adequate separation margin to allow on flights over mountainous
terrain—1,500 to 2,000 feet is recommended in order to allow
for possible altitude errors and downdrafts.)

A majority of pilols confidently expect that the current altimeter
setting will compensate for irregularities in atmospheric pressure. Un-
fortunately, this is not always true. Remember that the altimeter setting
broadcast by ground stations is the station pressure corrected to Mean
Sea Level. 1t does not reflect distortion at higher levels, particularly the
effect of nonstanderd temperature.

When flying over mountainous country, allow yourself a generous
margin for terrain and obstacle clearances.

KNOW YOUR ALTIMETER
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VFR Exam-Q-Gram Neo. 13

Weight and Balance

Loading the family automobile for a trip requires little serious plan-
ning. You can C-R-A-M as much luggage into the trunk as you have
space, squeeze as many persons into the seats as you have room, and
top off the gas tank with no thought given to Gross Weight or Center of
Gravity. A similar approach to loading vour “flying machine” could
result in a serious accident.

WHAT 15 EXCESSIVE WEIGHT? Assume that your airplane is a
4-place airplane with a baggage allowance of 120 pounds, a usable fuel
capacity of 39 gallons, and an oil supply of 8 quarts. On a hypothetical
flight you take on full fuel and oil servicing, toss the suitcases in the
baggage compartment, and you and your three passengers eagerly climb
aboard. This seems like a reasonable load, but if you had placed each of
them on the scales you might have found that you and the passengers
average 180 lbs. each (720 lbs.}, and the four suitcases, 30 lbs. each
(120 lbs.). The usable fuel load weighs 234 Ibs. and the oil 15 lbs.
Assume, also, that the Weight and Balance Data for the airplane shows
an empty weight of 1,325 lbs. and a maximum allowable gross weight
of 2,200 lbs. NOW, add the weight of the useful load to the empty
weight and compare the total to the allowable gross weight. (1,089 lbs.
+ 1,325 lbs, = 2,414 lbs.) . . . 214 lbs. excess!

WHAT RESTRICTIONS ARE THERE ON WEIGHT AND BAL-
ANCE? In many civilian airplanes it is not possible to fill all seats,
baggage compartment, and tanks, and still remain within the approved
weight and halance limits. If you do not wish to leave a passenger behind
{a normal reaction) you must reduce your fuel load and plan on shorter
legs en route or cut down on the bhaggage carried, or both. Frequently,
restrictions are placed on rear seat occupancy with maximum baggage
allewance aboard. By all means follow your airplane’s Weight and Balance
restrictions. The loading conditions and the empty weight of your par-
ticolar airplane may differ from those shown in the Owner’s Manual.
especially if modifications have been made or equipment has been added
to the original basic airplane.
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IS CRUISE PERFORMANCE AFFECTED BY AN EXCESS LOAD?
At normal weight, the airplane requires a certain angle of attack to main-
tain straight-and-level flight at a given airspeed. To sustain a heavier
load at that same airspeed, the angle of attack must be greater to provide
the increased lift that is necessary. More power must be added to overcome
the increased drag which results from the increased angle of attack.
Additional power, in turn, burns more fuel, thereby reducing the range
of the aircraft.

Normal R 4 Ingreasad
Angile of Attack T~ Angle of Attack

TN

Line of Flight

GROSS WEIGHT WITHIN
MAXINUM ALLOWABLE

GROSS WEIGHT IN
EXCESS OF MAXIMUM ALLOWABLE

IS CLIMB PERFORMANCE AFFECTED BY AN EXCESS LOAD?
Time to climb to a given altitude is lengthened, because the angle of
attack is greater and the extra thrust required to carry the additional
weight limits the rate of climb and may limit the climbing speed, since
this depends on the surplus power available. The additional time in
climbing at the higher power setting also increases the fuel consumption.

IS “G” FORCE TOLERANCE AFFECTED? Assume that your air-
plane has a limit-load factor of 3.8 “G's”. If the allowable gross weight is
not exceeded, this means the wings can safely support 3.8 times the weight
of the airplane and its contents. In accelerated flight (pull-ups, turns,
turbulent air) the actual load on the wings would be much greater than
the normal load, which of course results in much greater stresses in the
wing structure. Overloading, therefore, has the effect of decreasing the
“G"” load capability of the aircraft and thus could result in the wing
being stressed to the point of popped rivets, permanent distortion, or
structural failure.

HOW IS AN AIRPLANE BALANCED? An airplane, like a steel-
vard scale, is in perfect balance when the weight is distributed in such a
manner thal it remains level when freely suspended. In an airplane, how-
ever, as long as the center of gravity lies anywhere within specified limits,



balance can be maintained in flight. Flight with the c.g. outside of this
range results in unsatisfactory or dangerous flight characteristics, Loading
an airplane then, is simply a matter of distributing the load so that the
c.g. falls within the allowable range. This can be accomplished by arrang-
ing the load in accordance with the center of gravity envelope provided
for each airplane,

WEIGHT PROPERLY
DISTRIBUTED

EXCESS WEIGHT
PLACED AFT

DOES IMPROPER LOAD DISTRIBUTION AFFECT SAFETY?
YES! When loading conditions cause the center of gravity to fall outside
allowable limits, stability is adversely affected and erratic control forces
may develop. Stalling speed, takeoff distance, and landing speed may be
increased to the point of actual danger.

Due to the size of many baggage compartments there might be a
tendency to fill them to capacity, ignoring the placarded baggage weight
Jimitations. This could produce a center of gravity aft of allowable limits
creating a highly dangerous flight condition. The result would be a nose-
high altitude which could lead to a stall from which recovery might not be
effected due to inadequate elevator control.

AN AIRPLANE’S BEHAVIOR IN THE AIR
IS DEPENDENT ON WEIGHT AND BALANCE!
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VFR Pilot Exam-0-Gram No. 22

Potential Midair Collisions

Anpalyses of answers to Pilot and Ground Instructor Written Exam-
inations indicate that many applicants do not fully undecstand several
areas in the Regulations and procedures that were devised as safety
measures for VFR flying. Two of the areas will be covered in this Exam-
O-Gram that seem to give applicants the most difficulty. They concern the
Hemispherical Rule for VFR cruising altitudes and Airport Advisory
Service at uncontrolled airports.

A pilot who does not keep abreast of and comply with the latest
Regulations and procedures could be a source of danger to himself and
to others in his vicinity. A Federal Aviation Administration report

Fatlure to comply with Regulations and procedures increases the
degree of potential mid-air collision hazards!

indicated that 549 “near mid-air” collisions were reported within the
United States during calendar year 1962. This compared with 516 reports
for 1961 and 470 reports during 1960. It would be reasonable to assume
that other “near mid-air” collisions occurred that were not reported.
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Could any pilot with siderable flying experience truthfully say
that he has never been invols 1 in a “near miss” with other aircraft —
or — that he is not seriously concerned about mid-air collisions? It is
often so easy to fly for a long period of time with our head in the cockpit
while we study charts or change radio frequencies. Finally, something
tells us that we should start looking around, and then we suddenly
realize how foolish we were to expose ourselves to the potential hazards
of a mid-air collision while we were preoccupied.

Most pilots know very well the danger of not properly guarding the
airplane from other aircraft while their attention is divided between
things inside and outside the cockpit—yet is there a pilot flying today
who will not some day break this rule of common sense?

TO AVOID OR REDUCE THE HAZARD OF TOO MUCH “EYES-
INSIDE-THE-COCKPIT” FLYING, WHAT ACTION SHOULD A PILOT
TAKE IN VFR CROSS-COUNTRY PREFLIGHT PLANNING?

(a) He should obtain from proper charts all the information perti-
nent to his route of flight. Information such as: headings, distances, check-
points, altitudes, etc., should be placed in a flight log format. On the
reverse side of the FLIGHT PLAN (FAA Form 7233-1) a flight log is
provided for pilots.

{b) All necessary charts should be folded in proper sequence and
conveniently located in the cockpit.

(¢) The current issue of Airman’s Information Manual (AIM)
should be referred to with particular attention to NOTAMS and Airport/
Facility Directory sections. All radio frequencies to be used on the flight
should be written on the flight log for ready reference during the fight.

(d) The AIM Airport Directory or Airport/Facility Directory sec-
tions should be consulted to obtain airport data and to review VFR pro-
cedures for approaches to busy air terminals. For example: The Airport/
Facility Directory section for Nashville Metropolitan Airport states:
“Trafic Information—Contact Approach Control on 120.6 . . 25 miles
out.”

(e} The Airman’s Information Manual should be reviewed for
additional information under such headings as: Good Operating Practices,
Air Navigation Radio Aids, Airport-Air Navigation Lighting and Mark-
ing Aids, Weather, Preflight, Departure, Radar Assistance to VFR Air-
craft, VFR Cruising Altitudes, Arrival, and Emergency Procedures.




(f) A careful study of the Sectional or World Aeronautical Charts
should be made to determine if your route of flight will traverse a Pro-
hibited, Restricted, Alert, or Warning Area.

HOW DOES THE TOWER ASSIST IN PREVENTING MID-AIR
COLLISIONS AT A CONTROLLED AIRPORT? Although it is always
the direct responsibility of the pilot, when flying in VFR weather con-
ditions, to avoid collision with other aircraft, the information and
clearances issued by the controller in the tower are intended to aid pilots
to the fullest extent in avoiding collisions. The controller in the tower
issues clearances that can be safely followed without collision hazard
if reasonable caution is exercised by the pilot. By advising the tower of
your position well in advance of entering the control zone (normally a
minimum of 15 miles out), you will be able to receive information on
other aircraft which might be in your vicinity as well as being assured
of a safe and orderly entry into the traffic pattern under the direction of
the control tower.

Note to Student Pilots: To receive additional assistance while
operating in areas of concentrated air traffic, a student pilot
should identify himself as a student pilot during his initial call
to an FAA radio facility (Control Tower, FSS, Approach Con-
tro, etc.). For example: “Dayton Tower, this is Fleetwing 1234,
Student Pilot, over.”

At busy airports an expansion of the normal tower service is made
possible through the use of ATIS and/or radar. The availability of these
services can be determined by checking the airport/facility directory in
Part 3, AIM. By using the frequencies thus oblained, the pilot can receive
directions and information much sooner than might be available through
tower communications only. Thus the potential for mid-air collision is
reduced.

WHY SHOULD A PILOT CHECK THE SPECIAL NOTICES -
AREA SECTION OF THE AIRMAN'S INFORMATION MANUAL? Be-
fore departing on an extensive cross-country flight in unfamiliar country,
the pilot should check the Special Notices - Area section for such notices
as “Terminal Radar Service Areas” and “Terminal Area Notices.” For

example: Special Air Traffic Rules apply to VFR flights in the Valparaiso,
Florida, terminal area because of the high speed special activities con-
ducted in the vicinity of Eglin AFB.

The other alrplane is

km this pilot'a blindspot.
(_/
L low “ 2
B ¢

—
L

The collision that is about to happen as illustrated can happen at
any airport. A number of such accidents have already occurred — LOOK
ARQUND - DO NOT LET IT HAPPEN TO YOU.

IS TRAFFIC INFORMATION AVAILABLE AT CERTAIN NON.
CONTROLLED AIRPORTS? Yes, at certain noncontrolled airports (no
contral tower) where FAA Flight Service Stations are operating, there
is available to you an Airport Advisory Service. Use of this radio service
will aid you in avoiding mid-air collisions.

WHAT SERVICE DOES THE AIRPORT ADVISORY SERVICE
PROVIDE? The Flight Service Station (FSS) at uncontrolled airports
provides airport advisory service to aircraft operating to or from the
airport on which the station is located. The airport advisory service
provides the following information to aircraft which are in communica-
tion with the station: Wind Direction and Velocity; Favored Runway;
Altimeter Setting: Pertinent Known Traffic; Pertinent Known Field Con-
ditions; Airport Taxi Routes and Trafc Patterns, etc.

NOTICE! There may be other aireraft in the vicinity of the airport
not in communication with and thus not known by the FSS.
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HOW DOES THE PILOT KNOW WHERE TO FIND AIRPORT
ADVISORY SERVICE LOCATIONS? The locations are appropriately
depicted on the Sectional Charts in this manner:

J

Fssl..
ESVILLE
LSO U

WHAT IS A SAFE WAY TO CLIMB OR DESCEND ON VICTOR
AIRWAYS? The Airman’s Information Manual Good Operating Practices
section states: “During climb or descent, pilots are encouraged to fly to
the right side of the center line of the radial forming the airway in
order to avoid IFR and VFR cruising traffic operating along the center
line of the amrway.”

DESTINATION: Over The VOR Station!
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The FAA Near Mid-Air Collision Report for Calendar Year 1962
indicates that 416 (81.245:) of the incidents occurred in clear skies and
unrestricted visibility conditions. Of the 549 incidents reported 256
{46.6% ) occurred over a VOR jacility, and the aircraft were utilizing
VOR as the navigational aid in 89% of the en route incidents. BE ALERT
AT ALL TIMES: Unlimited visibility appears to encourage a sense of
security which is not at all justified.

DOES THE HEMISPHERICAL RULE OF CRUISING ALTITUDES
PLAY AN IMPORTANT ROLE IN THE AVOIDANCE OF MID-AIR
COLLISIONS? Yes, the rule is specifically designed to provide altitude
separation, and applies to local as well as cross-country flights.

Many Airman Written Examination applicants are incorrectly
answering questions pertaining to the Hemispherical Rule for VFR
cruising altitudes. When an aircraft is operated in VFR level cruising

Q
N

WHEN 3,000 ABOVE THE SURFACE




Right above 3,000 feet above the surface and helow 20,000 feet, the
cruising altitudes (shown in the illustration) shall be observed in
accordance with the magnetic course being flown. (NOTE: See Airman’s
Information Manual,)

DO THE VFR CRUISING ALTITUDES APPLY BELOW 3,000
FEET? No, only when you are flying above 3,000 feet above the surface.
Assume that in the diagram below your flight traverses terrain with
the approximate elevations as depicted. You desire to select a constant

Southwesterly
Magnetic Course

CruiSing
Altitude

8 .
6500

cruising altitude which will conform to VFR cruising altitude require-
ments and also have sufficient altitude above mountain peaks to avoid
downdrafts or extreme turbulence. Altitudes above the surface in moun-
tainous areas should be based on the lowest general terrain (excluding

deep crevices or canyons).
5,500 general terrain elev.

For example: + 3,000" above terrain.
8,500 effective altitude.
10,500’ correct (even +500") at points A, B, C.

10,000" incorrect at points A, B, C.
9,500" incorrect at points A, B, C.
9,000 correct at point B; incorrect at points A, C.
8,500’ correct (even +500') at peints A, B, C.

7,500 correct at A, B, C. surface but inadequate

8,000 correct at A, B, C. less than 3,000" above
7,000° correct at A, B, C. } safety above peaks.
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VFR Exam-0-Gram No. 33
Use of Performance Charts

A report of an accident was stated in the following words: “Takeoff
was attempted on a 1,600-foot strip; the airplane cleared the fences but
sank back and struck a ditch.” The pilot stated that he failed to consider the
effects of the grassy, rough field, the 90° F. temperature, heavy load of fuel
and passengers, and the calm wind. COULD THE USE OF THE TAKE-
OFF PERFORMANCE CHART FOR HIS AIRCRAFT HAVE PRE-
DICTED THE SAD ENDING TO THIS FLIGHT?

WHAT ARE PERFORMANCE CHARTS? They are charts that de-
scribe or predict the performance of an aircraft under a given set of
conditions or ground rules. They may be in tabular or graph form.
{Because of their importance to safety, all applicants are being tested,
and will continue to be tested, on use of performance charts in the written
examinations.)

WHERE DO YOU FIND PERFORMANCE CHARTS? You can
find them in the FAA-approved Airplane Flight Manual and the Owner’s
Manual or Handbook prepared by the manufacturer. In many cases, the
FAA-approved Flight Manual must be carried in the aircraft at all times.

ARE THE CONDITIONS OR GROUND RULES UNDER WHICH
YOU USE A PARTICULAR TYPE PERFORMANCE CHART ALWAYS
THE SAME? No. The particular set of conditions or ground rules, as
well as format, will vary with the manufacturer. Although ground rules
for their use may be different, the information obtainable is essentially
the same—takeoff and landing distance (ground run or roll and to clear
a 50-foot obstacle), fuel consumption, rate of climb, true airspeed, etc.

HOW ACCURATE SHOULD YOU CONSIDER THE PREDIC.
TIONS OF PERFORMANCE CHARTS? You will be headed in the safe
direction if you always consider the performance of the airplane you fly
to be less than predicted by the performance charts. The following state-
ment is contained in one airplane flight manual: “Flight tests from which
the performance data was obtained were flown with a new, clean airplane,
correctly rigged and loaded, and with an engine capable of delivering its
full rated power.” You can expect to do as well only if your airplane,
too, is kept in the peak of condition.
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IS IT NECESSARY THAT YOU ALWAYS CONSULT PER-
FORMANCE CHARTS PRIOR TO TAKEOFF OR LANDING? No.
Obviously, if you are taking off or landing on a 10,000-foot runway in a8
light airplane, you need not check the takeoff or landing data charts.
But where is the dividing line—6,000? 4,000? 2,000? This depends on
a lot of factors which include the equipment you are fiying; pilot skill,
proficiency, and familiarity with equipment; and the relative values of
the three major factors affecting aircraft performance (density altitude,
gross weight, and wind) plus the type and condition of the runway.

WHEN SHOULD YOU CHECK YOUR PERFORMANCE CHARTS?
Any time there is doubt in your own mind, whether it be due to the
length and/or condition of the runway, the high-density altitude, a recog-
nition of your own limitations, or a lack of familiarity with the equip-
ment you are flying—which will be alleviated through the use of per-
formance charts. You should begin an operation with complete confidence
in its success. Use everything at your disposal to establish this confidence.
Charts do not cover &ll conditions that might have an effect on per-
formance; but by making adequate allowances to the information oL..
tained, you can ensure a greater margin of safety.

WHAT CAN YOU OBTAIN FROM TAKEOFF PERFORMANCE
CHARTS? You can find the predicted length of the takeoff ground run
and/or the predicted distance necessary to clear a 50-foot obstacle (which
includes the ground roll). For example:

OBSTACLE TAKE-OFF DATA 137 FLAPS
P "
7
Sae Lovel 1000 H. 2000 . S000 H. #000 F+.
Te Chene Ta Clage Ta Clear Ta Clanr To Cloae
Wind Graund 50 Groand S0 Graund 50 Graund 50 Grownd 50
Vai. Temp. Run Qit.  Temp.  Ren Ohy.  Tamp., R Ot Temp.  #wn Obat. Temp. Gun Obw.
mph r H. 1.3 ¥ [ H. L} . F. ¥ (L3 R ¥ 2] H.
30 | NS 20 900 1310 15 1060 1580 10 1260 1893 0 L1753 2305
DO % 890 1320 32 1035 133 I 215 1810 38 1130 20 30 P693 2735
0 J1003 1% 80 NisD JmDu Dlm ZDA.: 70 1630 2380 KD 1890 X215
10 620 933 10 Ty Imi 5 830 1300 (LU T S Y] ¢ N9 1920
10 59 705 080 32 830 31260 [ ) 973 1493 38 1160 1810 3¢ 1380 2290
%0 803 1220 &0 935 W25 I3 (110 17IS 70 1333 IS &0 1575 27RO
CHART 1 NoTE: Decrrase distaner approximatels 137 for

100 pounds decrease i gross wrigh.

Chart 1: At an elevation of 4,000 feet, zero wind, 75° F., 15° of
flaps, and meximum gross weight (2,300 1bs. for this airplane) the pre-
dicted ground run is 1,380 feet and the predicted distance necessary to




clear a 50-foot obstacle is 2,065 feet. If the airplane weighed 200 lbs.
less than maximum gross weight, these distances would be reduced by
30% and become 966 feet and 1,445 feet, respectively. {See NOTE at
bottom of chart.)
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TAKE- OFF DISTANCE, FEET

Chart 2: At an elevation of 4,000 ft., 75° F., flaps up, and gross
weight of 2,800 lbs., the takeoff distance is 1,600 ft. If you get 1,275 ft.,
it is because you used the same set of ground rules that you used in
Chart 1. Since Chart 2 is based on standard altitude (standard tempera-
ture and pressure), you must first convert the elevation (to be completely
accurate, the pressure altitude at that elevation) and temperature to a
density altitude. A temperature of 75° F. at an elevation (pressure alti-
tude) of 4,000 fi. results in a density altitude of approximately 6,000 fi.
(see Chart 9). Using an altitude of 6,000 ft. in Chart 2, you obtain the
predicted takeoff distance of 1,600 ft. (75° F. = 24° C.)

WHAT CAN YOU OBTAIN FROM CLIMB PERFORMANCE
CHARTS? Primarily, the rate of climb under various conditions. The
information from these charts becomes exceedingly important when you
have to cross high mountain ranges relatively soon after takeoff. Some
charts also give the best climb airspeed and fuel consumed during the
climb. For example:

P - o
AT SEA LEVEL & 59°F, | AT 5000 FT. & 4]°F. |[AT 10000 FT. & 23° F.
GROSS BEST | RATE} GAL. BEST |RATE {FromSL] BEST |RATE [FromSL
WEIGHT CLIMB QF OF |CLMB| OF FUEL |CLIMB| OF FUEL
LBs. IAS [CLIMB | FUEL tas [CLIMB | USED 1AS |CLIMB | USED
MPH |FT/MIN| USED MPH |FT/MIN MPH [FT/MIN|
D 2100 &7 1470 1.5 82 t) 1200 > 2.8 78 925 4.3
2400 88 1214 1.5 84 860 3.1 80 "o 5.0
2650 80 1030 1.5 88 795 AS a3 580 5.0
Note: Flaps up. full throttle and 2600 RPM. Mixture leaned far smooth operation above 5000 fi,
Fue) used includes warm-up and take-off allowance.

Chart 3: At 5,000 ft., 41° F., and 2,100 lbs. gross weight, the rate
of climb is 1,200 ft./min.; best climb speed is 82 m.p.h.: and fue! used
to climb from sea level to 5,000 fi. is 2.8 gal. At a gross weight of
2,650 1bs. under the same conditions. the rate of climb is 795 ft./min.
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GEAR & FLAF UP
GROSS WEIGHT — 2900 LBS.
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Chart 4: At 5,000 ft., 86° F., and 2,900 lbs. gross weight. the rate
of climb is approximately 810 ft.—not 970 ft. Note that you must first
convert the altitude and temperature to a density altitude using the
Density Altitude Chart (Chart 9). The density altitude at this altitude
and temperature is approximately 7,750 ft. (86° F. = 30° C.)

WHAT CAN YOU OBTAIN FROM CRUISE PERFORMANCE
CHARTS? Some of the items you can obtain include recommended power
settings at various altitudes, along with percent of brake horsepower at
these settings, rate of fuel consumption (gal./hr.), true airspeed, hours of
endurance with full tanks, and range in miles under standard conditions
and zero wind. Not all of these values are obtainsble from all charts. For
example:
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CRUISE AND RANGE PERFORMANCE

TAS End. Ral
Aunde | aPM | M P oie | eaP | wpp [ Gawmr. | oot | wiGal | GRS
5000 2450 23 1719 1 183 14.5 3.8 11.2 815
22 169 1 158 13.6 4.0 11.7 640
Q 21 181 7 158 13.0 4.2 12.0 680
20 150 65 151 12.2 4.3 12.9 685
2200 3 187 13 153 134 [ ] n.s 830
Q 12 15 [n es 153 1.8 4.4 1.3 813
! 148 & 131 .9 4.8 12.7 700
20 139 &0 148 1.2 4.9 13.1 20
2200 2 157 €8 155 12.4 .4 12.5 685
22 148 &4 151 n.r 4.7 12.9 710
Y 138 & 6 11.0 5.0 1.3 730
0 i 51 jL ] 10.% 5.2 13.8 150
Cruise performance shown is based on standard conditions, zero wind, lean mixture, 33
galloas of fuel. no fucl reserve, and 2650 pounds gross weighe.

Chart 5: At 5,000 ft., 2,300 r.p.m., and 21 inches of manifold pres-
sure, you should get 64% rated power, approximately 151 m.p.h. true
airspeed, and consume approximately 11.9 gal./hr. of fuel which will
give you an endurance of 4.6 hrs. and a range of 700 miles under stand-
ard conditions, zero wind, and full fuel tanks,

Power Setting Table —

138 HP —55% Ented

Press.| Sud. 163 HP —65% Rated
Alt. Al Approx, Fuel 10.3 Gal./Hr. Approx. Fuel 12.3 Gal./Hr.
1000 | Temp. RPM AND MAN. PRESS. RPM AND MAN. PRESS.
Feet *F
2100 @ 2300 2400 | 2100 2200 2300 2400
SL 39 21.6 20.8 20.2 196 24.2 23.3 226 220
| 55 214 206 200 19.3 239 230 22.4 213
2 52 21.1 20.4 19.7 19.1 23.7 228 22.2 21.5
3 43 209 20.1 195 18.9 234 225 21.9 213
4 45 20.6 19.9 19.3 18.7 23.1 22.3 217 . 210
5 41 204 19.7 19.1 185 229 22.0 214 20.8
6 38 20.1 195 189 18.3 22.6 21.8 21.2 20.6
7 3 19.9 19.2 18.6 18.0 22.3 21.5 21.0 204
9 27 19.4 18.8 18.2 176 — 21.3 20.7 . 201
D 8 31 19.6 D 19.0 184 17.8 —_ —_ 20.5 19.9
10 23 19.1 18.6 180 174 — — —_ 19.6
CHART 6

Chart 6: At 8,000 ft. you can obtain 55% rated power and 10.3 gal./
hr. fuel consumption with 2,200 r.p.m. and 19 inches of manifold
pressure. o



CRUISE PERFORMANCE

58.8 Gal 58.8 Gal
TAS Endurance Range

ALT. RPM % BHP MPH Hours Miles
2500 75 130 6.0 773
2500 2350 63 118 rA | 832
2200 53 107 8.4 894
2525 75 13 40 775
3500 2400 &5 121 6.9 827
2250 55 110 8.0 874
2550 75 132 6.0 780
4500 2400 63 120 7.0 841
2250 53 109 8.3 205

'O' 2600 77 135 5.8 775
5300 D, Des Doz (Yoo Dow

2300 55 12 8.0 887

CHART 7

Chart 7: At 5,500 ft. and 2,450 r.p.m., you have 65% rated power,
should obtain approximately 123 m.p.h. true airspeed, have an endurance
of 6.8 hrs.,, and a range of 837 miles.

Use cruise performance charts to plan refueling stops. If you learn
that your airplane performs differently than predicted by the chart, use
this information; especially when performance is worse than predicted by
the chart.

STALL SPEEDS IAS

CONFIGURATION ANGLE OF BANK
0’ 20° 40° 60°
Flaps Up — Power Off 72 mph 74 mph 82 mph 102 mph
flops Up — Power On &% mph 71 mph 79 mph Q?B mph
Flops Down (30°) — Power Off 64 mph &6 mph 73 mph 91 mph
Flaps Down [30°) — Power On 55 mph 57 mph 63 mph 78 mph
CHART 8

WHAT CAN YOU LEARN FROM STALL SPEED CHARTS?
Chart 8 is a typical example of a stall speed chart taken from an airplane
fight manual. Note and continually be aware of the wide variation in
stall speed between straight-and-level flight and various angles of bank.
Note that the stall speed in a 60° bank with flaps up and power off
(102 m.p.h.) is almost double the stall speed in straight-and-level flight
with flaps down and power on (55 m.p.h.). Even with power on in the
60° bank, the stail speed is reduced only 4 m.p.h. to 98 m.p.h. Study this
chart and be aware of its significance, especially during traffic patterns
and landings. You will find similar charts in any airplane flight manual.

WHAT CAN YOU OBTAIN FROM LANDING PERFORMANCE
CHARTS? The same type of information that you get from takeoff
performance charts—distance required to clear a 50-foot obstacle, length
of the ground run, and in some cases, the recommended approach speed
on which these figures are based, Landing performance charts will gen-
erally be used in the same way as takeoff charts for any given airplane,
since each manufacturer usually follows the same format in these two
charts. If you can read takeoff charts, you should have no difficulty
reading landing charts.

HOW CAN YOU OBTAIN VALUES FROM PERFORMANCE
CHARTS FOR CONDITIONS INTERMEDIATE TO THOSE GIVEN?
By interpolation. For example, in Chart 1 find the ground run required
at an elevation 5,000 ft.. 72.5°F., zero wind, and maximuin gross weight:
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DENSITY ALTITUDE — 1000 FEET
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Ground run at 4,000 ft., 75°F.. zero wind = 1,380 ft.
Ground run at 5,000 ft., 72.5°F,, zero wind = ? ft.
Ground run at 6,000 ft., 70°F., zero wind = 1,640 fi.
1,640 — 1,380 = 260
1% x 260 = 130
1,380 + 130 = 1,510
Since 5,000 ft. is halfway between 4,000 and 6,000 and the tempera-
ture is halfway between 75° and 70°, the ground run should be halfway
between 1,380 and 1,640, which is 1,510 ft.
Find the distance to clear a 50-foot obstacle at 4,000 ft., 65°F.,
zero wind, and maximum gross weight:
Distance at 4,000 ft., 45°F., zero wind = 1,810 ft.
Distance at 4,000 ft., 65°F., zero wind = ? ft.
Distance at 4,000 ft., 75°F., zero wind = 2,065 ft.
2065 — 1,810 = 255
2/3 x 255 = 170
1,810 + 170 1,980

Since 65° is two-thirds of the way between 45° and 75°, the distance
should be two-thirds of the way between 1,810 and 2,065 which is 1,980 ft,

IF INTERPOLATION IS DIFFICULT OR YOU ARE IN DOUBT
ABOUT YOUR COMPUTATION, HOW CAN YOU ENSURE BEING ON
THE SAFE SIDE? Use a condition more adverse than the one that actually
exists—one that you can read directly from the chart without interpolat-
ing. Suppose, for example, you were taking off from an airport at an
elevation of 5,200 ft. with a 5 m.p.h. headwind, a temperature of 65° F.,
and maximum gross weight. By using an elevation of 6,000 ft., & zero
m.p.h. wind, and 70° F., you can read the takeoff distance directly from
Chart 1. The conditions you are using are more adverse than the actual
conditions. If the results indicate that takeoff is feasible, then you should
have no difficulty taking off under the actual conditions.

Chart 9: Density Altitude Chart. At an elevation of 5,000 ft. (assum-
ing pressure altitude and elevation are identical} and a temperature of
40° C. (104° F.) the density altitude is approximately 8,750 ft.

(NOTE: Charts 1. 3, 5. 6. and 7 are excerpts from charts. Charts 2. 4. 8.
and 9 are complete.)




VFR Pilot Exam-O-Gram Ne. 45
Airspeeds and Airspeed Indicator Markings

(Series 2)

Most FAA written tests contain several test items involving airspeed.
Analyses show that many applicants are not knowledgeable concerning
airspeeds. The use of performance charts, computation of navigation
problems, and filing of flight plans involves the use of true airspeed.
However, in various configurations and flight conditions, airplanes are
also operated with reference to calibrated airspeed.

WHAT ARE THE DIFFERENT AIRSPEEDS? The four principle
airspeeds are defined below.

Indicated Airspeed (IAS) is the uncorrected speed read from the
airspeed dial. It js the measurement of the difference between impact
pressure and atmospheric pressure in the pitot-static system.

Calibrated Airspeed (CAS) is indicated airspeed corrected for in-
strument error and installation error in the pitot-static system. As the
aircraft flight attitude or configuration is changed, the airflow in the
vicinity of the static inlets may introduce impact pressure into the static
source, which results in erroneous airspeed indications. The pitot section
is subject to error at high angles of attack, since the impact pressure
entering the system is reduced, when the pitot tube is not parallel to the
relative wind. Note in the airspeed correction table the different between
indicated and calibrated airspeed in the lower speed ranges. Performance
data in aircraft flight manuals ie normally based on calibrated airspeed.

Flaps TAS | 40) 50| 601 7¢| 80190 {100 | L1 | 120 | 130 | 140
Flaps Up CAS|S55| 60| 661 72| 80|89 98108 (117|127 |136
Flaps Down | CAS|I521 581651 731 829111001 —! —1 —1 —

Equivalent Airspeed (EAS) is calibrated airspeed corrected for
compresgibility factor. This value is very significant to pilots of high-
speed aircraft, but relatively unimportant to pilots operating at speeds
below 250 knots at altitudes below 10,000 feet.

True Airspeed (TAS) is calibrated airspeed (or equivalent airspeed
if applicable) corrected for air density error. TAS is the actual speed of
the aircraft through the air mase. Air density error is caused by non-
standard pressure and temperatuore for which the instrument does not
automatically compensate. The standard airspeed indicator is calibrated
to read correctly only at standard sea level conditions—that is, when the
pressure is 29.92 inches Hg and the temperature is 15°C.

HOW 1S TRUE AIRSPEED DETERMINED? To find TAS, it is
necessary to——(a) work a computer solution. or (b) have in the aircraft
an airspeed indicator. similar to the one llustrated. which incorporates

LRUE SPEED

KNOTS 700 s.

that portion of a computer which is necessary for determining TAS in
the cruising speed range. This represents the current trend in the design
of flight instruments that reduce pilot workload. In either case, the
prerequisites for determining TAS are pressure altitude®. CAS, and out-
side air temperature.
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Example: For a pressure altitude of 6,500 feet, a CAS** of 175
mp.h., and an outside air temperature (OAT) of 4+20° C., you would
use the instrument as follows: With the adjusting knob, set the pressure
ahtitude (6,500 feet)} opposite the QAT (+20°C.). The needle then shows
a TAS of 202 m.p.h. while on the inner portion of the dial the needle is
registering an IAS of 175 m.p.h. or 152 knots.

OAT +20° C

*The most accurate method of solving for TAS is by use of
pressure altitude. However, you can use indicated altitude
without introducing too great an error in most instances.

**For this example the TAS and CAS are assumed equal.

NOTE: Free air temperature gages are subject to heat of com-
pression (friction) errors. The higher the TAS the more the increase
in indication above the actual temperature of the air.

DO SOME INSTRUMENTS AUTOMATICALLY REGISTER TRUE
AIRSPEED? Yes, more advanced true airspeed indicators contain com-
ponents which correct for pressure altitude, OAT, and compressability to
automatically provide TAS without computations on the part of the pilot.
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WHAT ADDITIONAL AIRSPEED INDICATOR MARKINGS ARE
REQUIRED IN MULTI-ENGINE AIRPLANES? FAR Part 23, which
deals with Airworthiness Standards for airplanes of 12,500 Ibs. or less,
was amended November 11, 1965, to require the following airspeed
markings in multi-engine airplanes: (a) a blue radial line to show the
best rate of climb speed (V:) with one-engine-inoperative. (b} a red
radial line to show (Vm ) the minimum control speed with one-engine-
inoperative. Note in the following illustration that these markings for
key speeds in multi-engine airplanes are in addition to those normally
vequired for other airplanes.

WHICH MULTI-ENGINE AIRPLANES ARE REQUIRED TO HAVE
THESE MARKINGS? Only those airplanes which were type certificated
under Part 23 on or after November 11. 1965, are required to have these
markings. However, airplanes type certificated before that date may also
be so marked at the option of the owner.

NOTE: THE COLORED MARKINGS ON AIRSPEED INDICATORS
ARE BASED ON CA4S, NOT [48S.
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VRF Pilot Exam-O-Gram™ No. 48
Midair Collisions (Series #3)

it

JET ON ROTATION

Compliance with flight rules prescribed in FAR Part 91 and adher-
ence to good operating practices listed in the Airman’s Information
Manual, will materially reduce the possibility of pilots becoming involved
in midair collisions. General aviation written tests conlain test items on
FARs that are related to midair collisions. Unfortunately, too many
pilots look upon the FARs merely as a disagreeable requirement for
passing a written test and do not associate FARs with their everyday
flying,

In 1968, 2,230 incidents were reported under the FAA “Near Midair
Collision Study Program.” Of these, 1,128 were “hazardous™ in that the
aircraft missed only by chance or after one or both pilots took evasive
action. The present phenomenal growth in number of aircraft and hours
flown ir U.S. civil aviation, is rapidly increasing the midair collision
problem.

15 SECONDS LATER

it

60 SECONDS AFTER TAKEOFF AND
PASSING THROUGH 2,000* AGL

The National Transportation Safety Board special accident preven-
tion study entitled “Midair Collisions in U.S. Civil Aviation - 1968,"
lists 38 midair collisions involving 76 aircraft. In preparing this Exam-O-
Gram, a study was made of 31 of the general aviation accident reports
of midair collisions that occurred in 1968 and 23 reports of midairs
which occurred prior to October in 1969,

This Exam-0O-Gram attempts to show pictorially, where and how some
midairs have occurred, as well as other places where the midair hazard
may strike again. All pilots should become aware of and exercise every
precaution against, the midair collision potentials at controlled high-
density terminal arrival and departure areas. The photographs above
show how rapidly a jet on takeoff can become a real hazard to another
airplane craising at 2.000 feet above the ground near & busy airport.
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WHAT COLLISION PRECAUTIONS SHOULD YOU TAKE FOR
CROSS COUNTRY FLIGHTS? In preflight planning, check the special
general and area notices and special graphics notices of AIM and the
aeronautical charts to determine if the proposed route passes through a
restricted area, oil burner route, intensive student jet training area, etc.

Have any fatal midairs happened as depicted in the following illus-
tiration? The answer is YES!

Even though the formation of jels is in a steep climb, they are climb-
ing at 365 knots TAS (420 mph).

- [

9,500 ' MSL

FLYING NEAR A MILITARY AIRFIELD.

* Heavy Traffic Around Military Fields
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Pilots are advised to exercise vigilence when in close proximity to
most military airports. These airports may have jet aircraft traffic pat-
terns extending up to 2,500 feet above the surface. In addition, they may
have an unusually heavy concentration of jet aircraft operating within a
25 nautical mile radius and from the surface to all altitudes. This pre-
cautionary note also applies to the larger civil airports.

NOTE: When turning a high-wing airplane the pilot lowers the wing
and thus hides the area into which he is turning. In a low-wing airplane,
the cabin roof hides the area into which the pilot is turning—especially
in right turns.

L) * - # *

Pilots of high-wing and low-wing airplanes can be in each other’s
blind spots. Collisions of this type have happened most frequently in the
traffic patterns at uncontrolled airports. Collisions like this can occur:
{a) on the entry leg of the pattern when the low-wing airplane descends
on top of the other airplane: (b) on the downwind leg of the pattern with
one of the airplanes flying at an improper pattern altitude—that is, the
high-wing airplane climbs or the low-wing airplane descends to return to
the desired altitude; (c¢) on final approach or just before touchdown.

When there is a slower airplane ahead of you in the pattern flying
about 100 feet lower than your altitude, it is possible to overtake and
never see the slower airplane hidden beneath the nose of your aircraft.
Remember, the silhouette of an airplane below the horizon tends to blend
with, and be lost in, the surrounding landscape features.

OTHER ACTUAL MIDAIRS

1—Two solo students departed on the same cross-country flight and
ran together while looking at their charts.

2—One airplane descended on top of a white colored airplane which
blended with the snow covered terrain.




UNAUTHORIZED RIGHT-HAND TRAFFIC
AT AN UNCONTROLLED AIRPORT.
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WHEN HAS THIS TYPE COLLISION OCCURRED? It usually
happens when one pilot is flying the traffic pattern in an unauthorized
direction. Of the cases studied, there were three midairs involved with
one of the pilots in each incident flying a right hand pattern while a
left hand pattern was in use—and still another midair involved a pilot
flying & left hand base leg in noncompliance with the published right
hand traffic. The use of UNICOM at uncontrolled airports can make flying
around them safer. Even though there is no UNICOM station or Flight
Service Station in operation at some of these airports, you can alert other
pilots of your presence by announcing your pesition in the pattern on
appropriate frequencies. This subject is covered in Part 1 of AIM under
“Traffic Advisories at Nontower Airports.”

( )

o
N

A LONG CROSSWIND LEG
BEFORE MAKING THE EXIT
TURN INVITES DISASTER.
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Of the accident reports studied, there were eight midairs eisewhere
in the pattern {entry, exit, downwind, etc.). One fatal accident occurred
when a student and his instructor in a light aircraft were leaving the
pattern and collided with a multi-engine aircraft on the downwind leg
{as represented by airplanes B and C).

This illustration also shows how an airplane making a pattern entry
to the downwind leg could collide head-on with another airplane that has
flown a long crosswind leg before making the exit turn. (See airplanes

A and ©),

X MARKS THE SPOT

APPROXIMATE POSITION OF MID-AIR COLLISIONS THAT OCCURED DURING 1948
IN THE DOWN-WIND, BASE-LEG AND FINAL APPROACH.

SOME FEDERAL AVIATION REGULATIONS RELATED TO MID-
AIR COLLISIONS WITH WHICH PILOTS SHOULD BE THOROUGH.
LY FAMILIAR AND ADHERE TO, INCLUDE: 91.9, Careless and
Reckless Operation; 91.11, Liquor and Drugs; 91.65, Operating Near
Other Aircraft; 91.67, Right-of- Way Rules; 91.70, Aircraft Speed; 91.87,
Operation at Airports with Operating Control Towers: 91.89, Operation
at Airports Without Control Towers: and 61.73, General Limitations,

* * * L] »
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LANDING DIRECTLY INTO THE SUN CARN
NTERFERE WITH THE BEST SAFETY nzvuc&
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SITUATIONS CONDUCIVE TO MIDAIR COLLISIONS
Constant vigilance is a must when practicing pylon 8's, low level
ground track maneuvers like “turns about a point,” or “S turns across
g road.”

TURNS ABOUT A POINT,

HOW SAFE ARE YOU WITH A SLEEPY SAFETY PILOT ?

ARE CLEARING PROCEDURES HELPFUL IN REDUCING AIR-
CRAFT COLLISION POTENTIAL? Yes, pilots shonld execute gentle
banks, left and right, when climbing or descending, rather than spending
long periods of time climbing and descending straight ahead. The AIM
good operating procedures state in pert: “Appropriate clearing proce-
dures should precede the execution of all turns including chandelles,
lazy eights, stalls, slow flight, climbs, straight-and-level, spins, and other
combination maneuvers.” Personnel of the FAA flight instructor refresher
unit, are recommending that trainees of the flight instructor refresher
clinics teach the use of clearing turns prior to the execution of certain
maneuvers. They suggest: 90° clearing turns, 180° clearing turns, or
whatever clearing is deemed necessary to ascertain that the area is clear
before performing any maneuver. They also stress that there should be
no delay in entering a maneuver npon completion of the clearing turns.
This can be accomplished by performing the necessary conditions of
flight (reducing airspeed, adding carburetor heat, etc.) while in the
clearing turns.
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For several decades military flying schools have taught their pilots
to perform at least one 180° clearing turn in each direction before enter-
ing such maneuvers as spins, Cuban 8’s, Immelmans, etc., where con-
siderable altitude changes are involved.

ON DIFFERENT RUNWAYS.

CLOSED CURTAINS ARE NICE FOR THE PASSENGERS,
BUT THEY DON'T IMPROVE THE VISIBILITY,

PR AT 7,000

S v .

MFR AIRCRAFT SKIMMING THE TOPS OF CUMULUS CLOUDS
THAT ARE GRADUAILLY LIFTING.




Exercise No. 1—

GS
WCA TH {m.p.k.)
1. 4° L  226° 124
2. 6°L 254° 115
3. 6°R  266° 178
4. 6 L a8 107
5. 6°L 94° 191
6. 12° R 142° 147

Exercise No. 2—

Takeoff distance Rate of climb

1. 930 ft. 602 f.p.m.
2. 1,144 ft. 469 f.p.m.
3. 1,750 ft. 319 fp.m.
4, 1,925 &, 280 f.p.m.

Exercise No. 3—
Ground To clear

Run 50-foot
(feet) {feet)
1. 75 260
2, 1,062 2,019
3. 310 700
4. 666 . 1,296
5. 32 730

APPENDIX 1 — ANSWERS TO EXERCISES

Exercise No. 4—

TAS  Gal./hr,
1. 158 14.2
2. 151 11.7
3. 107 7.0
4. 105 10
5. 158 134

Exercise No, 5—

1. 2 hrs. 20 min.
2. 2 hrs. 36 min.
3. 1 hr. 28 min.

4. 2 hrs, 24 min.
5. 26 min.

6. 19 min.

Exercise No. 6—

1. 150 m.p.h.
2. 120 m.p.h.
3. 98 mph.
4. 108 m.ph.
5. 120 m.ph.
6. 154 mph.

Flight
Time
3:52
3:51
3:34
3:34
3:44

Exercise No, 7—

1. 4 hra.

2. 5 hrs. 19 min.
3. 5 hre. 18 min.
4. 4 hre. 14 min.
5. 2 hre. 52 min.

Exercise No. 8—

1. 21 gal
2. 385 gal.
3. 22.2 gal.
4. 43.7 gal.
5. 71 gal

Exercise No. 9—

1. 128 m.p.h.
2. 149 m.p.h.
3. 155 m.p.h.
4. 165 m.p.h.
5. 160 m.p.h.

Exercise No. 10—

1. 23 mph
2. 184 mph.
3. 30 mph
4 46 mph,
5 54 mph

Exercise No. 11—

S

WA TH (mph.)
1. 10°R 020° 150
2. 0° 267° 168
3. 6°L 030° 148
3. 15°R 155° 131
5 9°L 111° 122

or U.S. GOVERNMENT PRINTING OFFICE: 1572 0—412-169
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