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Preface to the Tenth Edition

This book is written to cover the fundamentals of light-
plane flying, and emphasizes flying skills and knowl-
edge that will cover a wide range of airplane types and
sizes. For instance, crosswind landing techniques effec-
tive in a Cessna 152 can also work well in a Boeing 777
or Bandeirante turbo prop. And although technology
has changed dramatically over the years, the basics of
flying and good judgment have not.

This manual is not intended to just help the reader
“squeak by” the FAA knowledge (written) test and
practical test (flight test or checkride), but to lay a foun-
dation of solid knowledge for use in the everyday pro-
cess of learning to fly airplanes. Even after thousands
of hours in the air, most pilots still learn something on
every flight.

The flight maneuvers are written in the probable
order of introduction to the student. The spin is included
to give the student pilot an idea of what the maneuver
entails and the dangers involved in an inadvertent low-
altitude spin.

Although this book was originally written for the
individual working toward the private pilot certificate,
ASEL (airplane, single-engine, land), it includes all
the information necessary for the slightly more restric-
tive sport or recreational pilot certificates. For exam-
ple, the sport pilot applicant will not require training
in emergency instrument flight (Chapter 15) or night
flying (Chapter 26). The already certificated pilot can
use this book in preparing for the Flight Review (14
CFR 61.56—required every 24 months). Referencing
Chapters 27 and 28, along with a review of 14 CFR
Parts 61 and 91, will bring the pilot back up to speed on
subjects perhaps not touched on in awhile.

The student pilot will notice the almost total lack of
technology used on the knowledge and flight test. The
training for these first certificates is fixed on the basic
skills of flying: controlling the airplane, using good
judgment in choosing a course of action, and navigat-
ing with landmarks and a chart.

This manual is, of necessity, written in general
terms, as seen in the (often changing) areas of informa-
tion and weather services. Because airplanes vary from
type to type in the use of flaps, carburetor heat, spin
recovery and other procedures, the Pilots Operating
Handbook or equivalent source is the final guide for
operation of your specific trainer. Of course, all of the
performance and navigation charts in this text are for
reference and example only.

Pilots should have ready access to a few other
important resources. I have found the bare minimum
to be the Aeronautical Information Manual (AIM),
Federal Aviation Regulations (Title 14 of the Code of
Federal Regulations), Aviation Weather Services (FAA
Advisory Circular 00-45), and Aviation Weather (AC
00-6A). The Advanced Pilot’s Flight Manual (Kersh-
ner) is a good source for more detail on aerodynamics
and for transition to more complex airplane types.

I will welcome any feedback offered on the 10th
Edition of The Student Pilots Flight Manual. Please
contact me through ASA (email: feedback@asa2fly.com).

Flying is one of mankind’s most rewarding and
challenging endeavors. Every flight is different and
most experienced pilots can tell of wonders they’ve
seen that no ground-bound person will ever know.

William C. Kershner
Sewanee, Tennessee
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Before the Flight







There are many reasons why people want to start fly-
ing. Maybe you are a younger person who wants to
make it a lifetime career or maybe you are a slightly
more senior citizen who always wanted to fly but until
now haven’t had the money. Whether a man or woman,
young or old, you still may have a few butterflies in
your stomach while worrying about how you will like
it or whether you can do it. That’s a natural reaction.

What can you expect as you go through the private
pilot training course? You can expect to work hard on
most flights and to come down from some flights very
tired and wet with perspiration, but with a feeling of
having done something worthwhile. After others, you
may consider forgetting the whole idea.

Okay, so there will be flights that don’t go so well,
no matter how well you get along with your instruc-
tor. The airplane will seem to have decided that it
doesn’t want to do what you want it to. The situation
gets worse as the flight progresses and you end the
session with a feeling that maybe you just aren’t cut
out to be a pilot. If you have a couple of these in a
row, you should consider changing your schedule to
early morning instead of later afternoon flights, or vice
versa. You may have the idea that everybody but you is
going through the course with no strain at all, but every
person who’s gone through a pilot training course has
suffered some “learning plateaus” or has setbacks that
can be discouraging.

After you start flying, you may at some point decide
that it would be better for your learning process if you
changed instructors. This happens with some people
and is usually a no-fault situation, so don’t worry about
a change or two.

It’s best if you get your FAA (Federal Aviation
Administration) medical examination out of the way
very shortly after you begin to fly or, if you think that
you might have a problem, get it done before you start
the lessons. The local flight instructors can give you
names of nearby FAA aviation medical examiners.

Starting to Fly

How do you choose a flight school? You might visit
a few in your area and see which one suits you best.
Watch the instructors and students come and go to the
airplanes. Are the instructors friendly, showing real
interest in the students? There should be pre- and post-
flight briefings of students. You may not hear any of
the details, but you can see that such briefings are hap-
pening. Talk to students currently flying at the various
schools and get their opinions of the learning situation.
One good hint about the quality of maintenance of the
training airplanes is how clean they are. Usually an air-
plane that is clean externally is maintained well inter-
nally, though certainly there are exceptions to this.

What about the cost? It’s a good idea to have money
ahead so that you don’t have to lay off and require a lot
of reviewing from time to time. Some flight schools
give a discount if you pay for several hours ahead of
time.

You are about to set out on a very rewarding expe-
rience; for an overall look at flight training and future
flying you might read the following.

The Big Three

As you go through any flight program, particularly in a
military flight program, you will hear three terms used
many times: headwork, air discipline, and attitude
toward flying. You may be the smoothest pilot since
airplanes were invented, but without having a good
grip on these requirements, you’ll last about as long as
a snowball in the Amazon River.

Headwork

For any pilot, private or professional, the most impor-
tant thing is good headwork. Nobody cares if you slip
or skid a little or maybe every once in a while land
a mite harder than usual, but if you don’t use your
head—if you fly into bad weather or forget to check
the fuel and have to land in a plowed field—you’ll find
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Figure 1-1. Headwork is remembering to put the landing gear down.

people avoiding you. Later, as you progress in avia-
tion and lead flights or fly passengers, it’s a lot more
comfortable for all concerned if they know you are a
person who uses your head in flying. So as the sign
says— THILK, er, think.

Air Discipline
This is a broad term, but generally it means having con-
trol of the aircraft and yourself at all times. Are you a
precise pilot or do you wander around during maneu-
vers? Do you see a sports car and decide to buzz it?
Air discipline is difficult at times. It’s mighty tough not
to fly over that good-looking member of the opposite
sex who happens to be sunbathing right where you are
doing S-turns across the road—but be firm!

More seriously, air discipline is knowing, and fly-
ing by, your own limitations. This means, for instance,
holding down for bad weather and not risking your life

and your passengers’ lives. It also means honestly ana-
lyzing your flying faults and doing something about
them. In short, air discipline means a mature approach
to flying.

Attitude

A good attitude toward flying is important. Most instruc-
tors will go all out to help someone who’s really trying,
even a complete bungler. Many an instructor’s favorite
story is about ol’ Joe Blow who was pretty terrible at
first, but who kept at it until he got the word, and is now
flying rockets for Trans-Galaxy Airlines. With a good
attitude you will get plenty of help from everybody.
More students have failed in flying because of poor
headwork and attitude than for any other reason. This
doesn’t imply “apple polishing.” It does mean that you
are interested in flying and study more about it than is
required by law.



The Airplane and How It Flies

The Four Forces

Four forces act on an airplane in flight: /ift, thrust, drag,
and weight (Figure 2-1).

Lift

Lift is a force exerted by the wings. (Lift may also be
exerted by the fuselage or other components, but at this
point it would be best just to discuss the major source
of the airplane’s lift, the wings.) It is a force created
by the “airfoil,” the cross-sectional shape of the wing
being moved through the air or, as in a wind tunnel, the
air being moved past the wing. The result is the same in
both cases. The “relative wind” (wind moving in rela-
tion to the wing and airplane) is a big factor in produc-
ing lift, although not the only one (Figure 2-2).

Lift is always considered to be acting perpendic-
ularly both to the wingspan and to the relative wind
(Figure 2-3). The reason for this consideration will
be shown later as you are introduced to the various
maneuvers.

As the wing moves through the air, either in gliding
or powered flight, lift is produced. How lift is produced
can probably be explained most simply by Bernoulli’s

WEIGHT

Figure 2-1. The four forces. When the airplane is in equilib-
rium in straight and level cruising flight, the forces acting
fore and aft (thrust and drag) are equal, as are those acting
at 90° to the flight path (lift and weight, or its components).

theorem, which briefly puts it this way: “The faster a
fluid moves past an object, the less sidewise pressure
is exerted on the body by the fluid.” The fluid in this
case is air; the body is an airfoil. Take a look at Figure
2-4, which shows the relative wind approaching an air-
foil, all neatly lined up in position 1. As it moves past
the airfoil (or as the airfoil moves past it—take your
choice), things begin to happen, as shown by the sub-
sequent numbers.

LIFT

ALt ———

RELATIVE WIND

Figure 2-2. The airfoil.

LIFT

Relative wind

Figure 2-3. Lift acts perpendicular to the relative wind and
wingspan.
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Figure 2-4. Airflow past the airfoil.
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The distance that the air must travel over the top is
greater than that under the bottom. As the air moves
over this greater distance, it speeds up in an apparent
attempt to reestablish equilibrium at the rear (trailing
edge) of the airfoil. (Don’t worry, equilibrium won t be
reestablished.) Because of this extra speed, the air exerts
less sidewise pressure on the top surface of the airfoil
than on the bottom, and lift is produced. The pressure
on the bottom of the airfoil is normally increased also
and you can think that, as an average, this contributes
about 25 percent of the lift; this percentage varies with
“angle of attack” (Figure 2-5).

Some people say, “Sure, I understand what makes
a plane fly. There’s a vacuum on top of the wing that
holds the airplane up.” Let’s see about that statement.

The standard sea level air pressure is 14.7 pounds
per square inch (psi), or 2,116 pounds per square foot
(psf). As an example, suppose an airplane weighs 2,000
pounds, has a wing area of 200 square feet, and is in
level flight at sea level. (The wing area is that area you
would see by looking directly down on the wing.) This
means that for it to fly level (lift = weight) each square

foot of wing must support 10 pounds of weight, or the
wing loading is 10 pounds psf (2,000 divided by 200).
Better expressed: There would have to be a difference
in pressure of 10 pounds psf between the upper surface
and the lower surface. This 10 psf figure is an aver-
age; on some portions of the wing the difference will be
greater, on others, less. Both surfaces of the wing can
have a reduced sidewise pressure under certain condi-
tions. However, the pressure on top still must average
10 psf less than that on the bottom to meet our require-
ments of level flight for the airplane mentioned. The
sea level pressure is 2,116 pounds psf, and all that is
needed is an average difference of 10 psf for the air-
plane to fly.

Assume for the sake of argument that, in this case,
the 10 psf is obtained by an increase of 2.5 psf on the
bottom surface and a decrease of 7.5 psf on the top
(which gives a total difference of 10 psf). The top sur-
face pressure varies from sea level pressure by 7.5 psf.
Compared to the 2,116 psf of the air around it, this is
certainly a long way from a vacuum, but it produces
flight!

Note in Figures 2-2 and 2-4 that the airflow is
deflected downward as it passes the wing. Newton’s
law, “For every action there is an equal and opposite
reaction,” also applies here. The wing deflects the air-
flow downward with a reaction of the airplane being
sustained in flight. This can be easily seen by examining
how a helicopter flies. Some engineers prefer Newton’s
law over Bernoulli’s theorem. But the air does increase
its velocity over the top of the wing (lowering the pres-
sure), and the downwash also occurs. The downwash
idea and how it affects the forces on the horizontal tail
will be covered in Chapters 9 and 23.

Angle of incidence
(Fixed)

Herizental stabilizer
{Fixed)
(Some are adjustable)

e

Elevaters
{Movable)

Angle of attack !
{Variable)

(Exaggerated angles)

J ‘ Fuselage

reference line

Figure 2-5. Nomenclature.
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Angle of Attack

The angle of attack is the angle between the relative
wind and the chord line of the airfoil. Don’t confuse
the angle of attack with the angle of incidence. The
angle of incidence is the fixed angle between the wing
chord line and the reference line of the fuselage. You’d
better take a look at Figure 2-5 before this gets too
confusing.

The pilot controls angle of attack with the eleva-
tors (Figure 2-5). By easing back on the control wheel
(or stick) the elevator is moved “up” (assuming the air-
plane is right side up). The force of the relative wind
moves the tail down, and because the wings are rigidly
attached to the fuselage, (you hope) they are rotated to
a new angle with respect to the relative wind, or new
angle of attack. At this new angle of attack the apparent
curvature of the airfoil is greater, and for a very short
period, lift is increased. But because of the higher angle
of attack more drag is produced, the airplane slows, and
equilibrium exists again. (More about drag later.)

If you get too eager to climb and mistakenly believe
that the reason an airplane climbs is because of an
“excess” of lift (and so keep increasing the angle of
attack), you could find that you have made a mistake.
As you increase the angle of attack, the airplane slows
and attempts to reestablish equilibrium, so you con-
tinue to increase it in hopes of getting an “excess” of
lift for more climb. You may make the angle of attack
so great that the air can no longer flow smoothly over
the wing, and the airplane “stalls” (Figure 2-6).

It’s not like a car stalling, in which case the engine
stops; the airplane stall is a situation where the lift has
broken down and the wing, in effect, is no longer doing
its job of supporting the airplane in the usual manner.
(The engine may be humming like a top throughout the
stall.) There is still some lift, but not enough to support
the airplane. You have forced the airplane away from
the balanced situation you (and the airplane) want to
maintain. For the airplane to recover from a stall, you
must decrease the angle of attack so that smooth flow
again occurs. In other words, point the plane where

Figure 2-6. The stall.

15° Nose-up attitude
10° Angle of attack

5° Climb angle

Horizon

Py

Figure 2-7. Pitch attitude, climb angle (flight path), and
angle of attack.

it’s going! This is done with the elevators, the angle
of attack, (and speed) control (Figure 2-5). For most
lightplane airfoils, the stalling angle of attack is in the
neighborhood of 15°, Stalls will be covered more thor-
oughly in Chapters 12 and 14.

At first, the student is also confused concerning the
angle of attack and airplane attitude. The attitude is
how the plane looks in relation to the horizon. In Figure
2-7 the plane’s attitude is 15° nose up, but it’s climbing
at an angle of 5° so the angle of attack is only 10°

In a slow glide the nose attitude may be approxi-
mately level and the angle of attack close to that of the
stall. Later in your flying, you’ll be introduced to the
attitude of the wings (wing-down attitude, etc.), but for
now only nose attitudes are of interest.

The coefficient of lift is a term used to denote the
relative amounts of lift at various angles of attack for
an airfoil. The plot of the coefficient of lift versus the
angle of attack is a straight line, increasing with an
increase in the angle of attack until the stalling angle is
reached (Figure 2-8).

Lift depends on a combination of several factors.
The equation for lift is:

L:CLssz,orL=CLxngxV2

where L = lift, in pounds

C = coefficient of lift (varies with the type of air-
foil used and the angle of attack). The coef-
ficient of lift, C;, is a dimensionless product
and gives a relative look at the wings’ action.
The statement may be made in groundschool
that, “At this angle of attack, the coefficient of
lift is point five (0.5).” Point five what? “Just
point five, and it’s one-half of the C; at one
point zero (1.0).” Just take it as the relative
effectiveness of the airfoils at a given angle
of attack. Later, the coefficient of drag will be
discussed.
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Figure 2-8. Relative lift increases with angle of attack until
the stall angle is reached.

S = wing area in square feet
P — air density (p) divided by 2. Rho (p) is air den-
2 sity, which for standard sea level conditions is
0.002378 slugs per cubic foot. If you want to
know the mass of an object in slugs, divide the
weight by the acceleration of gravity, or 32.2.
(The acceleration caused by gravity is 32.2 feet
per second per second at the earth’s surface.)
V2= velocity in feet per second squared
When you fly an airplane, you’ll be working with a
combination of C; and velocity; but let’s talk in pilot
terms and say that you’ll be working with a combina-
tion of angle of attack and airspeed. So lift depends on
angle of attack, airspeed, wing area, and air density. For
straight and level flight, lift equals weight. Assuming
that your airplane weighs 2,000 pounds, 2,000 pounds
of lift is required to maintain level flight. This means
that the combination of the above factors must equal
that value. The wing area (S) is fixed, and the air den-
sity (p) is fixed for any one time and altitude. Then C,
(angle of attack) and velocity (airspeed) can be worked
in various combinations to maintain the 2,000 pounds
of lift required. Flying at a low airspeed requires a high
angle of attack, and vice versa. As the pilot you will
control angle of attack and, by doing so, control the
airspeed. You’ll use power (or lack of power) with your
chosen airspeed to obtain the desired performance.
While the factors of lift are being discussed, it
might be well to say a little more about air density (p).
The air density decreases with increased altitude and/or
temperature increase. Airplanes require more runway
to take off on hot days or at airports of high elevation
because of decreased air density. You can see in the lift

equation that if the air is less dense, the airplane will
have to move faster through the air in order to get the
required value of lift for flight—and this takes more
runway. (The airspeed mentioned is called “true air-
speed” and will be discussed in more detail in Chap-
ter 3.) Not only is the lift of the wing affected, but the
less dense air results in less power developed within
the engine. Since the propeller is nothing more than a
rotating airfoil, it also loses “lift” (or, more properly,
“thrust”). Taking off at high elevations or high temper-
atures can be a losing proposition, as some pilots have
discovered after ignoring these factors and running out
of runway.

Interestingly enough, you will find that lift tends
to remain at an almost constant value during climbs,
glides, or straight and level flight. Don  start off by
thinking that the airplane glides because of decreased
lift or climbs because of excess lift. It just isn ¥ so.

Thrust

Thrust is the second of the four forces and is furnished
by a propeller or jet. The propeller is of principal inter-
est to you at this point, however.

The theory of propellers is quite complicated, but
Newton’s “equal and opposite reaction” idea can be
stated here. The propeller takes a large mass of air
and accelerates it rearward, resulting in the equal and
opposite reaction of the plane moving forward.

Maybe it’s time a few terms such as “force” and
“power” should be cleared up. Thrust is a force and, like
the other three forces, is measured in pounds. A force
can be defined as a tension, pressure, or weight. You
don’t necessarily have to move anything; you can exert
force against a very heavy object and nothing moves.
Or you can exert a force against a smaller object and
it moves. When an object having force exerted upon it
moves, work has been done.

Work, from an engineering point of view, is simply
a measure of force times distance. And while at the end
of a day of pushing against a brick wall or trying to lift
a safe that won’t budge, you feel tired, actually you’ve
done no work at all. If you lift a 550-pound safe 1 foot
off the floor, you’ll have done 550 foot-pounds of work
(and no doubt strained yourself in the bargain). If you
lift a 50-pound weight to a height of 11 feet, you’ll
have done the same work whether you take all day or 1
second to do it—but you won’t be developing as much
power by taking all day. So the power used in lifting
that 50 pounds up 11 feet, or 550 pounds up 1 foot, in 1
second would be expressed as:

Power = 550 foot-pounds per second
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Obviously, this is leading somewhere, and you
know that the most common measurement for power
is the term “horsepower.” One horsepower is equal to a
power of 550 foot-pounds per second, or 33,000 foot-
pounds per minute (60 seconds x 550). Whether the
average horse of today can actually do this is not known,
and unfortunately nobody really seems to care.

The airplane engine develops horsepower within
its cylinders and, by rotating a propeller, exerts thrust.
In straight and level, unaccelerated, cruising flight the
thrust exerted (pounds) is considered to equal the drag
(pounds) of the airplane.

You will hear a couple of terms concerning horse-
power:

Brake horsepower—the horsepower developed at
the crankshaft. In earlier times this was measured at
the crankshaft by a braking system or absorption dyna-
mometer known as a “prony brake.” Shafi horsepower
means the same thing. Your airplane engine is always
rated in brake horsepower, or the power produced at
the crankshaft. Brake horsepower and engine ratings
will be covered more thoroughly in Chapter 23.

Thrust horsepower—the horsepower developed
by the propeller in moving the airplane through the
air. Some power is lost because the propeller is not
100 percent efficient, and for round figures, you can
say that the propeller is at best about 85 percent effi-
cient (the efficiency of the fixed-pitch propeller var-
ies with airspeed). The thrust horsepower developed,
for instance, will be only up to about 85 percent of the
brake horsepower.

If you are mathematically minded, you might be
interested in knowing that the equation for thrust horse-
power (THP) is: THP = TV + 550, where T is thrust
(pounds) and V is velocity (feet per second) of the air-
plane. Remember that a force times a distance equals
work, and when this is divided by time, power is found.

In the equation above, thrust is the force, and velocity can
be considered as being distance divided by time, so that
TV (T x V) is power in foot-pounds per second. Know-
ing that 1 horsepower is 550 footpounds per second, the
power (TV) is divided by 550 and the result would give
the horsepower being developed—in this case, thrust
horsepower. (See Chapter 9.) THP = TV mph + 375, or
TV knots + 325 (more about “knots” later).

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

Torque

Because the propeller is a rotating airfoil, certain side
effects are encountered. The “lift” force of the propel-
ler is the thrust used by the airplane. The propeller also
has a drag force. This force acts in a sidewise direction
(parallel to the wing span or perpendicular to the fuse-
lage reference line).

The propeller rotates clockwise as seen from the
cockpit, causing a rotating mass of air to be accelerated
toward the tail of the airplane. This air mass strikes the
left side of the vertical stabilizer and rudder. This air
mass, called “slipstream” or “propwash,” causes the
airplane to veer or “yaw” to the left. Right rudder must
therefore be applied to hold the airplane on a straight
track (Figure 2-9). This reaction increases with power,
so it is most critical during the takeoff and climb por-
tion of the flight. The slipstream effect is the biggest
factor of torque for the single-engine airplane.

Rudder
{Movable)

| Plane flies straight

Right rudder corrects
the left-yawing
tendency

Figure 2-9. The slipstream effect makes the airplane want to yaw to the left.
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Slipstream Impact air

Exaggerated view of offset fin

Figure 2-10. The fin of this example airplane is offset to
balance the yawing forces at cruise.

Fin not offset enough

/

Relative wind strikes tab,
holding right rudder

Pilot has to hold right
rudder during cruise

Figure 2-11. The bendable rudder tab corrects for minor
yaw problems at cruise. Some airplanes have a rudder tab
that is controllable from the cockpit. (See Chapter 8

An offset fin may be used to counteract this reac-
tion. The fin setting is usually built in for maximum
effectiveness at the rated cruising speed of the airplane,
since the airplane will be flying most of the time at
cruising speed (Figure 2-10).

The balance of forces at this point results in no
yawing force at all, and the plane flies straight with no
right rudder being held.

Sometimes the fin may not be offset correctly due
to tolerances of manufacturing, and a slight left yaw
is present at cruising speed, making a constant use of
right rudder necessary to hold the airplane straight. To
take care of this, a small metal tab is attached to the
trailing edge of the rudder and is bent to the left. The
relative air pressure against the tab forces the rudder to
the right (Figure 2-11).

On many lightplanes this adjustment can be accom-
plished only on the ground. The tab is bent and the
plane is test flown. This is done until the plane has no
tendency to yaw in either direction at cruising speed.

Assuming that you have the tab bent correctly and
the plane is balanced directionally, what happens if you
vary from cruising speed? If the same power setting of
2,400 rpm, for instance, is used, the arrows in Figure
2-12 show a simplified approach to the relative forces
at various airspeeds.

In a climb, right rudder is necessary to keep the
plane straight. In a dive, left rudder is necessary to
keep it straight.

In a glide there is considered to be no yawing effect.
Although the engine is at idle and the torque effect is
less, the airspeed is lower and the effect of the offset
fin is also less.

Some manufacturers use the idea of “canting” the
engine slightly so that the thrust line of the propeller (or
crankshaft) is pointing slightly to the right. The correc-
tion for a left-yawing tendency at cruise is taken care
of in this way rather than by offsetting the fin. In such
installations, however, right rudder is still necessary in
the climb and left rudder in a dive under the conditions
shown in Figure 2-12.

Slipstream
force

Slipstream
force

Impact air
force

2,400 rpm - Airspeed - 100 knots

Forces balanced at cruise,

Climb - 2,400 rpm
Airspeed - 75 knots

Slipstream forces remain same.
Impact force less.

Impact air
force

Slipstream
Impact air force

force

Dive - 2,400 rpm
Airspeed - 140 knots

Slipstream forces remain same.
Impact force greater.

Figure 2-12. A comparison of forces at various airspeeds (constant rpm).
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Another less important contributor to the “torque
effect” is the tendency of the airplane to rotate in an
opposite direction to that of the propeller (for every
action there is an opposite and equal reaction). The
manufacturer flies each airplane and “rigs” it, making
sure that any such rolling tendency is minimized. They
may “wash in” the left wing so that it has a greater
angle of incidence (which results in a higher angle of
attack for a particular nose attitude) than that of the right
wing. This is the usual procedure for fabric-covered
airplanes, resulting in more lift and more drag on that
side. This may also contribute very slightly to the left
yaw effect. In some airplanes, a small metal tab on one
or both of the ailerons can be bent to deflect the aile-
rons as necessary, using the same principle described
for the rudder tab (the tab makes the control surface
move). The controls and their effects will be discussed
in Chapter 8, and you may want to review this section
again after reading that chapter. Figure 2-13 shows the
ailerons and aileron tab.

Two additional factors that under certain conditions
can contribute to the torque effect are gyroscopic pre-
cession and what is termed “propeller disk asymmet-
ric loading” or “P factor.” Gyro precession acts during
attitude changes of the plane, such as those that occur
in moving the nose up or down or yawing it from side
to side. Gyro precession will be discussed in Chapters
3 and 13. Asymmetric loading is a condition usually
encountered when the plane is being flown at a con-
stant, positive angle of attack, such as in a climb or
the tail-down part of the tailwheel airplane takeoft roll
(Chapter 13). The downward-moving blade, which is
on the right side of the propeller arc as seen from the
cockpit, has a higher angle of attack and higher thrust
than the upward-moving blade on the left. This results
in a left-turning moment.

Actually the problem is not as simple as it might at
first appear. To be completely accurate, a vector system
including the propeller angles and rotational velocity
and the airplane’s forward speed must be drawn to get

Left
aileron Tab

[ ——"

N
Right

aileron \y
[

Figure 2-13. Your trainer may have a bendable tab on the
aileron(s).

a picture of the exact angle of attack difference for each
blade. In other words, if the plane is flying at an angle
of attack of 10°, this does not mean that the downward-
moving blade has an effective angle of attack 10°
greater than normal and that the upward-moving blade
has an effective angle 10° less than normal, as might
be expected.

From a pilot’s standpoint, you are only interested
in what must be done to keep the plane straight. When
speaking of “torque,” the instructor is including such
things as the rotating slipstream, gyroscopic effects,
asymmetric disk loading (P factor), and any other
power-induced forces or couples that tend to turn the
plane to the left.

Drag

Anytime a body is moved through a fluid (such as air),
drag is produced. Drag acts parallel to and in the same
direction as the relative wind. The “total” drag of an
airplane is composed of two main types of drag, as
shown by Figure 2-14.

Parasite drag (Figure 2-15)—the drag composed
of (1) “form drag” (the landing gear and radio anten-
nas, the shape of the wings, fuselage, etc.), (2) skin fric-
tion, and (3) airflow interference between components
(such as would be found at the junction of the wing and
fuselage or fuselage and tail). As the word “parasite”
implies, this type of drag is of no use to anybody and
is about as welcome as any other parasite. However,
parasite drag exists and it’s the engineer’s problem to
make it as small as possible. Parasite drag increases as
the square of the airspeed increases. Double the air-
speed and parasite drag increases four times. Triple the
airspeed and parasite drag increases nine times.

AR T
tEpH  Stall = TOTAL DRAG =
T FTEUN FENUN
NEISNET Rt =EEHh
TOTAL DRAG EQUALS
PARASITE PLUS ] T
INDUCED DRAGS 3 :
! “‘: : Parasite
imae: Drag
Ka)
= =1 T
g
<L
=
[ H
i 1 Induced =
e S22 + Drag E
AIRSPEED

Figure 2-14. The total drag of the airplane is made up of a
combination of parasite and induced drag.
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Figure 2-15. Parasite drag.

Induced drag—the drag that results from lift being
produced. The relative wind is deflected downward by
the wing, giving a rearward component to the lift vec-
tor called induced drag (the lift vector is tilted rear-
ward—see Figure 2-16). The air moves over each wing
tip toward the low pressure on the top of the wing and
vortices are formed that are proportional in strength to
the amount of induced drag present. The strength of
these vortices (and induced drag) increases radically at
higher angles of attack so that the slower the airplane
flies, the much greater the induced drag and vortices
will be (Figures 2-14, 2-16, and 2-17).

Effective Lift

v/

Relative Wind

induced Drag

Figure 2-16. Induced drag.

Figure 2-17. Wing tip vortices.

Weight

Gravity is like the common cold, always around and
not much that can be done about it. This can be said,
however: Gravity always acts “downward” (toward the
center of the earth). Lift does not always act opposite to
weight, as you will see in Chapter 9.



Cockpit — Instruments and Systems

Figure 3-1. The controls, radios, and instruments for a “‘composite” general aviation trainer. Some trainers have a ‘glass cockpit,”
where the flight instruments are combined and shown on a screen. These trainers also have Global Positioning Systems on
the right side of the panel. This book is aimed at the basics, however.
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Figure 3-1 shows controls and instruments for a “com-
posite” airplane. The seats and control wheels have
been “removed” for clarity. Chapter references indi-
cate where more information may be found concerning
each item. If there is no reference, the item is covered
in this chapter. (Glass cockpits are touched on at the
end of this chapter.)

1. Airspeed indicator (ASI).

2. Attitude indicator.

3. Altimeter.

4. Turn coordinator.

5. Heading indicator.

6. Vertical speed indicator (VSI).

7. Clock.

8. Magnetic compass.

9. Audio Console. This contains the transmitter selec-
tor (the black knob) that, in this installation, allows
you to select the number one transmitter (item 10)
or the second transmitter (item 11). You can also
choose whether you want to listen to a selected set
on the cabin speaker or through the earphones (also
noted in item 37). See Chapter 21.

10. NAV/COMM or COMM/NAYV set, a combination of
communications equipment and VHF omnirange
(VOR) receiver and indicator (also called a “one-
and-a-half” set). The left side of the equipment,
or the “one,” is the communications ftransceiver
(transmitter/receiver); the right side is a navigation
receiver (the “half”). See Chapter 21.

11. The second NAV/COMM control and VOR indicator.

12. Transponder (Chapter 21).

13. Automatic direction finder (ADF) control box and
indicator (Chapter 21). It’s unlikely that your “pri-
mary” trainer has all the aviation electronics (avi-
onics) equipment shown here; it will more likely
have a NAV/COMM and possibly an ADF and/or
transponder. You’ll get familiar with more complex
avionics as you progress to higher certificates and
ratings.

14. Tachometer (indicates engine rpm).

15. Ammeter.

16. Suction gauge, the instrument that indicates the
drop in inches of mercury created by the engine-
driven vacuum pump. The vacuum pump provides
the suction to operate the gyro horizon, directional
gyro, and in some cases, the turn and slip indicator.
(In most cases the turn coordinator or turn and slip
is electrically driven as a backup.)

17. Primer (Chapter 5).

18. Parking brake.

19. Rheostat to control the brightness of the instrument
panel and radio dial lights (Chapter 26).

20. Engine instrument cluster, which may include fuel
quantity, fuel pressure, oil pressure, and oil tem-
perature gauges. High-wing trainers that depend on
gravity for fuel feeding do not have a fuel pressure
gauge. Low-wing airplanes have an engine-driven
fuel pump (something like that in your car) and must
have an electrically driven pump as a standby, so a
fuel pressure gauge is required (Chapters 5 and 7).

21. Carburetor heat (Chapter 4).

22. Throttle (Chapters 2, 5, and 7).

23. Mixture control (Chapter 5).

24. Electric flap control. You move the handle down to
the indentations (notches) to preselect, for instance,
10-degree, 20-degree, or 30-degree of flap deflec-
tion (Chapter 13).

25. Cabin heat control (Chapter 4).

26. Cabin air control. A combination of cabin air and
cabin heat may be used to control the temperature
and flow rate in the cabin.

27.Map compartment (used to hold most everything
except maps).

28. Master switch, which, as will be discussed later in
this chapter, is a “split” switch to control both the
alternator and the battery.

29. Electrically driven fuel pump (low-wing airplanes)
mentioned in item 20. This is turned ON as an aid in
starting (for some airplanes) and as a safety standby
for takeoff and landings if the engine-driven fuel
pump should fail (Chapter 7).

30. Ignition switch. The airplane has left (L) and right
(R) magnetos to furnish ignition. The airplane is
flown with the key in the BOTH position, using
both magnetos. To start the airplane, the key is
turned past the BOTH position to the spring-loaded
START. After starting, the key is released and
moves back to BOTH (Chapter 4).

31. Electrical switches. These will be for navigation
(position) lights, wing tip strobes, and a red rotat-
ing beacon on the top of the fin. There will also be
a taxi and landing light switch for most airplanes.

32. Circuit breaker panel for the items that depend
on the electrical system, such as radios and lights.
These circuit breakers (fuses are used for various
items in some airplanes) are designed to stop any
overloading of circuits and are “safety cutoffs” to
prevent fire or damage to the system.

33. Aircraft papers. The Airworthiness Certificate must
be displayed (see end of chapter).

34. Toe brake (left) (Chapter 6).

35. Rudder pedal (Chapters 6 and 8).

36. Elevator or stabilator trim wheel and indicator.

37. Microphone. For receiving, the speaker (usually
located on the cabin ceiling) is often used; however,
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your trainer may have earphones. Many planes have
both a speaker and earphones, and the pilot selects
whichever method of receiving is preferred. See the
right side of item 9.

38. Fuel selector valve. This example airplane has a tank
in each wing and is selected to use fuel from the left
wing tank. The OFF selection is very seldom used,
but the selector valve should always be checked
before starting to make sure the fuel selector is on an
operating (and the fullest) tank (Chapter 23).

39. Manual flap control. The flap handle is operated in
“notches,” giving various preset flap settings. The
button on the end of the handle is used to unlock the
control from a previous setting. Your trainer will
probably have one of the two types (items 24 and
39) shown here, but not both. Or your trainer may
not have flaps (Chapter 13).

Required Instruments

Altimeter

The altimeter is an aneroid barometer with the face
calibrated in feet instead of inches of mercury. As
the altitude increases, the pressure decreases at the
rate of about 1 inch of mercury for each 1,000 feet of
altitude gain. The altimeter contains a sealed flexible
diaphragm, correct only at sea level standard pres-
sure (29.92 inches of mercury) and sea level standard
temperature (59°F or 15°C). Indicating hands are con-
nected to the diaphragm and geared so that a small
change in the diaphragm results in the proper altitude
indications. The altimeter has three hands. The longest
indicates hundreds of feet and the medium-sized hand,
thousands of feet. Another pointer indicates tens of
thousands of feet, but it is doubtful if you will have a
chance to use this one for a while.

A small window at the side of the face allows the
altimeter to be set to the latest barometric pressure as
corrected to sea level. As you know, the atmospheric
pressure is continually changing and the altimeter,
being a barometer, is affected by this.

Barometric
Scale

Setting Knob

Altimeter set at field
elevaticn of 720 feet

Figure 3-2. Altimeter setting.

Suppose that while you’re flying, the pressure
drops at the airport (maybe a low-pressure area is mov-
ing in). After you land, the altimeter will still be “in
the air” because of the lower pressure. The instrument
only measures the pressure and has no idea where the
ground is unless you correct for pressure changes.
The altimeter is usually set at field elevation so that a
standard may be set among all planes. In other words,
pilots fly their altitude with respect to sea level. The
elevations of the airports around the country vary, and
if the altimeters were set at zero for each field there
would be no altitude standardization at all. The altitude
you read when the altimeter has been set to the present
corrected station barometric pressure is called “mean
sea level” (MSL) or indicated altitude. Remember that
this does not tell you how high you are above the ter-
rain at a particular time. As an example, assume your
field elevation is 720 feet. Set the altimeter at 720 feet
with the setting knob, as shown in Figure 3-2.

If you want to fly at 2,000 feet above the local ter-
rain, your indicated altitude will be 2,720, or 2,720 feet
above sea level (Figure 3-3). If you were asked your
altitude by a ground station (or another plane) you’d
answer, ‘2,720 feet MSL.”

With the altimeter set to sea level you can call FAA
Flight Service Stations or towers in the vicinity of the
destination airport and get the altimeter setting. They’ll
give their barometric pressure in inches of mercury,

Altimeter reads 2,720 fi.

- - —
2,200 ft. 1

2,720 ft.

Sea level

Figure 3-3. Absolute altitude is the height above the surface. True altitude is the height above mean sea level. True altitude is a

constant 2,720 feet here.
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corrected to sea level. You’ll set this in the small baro- Airplanes used for instrument flying must have had
metric scale on the altimeter and this will correct for  their altimeter(s) and static pressure system (see Figure
any pressure difference between your home field and  3-5) tested and inspected to meet certain minimums,
the destination. The altimeter should read the destina-  within the past 24 calendar months by the manufac-
tion field’s elevation after you land. If not, there’s an  turer or a certificated repair facility.

altimeter error.

DENSITY ALTITUDE CHART
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Figure 3-4. Finding the density-altitude when altimeter setting and temperature are known. Another example:

Assume an altimeter setting of 29.80 and an outside air temperature of 21°C at an indicated altitude of 4,000 feet. What is
the density-altitude as found by this chart?

First, correct the indicated altitude to the pressure altitude by adding 112 feet (see the conversion factor above for 29.80).
The pressure-altitude is 4,112 feet (it's higher than indicated altitude because the pressure is lower than the standard of 29.92
inches of mercury).

You move up and to the right on the pressure altitude at 4,112 feet (A) until intersecting the 21°C outside air temperature
(B) to get a density-altitude of approximately 5,800 feet— sure, it's hard to read that closely on the graph; a calculator gave an
answer of (C) 5,734 feet. Try reading that on the graph! (FAA-CT-8080-2E)
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When you fly from a high- to a low-pressure area,
the altimeter reads too high: H to L = H. When you
fly from a low- to a high-pressure area, the altimeter
reads too low: L to H=L. In other words, when you fly
from a high-pressure region into one of lower pressure,
the altimeter “thinks” the plane has climbed and regis-
ters accordingly, when actually your altitude above sea
level may not have changed at all. Since you will be
flying in reference to the altimeter, this means that you
will fly the plane down to what appears to be the cor-
rect altitude and will be low. If the outside temperature
at a particular altitude is lower than standard, the altim-
eter will read higher than the airplane’s actual altitude
if not corrected. HALT (High Altimeter because of
Low Temperature). Higher than standard temperature
means an altimeter that reads low. Figure 19-12 shows
how to correct for a nonstandard temperature.

As an example of flying from a high- to a low-pres-
sure area, suppose you take off from an airport where
the altimeter setting is 30.10 inches (corrected to sea
level) and fly to one with an actual altimeter setting
of 29.85 (corrected to sea level). If you forget to reset
the altimeter before you land, the altimeter would read
approximately 250 feet higher than the actual field
elevation. In other words, sitting parked at the new air-
port’s field elevation of 1,000 feet, the altimeter would
read 1,250 feet, and “thinks” you’re still 250 feet above
the airport.

At lower altitudes, for approximately each 1.0 inch
of mercury change, the altimeter (if not reset for the
new pressure) would be 1,000 feet in error. The actual
atmospheric pressure change was from 30.10 down to
29.85, a value of 0.25 inches, or the altimeter “climbed”
250 feet during your flight. The barometric scale in the
setting window follows the needle movement as you
use the setting knob, and vice versa. If you use the knob
to decrease the 1,250-foot reading to the field eleva-
tion of 1,000 feet, the window will indicate 29.85. Or,
if when approaching the airport, you were given the
correct altimeter setting by radio, you would decrease
the window setting to 29.85 and thereby decrease the
altimeter indication by 250 feet and be right on the field
elevation when you land.

Pressure-altitude is shown on the altimeter when
the pressure in the setting window is set at 29.92,
meaning that this is your altitude as far as a standard-
pressure day is concerned. Unless the altimeter setting
on the ground is exactly 29.92 and the pressure drop
per thousand feet is standard, the pressure altitude and
indicated altitude will be different. Pressure altitude
computed with temperature gives the density-altitude,
or the standard altitude where the density of the air at
your altitude is normally found.

Density-altitude is used for computing aircraft per-
formance. In your flying, you will use indicated alti-
tude or the altitude as given by the actual barometric
pressure corrected to sea level. Figure 3-4 is a chart
for computing density-altitude if pressure altitude and
temperature are known.

As an example, the altimeter setting is 29.92, (which
is the standard), the pressure altitude is 2,000 feet, and
the outside air temperature is 70°F (21°C). From the
temperature, move up until the 2,000-foot pressure alti-
tude line is intersected. Running horizontally from that
point, a density-altitude of about 3,200 feet is found. In
other words, the warmer than standard temperature has
lowered the air density so that the airplane would oper-
ate as if it was at 3,200 feet, when it’s actually 2,000
feet above sea level.

Note that there is a pressure altitude conversion fac-
tor in Figure 3-4 to be used if the altimeter setting is not
the standard 29.92. You would calculate the density-
altitude by correcting the pressure altitude with the
conversion factor and then finding the density-altitude
as before.

For instance, the altimeter setting is 29.5 (29.50),
the field elevation is 2,900 feet, and the outside tem-
perature is 80°F (27°C). First, you’d correct the pres-
sure altitude by adding 392 feet (the altitude correction
at 29.5 inches of mercury) to get 3,292 feet of pres-
sure altitude (call it 3,300). Draw a line up the vertical
line from 80°F to intersect this pressure altitude value
and then move horizontally from this point to read a
density-altitude of about 5,300 feet. Although the air-
plane is sitting at an airport at 2,900 feet above sea
level, because of the lower atmospheric pressure and
higher temperature (making the air “thin”) it will only
perform as if it’s at 5,300 feet above sea level. The run-
way might not be long enough for a safe takeoff under
these conditions. The computations seem to be a little
complicated right now, but come back and look at Fig-
ure 3-4 again after you’ve read Chapter 17.

Airspeed Indicator

The airspeed system is composed of the pitot and static
tubes and the airspeed indicator instrument (Figure
3-5). The pitot-static system measures the dynamic
pressure of the air. As the airplane moves through the
air, the relative wind exerts a “ram” pressure in the pitot
tube. This pressure expands a diaphragm that is geared
to an indicating hand. This pressure is read as airspeed
(in miles per hour, or knots) rather than pressure. In
short, the pitot-static system measures the pressure
of the relative wind approaching the wings (and the
entire plane, for that matter). A pitot tube alone would
not tell the pilot how much of this pressure was the
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Mechanically linked
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Static pressure only

Airspeed indicator

Figure 3-5. Typical general aviation trainer airspeed indicator and pitot-static system. The airspeed, altimeter, and vertical
speed indicators rely on the static tube for the ambient static pressure. In addition, the airspeed needs the pitot tube for the
entrance of dynamic pressure into the diaphragm. As shown, the pitot tube also contains static pressure, which is “cancelled”

by the static pressure in the static tube and inside the case.

dynamic pressure giving the wings their lift. The static
tube equalizes the static pressure within and without
the system, leaving only the dynamic pressure or air-
speed being measured. You will check the pitot tube
and static vent openings during the preflight inspection,
as will be covered in Chapter 4.

Let’s discuss airspeed and groundspeed while we’re
on the subject. Once a plane is airborne, it is a part of the
air. The airplane moves through the air, but the air itself
may move over the ground. The plane’s performance is

not affected by the fact that the entire mass is moving.
It is only affected by its relative motion to the mass.
At a certain power setting for a certain attitude, a
plane will move through the air at a certain rate, this
rate being measured by the airspeed indicator. Figure
3-6 shows the idea, using “true” airspeed or its real
speed in relation to the air moving past the airplane.
Groundspeed is like walking on an escalator. If
you’re walking against the escalator at its exact speed,
you make no progress. By walking with the escalator,

Air mass (wind) speed 20 mph

RRNRRREY

Ground speed = 100 - 20 = 80 mph

RERRRARR

Air mass {wind} speed 20 mph
Ground speed = 100 + 20 = 120 mph

Figure 3-6. The airplane’s true airspeed is 100 mph; its groundspeeds are 80 and 120 mph, as shown.
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your speed is added to its speed. Chapter 10 goes into
more detail on this.

Lightplane airspeed indicators are calibrated for
standard sea level operation (59°F and 29.92 inches of
mercury). As you go to higher altitudes, the air will be
less dense and therefore there will be less drag. The
plane will move faster, but because of the lesser den-
sity, airspeed will register less than your actual speed.
This error can be corrected roughly by the rule of
thumb: “Add 2 percent per thousand feet.” This means
that if your “calibrated” airspeed is 100 mph at 5,000
feet, your “true” airspeed is 5 X 2 = an additional 10
percent = (.10)(100) = 10 mph + 100 mph = 110 mph.
This works generally up to about 10,000 feet, but for
closer tolerances and altitudes above this, a computer
should be used.

The computer takes into consideration any devia-
tion of temperature and pressure from the “normal
lapse rate.” The standard temperature at sea level is
59°F (15°C). The normal lapse rate, or temperature
drop, is 3',°F (2°C) per thousand feet. The “2 percent
per thousand feet” rule of thumb uses this fact and does
not take into consideration any change from the normal
lapse rate or from standard conditions.

The calibrated airspeed mentioned above is the cor-
rected indicated airspeed, so in order to find the true
airspeed the following steps would apply:

1. Indicated airspeed (IAS) + Instrument and position
error = calibrated airspeed (CAS).

2. Calibrated airspeed plus pressure altitude and tem-
perature correction (2 percent per thousand feet,
or use a computer) gives the true airspeed (TAS).
(Most lightplanes have IAS correction information,
but for others, assume IAS to equal CAS.)
Looking back at the lift equation in Chapter 2 you’ll

see in it the expression (p + 2) x V2. This is the dynamic
pressure that contributes to the wing’s lift and is mea-
sured by the airspeed indicator, as discussed earlier. For
instance, at an indicated 100 mph the dynamic pressure
is about 25.5 psf. Your airspeed indicator is made so
that when dynamic pressure of that value enters the
pitot tube, the hand will point to 100 mph. At sea level
air density, your motion relative to the air will actually
be 100 mph when the airspeed indicates this amount
(assuming that the instrument is completely accurate).

As you know, the air density decreases with alti-
tude. When you are at 5,000 feet and are indicating 100
mph (25.5 psf), the airspeed indicator doesn’t reason
that the plane is actually moving faster in relation to the
air and making up for the lower density in the dynamic
pressure equation. All the indicator knows is that 100
mph worth of dynamic pressure is being routed into it

and leaves it up to you to find the “true” airspeed, or
the plane’s actual speed in relation to the air mass at
the higher altitude.

If your plane indicates 50 mph at the stall at sea
level, it will indicate 50 mph at the stall at 5,000 or
10,000 feet (assuming the same airplane weight and
angle of bank; in Chapter 9 you’ll see why such a con-
dition is made). This is because a certain minimum
dynamic pressure is required to support the airplane,
and for your plane it happens to be an indicated 50 mph
(or about 6.4 psf).

Another airspeed you may hear about is equivalent
airspeed (EAS). At higher airspeeds and altitudes, com-
pressibility errors are induced into the system. Looking
back at Figure 3-5, you see that there is static pressure
in the instrument case, which (theoretically, anyway)
cancels out the static pressure in the diaphragm (let in
through the pitot tube). At high speeds where compress-
ibility is a factor, the effect is that of “packing” and rais-
ing the pressure of the static air in the pitot tube and dia-
phragm. The static air in the case doesn’t get this effect,
so that indicated (and calibrated) airspeeds are shown
as higher than the actual value. A correction is made to
obtain the “correct” CAS; this is called the equivalent
airspeed. EAS would then be used to find the TAS. For
high-speed airplanes the correction would be:

1. IAS plus (or minus) instrument and position error =

CAS.

2. CAS minus compressibility error = EAS.
3. EAS corrected for pressure altitude and tempera-
ture = TAS.

You won’t have to cope with compressibility errors
for the airplane you are training in, but you should be
aware that such factors do exist.

The calibrated airspeed is the “real” airspeed affect-
ing the flying of the airplane and is the dynamic pres-
sure [(p/2)V?] in pounds per square foot (psf). If you
want to find the dynamic pressure working on the air-
plane at, say, 100 knots (more about knots shortly), you
use the equation V2 knots/295. At 100 knots, the result
is 33.9 psf (call it 34 psf).

You’ll note that examples of true airspeed in this sec-
tion used statute miles per hour. While flying, you’ll use
the nautical mile (6,080 feet) and knots (1 knot equals
1 nautical mile per hour). Also, 1 nautical mile equals
1.152 statute miles. This book will follow the data as
produced in the Pilot’s Operating Handbooks and use
knots (K) for speed and nautical miles (NM) for dis-
tance, with a few exceptions to be noted in later chap-
ters. While this will seem strange at first, you’ll soon
get accustomed to thinking in these terms in flying.
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Tachometer

The lightplane tachometer is similar in many ways to a
car speedometer. One end of a flexible cable is attached
to the engine and the other is connected to the instru-
ment. The rate of turning of the cable, through mechan-
ical or magnetic means, is transmitted as revolutions
per minute (rpm) on the instrument face. The aver-
age lightplane propeller is connected directly to the
engine crankshaft so that the tachometer registers both
the engine and propeller rpm. The propeller is usually
geared down in larger planes, and in that case the ratio
of engine speed to propeller speed can be found in the
Airplane Flight Manual. At any rate, you always use
the engine rpm for setting power because this is what
is indicated on the tachometer in the direct drive or
geared engine.

Most tachometers have a method of recording flight
hours, based on a particular rpm setting (say, 2,300
rpm). This means that the engine is not “building up
time” as fast when it’s at idle or at lower power set-
tings. The time indicated on the recording tachometer is
used as a basis for required inspections and overhauls,
and the reading is noted in the logbooks whenever such
work is done on the airplane and/or engine.

Oil Pressure Gauge

Every airplane is equipped with an oil pressure gauge
(Figure 3-7), and to the majority of pilots it is the most
important engine instrument (the fuel gauge runs a
close second). Some oil pressure gauges have a curved
Bourdon tube in the instrument. Oil pressure tends to
straighten the tube, and through mechanical linkage a
hand registers the pressure in pounds per square inch.
The move now is toward using electrical transmitters
and indicators, particularly for more complex engine
installations.

Oil pressure should reach the normal operating
value within 30 seconds after the engine starts in tem-
perate conditions. The instrument should be checked
about every 5 minutes in flight, since it is one of the
first indicators of oil starvation, which means engine
failure and a forced landing. If the oil pressure starts
dropping, land at an airport as soon as safely possible.

There have been many cases of the instrument itself
giving bum information. After you notice the falling
(or low) oil pressure, keep an eye on the oil tempera-
ture gauge for a rising temperature as you turn toward
an airport or good landing area. Pilots have depended
solely on the oil pressure gauge and landed in bad
places when the engine was getting plenty of oil (and
the oil temperature stayed normal).

Bourdon
tube

\
£,

- Pressure inlet

Figure 3-7. Oil pressure gauge.

Oil Temperature Gauge
The vapor-type temperature gauge is used for older
lightplanes. The indicating head or instrument con-
tains a Bourdon tube and is connected by a fine tube
to a bulb that contains a volatile liquid. Vapor expan-
sion exerts pressure, which is read as temperature on
the instrument. Most trainers do not have a cylinder
head temperature gauge, so the oil temperature gauge
is the only means of telling if the engine is running hot.
Most airplanes now use the principle of electrical resis-
tance change for measuring oil temperature. Figure 3-8
shows general aviation oil temperature gauges.
Section 2 of the Pilot’s Operating Handbook for
your airplane will contain the limits of operation and
markings for the engine instruments (see Figure 3-30).

Compass

The airplane compass is a magnet with an attached face
or “card” that enables you to read directions from 0°
to 360°.

The magnet aligns itself with the Magnetic North
Pole, and the plane turns around it.

Every 30° the compass has the number of that
heading minus the 0. For instance, 60° is 6 and 240° is
24 on the compass card. It’s broken down further into
10° and 5° increments. The compass card appears to
be backward in the diagram, but as the plane actually
turns around the compass, the correct reading will be
given.

In a shallow turn, the compass is reasonably accu-
rate on headings of East and West but leads ahead of
the turn as the plane’s heading approaches South and
lags behind as it approaches North. If you are on a
heading of North and make a turn in either direction,
the compass will initially roll to a heading opposite
to the bank. On a heading of South when the turn is
started, the compass will initially roll to a heading indi-
cation exceeding that actually turned (North—Oppo-
site, South—Exceeds, or NOSE). The amount of lead
or lag depends on the amount of bank and the latitude
at which you are flying. Knowing the amount of lead
or lag in the compass you are using will be helpful in
rolling out on a heading.
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Figure 3-8. (A) Engine instrument cluster with cylinder head and oil pressure and temperature gauges. (B) Another engine
instrument cluster arrangement. (Courtesy of Castleberry Instruments and Avionics, Inc.)

Figure 3-9 is a simplified drawing of the magnetic
compass. The magnets tend to point parallel to the earth’s
lines of magnetic force. As the compass is brought nearer
to the Magnetic North Pole, the magnets will have a ten-
dency to point toward the earth’s surface.

If directly over the Magnetic North Pole, the com-
pass would theoretically point straight down, causing a
great deal of confusion to all concerned. The magnetic
compass is of little use close to the pole, so other meth-
ods of navigation are used in this area.

The suspension of the compass card causes certain
problems. For instance, if you are flying on a generally
easterly heading and accelerate, the compass will turn
toward a northerly heading even though the plane has
not turned. This occurs on a westerly heading as well.

If on these headings the plane decelerates, a south-
erly indication is given under these conditions, as can
be seen by referring to Figure 3-9. The following can
be noted:

Acceleration—The compass indicates a more
northerly heading.

Deceleration—The compass indicates a more
southerly heading.

One way of remembering what happens is ANDS
(Acceleration—North, Deceleration—South).

Acceleration/deceleration errors are not considered
a factor in North and South headings.

When the plane is climbed, dived, or banked (par-
ticularly a bank of more than 15°-20°), inaccuracies
result. Notice in a climb or glide (on an east or west
heading) that the compass inches off its original indi-
cation because of the airplane’s attitude (assuming that
you have kept the nose from wandering). The compass
card and magnets have a one-point suspension so that
the assembly acts as a pendulum and also will tilt in

reaction to various forces and attitudes of flight (accel-
eration, banks, nose attitudes, etc.). This tilting action
is also a major contributing factor to the reactions of the
compass. The “floating” compass as described here is
used for reference rather than precision flying (Figure
3-10). In turbulence the compass swings so badly that
it’s very hard to fly a course by it. It’s a good instru-
ment for getting on course or keeping a general head-
ing between checkpoints on cross-country, but never
blindly rely on it. There will be more about this instru-
ment in later chapters.

Figure 3-11 is a newer type of magnetic compass
with a vertical card. The small airplane is fixed; the
card turns in a more easily readable way and is like
the new faces on the heading indicator in Figure 3-22.
Chapter 15 goes into more detail on use of the mag-
netic compass.

]

457 '
) (Magnetic North Pole
I

Magnets

5 Lubber line

Pilots' reference

Figure 3-9. Magnetic compass.
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Figure 3-10. The lubber line and instrument case are
fastened to the aircraft, which turns around the free-floating
compass card and magnets.

Figure 3-11. Vertical card magnetic compass.
(Courtesy of Hamilton Instruments, Inc.)

Additional Instruments

The instruments discussed in the earlier part of this
chapter are all that are required for daytime VFR flight,
but the instruments discussed below will also be used
in your training. Federal Aviation Regulations require
that emergency recovery from a loss of visual refer-
ences (such as accidentally flying into clouds or fog)
be demonstrated on the private flight test. There have
been a large number of fatal accidents caused by pilots
overestimating their abilities and flying into marginal
weather. It can be easily demonstrated that flying by
the seat of your pants when you have lost visual refer-
ences is a one-way proposition—down.

The instruments discussed earlier are used for your
day-to-day flying under the VFR (visual) type of fly-
ing; for instrument flying (and your instruction in emer-
gency flying using the instruments) more equipment is
needed. The FAA requires that on the practical (flight)
test the airplane be equipped with “appropriate flight
instruments” for checking the pilot’s ability to control
the airplane by use of the instruments. It’s very likely
that your trainer will be equipped with all of the instru-
ments covered in this chapter, but techniques are given
in Chapter 15 for using only the turn coordinator or
turn and slip (plus airspeed and altimeter) to maintain
control of the airplane under simulated or actual instru-
ment conditions.

Gyro Instruments in General

Gyro instruments work because of the gyroscopic prop-
erties of “rigidity in space” and “precession.”

If you owned a toy gyroscope or top in your younger
days, the property of “rigidity in space” is well known
to you. While the top was spinning, it could not be
pushed over but would move parallel to its plane of
rotation (on the floor) in answer to such a nudge. The
gyroscope resists any effort to tilt its axis (or its plane
of rotation) (Figure 3-12). This property is used in the
attitude indicator and heading indicator.

The property of “precession” is used in the turn
and slip indicator. If a force is exerted against the side
of a rotating gyro, the gyro reacts as if the force was
exerted at a point 90° around the wheel (in the direc-
tion of rotation) from the actual place of application
(Figure 3-13).

Figure 3-12. The gyro maintains rigidity in space.
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REACTION

Figure 3-13. Precession

Turn and Slip Indicator
(Needle and Ball)

The turn and slip indicator is actually two instruments.
The slip indicator is merely a liquid-filled, curved glass
tube containing an agate or steel ball. The liquid acts
as a shock dampener. In a balanced turn the ball will
remain in the center, since centrifugal force offsets the
pull of gravity (Figure 3-14).

In a slip there is not enough rate of turn for the
amount of bank. The centrifugal force will be weak,
and this imbalance will be shown by the ball’s falling
down toward the inside of the turn (Figure 3-15). (You
experience centrifugal force any time you turn a car—
particularly in an abrupt turn at high speed as you tend
to move to the outside of the turn.)

The skid is a condition in which there is too high
a rate of turn for the amount of bank. The centrifugal
force is too strong, and this is indicated by the ball’s
sliding toward the outside of the turn (Figure 3-16).

The slip and skid will be discussed further in “The
Turn,” in Chapter 9.

The turn part of the turn and slip indicator, or “nee-
dle” as it is sometimes called, uses precession to indi-
cate the direction and approximate rate of turn of the
airplane.

Figure 3-17 shows the reaction of the turn and slip
indicator to a right turn. Naturally, the case is rigidly
attached to the instrument panel and turns as the air-
plane turns (1). The gyro wheel (2) reacts by trying
to rotate in the direction shown by (3), moving the
needle in proportion to the rate of turn (which controls
the amount of precession). As soon as the turn stops,
the precession is no longer in effect and the spring (4)
returns the needle to the center. The spring resists the
precession and acts as a dampener, so the nose must
actually be moving for the needle to move. The ball may
be off to one side even though the needle is centered.

For instance, in a side or forward slip (to be covered
later) the airplane may be in a bank with the pilot hold-
ing opposite rudder. The ball will be in a more extreme
position than that shown in Figure 3-15.

Some turn and slip indicators are calibrated so that
a “standard-rate turn” of 3° per second will be indi-
cated by the needle’s being off center by one needle
width (Figure 3-17). This means that, by setting up a
standard-rate turn, it is possible to roll out on a pre-
determined heading by the use of a watch or clock. It
requires 120 seconds (2 minutes) to complete a 360°
turn. There are types of turn and slip indicators cali-
brated so that a double-needle-width indication indi-
cates a standard-rate turn. These have a “doghouse” to

Centrifugal
force

1
1
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Result - the ball remains in the center in & balanced tum

Figure 3-14. A balanced right turn.
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force

" Gravity

Figure 3-15. A slipping turn.

Centrifugal
force

"7 Gravity

Figure 3-16. A skidding right turn.
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Figure 3-17. (A) Turn and slip indicator (vacuum-driven). Newer instruments are electrically driven. (B) The gyro wheel in the
turn and slip is attached in the instrument so that when it reacts to yaw, it can only tilt around the long axis of the instrument
(X-X). Itis limited in its tilt action by stops. The gyro wheel in the turn coordinator moves (in reaction to precession) around an
axis 30° from the long axis of the instrument and so reacts to both roll and yaw inputs. Since precession acts while a force is
being applied, the turn coordinator only reacts to yaw (rate of turn) once the bank is established.

indicate a standard-rate turn (Figure 3-18 left). If your
heading is 070° and you want to roll out on a heading
of 240°, first decide which way you should turn (to the
right in this case). The amount to be turned is 240 —
70 = 170°. The number of seconds required at standard
rate is 170 + 3 = 57. If you set up a standard-rate turn,
hold it for 57 seconds, and roll out until the needle and
ball are centered, the heading should be very close to
240° You will have a chance to practice these timed
turns “under the hood” (by instruments alone) during
your training.

One of the most valuable maneuvers in coping with
bad weather is the 180° turn, or “getting the hell out of
there.” It is always best to do the turn before you lose
visual contact, but if visual references are lost inadver-
tently, the 180° turn may be done by reference to the
instruments.

The advantage of the turn and slip over other
gyro instruments is that the gyro does not “tumble”
or become erratic as certain bank or pitch limits are
exceeded (see “Attitude Indicator™).

A disadvantage of the turn and slip is that it is a rate
instrument, and a certain amount of training is required
before the student is able to quickly transfer the indi-
cations of the instrument into a visual picture of the
airplane’s attitudes and actions.

The gyro of the turn and slip and other gyro instru-
ments may be driven electrically or by air, using an

engine-driven vacuum pump or an outside-mounted
venturi. (Some airplanes use an engine-driven pressure
pump.) The venturi is generally used on older light-
planes because of its simplicity; it is nothing more than
a venturi tube causing a drop in pressure and draw-
ing air through the instrument past the vanes on the
gyro wheel as the plane moves through the air (Figure
3-17).

Turn Coordinator

The turn coordinator also uses precession and is similar
to the turn and slip in that a standard rate may be set up
but, unlike that instrument, it is designed to respond to
roll as well.

Note that the gyro wheel in the turn and slip (Fig-
ure 3-17) is vertical and lined up with the axis of the
instrument case when yaw forces aren’t acting on it. In
the turn coordinator the gyro wheel is set at approxi-
mately 30° from the instrument’s long axis, allowing
it to precess in response to both yaw and roll forces
(Figure 3-17). After the roll-in (or roll-out) is complete,
the instrument indicates the rate of turn. Figure 3-18
compares the indications of the two instruments in a
balanced standard-rate turn (3 per second) to the left.
Note that the turn coordinator also makes use of a slip
indicator (ball).
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Figure 3-18. A comparison of a standard-rate turn as
indicated by the turn and slip and the turn coordinator. The
“2 MIN"indicates that if the wing of the miniature airplane

is placed on the reference mark, it will take 2 minutes to
complete a 360° turn (3° per second).

Attitude Indicator

The attitude indicator (Figure 3-19) or gyro horizon
(older name —artificial horizon) depends on the “rigid-
ity in space” idea and is a true attitude instrument.
The gyro plane of rotation is horizontal and remains
in this position, with the aircraft (and instrument case)
being moved about it. Attached to the gyro is a face
with a white horizon line and other reference lines on
it. When the instrument is operating correctly, this line
will always represent the actual horizon. A miniature
airplane, attached to the case, moves with respect to
this artificial horizon precisely as the real airplane
moves with respect to the real horizon. This instrument
is particularly easy for students to use because they are
able to “fly” the small airplane as they would the large
airplane itself.

There are limits of operation on the less expensive
attitude indicators and these are, in most cases, 70° of
pitch (nose up or down) and 100° of bank. The gyro
will “tumble” above these limit stops and will give
false information as the gyro is forced from its rota-
tional plane. The instrument will also give false infor-
mation during the several minutes required for it to
return to the normal position after resuming straight
and level flight.

“Caging” is done by a knob located on the instru-
ment front and is useful in locking the instrument before
doing aerobatics, which include the spin demonstration
discussed later. Because it is possible to damage the
instrument through repeated tumbling, this caging is
a must before you do deliberate aerobatics. Most of
the later attitude indicators do not have a caging knob.
Figure 3-20 compares two types of attitude indicators
(older type is on the left).

The more expensive attitude indicators have no
limits of pitch or bank, and aerobatics such as rolls or
loops can be done by reference to the instrument. These
are used in jet fighters and are generally electrically
driven rather than air driven, as in the case of the older
type gyros, because of the loss of efficiency of the air-
driven type at high altitudes. Attitude indicators have
a knob that allows you to move the miniature airplane
up or down to compensate for small deviations in the
horizontal-line position.

The attitude indicator is more expensive than the
turn and slip but allows the pilot to get an immediate
picture of the plane’s attitude. It can be used to estab-
lish a standard-rate turn, if necessary, without reference
to the turn coordinator or turn and slip indicator, as will
be shown.

An airplane’s rate of turn depends on its velocity
and amount of bank. For any airplane, the slower the

Bank indicator (5°)

Figure 3-19. Attitude indicator. Shown is a nose-up,
left-wing down (5° bank) attitude. Although it appears to
indicate a shallow climbing turn to the left, a check with
other instruments is needed to confirm this.

-~ Caging knob

Figure 3-20. Attitude indicators (caging and noncaging
types).

Setting —___ Yt
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Figure 3-21. The turn and slip, turn coordinator, and attitude indicator indications in a standard-rate turn
at 100K. Setting up the thumb rule for the bank angle only works for the balanced turn (no slip or skid).

velocity and the greater the angle of bank, the greater
the rate of turn. This will be evident as soon as you
begin flying and is probably so even now.

A good rule of thumb to find the amount of bank
needed for a standard-rate turn at various airspeeds
(mph) is to divide your airspeed by 10 and add 5 to the
answer. For instance, airspeed = 150 +~ 10 = 15; 15 +
5 = 20° bank required. This thumb rule is particularly
accurate in the 100—200 mph range.

Figure 3-21 compares the indications of the turn
and slip, turn coordinator, and attitude indicator in a
standard-rate turn to the right at 100 K true airspeed.
(True airspeed would be the proper one to use in the
rule of thumb, but indicated or calibrated airspeed is
okay for a quick result.)

A rule of thumb for finding the required bank for
a standard-rate turn when you are working with knots
is to divide the airspeed by 10 and multiply the result
by 1%. As an example, at an airspeed of 156 K you’d
get 15.6° (call it 16°). One and one-half times 16 is 24°
required.

Heading Indicator

The heading indicator functions because of the gyro
principle of “rigidity in space” as did the attitude indi-
cator. In this case, however, the plane of rotation is ver-
tical. The older heading indicator has a compass card
or azimuth scale that is attached to the gyro gimbal and
wheel. The wheel and card are fixed and, as in the case
of the magnetic compass, the plane turns about them.

The heading indicator has no “brain” (magnet) that
causes it to point to the Magnetic North Pole; it must be
set to the heading indicated by the magnetic compass.
The instrument should be set when the magnetic com-
pass is reading correctly, and this is done in straight and
level flight when the magnetic compass has “settled
down.”

You should check the heading indicator against the
compass about every 15 minutes in flight. More about
this in Chapter 25.

The advantage of the heading indicator is that it does
not oscillate in rough weather and it gives a true read-
ing during turns when the magnetic compass is erratic.

Figure 3-22, Three types of heading indicator presentations.



Chapter 3 / Cockpit— Instruments and Systems

A caging/setting knob is used to cage the instrument for
aerobatics or to set the proper heading.

A disadvantage of the older types of heading indica-
tors is that they tumble when the limits of 55° nose up
or down or 55° bank are reached. Newer heading indi-
cators have higher limits of pitch and bank and have a
resetting knob rather than a caging knob. Figure 3-22
compares the faces of the old and new types.

More expensive gyros, such as are used by the
military and airlines, are connected with a magnetic
compass in such a way that this creep is automatically
compensated for.

The greatest advantage of the heading indicator is
that it allows you to turn directly to a heading without
the allowance for lead or lag that is necessary with a
magnetic compass.

Figure 3-23 shows the schematic of the engine-
driven vacuum system of a popular trainer. The air fil-
ter is on the firewall under the instrument panel.

Overboard
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Figure 3-23. Engine-driven vacuum pump system.

Vertical Speed Indicator

This is an instrument that is useful in maintaining a
constant rate of climb or glide.

It is a rate instrument and depends on a diaphragm
for its operation, as does the altimeter. In the rate of
climb indicator the diaphragm measures the change
of pressure rather than the pressure itself, as the dia-
phragm in the altimeter does.

The diaphragm has a tube connecting it to the static
port (see Figure 3-5), or the tube may just have access
to the outside air pressure in the case of cheaper or
lighter installations. This means that the inside of the
diaphragm has the same pressure as the air surrounding
the plane. Opening into the otherwise sealed instrument
case is a capillary, or very small tube. This difference in
the diaphragm and capillary tube sizes means a lag in
the equalization of pressure in the air within the instru-
ment case as the altitude (outside pressure) changes.

Figure 3-24 is a schematic diagram of a vertical
speed indicator. As an example, suppose the plane is
flying at a constant altitude. The pressure within the
diaphragm is the same as that of the air surrounding it
in the instrument case. The rate of climb is indicated as
Zero.

The plane is put into a glide or dive. Air pressure
inside the diaphragm increases at the same rate as that
of the surrounding air. However, because of the small
size of the capillary tube, the pressure in the instrument
case does not change at the same rate. In the case of
a glide or dive, the diaphragm would expand—the

“—__ Increased outside
pressure

Figure 3-24. A simplified view of a vertical speed indicator.
As the plane descends, outside pressure increases. The
diaphragm expands immediately (1). Because of the small
size of the capillary tube (2), pressure in the case is not
increased at the same rate. The link pushes upward (3)
rotating the shaft (4), which causes the needle to indicate 400
fom down as shown. The spring helps return the needle to
zero when pressures are equal and also acts as a dampener.
The instrument here is shown proportionally longer than the
actual rate of climb indicator so that the mechanism may be
clearly seen.
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amount of expansion depending on the difference of
pressures. The diaphragm is mechanically linked to a
hand, and the appropriate rate of descent, in hundreds
(or thousands) of feet per minute (fpm), is read on the
instrument face.

In a climb the pressure in the diaphragm decreases
faster than that within the instrument case, and the
needle will indicate an appropriate rate of climb. The
standard rate of descent in instrument work is 500 fpm
(Figure 3-25).

Because in a climb or dive the pressure in the case
is always “behind” the diaphragm pressure, a certain
amount of lag results. The instrument will still indicate
a vertical speed for a short time after the plane is lev-
eled off. For this reason the vertical speed indicator is
not used to maintain altitude. On days when the air is
bumpy, this lag is particularly noticeable. The vertical
speed indicator is used, therefore, either when a con-
stant rate of ascent or descent is needed or as a check of
the plane’s climb, dive, or glide rate. The more stable
altimeter is used to maintain a constant altitude.

5 15
up
/ VERTICAL SPEED

0 100 FEET PER MIN 20

v

10

Figure 3-25. Standard rate of descent.

Summary of the Additional
Instruments

Gyro instruments and the vertical speed indicator are
not covered in detail as would be done in a training
manual for an instrument rating. The calibrations and
procedures used by instrument pilots are not covered
for obvious reasons. For the noninstrument-qualified
private pilot or the student, these instruments are to be
used in an emergency only as a means of survival. Even
the most expensive instruments cannot compensate for
lack of preflight planning or poor headwork in flight.

Electrical System

Since most trainers these days have electrical systems
for starting and for lights and radios, Figure 3-26 is
included to give an idea of a simple system.

The battery stores electrical energy, and the engine-
driven alternator (or generator) creates current and
replenishes the battery, as necessary, as directed by the
voltage regulator or alternator control unit.

The ammeter (item 15, Figure 3-1) indicates the
flow of current, in amperes, from the alternator to the
battery or from the battery to the electrical system.
When the engine is operating and the master switch
(item 28, Figure 3-1) is ON, the ammeter indicates the
charging rate of the battery. If the alternator isn’t work-
ing or if the load is too great, the ammeter will show the
discharge rate of the battery.

Note in Figure 3-26 that the system has a split master
(electrical) switch (upper left-hand corner). The right
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Figure 3-26. Electrical system. If you don't have a background
in electricity, these diagrams can seem very complicated.
Your job as pilot will be to know what system is affected by
a loss of electrical power. You'll need to know what compo-
nents are protected by circuit breakers or fuses and where
the breakers (or fuses) are in the cockpit. This diagram shows
the electrical items.
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half of the switch (BAT) controls all electrical power
in the airplane. The left half (ALT) controls the alterna-
tor. For normal operations both switches should be ON
so that the system (BAT) is working and the alterna-
tor is “replenishing” the electricity used by the various
components, as is the case for your automobile (except
the airplane doesn’t depend on the battery/alternator
for ignition, but more about this shortly). If the alterna-
tor started acting up, you’d turn it off and rely on the
battery (for a while, anyway), conserving electricity by
turning off all unnecessary electrical equipment. You
should not, in this particular system, turn off the battery
switch when the alternator is operating.

If the battery is completely dead, hand starting
(propping) the airplane (Chapter 5) may get the engine
running, but the alternator needs some electrical power
to energize it to start charging. It won’t be building up
the battery, even after the engine is running. An outside
source of electricity (with jumper cables, for instance)
is necessary for beginning the charging process by the
alternator. Let the pros at the airport do it.

Circuit breakers or fuses are installed to protect
the electrical circuits (item 32, Figure 3-1). The circuit
breakers “pop out” or the fuses burn out when an over-
load occurs, breaking the connection between the item
causing the problem and the alternator-battery sys-
tem. The circuit breakers may be reset, but a 2-minute
cooling period is usually recommended. Most pilots
figure that if a breaker pops two times in a row, it’s
best to leave it out. In the case of a system using fuses,
spare fuses are sometimes carried in clips in the map
compartment.

The ignition system is shown in Figure 3-26, but
it is self-sustaining and independent of the alternator-
battery system. An airplane engine does not need an
alternator-battery system to operate. In fact, for many
years most did not have one; the engine was started by
hand. The magnetos are run by the engine and in turn

furnish the spark for combustions—a sort of “you rub
my back and I’ll rub yours” arrangement that works
very well. The magnetos will be covered again in fol-
lowing chapters.

Aircraft Documents

Every aircraft must carry three documents at all times
in flight: (1) Certificate of Aircraft Registration or own-
ership, (2) Airworthiness Certificate (this must be dis-
played), and (3) Airplane Flight Manual or equivalent
form containing an equipment list and limitations. Look
in your plane and know where these documents are.

Certificate of Aircraft Registration

The Certificate of Aircraft Registration (Figure 3-27)
contains the name and address of the owner, the aircraft
manufacturer, model, registration number, and manu-
facturer’s serial number. When a plane changes own-
ers, a new registration certificate must be obtained.

Airworthiness Certificate

The Airworthiness Certificate (Figure 3-27) is a docu-
ment showing that the airplane has met the safety
requirements of the Federal Aviation Administration
and is “airworthy.” It remains in effect as long as the
aircraft is maintained in accordance with the Federal
Aviation Regulations. This means that required inspec-
tions or repairs are done and notice of this is entered in
the aircraft and/or engine logbook.
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Airplane Flight Manual or
Pilot’s Operating Handbook

The Pilots Operating Handbooks (POH) for general
aviation airplanes are laid out as follows for standard-
ization purposes:

Section 1: General—This is a general section and
contains a three-view of the airplane and descriptive
data on engine, propeller, fuel and oil, dimensions, and
weights. It contains symbols, abbreviations, and termi-
nology used in airplane performance.

Section 2: Limitations— This section includes air-
speed limitations such as shown in Figure 3-28.

The primary airspeed limitations are given in knots
and in both indicated and calibrated airspeeds (although
some manufacturers furnish mph data as well), and the
markings are in knots and indicated airspeeds.

The maneuvering speed, which is the maximum
indicated airspeed at which the controls may be
abruptly and fully deflected without overstressing the

AIRSPEED LIMITATIONS

SPEED KCAS | KIAS REMARKS
VNE Never Exceed Speed 141 141 Do not exceed this speed in
any operation.
Vg | Maximum Struciurai 104 107 Do nat exceed this speed

Cruising Speed excapt in ymooth sir, and

then only with caution.

Va Maneuvering Speed:

1600 Pounds +1:3 ar Do not make full or abrupt
1450 Pounds 90 3 contrel movemnents above
1300 Pounds :13 B8 this speed.

VEE Maximum Flap Extended
Speed 29 8%

Do not exceed this speed
with flaps down.

Maximum Window Open
Speed 141 141

Da not exceed this speed with
windows open.

AIRSPEED INDICATOR MARKINGS

airplane, depends on the stall speed, which decreases
as the airplane gets lighter. More about this in Chapter
23. Figure 3-29 shows the airspeeds from Figure 3-28
as they would appear on the airspeed indicator.
Included in this section are power plant limita-
tions—engine rpm limits, maximum and minimum
oil pressures, and maximum oil temperature and rpm
range to be used (Figure 3-30). Weight and center of
gravity limits are included for the particular airplane.
Maneuver and flight load factor limits (also to be
discussed in Chapter 23) are listed, and operation lim-
its (day and night, VFR, and IFR) are found here. Fuel
limitations (usable and unusable fuel) and minimum
fuel grades are covered in this section. An airplane may
not be able to use some of the fuel in flight and this
is listed as “unusable fuel.” For example, one airplane
has a total fuel capacity of 24 U.S. gallons with 22 U.S.
gallons being available in flight (2 gallons unusable).
Section 3: Emergency procedures—Here are
checklists for such things as engine failures at various

Stall speed,

landing flaps,
gross weight

\ ARSPEED / faptup,
AN gross weight

Red line
(never exceed)

Maximum structural

Figure 3-28. Airspeed limitations and airspeed markings as
given in a Pilot’s Operating Handbook. Note the stall speeds
(Vs for flaps up, and V¢, for landing configuration) are given
for maximum certificated weight. Compare the airspeed
limitations with the indicator markings here. Vg is the maxi-
mum structural cruising speed (or max speed for Normal
Operations).

cruising speed .
KIAS VALUE Maximum speed
MARKING OR RANGE SIGNIFICANCE for full flaps
White 4 42 - 85 Full Flap Q ing R L o . .
e Are ,i:,i,_ isa,f,a,?;':,;'fiei::ﬁ,suﬁ:"' Figure 3-29. Important airspeed markings. For most

landing canfiguration. Upper limit airplanes manufactured before the 1976 models, the values
is maximum speed permissible with . . . . .
flaps extended. were given in miles per hour and calibrated airspeed;

Green Are 47 - 107 Normal Operating Rlange. Lower limit 1976 and later models will have the airspeed markings as
is maximum weight V¢ at most forward H H H H _ .
.G with Tlams rstrasioa. mmer T indicated airspeed in knots. (1K= 1.152 statute mph —see -
is maximum structural Gruising speed Chapter 19.) Your instructor will give you the word about this

for the airplane you are using.

Yellow Arg 107 - 111 Operations must be conducted with
caution and onty in smooth air,

fled Line 131 Maximum speed far all aperations. POWER PLANT INSTRUMENT MARKINGS

AED LINE GREEN ARC AED LINE
INSTRUMENT MINIMUM NORMAL MAXIMUM
LMY OPERATING LiMIY
Tachometer 2000 - 2750 RPM 2750 RPM
Ol Temperature 1009 - 240°F 240°F
il Pressure 10 psy 30 - 60 psi 100 psi

Figure 3-30. Power plant limitations.
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portions of the flight; forced landings, including ditch-
ing; fires during start and in flight; icing; electrical
power supply malfunctions; and airspeeds for safe
operations.

There are amplified procedures for these “prob-
lems” including how to recover from inadvertently fly-
ing into instrument conditions and recovering after a
vacuum system failure, spin recoveries, rough engine
operations, and electrical problems.

Section 4: Normal procedures— This section also
covers checklist procedures from preflight through
climb, cruise, landing, and securing the airplane. It’s
followed by amplified procedures of the same material.
Recommended speeds for normal operation are sum-
marized, as well as being given as part of the amplified
procedures. Environmental systems for the airplane
and other normal procedures are also included.

Section 5: Performance—Performance charts
(takeoff, cruise, landing) with sample problems are
included with range and endurance information, air-
speed calibration, and stall speed charts.

Section 6. Weight and balance and equipment list—
Airplane weighing procedures are given here, with a
loading graph and an equipment list with weights and
arms of the various airplane components.

Section 7: Airplane and systems descriptions—The
airframe, with its control systems, is described and dia-
grammed. The landing gear, engine and engine controls,
etc., are covered in this section. Also, fuel, brake, elec-
trical, hydraulic, and instrument systems are laid out in
detail. Additional systems such as oxygen, anti-icing,
ventilation, heating, and avionics are covered here.

Section 8: Airplane handling, service, and main-
tenance— Here is the information you need for pre-
ventive maintenance, ground handling, servicing and
cleaning, and care for that particular airplane.

Section 9: Supplements— This is devoted to cover-
ing optional systems with descriptions and operating
procedures of the electronics, oxygen, and other nonre-
quired equipment. You should be well familiar with the
Pilot’s Operating Handbook of your airplane.

Logbooks

The Federal Aviation Regulations require that the reg-
istered owner or operator keep a separate maintenance
record for airframe, engine(s), and propeller(s).
Airplanes must have had an annual inspection
within the preceding 12 calendar months to be legal.
There are some exceptions for special flight permits or
a progressive (continuing) inspection procedure, but the
vast majority of airplanes fall under the requirements
of an annual inspection. You might check with your
instructor about your airplane. The annual inspection

must be done, even if the airplane has not been flown
during that time.

In addition, if the airplane is operated carrying per-
sons for hire (charter, rental, flight instruction, etc.), it
must have had an inspection within the past 100 hours
of flying (tachometer time or other approved method
of noting the time). The 100-hour limitation may be
exceeded by not more than 10 hours if necessary to
reach a place at which the inspection can be done. The
excess time must be included in the next 100 hours of
time in service.

If your airplane has had any major repairs or alter-
ations since its manufacture, a copy or copies of the
major repair and alteration form must be aboard the air-
plane (normally it’s attached to the weight and balance
information for convenience). This lists the airplane
make and model, registration number, manufacturer’s
serial number, and the owner’s name and address; it
may also have that particular airplane’s latest empty
weight, the empty center of gravity location in inches
from the datum, and the useful load of the plane. The
useful load includes the weight of usable fuel, occu-
pants, and baggage. The maximum weight minus the
empty weight equals the useful load. (Use actual pas-
senger weights.) The gas weight is 6 pounds per gal-
lon, and the oil, 74 pounds per gallon. When you are
loading the baggage compartment, do not exceed the
placard weight, even if you have plenty of weight left
before reaching the maximum for the airplane. You
may overstress the compartment as well as adversely
affect the position of the center of gravity of the plane.
(Chapter 23 covers this subject in more detail.) Any
major repairs or additions of equipment such as radios,
etc., that would affect the position of the center of grav-
ity are noted on this form.

On the back of the major repair and alteration form
is a description of the work accomplished. The person
authorized for such work signs the form and gives the
date that the repair or alteration was completed.

The 100-hour inspection can be completed and
signed by a certificated airframe and power plant
mechanic, but the annual inspection must be supervised
by an A and P mechanic or facility holding inspection
authorization. If you get the 100 hours done by such
mechanics or facilities, it can count as an annual inspec-
tion. If an annual inspection is done anytime in, say, the
month of May (which means that it is good until the
end of the following May) and it’s necessary to get a
100-hour inspection in August, this 100-hour inspec-
tion, if done by the same people who did the annual,
can count as a new annual inspection—which means
that the next annual is due by the end of the following
August, not the next May. The inspectors will note the
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date and recorded tach time (or other flight time), and
the type of inspection will be noted in the logbooks.

The logbooks are not required to be in the plane
at all times, as are the first three documents discussed,
but they must be available to an FAA inspector if
requested. This means that if you’re operating away
from the plane’s normal base, it would be wise to take
the logbooks with you.

Radio Equipment

The instructor may explain the use of the radio equip-
ment before the first flight, particularly if you are flying
from an airport with a control tower or a Flight Service
Station (FAA radio station). You will have a chance to
watch and listen to the instructor for the first few flights
and will soon be asking for taxi instructions and takeoff
and landing clearances yourself, under supervision. If
you are flying from an airport where a radio is required,
you might also look at Chapter 21 soon after you start
flying.

Most small airports have a “UNICOM” or aeronau-
tical advisory station for giving traffic information and
wind and runway conditions to pilots operating in the
vicinity of the airport. You may get an early start in
the use of radio while operating out of an airport so
equipped.

Glass Cockpit

Although systems vary, flat panel displays or electronic
flight information systems (EFIS) usually consist of
two electronic screens, one showing primary flight
information (Primary Flight Display or PFD) and one
showing navigation and engine information (Multi-
Function Display or MFD). The flight information is
usually derived from solid-state attitude reference units
(aircraft attitude and acceleration), air data units (air-
speed, altitude and rate of climb) and magnetometer
(heading). Navigation data usually comes from a GPS
receiver and is displayed on the multi-function sec-
ond screen along with the engine instruments. Backup
or standby instruments are included along with the
2 LCDs; these normally include a conventional air-
speed indicator, mechanical attitude indicator, and an
altimeter.

The PFD is not just a representation of the basic
mechanical instruments, but the aircraft’s attitude sur-
rounded by the other flight information in various for-
mats. Airspeed is often shown as a movable tape on the
left side of the display, altitude as a tape on the right side
next to a vertical speed scale with a moving pointer. The

traditional “ball” indication can be shown as a mov-
able base of the “sky-pointer” arrow that always points
away from the ground. The base of the pointer slides
out to show uncoordinated fight. Heading is sometimes
shown on both the flight and navigation display.

Navigation data is often depicted as a moving map
with aircraft position, weather information (either from
onboard or downloaded radar), traffic, terrain and clos-
est airports.

Advantages to this instrument system are excel-
lent (or better) in-flight situational awareness and the
ability to somewhat tailor the displayed information.
Maintenance personnel are able to update the system
software and more easily troubleshoot problems than
with traditional instruments.

The complexity and flexibility of EFIS means a
great deal of training should be accomplished on the
ground. Using computer simulation or cockpit practice
dramatically reduces frustration in-flight. For safety, a
pilot must avoid the temptation of being “heads down”

Magnetic
Compass

Attitude
indicator

Airspeed

indicator Altimeter

Turn Heading Vertical
coordinator indicator speed
indicator

Coordination ball

Figure 3-31. Conventional “steam gauge”flight instruments
(top) and glass cockpit PFD depiction of flight instruments.
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for any length of time in flight or on the ground with
the engine running. Transitioning to an aircraft with
standard instruments and navigation may feel quite
awkward after using EFIS.

Summary

Don’t expect to have all the information in this chap-
ter and the following four chapters down cold before
you start flying. Read them over and then use them for
review purposes after you’ve been introduced to the
various subjects (the cockpit, preflight check, start-
ing, and taxiing) by the instructor. This is a workbook
and is intended to be used both before and as you fly.
Remember, too, that your instructor and the Pilots

Operating Handbook will have recommendations as to
what is best for your particular airplane and operating
conditions.

As areview of the effects on non-standard tempera-
tures on the accuracy of the altimeter as noted earlier in
the chapter, take a look at Figure 3-32.

Figure 3-33 shows the effect of flying from a high-
pressure area to a low-pressure area without resetting
the altimeter. There are several questions on the knowl-
edge test about temperature and pressure change fac-
tors of the altimeter, but you should know that informa-
tion for practical purposes as well.

For more-detailed information on the systems dis-
cussed in this chapter, read Appendix B in the back of
this book.

LOWERTHAN
STANDARD
TERMPERATURE

HALT

STANDARD TEMPERATURE

Figure 3-32. HALT. There is a High Altimeter because of Low Temperature. The altimeter
indicates higher than the actual aircraft altitude. This will be of even more importance when
you start working on that instrument rating and are concerned about traffic and terrain
clearance when solely on instruments.

AT
- BT T WOE 2

Indicated Altitude
3,800

Trye Altitude
3,500

HIGH LOW

Figure 3-33. Flying from a high-pressure area to a low-pressure area without resetting the
altimeter results in the altimeter indicating erroneously high.
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An organized check is the best way to start a flight. The
best way to proceed is to make a clockwise (or coun-
terclockwise, if you like) check starting at the cockpit
and getting each item as you come to it. Don’t be like
Henry Schmotz, student pilot, who checked things as
he thought of them. He’d check the prop, then the tail-
wheel and run back up front to look at the oil, etc. One
day Henry was so confused that he forgot to check the
wings (they were gone— the mechanic had taken them
off for recovering) and tried to take off. He wound up
in dire straits in the middle of a chicken farm right off
the end of the runway. After he cleaned himself up, the
first thing he did was to set up an organized preflight
check and has had no trouble since.

One of the biggest problems the new student (and
the more experienced pilot too) has is knowing what to
look for in the preflight check. The first few times you
look into the engine compartment and see that maze
of wires, pipes, plates, etc., it seems that you wouldn’t
know if anything was out of place or not. The airplane
engine assembly is compact and sealed. What’s meant
by this is: (1) There should be no evidence of excess
fluid leaks (oil, brake fluid, or other fluids) in the com-
partment or on the engine. You may expect a certain
small amount of oil, etc., to be present; but if in doubt
about the “allowed amount,” ask someone. (2) There
should not be any loose wires or cables. Every wire
or cable should be attached at both ends. If you find
one dangling loosely, ask your instructor or a mechanic
about it. Don’t feel shy about asking questions.

Look at the inside of the bottom cowling to check
for indications of fluid leaks. Some airplanes have cowl-
ings that require a great deal of effort to remove —it’s
a bit impractical to remove what appears to be sev-
eral hundred fine-threaded screws to check the engine
before each flight. This is a bad design by the manufac-
turers, since the preflight check is definitely more than
just checking the oil.

Discussed here (and shown in Figure 4-1) is a clock-
wise check of a typical high-wing general aviation

Preflight Check

airplane with side-by-side seating. The Pilot s Operat-
ing Handbook for your airplane has a suggested pre-
flight check and you and your instructor may want to
use it, referring to the Handbook or a checklist as you
do the check. As you walk out to the plane, look at its
general appearance; sometimes discrepancies can be
seen better at a distance. Start the actual check at the
cockpit.
Your instructor will point out the following items and
note the things to look for on your particular airplane:
1. Switch off. You’ll be checking the propeller so make
sure the magneto switch is in the OFF position. This
does not guarantee that the ignition is off, but you
will double check the magnetos themselves later (in
some airplanes). Better yet, the key should be out of
the ignition, if the airplane is so equipped.

Lower the flaps fully so that the hinges and
operating rods may be examined more closely. If
the flaps are electrical, before you turn the mas-
ter switch ON make sure that the propeller area is
clear. In rare cases, if the starter solenoid or other
components are malfunctioning the starter might
automatically engage of its own accord (the key is
not even in the starter switch) and could be a real
hazard to people or animals near the propeller. Be
sure that the master switch is OFF after the flaps are
down. Remove control locks.

For some planes with an electric stall warning
horn, you may want to turn the master (electrical)
switch ON and move the tab on the wing to hear
the horn. For other airplanes with a stall warning
light (no horn) and the stall warning tab well out on
the wing, have somebody else move it while you
watch the light on the instrument panel. Make sure
the master switch is OFF after either type of these
checks is completed. Chapter 12 goes into more
detail on the principle of stall warning devices.

Nearly every nut on the airplane is safetied by
safety wire, an elastic stop nut, or a cotter pin; there
are a few exceptions, so if in doubt about a particu-
lar item, ask your instructor.

4-1
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Figure 4-1. The preflight check.

2.

Tires and brakes. The tires should be inspected for
fabric showing or for deep cuts. Roll the airplane
a foot or so to see all sides of the tire. (Obviously,
if this was a jet airliner it would be quite a job to
roll it back and forth, but this book was written for
lightplanes.) Check the brakes and brake lines for
evidence of hydraulic leaks. Check the landing gear
struts for damage and for proper inflation of the oleo
strut if the plane has this type of shock absorber.

3. Look for wrinkles or any signs of strain or fracture

along the sides of the fuselage near the landing gear.
If the plane has been landed hard, this will be the
first place to show it. Check for pulled or distorted
rivets in a metal airplane.

. If the aircraft has wing tanks, visually check the

one on this side at this point; don’t rely on tank
gauges. You should drain fuel from the tank into a

clear container (commercially available) to check
for dirt and/or water. Hold the container up to the
light (or sun) to get a better look. If contaminants
are found, the fuel should be repeatedly drained and
checked until it is clear. As a student pilot, however,
the presence of foreign matter in the fuel should call
for a discussion with your instructor and an extra
check before flying. One disadvantage of holding
the fuel up to the sky is that a full container of water
or jet fuel (!) will appear blue, or the color of 100
Low Lead aviation fuel. Some instructors suggest
that the container be held against the side of a white
area of the fuselage to check its true color. Jet fuel,
which can cause a fatal crash if used in a reciprocat-
ing engine, smells like kerosene, and a quick sniff
of the fuel could avoid a bad problem.
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It’s best to fill the fuel tanks in the evening after
the last flight; this keeps moisture from condensing
on the sides of the tank during the cooler night tem-
peratures and so decreases the possibility of water
in the fuel.

Some pilots make up a crude tank dipstick from
a 12-inch wooden ruler or wooden dowel so that
they can get a look at the relative amount of fuel in
the tank; they calibrate the sticks by filling the tanks
a gallon or two at a time and marking them. One
caution is that rubberized tanks may be punctured
by a sharp stick. Calibrated fuel dipsticks are avail-
able for various airplanes through aviation supply
houses.

5. Engine compartment. Open the cowling on the
pilot’s side and check:

a. Ignition lead (“leed”) wires for looseness or
fraying. There are two magnetos, each firing its
own set of plugs (two separate leads and plugs
for each cylinder). The dual ignition system is
for safety (the engine will run on either magneto
alone), and each magneto will be checked during
the pretakeoff check at the end of the runway.
The magnetos are self-supporting ignition and
have nothing to do with the battery. The battery-
alternator system only furnishes power to the
starter and other electrical equipment.

b. Each magneto has a ground wire on it. When the
ignition switch is turned to RIGHT or LEFT, the
ground wire is electrically disconnected on that
magneto, and it is no longer “grounded out” but
is ON. You may do the same by a physical dis-
connection of the ground wire on a magneto. It
may also vibrate loose, and that magneto will be
ON even though the switch inside says OFF. It
may vibrate off inside the magneto where it can’t
be seen, so it is best to always consider the prop
as being “hot” even after checking the switch and
ground wires. Check both magneto ground wires
at this point if possible.

c. Look at the carburetor heat and cabin heat muffs
Jor cracks. These are shrouds around the exhaust
that collect the heated air to be routed to the car-
buretor or cabin heater.

Carburetor heat is necessary because float-
type carburetors are very effective refrigerators.
The temperature of the air entering the carbure-
tor is lowered for two reasons: (1) The pressure
of the mixture is lowered as it goes through the
venturi (narrow part of the throat), which causes
a drop in temperature. (2) The evaporation of the
fuel causes a further drop in temperature. The
result is that there may be a drop of up to 60°F
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Figure 4-2. Carburetor heat system.

below the outside temperature in the carburetor.
If there is moisture in the air, these droplets may
form ice on the sides of the venturi and on the
jets, resulting in loss of power. If the situation
gets bad enough, this can cause complete stop-
page of the engine. That’s where carburetor heat
comes in. In a plane with a fixed-pitch prop (no
manifold pressure gauge), the usual indication of
icing is a dropping back of rpm with no change
in throttle setting. There may be only a small
amount of ice in the venturi and the effects may
not be noticeable at full or cruising throttle, but
when the throttle is closed to the idle position, all
outside air may be shut out and the engine liter-
ally strangles. So...before you close the throttle
in the air, pull the carburetor heat; give it about
10 seconds to clear out any ice before pulling the
throttle back. (See item 21, Figure 3-1.)

Carburetor icing boils down to this. It isn’t the
heat, or the lack of it, it’s the humidity. At very
low temperatures (say about 0°F) the air is so dry
that carburetor icing is no problem. A wet cloudy
day with a temperature of 50—70°F is the best
condition for carburetor icing to occur.

As you pull the carburetor heat control knob
in the cockpit, a butterfly valve is opened, allow-
ing the prewarmed air from around the exhaust
to mix with the outside air coming into the car-
buretor. This prevents ice from forming or melts
ice already formed. (Figure 4-2 shows a full hot
setting.)

Here are some of the indications of carburetor
icing. The rpm starts creeping back slowly. Being
a normal pilot, you’ll probably open the throttle
more to keep a constant rpm setting. A few min-
utes later (or sooner if icing conditions are bad),
you’ll have to open the throttle farther. Finally,
realizing there is ice about, you’ll pull the car-
buretor heat and get a shock. There’ll be about a
100-rpm drop plus some soul-shaking reactions
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from the engine for a few seconds before the ice
melts and power returns to near normal.

If there’s a lot of ice, here’s what happens. The
ice melts and becomes a deluge of water into the
engine. A little water helps compression (World
War 1II fighters used water injection for bursts
of power), but you can get too much of a good
thing. Some pilots recommend partial heat in this
situation, but the best answer is to use full heat as
soon as signs of icing appear and continue using
it as long as necessary, realizing that some power
is lost because of the warmer, thinner air. When
using full carb heat in cruise, leaning the mixture
will regain most of the lost power. Check with
your instructor about the best procedure for your
airplane.

As part of the pretakeoff check, pull on the
carburetor heat with the engine running at 1,800
rpm (or whatever rpm the manufacturer may ask
for) and watch for a drop-off of about 100 rpm.
It will vary from plane to plane, but this is about
the normal drop. The heated air going into the
engine is less dense than an equal volume of
the outside cold air, and the engine will suffer a
slight loss in power. In other words, if there’s no
drop-off, you’re not getting heat to the carbure-
tor, and it would be wise to find out what’s up
before flying.

The air coming through the carburetor heat
system is not filtered, as the normal outside air
coming to the carburetor is (see item 8), so it’s
possible to pick up dust and dirt when the carbu-
retor heat is used on the ground. It’s best to avoid
extensive use of carburetor heat on the ground,
particularly when taxiing, which may “stir up
the dust.”

Carburetor heat richens the mixture (the
warmer air is less dense for the same weight
of fuel going to the engine), so that using car-
buretor heat with the mixture full-rich at higher
altitudes makes the engine run rough unless the
mixture is leaned. Chapter 5 covers the use of the
mixture control.

The fuel injection system is becoming more
popular because of better fuel distribution to the
cylinders and a lesser tendency to icing problems,
but the carburetor will still be used for quite a
while.

Most lightplane cabin heaters operate on the
same principle of using hot air from around the
exhausts. Pulling the cabin heat control opens
a valve and allows the hot air to come into the
cockpit. The effectiveness of the carburetor (and

cabin) heat depends on the temperature of the air
in the shroud(s), and this depends on the power
being produced. If on a cold day you’ve been
descending for some time at a low power setting
with carb and cabin heats on and suddenly find
that your feet are getting cold, you can be sure
that the carburetor heat is becoming as ineffec-
tive as the cabin heat. Get plenty of power back
on to assure effectiveness of the carb heat and
also to warm the engine, or you shortly may have
trouble getting the engine to respond. Larger
planes will have the more efficient and more
expensive gasoline cabin heaters.

. The fuel strainer drain (not just for the fuel tanks)

is located at the bottom of the airplane near the
firewall. (The firewall separates the engine com-
partment from the passenger compartment.)
Drain the fuel into a clear container, as noted in
item 4, and check for contaminants. Some air-
planes have more than one fuselage fuel drain.

. While you’re browsing in the engine compart-

ment, your instructor will show you how the
engine accessories should look. (Is that wire
that’s dangling there normal?) Since you probably
don’t have experience as an airplane mechanic,
many things will just have to look right. Know
the preflight check so thoroughly that anything
not in its place will stick out like a sore thumb.

f. If the oil tank cap is on this side, check the oil.

In most planes of this type, the oil is on the
right, but don’t count on it. The minimum allow-
able amount will vary from plane to plane. The
instructor will give you this information. Most
lightplanes of the 100-hp range hold 6 quarts and
have a minimum flyable level of 4 quarts. Make
sure the cap is secured after you’ve checked the
oil. If you add oil, be sure it is the recommended
grade or viscosity for the season and your air-
plane. Know whether your airplane uses ashless
dispersant oil or straight mineral oil (Chapter
23).

. Check the alternator for good wiring and con-

nections (if you can see it; some airplanes have
alternators that are pretty inaccessible without
taking the cowling off). To repeat from Chapter
3, the alternator serves the same purpose as the
one in your car; it keeps the system up for start-
ing and operating the electrical accessories such
as lights and radios and some engine and flight
instruments as noted earlier. The battery box
(and battery) is located in the engine compart-
ment in some airplanes and should be checked
for security here.
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Figure 4-3 shows the components of a cur-
rent trainer using a Lycoming 0-235 L2C engine
that develops 110 brake horsepower at 2,550
rpm. (You might review Chapter 2 about brake
and thrust horsepower.) The propeller has been
removed.

Looking at the various parts:

AB—alternator drive belt.

AL—alternator.

BB—battery box.

CB—carburetor.

CH—carburetor heat hose from the muffler
shroud (CM).

CS —carburetor intake screen.

CX—the common exhaust outlet or stack.

CY —one of the four cylinders.

EP—external electric power plug (for use on
those cold mornings when the battery is dead;
this is optional equipment).

FC—filler cap (oil).

FS—fuel strainer.

HT—hose from the muffler shroud for cabin
heat.

IM —intake manifold (route of the fuel-air mix-
ture from the carburetor to the cylinder, there are
four of them here).

ML —magneto (left).

MR —magneto (right).

OB —oil breather line, which releases pressure
created in the crankcase by the hot oil vapors
(when you go out to the airplane after it has just
come down, you may see a small patch of light
brown froth of oil or water on the ground under
the outlet pipe. You can trace the route here from

Figure 4-3. Components of the engine and systems of a current trainer as discussed in this chapter.

the front of the crankcase to the outlet opening).
In the winter, the breather hose (sticking down
below the cowling) should be checked to assure
that the moisture, condensed to water, has not
frozen over and sealed the outlet. If the outlet is
sealed by ice, the pressures could build up in the
crankcase and damage it.

OC—oil cooler. The oil is routed from the
engine-driven oil pump through this small radi-
ator to the engine and finally to the sump (it’s
slightly more complicated than that).

OF —oil filter.

OL—oil line from the oil cooler.

OS —the oil sump or oil storage tank.
SP—spark plugs. Each cylinder has two plugs.
SW —spark plug (ignition) wire or lead.
VV—vacuum system overboard vent line. (See
Figure 3-23.)

XM —exhaust manifold.

It’s unlikely that you’ll get the cowling this
much off of your airplane during any preflight
check, but you might quietly watch the mechan-
ics working on an engine in the hangar or look
at an engine in the process of being overhauled.
(Don’t move any propellers; the mechanic might
not appreciate it and it could be dangerous.)

. Make sure the cowling is secured.
i. On some trainers the vent for the static system is

located on the left side of the fuselage just behind
the cowling. The static system instruments are,
as you recall, the altimeter, rate of climb indi-
cator, and airspeed indicator (which also needs
a source of ram pressure, the pitot tube). The
designers have located the static pressure orifice
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at a point where the actual outside static pressure
exists (without any ram or eddying effects), and
the hole must be clear to ensure accurate read-
ings of the three instruments. Other locations for
the static opening are on the pitot tube (which
would then make it a pitot-static tube) and on the
side (or sides) of the fuselage between the wing
and the tail assembly. Check with your instruc-
tor about the particular system for your airplane.
(See Figure 3-5.)

6. Check the propeller for spinner security and for
nicks. Propellers are bad about sucking up gravel
and then batting it back against the tail. A sharp
nick is called a “stress raiser” by engineers because
stresses can be concentrated at the point of the nick,
possibly causing structural failure and the loss of a
propeller tip. (You may have used this same prin-
ciple by notching a piece of wood to break it more
easily.) Since the propeller is turning at 40 revo-
lutions per second, an unbalanced propeller could
literally pull the engine from its mount. If you have
any doubts about prop damage when making the
preflight check, you’d better have a mechanic or a
flight instructor take a look at it. Figure 4-4 shows
a method that mechanics use to eradicate compara-
tively small stress raisers. Don t move the prop. The
ground wire might be off inside the mag where you
can 't see it—or if the engine is hot, it may kick over
if the prop is moved, even if the mags are working
normally.

7. Look in the engine-cooling openings for objects
that might hinder air flow. Planes have hit small
birds, and these have been jammed into the engine
fins causing a hot spot, followed by the ruining of
a cylinder. The fins are finely engineered and any
obstruction cuts down the cooling efficiency. You
may be able to check the alternator and its drive belt
at this point in some airplanes. Birds like to build
nests in there, too, and can do it overnight.

8. Look at the carburetor intake screen. The screen
is there to stop bugs, dirt, and other foreign matter
from going into the carburetor. Check for security
and see if the screen is clogged.

9. Check the oil radiator for obstructions or damage.

10. Step back to check alignment of the landing gear.
You’ll never make a hard landing, of course, but
that character who just flew the plane might have.
Look behind before you step back. (One student
stepped back and sat in a 5-gallon can of freshly
drained oil.) This would be the point where you’d
check the nosewheel tire and oleo for signs of wear
or damage.

Figure 4-4. An exaggerated view of a “stress raiser”and the
method of “dressing”the nick to eliminate this problem. A
nick of this relative size usually means that the propeller

is sent back to the manufacturer or discarded. (Enough
nicks—and dressing—on one blade could cause a balance
problem.) The shaded area shows removed material.

11. Open the right side of the cowling.

a. Check the ignition leads and the right magneto.
If the leads are frayed, bring this to the attention
of the instructor.

b. Check the oil if it’s on this side—it probably will
be.

c. Take a good look at the items that were hard to
check from the other side. Don’t be like Oswald
Zilch who checked only the side the oil was on.
One day a mechanic took off two of the cylin-
ders, and since Oswald never checked that side,
he tried to take off and ran through the same
chicken farm that Henry Schmotz, of no-wing
fame, had recently vacated.

d. Secure the cowling.

12. Check the tire and landing gear strut. Check the
brake assembly.

13. Check the strut fittings at the fuselage for safetying
(if they aren’t covered by a fairing).

14. Visually check the fuel quantity on this side.

15. Check the pitot-static tube, if it’s on this side, for
obstructions.

16. Look under the wing for tears or wrinkles in the
skin structure. A wrinkle means a strained member.

17. Check the strut wing attachments for safetying.

18. Grasp the wing in line with the two spars, if it is
a fabric-covered trainer, and give it a brisk shake.
Make sure the instructor is not standing under the
other wing or you may knock him or her cockeyed.
This is a bad way to start a flight. (On the other
hand you may want to. Use your own judgment.)

The reason for holding the wings in this manner
is that you are putting a direct stress on the spars;
if there has been any damage to these members or
there are broken drag wires, the damage will show
up by sound and/or by wrinkling in the skin.



Chapter 4 / Preflight Check

4-7

The metal trainers with plastic wingtips are
somewhat harder to check for damage in this man-
ner because pressure exerted on these plastic tips
may crack them. In that case, grasp the wing on
the leading edge just inboard of the plastic tip.
The main wing structure may consist of a single
box spar with the metal airfoil shape built around
attached ribs (with the ailerons and flaps added)
rather than a two-spar and rib system. You should
try to move it to check for wrinkles, but you also
should look at the rivets in the wing to check for
signs of overstress. Sometimes, but not always, this
will be indicated by the paint being cracked around
the rivet, or it may appear that certain rivets have
moved slightly or seem elongated.

19. Check the ailerons for excessive play or slackness
between the two. Look at the aileron actuating rod
and hinge assembly for security. Check the aile-
ron counterweights for security; these are weights
placed ahead of the aileron hinge line to balance it
for aerodynamic reasons.

20. Check the flap hinges and tracks for cracks or exces-
sive wear. Look at the general condition of the flaps
(no stretched rivets or cracks).

21. Drain some fuel from the right tank drain to check
for water or other contamination. Some flight
school operators advocate the check for water once
a day rather than every flight. However, it’s better to
drain them every flight so that you can see that it’s
clear, rather than taking someone’s word for it. (An
expensive airplane and your neck are a pretty high
price to pay just to avoid draining 15 cents worth of
gasoline.)

22. Look alongside the fuselage for tears or wrinkles or
pulled rivets. If the static vent is in this area, make
sure it’s clear of dirt. (Look under the belly, also.)

23.1f the stabilizer is externally braced, look at the
brace wires or struts and check for slack wire or
loose attachments. Most stabilizers now are of can-
tilever construction and have no external bracing.
Grasp the tip of the stabilizer and check for inter-
nal damage by exerting up and down forces on it.
Don't try to pick the tail up by the stabilizer tip.
1t’s quite possible that you might damage it. Many
lightplanes have signs painted on the stabilizers
warning against lifting the tail this way, but you can
get a pretty good idea if things aren’t up to snuff by
shaking it. Better to find out now than at 500 feet.
Some planes have an adjustable stabilizer instead of
a trim tab. Some trainers have a “stabilator” (stabi-
lizer-elevator combination), and the entire horizon-
tal tail surface acts as the elevator.

24. Move the elevators up and down to check for full
movement. Note any binding of the hinges and
check for safetying on all hinge bolts. Look under
the elevator and stabilizer for tears and wrinkles. If
your plane has a stabilator (a one-piece “flying tail,”
see Chapter 8), check its movement and condition.

25. Check the rudder for binding and limits of opera-
tion. Look for fraying of the cables and safetying of
the cable attachments at the rudder horn.

26. Tailwheel. 1f your airplane is the tailwheel type,
naturally this would be the place to check the tail-
wheel. The rudder is connected to the tailwheel by
coiled springs that absorb ground shocks to the rud-
der and also make for smoother directional control
on the ground. Check these springs. Check the tail-
wheel attachment bolts for signs of wear or shear
breakage. The last student may have landed slightly
sideways, and this puts a large shear stress on the
attaching bolts.

27. Check the other stabilizer and elevator and look at
the trim tab. Is it set at nose up? Nose down? Neu-
tral? Check the trim tab cables for wear if they are
accessible. Make sure the tab does not have exces-
sive play.

28. Check this side for tears or wrinkles.

29. Check this fuel tank for water and other contamina-
tion.

30. Check this wing, aileron, flap, and strut. Check the
pitot tube if it is on this side.

31. Check the strut fuselage attachments for safety.

32. You should now be back at the door, ready to get in.
If for some reason you are not back at the door, ask
somebody how to get there.

A suggestion for the preflight check—make sure the
switches are OFF and then check all of the fuel items
at the same time. Note that there are five items that per-
tain to the fuel or fuel systems to be checked: the fwo
tanks (should be checked visually) and the three drains
(two wing tank drains and the main system drain). You
might be less likely to overlook one of these items if
you get them at the same time and then proceed with
the clockwise check (starting from the cockpit as illus-
trated). If you use this system, make sure you don’t pull
a Henry Schmotz.

It’s a good idea, for high wing airplanes in particu-
lar, to drain the wing tank drains first to get water or
other contaminants that have settled to the tank bottom,
then drain the main (lowest) drain.

It could happen that draining the main drain first
would pull contaminants down into the line between
the tank and the carburetor so that they would not show
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up in the wing tank fuel sample. The garbage might
only make itself known at a very bad spot just after
lift-off.

Some systems require that each tank be drained
through the fuel strainer (lowest) drain. Your instructor
will issue you a Pilot’s Operating Handbook shortly
after you start to fly, and discussions and your read-
ing will make things much clearer about the systems of
your airplane.

Another point about fuel checking: A mixture of
100LL (low lead, blue) and 80 octane (red) fuel of
equal or near equal proportions will appear clear (as
in water). If your airplane requires a minimum grade
of 100LL and the fuel sampler shows clear contents,
this could indicate that (1) 80 octane was mixed with
the 100LL (and the engine might not like that), (2) the
sampler is full of water, or (3) jet fuel has been put in
the tanks, although the most common description of jet
fuel is that it is “straw colored”—as noted earlier in
this chapter, a sniff test would be an added check.

Aviation legend has it that there was a case of a jeal-
ous spouse who put sugar in the fuel tanks of a rival’s
airplane. The pilot-owner, who drained and checked
the fuel every flight, caught the problem—table sugar

does not dissolve in 80 octane or 100LL fuel—and the
crystals gave it away. The story does not cover how, or
if, the domestic problem was solved. Also, covered ear-
lier in the chapter, any indication of an unusual condi-
tion during your fuel check should call for a discussion
with an instructor or mechanic.

When you are flying solo, make sure that the other
seat belt and shoulder harness is fastened so that there
are no “loose ends” to hang out of the airplane. A seat
belt and/or shoulder harness banging in the slipstream
against the fuselage sounds like an engine malfunction.
Pilots have put airplanes down in strange places and
damaged them because it sounded as if the engine was
blowing up. As will be said many times during your
flight training, always maintain control of the airplane,
then fix the problem.

After the complete check, the airplane is okay, and
you are ready to get in, fasten your belt and shoulder
harness and start the engine.

Your instructor will, on the first flight, have you
adjust the seat height and position for best visibility
and operation of the controls. You should use this set-
ting for following flights so that your visual perception
or control travel efforts aren’t changed.



The plane with a starter has one disadvantage against its
many advantages. There is nobody out front cranking
the prop and keeping people from getting hit by it. A
dog or small child can easily get under the nose unseen
and be killed or seriously injured when you start the
engine. Before you turn the master switch ON to start
the engine, shout, “Clear?” and receive the acknowl-
edgment, “Clear!” from somebody on the ramp who
is in a position to see. If you don’t get this reply but
go ahead and turn the master switch ON and push the
starter button anyway, you may have reason to regret it
the rest of your life.

Sure, if you holler, all of the airport personnel
will get out of the way, but the visitors or kids won’t
know what the word means. Some pilots are criminal
in their starting procedures; they shout, “Clear!” and
before the word is out of their mouths are starting the
engine. This is as bad as saying nothing. Get set up to
start, get acknowledgment of your shout, then start the
engine. The few seconds you wait between “Clear!”
and starting the engine gives you one last look around
the propeller area. On the other hand, don’t check that
everything is clear and then dawdle in the cockpit until
somebody has a chance to stick a sawhorse or some-
thing under the prop.

General Procedure

(Use your Pilot’s Operating Handbook)
1. Preflight check complete.
2. Seat belts and shoulder harness fastened.
3. Controls move freely.
4. Fuel ON fullest tank.
5. Mixture rich.
6. Prime as needed.
7. Throttle cracked (open about %;-inch).
8. Brakes ON.
9. Radios and other unnecessary electrical equipment
OFF.

D

Starting the Airplane

10. Make sure that the propeller area is clear, turn the
master switch ON, and then turn the electrically-
driven fuel pump ON (if the airplane is so equipped)
before starting to see if it’s working. You can hear
it and see the fuel pressure come up. You’ll turn the
electric pump OFF after the engine starts to check
that the engine-driven pump is working. (See Chap-
ter 7.)

11. “Clear?” After receiving acknowledgment, ensure
that the master switch is ON and engage the starter
(airplanes with no electrical fuel pump).

Cold Weather Starting

When the mercury is nudging down toward zero, the
airplane’s engine can get cantankerous to start. You
want a rich mixture, or a high ratio of gasoline to air,
during the cold weather start. Prime the engine well and
leave the primer out, so you can give it a shot if needed
after the engine starts. It’s possible that you may have
to keep it running with the primer until the engine starts
to warm up. Once the engine is running on its own,
push the primer in and lock it, or the engine will run
rough, particularly at low rpm, because raw gas will
be pulled into the engine, making the mixture too rich
for a warm engine. Take a look ahead at Figures 23-17
and 23-18. There you’ll see that the primer system is a
separate source of fuel and injects the fuel directly into
the cylinders, bypassing the carburetor.

Hot Weather Starting

The engine will run hot and stay hot a long time after
being shut down in the summer. A hot engine has a ten-
dency to “load up” or flood itself, and the fuel-air ratio
should be comparatively low for best starting.
Suppose you come out to the airplane just after it
has come down on a hot day. You run a preflight check
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and the prestart check is completed. The guys on the
ramp give you a thumbs up and you push the starter.
The prop turns over, and over, and over. If you’ve done
the prestart procedure correctly, the chances are that
the engine is loaded. One way to clear it out is to turn
off all the switches, open the throttle wide, and have
somebody pull the prop through several times. Then
close the throttle and start the prestart procedure again.
The reason for the open throttle is that as the engine
turns over, the added air through the carburetor helps
to clear the cylinders of excess fuel.

Another procedure is to open the throttle at least
halfway as soon as you realize the engine is loaded and
then continue the start. The engine will clear itself out
and start. Of course, you’ll have to pull the throttle back
as soon as it starts, or everybody in the hangar will hear
the noise and figure that you’ll be coming through there
any second.

If the engine is obviously loaded, you can open
the throttle and have the mixture at idle cutoff as the
start is continued. This is a more complicated approach
for the inexperienced pilot, since the throttle must be
retarded and the mixture control moved out of idle cut-
off as the engine starts. This procedure is mentioned
for later use.

It’s possible during a start the engine will backfire,
causing the fuel in the carburetor to be ignited. If you
suspect that there is a fire in the carburetor intake, keep
the engine turning over. The fire will be sucked into the
cylinders where it belongs. A fire extinguisher may
have to be used outside the airplane in some condi-
tions. You may put the mixture to idle cut-off, turn the
fuel off, and open the throttle as you keep the engine
turning over with the starter. Review the Pilot’s Oper-
ating Handbook for specific procedures.

After the fire is out, shut down the engine and have
a mechanic inspect the carburetor and engine compart-
ment for damage.

Accelerating Pump

While discussing the subject of starting, it might be
well to mention that some trainers have an accelerat-
ing pump on the carburetor whereby a quick forward
movement of the throttle results in an added spurt of
fuel being injected into the carburetor throat. This is
done so that if the pilot suddenly opens the throttle,
the engine gets enough fuel to accelerate quickly and
smoothly. The accelerating pump is also useful in start-
ing the airplane and can often be used in lieu of the
primer. By pumping the throttle, raw fuel is injected
into the carburetor throat and an extra rich mixture is

pulled into the cylinders when the engine starts turn-
ing over. The primer is normally set up to send fuel
directly to the cylinders rather than injecting fuel into
the carburetor throat, as the accelerating pump does.
Because the accelerating pump puts fuel into the car-
buretor, overzealous use of it can mean fuel is pooled
in the carburetor and carburetor air box (see Figure
4-2), and the chances of a fire can be greater than when
using the primer.

When the temperature is very low, using the primer
is the most effective means of ensuring that suffi-
cient fuel is available for starting. (Excessive priming
tends to wash oil from the cylinder walls with result-
ing increased engine wear, but it’s a necessary evil.) A
method you may try in cold weather when you become
more proficient is to use the primer as the engine is
turning over. This tends to decrease the chances of
loading up because the engine will usually start when
conditions are “right” for it.

Mixture Control

The purpose of the mixture control is to allow the
pilot to set the ratio of fuel-to-air mixture going to
the engine. As a quick and dirty figure, a mixture of 1
pound of fuel to 15 pounds of air is about right to sup-
port combustion.

Assume that your airplane doesn’t have a mixture
control, but the carburetor has been set at sea level by a
mechanic to give the amount of fuel to the engine to get
this 1:15 ratio. As the airplane climbs, the air becomes
less dense and weighs less per cubic foot. The carbure-
tor, though, is sitting there fat, dumb, and happy, letting
the engine get the same amount (weight) of fuel as it
did at sea level, but now it is getting less than the cor-
rect amount (weight) of air. The mixture, which was
just right for sea level, is now overly “rich” (too much
fuel for the air available), combustion efficiency drops,
and power is lost. You are also using more fuel than
necessary. You may have run into this problem in driv-
ing to high elevations in your car.

Now suppose you do all of your flying from an
airport high in the Andes, where the air is “thin.”
There still being no mixture control in the cockpit, the
mechanic has adjusted the carburetor to get the magic
1:15 ratio of fuel to air at that high elevation. When you
fly down to a sea level airport, you’ll find that as you
descend the engine starts to run rough, coughs a couple
of times, and quits. Why? Because as you descend, the
air becomes denser and the fuel that the carburetor had
been metering to the engine at the high altitude is not
enough to support a combustion mixture in the denser
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air. The engine is running too “lean”; in fact, it doesn’t
want to run at all.

Lest you think that the 1:15 ratio (or 15:1, which-
ever way you prefer to think of it) is the only mixture
for an airplane to operate with, it might be added that
combustion can occur in mixtures as widely divergent
as 1:7 (very rich) to 1:20 (very lean), but these are the
extremes. The mixture control in the airplane allows
you to take care of such variations as necessary.

When the mixture control is full-forward, the setting
is full-rich. This full-rich position is always set slightly
richer than would give the best fuel-to-air ratio for full
power. This is done to be on the safe side because a
rich mixture aids in engine cooling and only a slight
amount of power is lost. As the control is pulled out or
moved aft, the mixture becomes progressively leaner
until the “idle cutoff” position is reached at the full-aft
or full-out position. The fuel is cut off completely in
the idle cutoff position. This is the way an engine with
a mixture control is shut down.

The mixture control is normally in the full-rich
position for takeoff and other high-power conditions
and for starting. However, you can see that for take-
offs from airports at high elevations, this could be too
rich and power would be lost. Later, you’ll learn the
techniques for leaning the mixture for takeoffs under
these conditions, but for now use full-rich unless the
instructor says otherwise. You may never take off from
an airport of an elevation (or density-altitude) where
this leaning is necessary. In Chapter 13 (“After Land-
ing/Taxi-In,” on Page 13-28) more details will be given
on cruise control (setting power and mixture) in flight.

Stopping the Engine

Occasionally, in hot weather the engine of older type
trainers won’t stop when the ignition is turned off (no
mixture control). The engine is so hot that it is “pre-
igniting,” or setting off the fuel mixture without ben-
efit of spark plugs. After you cut the switch, open the
throttle wide as the engine runs down. This will send
fuel and cool air into the cylinders, lowering the tem-
perature and keeping preignition from occurring.

In some cases, the engine will kick backward after
the switch is cut. This is a form of preignition, and
opening the throttle will usually stop any tendencies
toward this engine-punishing action.

The throttle is opened on the shutdown in the winter
to send fuel into the cylinders to help the next start.
This is particularly important if your primer isn’t as
good as it should be.

For airplanes equipped with mixture controls, the
shutdown technique is to pull the throttle back to idle
and pull the mixture all the way aft (to the idle cutoff
position). The engine will quit smoothly. The beauty
of using the mixture control rather than the ignition
switch to shut down the engine is that the possibility of
preignition is eliminated (there’s no fuel left in the cyl-
inders to be ignited). If the idle cutoff is improperly set,
you might find that the engine tends to continue run-
ning at idle because some fuel is still getting through
the carburetor. One method of shutting down in this
case is to leave the control in idle cutoff and advance
the throttle until the incoming air leans the mixture to
a point where combustion can no longer be supported.
(In extreme conditions you may have to turn the fuel
selector off and wait it out.)

As will be noted in Chapter 7, the instructor may
check the ignition switch for proper operation before
stopping the engine normally with the mixture control.

Propping the Plane

Nearly all planes have starters these days, but the fol-
lowing is presented for your possible use. If you plan on
doing any propping (cranking the propeller by hand),
you should receive instruction from someone with expe-
rience, it’s an extremely risky business. Another rule is
to never prop an airplane without a competent pilot or
mechanic, who is familiar with the particular airplane,
at the controls. Propping a plane without a competent
operator inside is asking for great excitement, tire
tracks on your sports jacket, and loss of an airplane.

The idea of starting is the same as with an electric
starter except you have manpower instead of electricity
turning the prop. There’ll be a little more conversation
in this case.

Man out front: “OFF AND CRACKED!” (Meaning
switch off and throttle cracked.)

You: (After checking to make sure that the fuel valve
is ON, the mags are OFF, and the throttle is cracked)
“OFF AND CRACKED.”

Man out front: (After pulling the prop through sev-
eral times to get the engine ready for start) “BRAKES
AND CONTACT!”

You: Check the brakes and say, “BRAKES AND
CONTACT,” before turning the switch on. Notice that
you’re giving the benefit of the doubt in all cases.

He pulls the prop again and the engine starts. If in
hot weather the engine loads up and doesn’t start, the
propper will have to clear the cylinders of the excess
fuel. If he trusts you, he may say, “Keep it hot and give
me half,” meaning for you to leave the switch on and
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open the throttle halfway, adding that you are expected
to hold brakes firmly and pull the throttle back as soon
as the engine starts. He may push against the prop hub
to see if you are holding the brakes, will then pull the
prop through until the engine starts, and will be very,
very unhappy if you forget to pull the throttle back
and are not holding any brakes. One student chased
a mechanic with an airplane for 50 yards one day. Of
course, soon afterward the mechanic chased the student
with a wrench.

In most cases with students, the person propping
will say, “SWITCH OFF AND THROTTLE OPEN,”
and you will make sure the switch is off and the throt-
tle is open. When the plane is ready to start, the prop-
per will say, “THROTTLE CLOSED, BRAKES AND
CONTACT.” You’ll close the throttle (he can hear it
close from the outside), say, “THROTTLE CLOSED,
BRAKES AND CONTACT,” hold the brakes, and turn
the switch on.

The whole idea in starting an airplane is safety.
That prop is a meat cleaver just itching to go to work
on somebody. Don’t you be the one who causes it to
happen, and don’t be the one that it happens to.

“CONTACT!” may sound dramatic, but unlike
“SWITCH ON!” which, on a noisy ramp may sound
like “SWITCH OFF!” there is only one meaning to
the word (the magnetos are, or are to be, /ot). Besides,
“CONTACT!” evokes memories of biplanes and barn-
storming, helmets, and goggles. (Great!)

When You're Swinging the Prop

Always figure the switch is on, no matter what the per-
son in the cockpit says. Push against the prop hub to
see if the pilot is holding the brakes. He (or she) may
be an old buddy but having no brakes can do you a lot
of damage here, so don’t take any chances.

Before you start to prop the plane, look at the
ground under the prop. Is there oil, water, or gravel that
might cause your feet to slip out from under you? If the
ground doesn’t look right, then move the plane— bet-
ter a tired back than a broken one.

You: “OFF AND CRACKED.”

Cockpit: (After checking) “OFF AND CRACKED.”

A lot of nonpilots think that the prop is turned back-
ward and “wound up” and released, but this is wrong.
You will turn the prop in its normal direction—that is,
clockwise as seen from the cockpit, counterclockwise
as seen by you when standing in front of the plane.
You’re doing the same thing a starter does—turning
the prop over until the engine starts. (Your car starter
doesn’t turn the engine backward and then let go to
make it start.)

Rotation

Figure 5-1. Propping the airplane.

Put both hands close together on the prop about
halfway between the hub and the tip (Figure 5-1).
Don’t wrap your fingers around the trailing edge; just
have enough of the tips there to pull the prop through,
because if the engine should kick back, your fingers
would suffer. (You may also be fired into orbit if you
hang on tight enough.) Stand at about a 45-degree
angle to the prop; this should have your right shoulder
pointing in the general direction of the hub. Keep both
feet on the ground but have most of your weight on the
right foot. As you pull the propeller through, step back
on the left foot. This moves you back away from the
prop each time. Listen for a sucking sound that tells
you the engine is getting fuel. This will be learned from
experience; an open or half-open throttle does not have
this sound.

When you think the engine is ready, step back and
say, “BRAKES AND CONTACT.” After the acknowl-
edgment from the cockpit, step forward and give the
prop a sharp snap. Then step backward and to one side
as the engine starts.

The starting problems you may encounter have
already been discussed.

Don’t stand too far from the prop. This causes you
to lean into it each time you pull it through.

If the prop is not at the right position for you to get
a good snap, have the person in the cockpit turn the
switch off. Then move the prop carefully to the posi-
tion required. As far as you are concerned, the switch
is always on.

After Starting

The oil pressure should come up to normal within 30
seconds in warmer weather. Any undue delay should
cause you to shut the engine down. Your instructor will
have advice for cold weather starts.

After the engine is running well, you should retract
the flaps (they were down for the preflight), and (if
electrically driven) you will want to wait until the alter-
nator is in operation and helping the system.



Some students at first have more trouble taxiing the air-
plane than flying it, so you might want to take special
note of this chapter.

Communications

At non-tower airports you’ll set one of the communica-
tions transceivers to the UNICOM, or local advisory,
frequency to coordinate your takeoff, pattern, and land-
ing with other traffic in the area.

For instance, at small airports where you have to
taxi on the runway (no taxiways) to get to the point
of takeoff, it’s customary to announce in the blind on
UNICOM such statements as “SEWANEE-FRANK-
LIN COUNTY TRAFFIC, CESSNA SEVEN FIVE
FIVE SEVEN LIMA, BACK TAXIING ON RUN-
WAY TWO-FOUR.” This lets incoming traffic know
that you’re going to use Runway 24 and are taxiing on
the runway itself the “wrong way” to get to the end for
takeoff. Your airport may have different procedures,
but your instructor will brief you on them.

At most controlled airports (with a tower), you
will listen to ATIS (Automatic Terminal Information
Service)—a continual broadcast of recorded noncon-
trol information concerning winds, ceiling, visibility,

Taxiing

and runway(s) in use—and when you contact ground
control for taxi instructions, you’ll let them know that
you have “Information Bravo” or “Charlie,” the latest
information (the recording is updated periodically and
a new alphabet symbol assigned to it).

Your instructor will probably let you handle the
radio after the first couple of flights. There is a condi-
tion known as “mike fright,” in which a normally intel-
ligent person forgets everything he or she was going
to say on the radio as soon as a microphone is raised
to their lips. Just about every pilot has had it, and even
experienced pilots have had it when they did not think
through what they were going to say. Those smooth-
talking tower controllers also have run into it a time or
two in their careers.

There’s more detail on communications in Chapter 21.

Wind Indicators

Get in the habit of checking the wind indicators before
getting into the plane so that you’ll know which runway
is in use. There are three main types of wind indicators
(Figure 6-1): (1) the windsock, a cloth sleeve that has
the advantage of telling both wind direction and veloc-
ity; (2) the wind tee, a free-swinging T-shaped marker

2
hﬂle windsock

t : The wind tee
; The tetrahedron

Figure 6-1. Airport wind indicators.
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that resembles an airplane; and (3) the tetrahedron (a
Greek word meaning “four bases or sides”), a four-
sided object that resembles an arrowhead when seen
from the air.

Airplanes normally take off and land into the wind
because the lower groundspeed shortens the ground
run.

Some students remember the correct way to use
the windsock at first by thinking of the plane as being
blown from a trumpet. Think of the tee as an airplane.
The way it’s heading is the way you want to take off
and land. The tetrahedron is an arrowhead pointing the
way for you to take off and land.

Segmented Circle

The wind indicator is usually in a segmented circle to
draw the pilot’s attention to it from the air (Figure 6-2).
The runways are shown as extensions from the circle.
If one or more of the runways has a right-hand traffic
pattern (the normal pattern is left-hand), this will be
indicated by the extensions. Perhaps there is a hospital
or town on one side of the airport, and it’s best to keep
the air traffic away from that area.

Take off and land with the other traffic even though
this does not agree with the wind indicator. However,
remember one thing: When solo, you are the pilot in
command of your airplane. If some character is trying
to break his neck by landing downwind (with the wind)
in strong wind, or other such foolishness, you’d be bet-
ter off to continue to circle until that mission is accom-
plished, and then you can land in the proper direction.

Incidentally, hard-surfaced runways are numbered
by their magnetic headings to the nearest 10°. Runway
22 means that the plane’s magnetic heading on this run-
way will be about 220° when taking off or landing. The
actual heading may be 224°, but it is called 22. If the
actual heading was 226°, then the runway would be 23,
or considered to be 230°. The opposite direction on the
same runway (22) would be called 4 (40°). (See Figure
6-3.) These numbers are painted on the runways. This

P S
@ | @
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Normal left-hand traffic Right-hand traffic

for some runways

Figure 6-2. The segmented circle.

i
MAGNET- NoRTH

Figure 6-3. Runway numbering system.

enables transient pilots to pick out the active runway
more easily from the air after the tower has given them
landing instructions or UNICOM has given them an
advisory.

The wind is not always right down the runway, so
you’ll use the runway that mostly coincides with the
wind direction and the crosswind takeoff and landing
techniques your instructor will show you. (See Chap-
ter 13.)

Taxiing

The majority of the trainers used today are of the tri-
cycle-gear type, which, if nothing else, has cut down
on the number of taxiing accidents. In the older tail-
wheel types, the nose was high and obscured the view
of the pilot, so continual “S-turning” was required to
keep the taxi area ahead in sight. Sometimes the nose
was swung just in time for the pilot to realize that the
airplane was bearing down fast on a large, immovable,
and/or expensive object. The lower nose of the nose-
wheel type makes it easier to see ahead at all times.

Also, the nosewheel steering is usually more posi-
tive and gives better control in strong wind conditions.

The airplane on the ground is out of its element.
It lumbers and shakes and moves awkwardly. But in
order to fly, you first must taxi, and you’ll find that a
certain degree of skill is required to move the airplane
on the ground under varying wind conditions.

Most tricycle-gear airplanes are steered on the
ground with the rudder pedals, which are connected to
the nosewheel and rudder. Some airplanes have stiff
connections between the rudder pedals and the nose-
wheel, while others have a softer-feeling spring-loaded
bungee to transmit the pedal pressure to the nosewheel.



Chapter 6 / Taxiing

6-3

In any type, push the rudder pedal in the desired direc-
tion of turn. As will be noted later, brakes may be used
in some cases to tighten the turn. Other airplanes have a
free-castering type of nosewheel (not connected to the
rudder pedals), with brakes being the primary steering
control at low-speed taxiing.

Your probable tendency in the first taxiing session
(and later ones, too) will be to grab that control wheel
in front of you and try to use it to steer the airplane.
Your past experience in driving cars can result here
in what educators call “negative transfer”; turning the
wheel does nothing but move those ailerons out on
the wings, which are sometimes an aid in taxiing but
won’t help you avoid that million-dollar corporation jet
you’re headed for. The instructor may have you keep
your hands off the wheel during the first couple of taxi
periods so that you can break the car habit.

The taxi speed, which is controlled with the throt-
tle, should be a fast walk out on the taxiway and much
slower in a congested area such as the apron. Use the
throttle as necessary to maintain the taxi speed.

Flight Controls in Taxiing

When taxiing downwind and the wind is strong, hold
the wheel forward so that the wind strikes the down
elevator and keeps the tail from rising.

When taxiing upwind (into the wind), hold the
wheel back so that the wind force and propwash hold
the tail down. At any rate, tailwheel or tricycle gear,
always hold the wheel so that forces acting on the ele-
vator will hold the tail down (Figure 6-4).

As noted earlier, the tricycle-gear airplane gener-
ally has more positive reactions in taxiing and doesn’t
tend to weathercock (turn into the wind) as easily as
the tailwheel type. One problem with the latter is that a
too-fast taxi, moving downwind, can be a hazard if sud-
den braking is required. The airplane may tend to nose
over and, if the wheel or stick is pulled back (which is
a usual reaction to “keep the tail down”), the tailwind
gets under the elevators and magnifies the problem,
sometimes at the price of a propeller or worse.

Under certain wind conditions the ailerons are use-
ful in taxiing.

In Figure 6-5 the wind, coming from the side and
behind, wants to make the plane weathercock or turn
into the wind and is also trying to push the plane over.
The elevators are down, and opposite rudder is needed
to keep the plane from weathercocking. By turning
the wheel to the right, the right aileron is up and the
left is down as shown. The impact of the wind on the
down left aileron helps fight the overturning tendency,
and the added area of the down aileron works against
the weathercocking force. The aileron control (wheel
or stick) is held away from the wind in a quartering
tailwind.

When the plane is taxiing into a quartering head-
wind, the aileron is held into the wind, the wheel is
back to keep the tail down, and opposite rudder is used
as needed to stop any weathercocking tendency. Hold
the wheel as if to climb into the wind (Figure 6-6).

If the wind is directly from the side, the ailerons are
of no assistance unless your taxi speed is high enough

Upwind — wheel back

Downwind - wheel forward

Figure 6-4. Elevator handling— upwind and downwind taxiing (tailwheel type).

WIND FROM LEFT REAR
Right aileron

Right rudder as necessary
Down elevator

Figure 6-5. This applies to tricycle-gear airplanes also.
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Figure 6-6. Control positions for a crosswind (tailwheel
airplane).

to get a good relative wind against the ailerons; if you
are taxiing that fast, slow down.

“In days of old, when men were bold” and planes
were light and ailerons large, ailerons were used oppo-
site to the turn. The drag of the down aileron helped
the plane to turn. The planes are now heavier and the

ailerons smaller, so ailerons have a negligible effect
unless you happen to be doing at least 25 K or so and,
again, this is taxiing too fast.

If there is a strong, quartering tailwind, it is possible
to nose over a tricycle-gear airplane, especially if brakes
are abruptly applied. What happens is that the plane
“bows.” The wind is able to get under the upwind wing
and the stabilizer, and the plane may rotate around an
imaginary line drawn between the nosewheel and the
downwind main wheel. This reaction is aggravated if
the elevators are in the up position. The same tendency
is present, particularly in high-wing airplanes (where
the center of gravity is farther above the wheels), when
an abrupt turn is made while taxiing downwind in a
strong wind. One memory aid is that when the wind is
strong and behind the airplane (straight or quartering),
hold the wheel as if diving away from the wind.

- -

Use up aileron on LH wing
and neutral elevator

Use up aileron on RHwing
and neutral elevator

————ee]

T( e
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»

Use down aileron on LH wing
and down elevator

CODE

Use down aileron on RH wing
and down elevator

NOTE

Wind Direction '

Strong quartering tail winds require caution.
Avoid sudden bursts of the throttle and sharp
braking when the airplane is in this attitude.
Use the steerable nose wheel and rudder to
maintain direction.

Figure 6-7. Taxiing diagram, from a POH.
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Although the tricycle landing gear has made taxiing
much safer and easier, you will still need to exercise
caution at all times. Figures 6-5 and 6-6 show con-
trol deflections as they would apply to either landing
gear type.

This matter of using controls in taxiing may be quite
confusing at first, but just visualize what you want the
wind to do when it strikes a particular control surface
and go on from there. After a while it’ll become second
nature.

Figure 6-7 gives the control deflections as shown in
a Pilot’s Operating Handbook.

Taxi Signals

Figure 6-8 shows the signals you might get when being
directed by a line attendant. The main thing is to keep
the speed down very low when taxiing close to aircraft
or other objects so that you can respond quickly to the
signals (or stop on your own).

Another helpful hint, when taxiing a high-wing air-
plane among other high-wing airplanes while the sun
is out and high, is to look down at the shadows of the
two airplanes’ wing tips to get a better picture of how
far apart they are. It’s pretty hard to look out directly at
your and the other airplane’s wing tips to judge the dis-
tance between them. If in doubt anytime before taxiing
in tight quarters, shut the engine down and get a taxi
director and/or people to “walk your wing” (walk with

¥ ¥
» -
Signalman directs Signalman’s position

towing

Point to
«F engine

tc be

started

t O 1 '
4 }
Right turn Slow down
s
ﬁq—- ‘
Insert chocks Cut engines Night Operation Emergency stop

{Uses same hand
movements as day
operation)

Flagman directs pilot to signalman
if traffic conditions require

Come ahead

Figure 6-8. Taxi signals.You should be well familiar with these signals, both as a director or

directee. (From the Aeronautical Information Manual)
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each wing tip as you start back up and taxi slowly, to
watch for possible collision hazards). Sometimes, after
a lot of car driving experience, people who are just
starting to fly forget that there are 18- or 20-foot “pro-
jections” on each side of the cabin. You may decide to
shut down and manually pull or push the airplane past
the danger spot.

Brakes

Most airplanes have separately-controlled brakes for
each main wheel. Your plane may have either heel
brakes or toe brakes; that is, the pedal is operated by
your heel or toe. The foe brake is a part of each of the
rudder pedals and is applied by bending your foot so
that the ball or your toes apply the pressure (Figure
6-9). You will taxi with your heels on the floor until
the brake is needed. Then slide your foot up and apply
brakes along with the rudder. The brakes are hydraulic,
similar in action to those in your car except you aren’t
able to brake one wheel at a time in the car.

The heel brake is usually a cheaper, mechanical
brake and is found only on older airplanes. The pedals
are located under the rudder pedal and slightly toward
the inside of the pedal. Instead of using hydraulic pres-
sure to do the braking, the heel brake usually has a steel
cable running from the pedal to its wheel. It is used by

placing your heels on the pedals as shown in Figure
6-10 and applying pressure.

Don’t use brakes for taxiing unless you have to.
There will be days when you have to taxi crosswind
in a tailwheel type for a long distance with the wind so
strong that opposite rudder won’t be enough (Figure
6-11). In many cases you can help steering by applying
short bursts of power to help the rudder and tailwheel
do the job. Obviously, any blasting of the rudder must
be of short duration. You don’t want to take off except
on the runway. If none of these work, you may have to
use downwind braking from time to time.

After continued usage, the brake may get hot and
fade out completely, and you’re worse off than when
you started. If it’s that windy, it would be best to use
brakes or whatever else is needed to get back to the
hangar and lock the plane in it.

The brakes are used for stopping the plane at slow
speeds, holding it at a standstill, and making a tight
turn.

If you have to make a tight turn, use full rudder and
then apply brake. Never lock a wheel to turn the plane.
This is hard on tires. If you get in a spot requiring a
locked-wheel turn, stop the engine, get out, and push
the plane around. An easy way to lose friends is to start
the engine on the ramp, jam on full throttle, and brake
to make a jazzy turn. The pilot whose plane is being
blasted by your propwash and flying gravel is going to
take a dim view of your taxi technique.

Brake

Rudder pedal

Using the brake

Using the rudder

Figure 6-9. The toe brakes.

Rudder pedal

m //\

Heel brake

Using the rudder

N >

W

Slide heels over te use brakes

Figure 6-10. Heel brakes are being phased out.
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You may also
have to apply
| downwind brake

Strong crosswind

—>

Plane wants to
weathercock

. Slipstream helps
|| keep the plane
straight

Figure 6-11. Taxiing in a strong direct crosswind (tailwheel
type).

Don't jam on both brakes quickly at the same time!
You don’t have to be an aeronautical engineer to figure
out what would happen if you did. You may get away
with it in a tricycle-gear plane, but even in this it could
throw a great stress on the nosewheel assembly and
slide the tires.

Don't depend on the brakes—they may fail when
least expected. In a congested area, taxi so that the
plane will slow down immediately when the throttle
is closed. There’s nothing more disconcerting than to
come roaring up to somebody’s $100,000 airplane at
the gas pit, applying brakes, and feeling that sickening
mushiness as they fail. This is a time when you wish
you had a ceremonial sword to fall on—and as quickly
as possible.

Don t taxi with a lot of power and use brakes to keep
the speed down. The brakes will burn up very quickly.
This seems to be one of the most common faults of
students’ taxiing. Many people flew for years before
brakes became universal for airplanes, so don’t become
dependent on them.

Your plane will probably have a parking brake. The
instructor will show you how to use it and will warn
you that it is sometimes unreliable and that it is best to
chock the wheels or tie the plane down if you have to
leave it for any period of time.

A type of brake used on some older tricycle-gear
airplanes consists of a hand brake that operates both
brakes simultaneously when pressure is applied. This
system, when used in conjunction with the steerable
nosewheel, also allows small-radius turns. This system
requires a short period of transition for pilots not accus-
tomed to using a hand brake.

Some Important Notes

You should check the brake effectiveness immediately
as power is added and the airplane starts to move out
of the parking spot. You can see if they are working
before picking up speed and boring into something
expensive.

When approaching the airport for landing, briefly
press the brake pedals to check for firmness. If the ped-
als feel mushy or one or both “go to the floor,” you
are warned about possible braking problems before you
are on the ground and running out of runway. You may
decide to go to another airport with longer runways.

Figure 6-12 is from the Aeronautical Information
Manual (FAA) and shows holding position markings
(sometimes called “hold short” lines). These mark the
boundaries between the taxiway and the runway and
shouldn’t be crossed until you’ve ascertained that there
is no traffic on the final approach (non-tower airport)
or the tower has cleared you onto the active runway
for the takeoff phase (controlled airport). Before flying
into a controlled field, thoroughly review the airport
signage in AIM Chapter 2, or review ASA’s signage
reference card.

Runway

<— Hold short line

Holding 1
bay Taxiway

Examples of holding position markings
extended across holding bay

Taxiway/runway I
holding position ——>
markings i

Figure 6-12. Taxiway holding position markings (arrows).
The instructor will also review taxi, runway, and other signs,
particularly at towered airports. (From the Aeronautical
Information Manual)
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Pretakeoff or Cockpit Check

The pretakeoff check is the last chance you’ll have of
finding something wrong with the airplane before the
flight, so it should be a thorough one. In the preflight
check on the line it was found that the airplane looked
okay; here you will find out if the airplane operates
okay (Figure 7-1). Following is a general look at a car-
buretor-equipped trainer, but you should always use the
manufacturer’s pretakeoff checklist for the airplane,
whether carburetor or fuel injected.

Procedure

1. Taxi to the warm-up spot by the runway and turn the
plane into the wind. The modern air-cooled engine
is designed to operate in the air, and the less it runs
on the ground the better off it is. It’s better to turn
into the wind when you operate it on the ground.
Don’t have your tail pointed across the runway
when you make the run-up. Your propwash could
give landing planes some problems.

2. Run the engine up to about 1,000 rpm and leave
it there while you check the controls. This gives
the engine a chance to be warming and smoothing
while you run through the rest of the cockpit check.
If you are flying a plane with an electrical system,

it’s a good idea to run the rpm up to where the alter-
nator is effective, usually at about 800—1,200 rpm.
The days are gone when a pilot sat on the end of
the runway and took a lot of time warming up the
engine. It’s possible to damage an engine by pro-
longed ground runs. When you finish the cockpit
check and the engine will take the throttle smoothly,
take off.

3. Checkthe ailerons by moving the wheel or stick to the
left and say to yourself, “Wheel to the left, left aile-
ron up, right aileron down.” Look at both ailerons.
Move the wheel in the opposite direction and watch
how the ailerons move. DON'T JUST WIGGLE
'EM TO SEE IF THEY MOVE FREELY—MAKE
SURE THEY MOVE IN THE RIGHT DIRECTION.
Aileron cable arrangements may have been reversed
by mechanics who replaced them. If you take off
with the ailerons reversed (turning the wheel to the
left makes the plane bank to the right), a crash is
almost certain to occur before you realize what’s
happening.

4. Move the wheel through its full backward and for-
ward range. (Wheel back, elevator up, etc.) Look
back at the elevators and check the elevator trim tab
to see that it is neutral. Check the trim tab control
setting in the cockpit to see that it coincides with

Figure 7-1. A thorough pretakeoff check is vital to a safe flight. (Sounds rather pompous, eh?) Do it anyway!
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the actual setting of the tab. If your plane has an
adjustable stabilizer, look back to check its actual
setting with the stabilizer indication in the cockpit.
For future reference (in case you are at a strange
field and the indicator is broken) you might check
the number of turns of the cockpit trim control from
either full-up or full-down that is required to get the
neutral position. Obviously this technique should be
necessary only on a temporary basis; the indicator
should be repaired at the earliest possible time. It’s
considered good practice by many pilots to roll the
elevator tab or adjustable stabilizer control through
its full travel (up and down) to check for possible
binding (especially important in freezing weather);
at any rate make sure it’s in the correct setting for
takeoff.

. You checked the rudder control while taxiing, but

look back and move it again for full play. In some
tricycle-gear airplanes you will not be able (and
shouldn’t try) to move the rudder while the plane is
stationary. But you should have some idea of rudder
control reaction during the process of taxiing. For
airplanes with controllable rudder trim, this would
be the time to check the setting for takeoff.

. Check the flaps for operation and equal deflection

if you haven't done so during the preflight check.
Of course, the trainer you’re flying could easily be
landed without them, but it’s better to find out now
that they don’t work than to suddenly discover it
when trying to land on the shortest runway in three
counties. If your flaps don’t pass the test, taxi back
and get them fixed. If you wait to try them in the
air for landing, you might find that only one will
extend. (And no student pilot should be doing slow
rolls on final approach.)

. Start on the left side of the instrument panel and

check each instrument as you move from left to

right. There may be a slight variation of this order

of checking for your particular airplane, and you
may not have some of the instruments mentioned.

a. The airspeed indicator should be reading zero,
or well below the stalling speed.

b. The attitude indicator small reference airplane
should be set as close to the actual attitude of
your airplane as possible.

c. Set the altimeter and check both hands for proper
field elevation setting. Too many pilots look only
at the hundred-foot hand and set the altimeter
wrong—particularly after a large change in atmo-
spheric pressure. Notice that the short (thousand-
foot) hand in Figure 3-2 also registers approxi-
mately 720 feet. This gives you a double check.

Figure 7-2. Use care in setting the heading indicator to the
magnetic compass.

d. When taxiing you should have noted the reac-
tions of the needle in the turn and slip (left turn,
needle to the left, etc.) or turn coordinator. This
naturally assumes that the instrument is powered
by an engine-driven vacuum pump or is electri-
cally powered. If it is venturi-driven, it shouldn’t
be operating when you taxi because if it does,
you’ve been taxiing quite a few knots too fast.

e. The heading indicator is set with the magnetic
compass. (Check that the compass is read-
ing right for your approximate heading.) Some
instructors recommend setting the heading indi-
cator after the airplane is lined up with the run-
way on known runway headings; this can give a
double check of the magnetic compass. Take a
good look at Figure 7-2. The heading indicator
has been set incorrectly because the pilot auto-
matically set its lubber, or reference, line to rela-
tively match that of the magnetic compass. The
pilot thinks that the heading indicator was set
to about 260° when actually it was about 280°.
Say the compass reading to yourself and set that
number on the heading indicator.

f. The vertical speed indicator should be indicating
a zero rate of climb.

g. Check and set the airplane clock.

h. The instructor will show you how to check the
radio or radios if the plane has one or two and if
you are in a position to receive. (In a controlled
field you will have turned the radio transmitter-
receiver on after start and contacted ground con-
trol for taxi clearance to your present position
(see Chapter 21).

i. The tachometer is holding steady. There are no
excessive fluctuations of the instrument hand,
and the engine sounds and feels okay.

j- The oil pressure is in the normal operating range.
(You checked it right after the engine started, and
you want to make sure that it’s holding.)
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k. Oil temperature is okay. On a really cold day,
you’ll have a long wait if you wait for the oil
temperature to come up to the operating range.
Just look to see that it’s not too high or whether
it’s beginning to move if the day isn’t very cold.

. If the airplane is a low-wing type with wing
tanks, check to see if the engine-driven fuel pump
is working properly with the electric boost pump
OFF. The fuel pressure should stay in the nor-
mal range. Turn the electric pump ON again as an
emergency standby for takeoff unless the Pilot’s
Operating Handbook specifically says otherwise.
Its job is to aid in starting (for some airplanes)
and to be as an emergency standby for takeoffs
and landings in case the engine-driven pump fails
(it, of course, would be turned on if the engine-
driven pump failed anytime in flight). After take-
off you will normally turn it off after reaching a
safe altitude. Watch the fuel pressure as you turn
it off, the engine-driven pump may have failed
and the electric pump may have been carrying the
load. If, after shutting it off, the fuel pressure falls
and the engine starts cutting out, turn the pump on
and enter the traffic pattern for landing.

m. Check the ammeter for proper charge if the
plane has an electrical system.

n.Note the suction gauge for normal value.
(This instrument indicates the drop in atmo-
spheric pressure— in inches of mercury — estab-
lished for the vacuum-type gyro instruments by
the engine-driven vacuum pump.) Most vacuum
gauges in normal operation will indicate a drop
in pressure of between 4 and 5 inches, but the
instructor and/or Pilots Operating Handbook
will furnish the specifics for your airplane.

8. Fuel on fullest tank. Check the fuel gauges to see

if the indications jibe approximately with the fuel

amount shown in your visual inspection of the fuel
quantity.

9. Engine run-up: Check again so that you won’t blast

another plane behind you, then run the engine up

to 1,800 rpm or that recommended by the manu-
facturer and check each magneto. Turn the switch
from BOTH to R (right magneto only). Watch the

tachometer for an rpm drop. You are allowed a 75

to 125 rpm drop, depending on the airplane. (If the

rpm drops more than is allowable, it’s best to take
the plane back to the hangar.) Turn the switch back

to BOTH and watch it pick up. This gives you a

double check on the rpm loss.

Turn the switch from BOTH to L, or left, and
watch for the drop. Now turn back to BOTH and

watch the rise. Make sure the switch is on BOTH
after you check the mags. Compare the rpm drops.

Pilots Operating Handbooks give both a maxi-
mum allowable drop on each magneto and a maxi-
mum allowable difference between mag drops. For
instance, one airplane cites a maximum drop of 150
rpm for each magneto or a maximum of 75 rpm
drop differential between the two.

When you turn the switch to LEFT, the right
magneto is grounded out and the engine is running
on the left magneto only. Since one spark plug does
not give the smooth burning of the mixture in a cyl-
inder as that which occurs with both plugs firing, a
drop in rpm is expected (and the limits are given by
the manufacturer). If you switch to one of the mags
and the engine does as well (no drop) as it did on
BOTH, you are probably still running on both mags
(a ground wire is off or the ignition switch is bad).
Make sure this is reported so that no one can be hurt
if they move the prop with the “hot” mag still in
action. Remember, at these earlier stages, anything
unusual on the preflight or pretakeoff check should
be reported to an instructor or mechanic immedi-
ately. If you should inadvertently go to the OFF
position while checking the mags, close the throttle
(to prevent a backfire) before turning the switch
back on. You’ll usually have time to close the throt-
tle and turn the switch on before the engine dies.

Occasionally, you’ll have an excessive drop in
rpm that is caused by fouled spark plugs. On some
makes of engines, the left magneto is more sus-
ceptible to this problem than the right because it
feeds the bottom plugs on all of the cylinders and
the bottom plugs are more likely to be fouled by
oil. (The right magneto fires all of the top plugs in
these engines.) This plug problem is most likely to
be present if the plane has been sitting idle for a
long period or if the piston rings are worn. The scar-
city of grade 80 fuel, necessitating the use of grade
100, has caused plug fouling by lead deposits. On
other makes of engines, the right magneto fires the
left top and right bottom plugs. (And, of course, the
left magneto fires the right top and left bottom.) You
might check with your instructor on the ignition
setup for your particular airplane.

If your plane has a mixture control, it is often
possible to clear a fouled plug by leaning the mix-
ture during the run-up. This causes the temperature
in the cylinder to rise enough to “burn out” the
trouble. Needless to say, this treatment can be over-
done from the engine’s viewpoint. You are better
off at your point of experience to taxi back to have
a mechanic look at the problem.
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10.

11.

Don’tmake your run-up over loose gravel because
the propeller will pick it up and will be damaged. (If
you doubt the “picking up” ability of a prop, watch
when an airplane is sitting over a puddle of water
with the engine running; a minor waterspout will
result.)

While at 1,800 rpm, pull the carburetor heat ON.
Watch for a drop of about 100 rpm, showing that
the warm air is getting into the engine, cutting down
its power, and that the carburetor heat is working.
Leave the carburetor heat on for 10 seconds. If the
rpm suddenly increases during that time, it means
that you picked up carb ice since starting up and
warns you that icing conditions exist for this flight.
(The heat cleared it up—temporarily.) Push the
heat OFF for the takeoff, since it will cut down on
the power available. If carburetor icing conditions
are bad, you can leave it ON until the throttle is full
open for the takeoff. At fields of high elevation with
the mixture in full-rich and carburetor heat full ON,
you’ll find that takeoff power is practically nonex-
istent. The actual high density-altitude (the air is
less dense), plus a full-rich mixture setting, plus the
even more lowered density of the warm air from
the carburetor heat can cut down power drastically,
as noted in Chapter 4. Under these conditions, you
would need to lean the mixture before takeoff, per
your POH.

Close the throttle and check the idle rpm with the
carburetor heat ON to see if the engine operates
properly in this condition, which may be the same
as found on the latter part of the approach when the
runway is “made.” If the engine wants to quit or runs
roughly, you should have it checked by a mechanic
because the propeller will windmill in flight even
when the engine is dead and would mask the prob-
lem. It would be a shock to need to add power to
avoid that cow that just sauntered out on the runway
and find that the engine had already quit when you
closed the throttle and you have no power available.
If the recommended landing procedure for your air-
plane is not to use carb heat, check the idle with it
OFF. Idle rpm should be between 500 and 700 and
the engine should idle without loping. If you didn’t
lock the primer after starting, the engine will draw
raw gas through the primer system and will tend to
load up and quit at idle. Check the primer control for
security.

Push the carb heat OFF for takeoft for the same
reasons noted in item 10.

Set the power to about 1,000 rpm to help keep
the plugs from fouling with lead.

12.

13.

14.

As noted at the beginning of the chapter, your

airplane may have fuel injection so some of the
comments and suggestions about carburetor heat
may not apply. Again, the main thing is to always
use the manufacturers checklist for either type of
fuel system. For more details on fuel injection look
at Appendix B, Page B-5.
If the field is short or if you so desire, hold brakes
and make a full-power run-up. With experience (and
word from the instructor) you’ll be able to see what
is normal for a “static” rpm indication (no windmill
effects because of forward speed). (Don’t do this
over dirt, sand, or gravel.)

Make sure the door(s) or canopy is closed and

latched. Quite a stir can be created by the sudden

opening of a door just after lift-off. Check with your
instructor about possible procedures if this should
occur. (In addition to specifics for your airplane,
the instructor will tell you that maintaining con-

trol of the airplane is first, last, and always when a

door comes open.) Assure yourself that your seat is

latched securely; you don’t want to slide away from
the controls at a critical point during the takeoff.

a. At tower (controlled) airports, switch to the
tower frequency and, when you have finished the
Pretakeoff check, advise them you are ready for
takeoff. Never taxi onto a runway at a controlled
airport without permission. Readback the tower’s
instructions using your airplane’s registration
and the runway number. Usually the instructions
will be one of these three:

1) Hold position or Hold short: Which means you are
not to cross the hold short line onto the runway
(Figure 6-12). Reply example: “November Seven
Five Five Seven Lima, holding short of runway
two-four.”

2) Taxiinto position and hold: Which means taxi onto
the runway, line-up and wait. Remember, you are
not cleared for takeoff. This clearance is usually
given because of other traffic or possible wake
turbulence (Chapter 13).

3) Clearedfortakeoff: Yougivealastcheck fortraffic,
open the throttle and takeoff.

Note: Always check the runway number before

you taxi onto it and, since tower personnel can

make mistakes, too, always check for traffic.

b. At uncontrolled (non-tower) airports, announce
your intentions on the appropriate frequency (see
Pages 21-7 through 21-9) and check for land-
ing and departing traffic. Check for traffic both
ways—someone might be landing or taking off
downwind.
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Most of your first flight will consist of finding out how
the various controls affect the airplane. The instructor
will climb the plane to a safe altitude (at least 1,500
feet above the ground) and demonstrate the use of each
of the flight controls. You’ll use the individual controls
to learn how the plane reacts to each and see that they
are most often used together in what is known as “coor-
dinated” flight.

The instructor will also trim the airplane for straight
and level flight and show you how the plane flies by
itself, demonstrating its natural stability. During the
flight the instructor will also show you the practice
areas and point out outstanding landmarks and their
reference to the airport.

Bumpy air on this first flight may cause you to be
tense at first. The “bumps” are caused by uneven heat-
ing of the earth’s surface. A plowed field reflects heat;
a forest or water area absorbs it. As you fly over the
terrain, the rising air currents are of different velocities,
so the plane rises and drops slightly. As the air rises,
it is cooled and soon becomes stable and smooth. The
altitude at which this occurs varies from day to day, but
on a hot summer day you may climb to 6,000 or 8,000
feet before finding smooth air.

Effects of Controls

Elevators

The elevators control the pitching motion of the plane
and are your airspeed control (Figure 8-1). Under nor-
mal flying conditions (the plane is right-side up), press-
ing back on the wheel moves the elevators “up.” The
relative wind forces the tail downward, the nose moves
up, and if you started with sufficient power and air-
speed, the plane starts to climb. Conversely, if the wheel
is pressed forward, the nose goes down and the plane
dives. If the plane is inverted and you press the wheel
back, obviously the plane will not climb but will dive.

The best way to look at elevator movement, how-
ever, is to think of it as follows: wheel (or stick) back,
the nose moves toward you; wheel forward, the nose
moves away from you. This works for all attitudes.

At a low airspeed you might still think you can
climb, or climb at a greater rate, by pulling the nose
up, but you find that the up-elevators don’t “elevate”
the airplane but just decrease the airspeed. The nose
moves up, but the increased drag causes the airplane
to climb less or even start sinking! Power makes the
airplane climb.

Let’s take a situation such as the one you’ll face
when you’re first introduced to the normal climb.

Lateral Axis

Figure 8-1. Elevators control movement about the lateral axis (pitch).
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You’re flying along at cruise power and airspeed and
want to climb. Back pressure is gently exerted on the
wheel until the nose moves to the normal climb posi-
tion relative to the horizon, as shown by your instruc-
tor. (You will also open the throttle to climb power.)

Okay, when you applied back pressure on the
wheel, the elevators moved up. The relative wind mov-
ing past the elevators results in the tail moving down-
ward (Figure 8-2). Since the wings are rigidly attached
to the fuselage, they are rotated as well. This results
in an increase in angle of attack (and drag), the plane
starts slowing up to the speed for best rate of climb,
you apply climbing power, and the plane climbs. This
is the technique for a steady climb. You’ll find you can
“zoom” the airplane, that is, get a short-term climb
by trading airspeed for altitude, using the momentum
of cruise speed. In fact, because of this excess energy
available at cruise speed, the airplane will start to climb
as soon as you start to ease the nose up. (You will see
that the airspeed will start decreasing immediately.)

The job of the elevators in the climb is that of air-
speed control—to get to the speed at which the greatest
excess horsepower is available, which is the speed for
best rate of climb. As a rule of thumb for most trainers,
this will be found at about 1.4—1.5 times the flaps-up,
power-off stall speed. (This is for calibrated airspeed,
or CAS. You might review this in Chapter 3.)

To repeat: The elevators control the angle of attack
(and indirectly the airspeed) of the airplane. Because
most lightplanes don’t have angle of attack indicators,
you’ll be watching the airspeed indicator for the plane’s
reactions to your use of the elevators. Therefore, the ele-
vators are considered to directly control the airspeed.

Power (or lack of it) gives the required performance.
Suppose a light trainer uses the same airspeed for best
rate of climb speed and recommended glide speed. You
would maintain with the elevators the same airspeed for
both maneuvers; the difference in performance (climb
or glide) would be in the amount of power used (climb
power or idle). Or you could fly straight and level at

Lift

Relative
wind

Figure 8-2. Relative wind at the instant of the plane’s
rotation.

that same speed by using some power. So, one of the
things you’ll learn is that the “elevators” are really mis-
named; everybody uses the term, though, so it’s a little
late to change it. Probably it started back in the early
days of flying when it was believed that this was their
function—to “elevate” the airplane.

The trainer you will be flying may have a “stabila-
tor” or “flying tail” instead of a stabilizer-elevator com-
bination. The entire horizontal tail of the plane moves
and acts as a stabilizer or elevators, as required. The
principle of operation is the same—the “stabilator” is
an angle of attack and airspeed control and, like the
elevator, has a trim tab to help the pilot correct for vari-
ous airplane loadings and airspeeds.

Elevator Trim Tab

Elevator or stabilator trim tabs are used to hold eleva-
tor or stabilator pressure for the pilot. If an unusually
heavy load was placed in a back baggage compartment,
the tail would be heavy, the nose would want to rise,
and you would have to hold forward pressure on the
wheel to keep from slowing up. The trim tab is con-
trolled from the cockpit, and during flight the plane can
be trimmed for climb, glide, or straight and level. Some
planes use an adjustable stabilizer for this purpose.

Larger planes require use of the trim tab or adjust-
able stabilizer when speed or power is changed, but
your instructor probably will have you fly all maneu-
vers at first with the plane trimmed for straight and
level so that the varying control pressures can be felt.
Some students get in the habit of trimming the plane
full nose-up for landing, but this can lead to difficulties
if a go-around is required. The application of power
may cause the nose to rise so sharply that the plane is
stalled before the nose can be lowered. This will be
discussed further in Chapter 14.

Returning to the example of a heavy load in the bag-
gage compartment (Figure 8-3): The nose wants to go
up; the pilot holds the nose at the proper position and
trims the plane “nose down” until there is no pressure
against the wheel. When the tab control is moved to the
“nose-down” position, the tab on the elevator moves
up. The relative wind strikes the tab, forcing the ele-
vator down for the pilot. (This is strictly an example;
you’ll read later that the baggage compartment is not to
be overloaded.)

Rudder

The rudder controls the yawing motion of the airplane
(Figure 8-4). Push the left rudder pedal and the nose
yaws to the left; push the right and the opposite occurs.
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Figure 8-3. Pilot has to hold the wheel forward because the plane wants to nose upward. (Center of gravity is moved aft) The
trim tab or the adjustable stabilizer does it for you. “Nosedown” trim is set in all cases here.

The prime purpose of the rudder is to overcome the
adverse yaw of the aileron. In certain maneuvers such
as the slip and crosswind landing, ailerons and rudder
are used opposite to each other, but 99.99 percent of the
time they are used together in the air.

On tailwheel-type airplanes the rudder is connected
to the tailwheel by coil springs, and this is the main fac-
tor in ground steering. The tricycle-gear types have a
mechanical linkage between the rudder pedals and the
nosewheel so that ground steering depends even less
on the rudder. (In the tailwheel airplane, sometimes a
blast of slipstream striking the rudder can help in turn-
ing; for tricycle-gear types it has little effect.) “Rud-
der” is another term that is misleading. A rudder of a
boat is the main tool for turning. An airplane’s rudder
is not the primary control used for turning; in normal
flight it is an auxiliary to the ailerons.

However, you’ll find that by application of rudder
in the air it is possible to turn. By pushing the rudder
pedal you skid the airplane, causing one wing to move
faster than the other (Figure 8-5). This added lift causes
the airplane to bank and the rest of the turn is normal.
It can be rolled out in the same manner, as will be dem-
onstrated to you.

Rudder Trim

In Chapter 2, the “bendable” rudder tab was discussed;
some of the later model trainers have a rudder bungee or
tab that is controllable from the cockpit. You can adjust
the rudder trim as necessary in flight to get the desired
reaction. In these airplanes, one of your jobs during the
pretakeoff check at the end of the runway will be to set
the trim properly. (It’s set to a “nose-right” indication
to help you on that right rudder to overcome “torque”
on takeoff and climb.)

Ailerons

The ailerons roll the airplane. If the stick is moved
to the left (in an airplane with a wheel, the wheel is
turned to the left), the left aileron moves up and the
right aileron moves down. The relative wind strikes the
control surfaces as shown and the airplane rolls to the
left (Figure 8-6).

The aileron tab(s) for trimming the airplane later-
ally was discussed in Chapter 2 (Figure 2-13).

Figure 8-4. The rudder controls movement about the vertical axis (yaw).
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The plane will continue to roll as long as the aile-
rons are deflected. In fact, this generally would be the
way you’d do a slow roll—plus the use of other con-
trols to aid the process.

Ailerons are used to bank the airplane. The airplane
banks in order to turn. There’s nothing in the world
that gives less traction than air. When a rudder pedal
is pushed, the nose yaws around, but the plane tries to
continue in a straight line. True, it would gradually turn
because the yawing would speed up one wing, giving

\ More lift than normal

Less lift than normal

Figure 8-5. Banking the airplane by rudder alone.

it more lift and banking it, but it would be an ineffi-
cient and uncomfortable process. When the airplane is
banked, the lift force acts as a centripetal, or holding,
force as well and can be considered to be broken down
into two parts—this is a legal assumption according to
engineering mechanics (Figure 8-7).

The centripetal force (or horizontal component of
lift) then helps the plane to stay in the turn. It is the
force acting against the tendency of the airplane to con-
tinue in a straight line. So in order to turn properly, the
airplane must be banked.

:

Longitudinal
Axis

- ‘—".-.‘

Figure 8-6. The ailerons control movement about the longitudinal axis (roll).

Lift

Weight

Weight

Lift working
against weight

(/6 \

: Centripetal
force

Weight

Figure 8-7. In a turn, lift is broken down into the vertical component (lift working against weight) and the horizontal

component (which turns the airplane).



During the first flight, after you are familiar with the
effects of the controls, the instructor will introduce you
to one or more of the Four Fundamentals: the turn,
the normal climb, the normal glide, and straight and
level. These are the basic maneuvers of flying. You’ll
be using them or a combination of them for the rest of
your flying career, so get them down pat now.

The Turn

In the discussion of ailerons, it was found that the plane
must be banked in order to turn in the air. Fine—all
you have to do is jam the wheel over in the direction
you want and you turn that way. Not so fast! There’s
more to it than that. Let’s see what happens when you
give it left aileron (that is, you turn the wheel or move
the stick to the left).

The lift and drag vectors (Figure 9-1) show that
although the wheel is turned to the left there’s more
drag on the right because of the down aileron. The
plane rolls to the left but the nose yaws to the right.
The plane will slip to the left and finally set up a bal-
anced turn. The right yaw you got is called “adverse
aileron yaw,” and the rudder is used to correct for this.
The rudder is used any time the ailerons are used in a
turn. Most planes have a differential aileron movement

Figure 9-1. Adverse aileron yaw.

The Four Fundamentals

(the aileron moves farther up than down) and aileron
designs that decrease this initial yaw effect.

To make a turn to the left, left aileron and left rud-
der are used smoothly together. As soon as the desired
amount of bank is reached, the controls are neutral-
ized. The wheel is moved smoothly back to the neutral
position, the pressure on the control wheel is eased off,
and rudder pressure is no longer needed. This is called
“neutralizing” the controls—the relaxing of exerted
pressure on them. This term will be used throughout
this chapter. Air pressure should streamline the control
surfaces when the control wheel and rudder pedal pres-
sures are relaxed. If the controls are not neutralized, the
turn will become steeper and steeper.

You re in the turn. If you let go of the controls the
plane will turn indefinitely (or at least as long as the
fuel lasts) except for one small detail.

Lift is considered to act perpendicularly to the
wingspan. Consider an airplane in straight and level
flight where lift equals weight. Assume the airplane’s
weight to be 2,000 pounds.

In Figure 9-2A everything’s great—Ilift equals
weight. If the plane is banked 60° as in Figure 9-2B,
things are not so rosy. The weight’s value or direction
does not change. It’s still 2,000 pounds downward. The
lift, however, is acting at a different angle. The verti-
cal component of lift is only 1,000 pounds, since the
cosine of 60° is 0.500 (60° is used for convenience
here; you certainly won’t be doing a bank that steep in
the earlier part of your training). With such an unbal-
ance, the plane loses altitude. The answer, Figure 9-2C,
is to increase the lift vector to 4,000 pounds so that the
vertical component is 2,000 pounds. This is done by
increasing the angle of attack. Back pressure is applied
to the elevators to keep the nose up. To establish a turn
to the left:

1. Apply left aileron and left rudder smoothly.
2. As the bank increases, start applying back pressure
smoothly.

9-1
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Upward force
Lift 2,00C pounds Upward now 2,000 pounds
component —— — —— — —
& 4
4,000 pounds
\ \/
A Weight 2,000 pounds B Weight 2,000 pounds C  Weight 2,000 pounds

Figure 9-2. The vertical component of lift must be equal to weight in a constant-altitude turn.

3. When the desired amount of bank is reached, the
ailerons and rudder are neutralized, but the back
pressure is held as long as you are in the bank. Now
you can turn indefinitely.

To roll out of the left turn:

1. Apply right aileron and right rudder.

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

3. When the plane is level, the ailerons and rudder
are neutralized and there should be no more back
pressure.

If the rudder and aileron are not coordinated prop-
erly, the plane will skid or slip. The skid occurs when
too much rudder is used. You’ll try to slide toward the
outside of the turn as you do when a car turns a corner.
The slip is a result of foo little rudder, and you’ll feel
that you are sliding toward the inside of the turn. These
errors can be felt and give you an idea of the expression
“seat of the pants flying.” Students have been known
to wear out the seats of perfectly good pants, sliding
around during the presolo phase.

If in our example of the 60° bank, you roll out level
but don’t get rid of the extra 2,000 pounds of lift you
have, obviously the airplane will accelerate upward (the
“up” and “down” forces will no longer be in balance).
Maybe your idea of coordination is that demonstrated
by a ballroom dancer, but it’s necessary in flying too.
Think of control pressures rather than movement. The
smoother your pressures, the better your control of the
airplane.

If you aren’t particularly interested in the trigo-
nometric approach to back pressure, Figure 9-3 gives
another approach.

Load Factors in the Turn

The turn introduces a new idea. It is possible to bank
so steeply that the wings cannot support the airplane.
The lift must be increased so drastically that the critical
angle of attack is exceeded, and the plane stalls. In the
previous example at 60° of bank, it was found that our
effective wing area was halved; therefore, each square

Effective wing area
directly cpposing weight
level flight

[TTHALT

Weight

Comparative amount of wing directly
opposing weight is only one-half in a2 60° bank
(load factor = 2}

11T

|
}
60° 7 |
|
|
i

Weight

Figure 9-3. The effects of bank angle on the amount of lift that is directly opposing weight.
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foot of wing area had to support twice its normal load.
This is called a load factor of 2. A plane in normal,
straight and level flight has a load factor of 1, or 1 “g.”
You have this same 1 g load on your body at that time.
Mathematically speaking, the load factor in the turn is
a function of the secant of the angle of bank. The secant
varies from 1 at 0° to infinity at 90°; so to maintain
altitude indefinitely in a constant 90° bank, an infinite
amount of /if is required— and this is not available.

For those interested in the mathematics of the prob-
lem, the following is presented.

It is interesting to note that the stalling speed of the
aircraft can be figured for each degree of bank. In the
airplane weighing 2,000 pounds and having a wing area
of 200 square feet, the wing loading is 10 pounds per
square foot. With a load factor of 2, the wing loading is

20 pounds per square foot = weight or [W]

wingarea = S

Using the equation
L=C.SpV?
2

and solving for V (stall), you find that the stall is at
CpLuax, so that value would be used in the equation:

L

\/STALL =

CLMAX S%
But in level flight L = W so that

W
\/STALL = |7 A

CLMAX Sg

And since Cpyax (the maximum coefficient of lift),
S and p are considered to be constants for a given situ-
ation, the new stall speed is directly proportional to the
square root of the change in the wing loading W + S.
Then Vgrapr is a function of the square root of the
load factor. So the stall speed in a 60° bank is +/2 times
that of the stall speed in level flight. If the plane stalls
at 50 K in level flight, its stall speed in a 60° bank is
50 x +2 =50 x 1.414 = 70.7 K. All of this is assuming
that you hold enough back pressure to maintain level
flight (Figure 9-4). If no back pressure is held, the air-
plane will be in a diving turn, there is still a load factor
of 1, and the stall speed is not increased. If you make
this kind of turn, it is wise to have a lot of altitude.
Needless to say, the Federal Aviation Administration
frowns on such capers at low altitudes because you are
likely to leave pock marks on surface structures when
you hit.
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Figure 9-4. Choose an angle of bank (in this case, 55°).
Multiply the corresponding number (1.32) times the wings-
level (normal) stall speed to get the stall speed at this angle
of bank.

Simply stated—if you want to find the stalling
speed of your plane in a level turn, either of the follow-
ing will apply:

Vsraw in the turn = Vira (level) +/load factor

or

Vsrar in the turn
= Vsraww (level) +/secant of the angle of bank

Figure 9-5 is a diagram of the increase of stall
speeds with bank. The numbers have been rounded off,
but note that the stall speed increase with bank for any
flap setting increases at the ratio indicated by Figure
9-4. Gross weight (maximum certificated weight) is
used, but for lighter weights, the multiplier for bank
increase would be the same. (The airplane will always
stall in a 60° bank at a speed of 1.414 times the wings-
level stall speed whether it’s given in mph or knots.)

Now back to the important, practical side of flying.
Putting it simply: The stall speed goes up in the con-
stant altitude turn; and the steeper the bank, the faster
the stall speed jumps up, as can be seen in Figures 9-4
and 9-5. The load factors just discussed are “positive”
load factors and are attained by pulling the wheel back,
causing you to be pressed down in the seat. A negative
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Figure 9-5. Stall speed increases with bank.

load factor is applied if the control wheel is pushed for-
ward abruptly, and in this case you feel “light” and tend
to leave the seat. Lightplanes are generally stressed to
take a maximum positive load factor varying from 3.8
to 6, and a negative load factor of between 1.52 and 3,
depending on the make and model. Both you and the
plane are able to stand more positive g’s than negative.
Positive or negative load factors can be imposed on
the plane by sharp up or down gusts as well as by the
pilot’s handling of the elevators. (See Chapter 23.)

Review of the Turn

1. Apply aileron and rudder pressure in the desired
direction of turn.

2. Begin back pressure.

3. When desired steepness of bank is reached, neutral-
ize the ailerons and rudder but hold enough back
pressure to keep the nose at the correct place on the
horizon; turn until you get ready to roll out. Check
the nose, wings, and altimeter for a smooth level
turn.

The Rollout

1. Apply opposite ailerons and rudder. Gradually ease
off the back pressure as the wings become level.

2. As the wings become level, neutralize the ailerons
and rudder (the back pressure will be completely
off at this point).

Ride with the turn. You’ll have a tendency at first to
lean against the turn. Remember that in a proper turn,
the resulting forces will hold you upright in the seat.

If you are in a side-by-side airplane, the position of
the nose seems different in left and right turns (Figure
9-6). You will be sitting to the left of the center line of
the fuselage so that when the airplane is turning left the
nose will seem high and the tendency is to lose alti-
tude as you “correct” for this. In a right turn, the nose
will appear too low and the tendency will be to gain
altitude. Your instructor will demonstrate the proper
nose position for climbs, glides, turns, and straight and
level and may also demonstrate that elevator trim can
be used to maintain back pressure in an extended turn
situation (retrimming as the airplane rolls out). Figure
9-6 shows the views from the left seat during left and
right constant altitude turns.

Coordination Exercises

After you are familiar with the idea of the turn, the
instructor may have you do what is known as a coordi-
nation exercise. This consists of heading the plane at a
point on the horizon and rolling from left to right bank,
and so forth, without letting the nose wander from the
point. It is a very good way to discover how much con-
trol pressure is needed to get the desired effect with
the plane.

The beginning of the maneuver is like that of the
beginning of the turn. Ailerons and rudder are used
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Figure 9-6. Perspective in left and right constant altitude turns. Note that your reference (which is a point on the cowling
directly in front of you, and not the center of the nose) is at the same position in relation to the horizon. Don't use the center of

the cowling as a reference.
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together. Then, before the nose has a chance to move,
hold it on the point with opposite rudder. Apply oppo-
site aileron and more opposite rudder and roll it to the
other side, then repeat the process. You will find it dif-
ficult at first but will soon get the knack and be able to
roll smoothly from one side to the other without the
nose moving from the point.

Although in parts of the maneuver the controls are
crossed and not coordinated as they are in the turn, you
will find that your turns will profit by a short period of
this maneuver.

The Normal Climb

Another of the Four Fundamentals is the normal climb,
and at first you will practice starting it from normal
cruising flight. To climb, the nose is eased up to the
proper position relative to the horizon, the throttle is
opened smoothly to the recommended climb power,
and, as the airspeed starts to decrease, right rudder is
applied to correct for torque. The recommended air-
speed for best rate of climb is maintained.

You had a brief introduction to the climb in Chapter
8 when the elevators were discussed. There you noted
that the elevators do not make the airplane climb; they
are used to attain and maintain the airspeed at which
the best rate of climb is found. That airspeed, engineers
have found, is the one at which the greatest amount of
excess horsepower is available at climb power for your
airplane. (The rate of a steady climb depends on the
amount of excess horsepower available.) An equation
for determining rate of climb is:

33,000 x excess horsepower
weight of plane

Rate of climb (fpm) =

The horsepower in that equation is thrust horse-
power, or the power being effectively developed
through the propeller, as mentioned in Chapter 2. You
also remember from that chapter that power is force
times distance per unit of time, and 1 horsepower is
equal to 550 foot-pounds per second, or 33,000 foot-
pounds per minute. That’s where the 33,000 in the
equation comes in; it’s set up for a rate of climb in feet
per minute. By illustration, suppose your plane weighs
1,500 pounds, has an engine capable of developing 100
brake (or shaft) horsepower at the recommended climb
power setting at a particular altitude, and the propeller
is 85 percent efficient at the climb speed. This means
there will be 85 thrust horsepower available at the climb
speed. Suppose, also, that at that speed 55 thrust horse-
power is necessary to maintain a constant altitude. This
means that 30 thrust horsepower is available for use in

climbing. From the above equation we find the rate of
climb to be 660 feet per minute:
33,000 x 30 _

R/C (fpm) 1,500 660 fpm

So the excess thrust horsepower is working to raise
a weight (the airplane) a certain vertical distance in
a certain period of time (rate of climb). If no excess
horsepower was available at the climb speed, the rate
of climb would be zero. If you throttled back until the
power being developed was less than that needed just
to keep the airplane flying at a particular airspeed, a
“negative” rate of climb would result; the airplane
would descend at a rate proportional to your “deficit”
power.

As a pilot you won’t worry about excess horse-
power, but you will use the recommended climb air-
speed and power setting and let the rate of climb take
care of itself.

The revolutions per minute of a fixed-pitch prop
such as on a light trainer are affected by the airspeed.
Assume you set the throttle for cruising at 2,400 rpm.
If the airplane is dived, the added airspeed will give the
propeller a windmilling effect and the rpm will speed
up to, say, 2,500 or 2,600 rpm. If you pull the nose up
for a climb, the airspeed decreases and the rpm drops
below the cruising setting. Therefore, it is necessary
to apply more throttle to obtain climb power (usually
full open [forward] throttle for most trainers). Normal
climb speed is about 1.4 to 1.5 times the stall speed and
results in the best rate of climb. Your instructor will
show you the correct climb attitude and airspeed for
your particular plane (Figure 9-7).

To Climb

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

2. Increase the power to the climb value.

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

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

To Level Off from the Climb

1. Ease the nose down to level flight position.

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

3. Throttle back to maintain cruise rpm.

4. Don’t let the nose wander during the transition.

Probable Errors

1. Climbing too steeply —overheating the engine and
actually decreasing the rate of climb.

2. Too shallow a climb—easy on the engine but not a
good way to gain altitude.
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Figure 9-7. The climb and level-flight attitudes. This doesn't necessarily mean that you are climbing or flying level. These are

attitudes only. Power makes the difference.

3. Over- or undercorrecting for torque during the
climb transition.

4. Rough transition to the climb or straight and level
flight.

5.Not keeping the nose lined up on a reference
point—letting it wander.

After you’ve gotten the feel of the controls for the
climb well in hand, your instructor will have you trim
the airplane for it. As you level off, the trim will have to
be changed for straight and level cruising flight.

The Climbing Turn

This is a combination of the two fundamentals cov-
ered so far. It is, as the name implies, a turn while
climbing.

For practice at first, the climbing turn will be exe-
cuted from a straight climb; that is, establish a normal
climb and then start your turn.

Make all your climbing turns very shallow (Figure
9-8). Steep banks require added back pressure (angle of
attack) to keep the nose up, which sharply reduces the
rate of climb because of greater drag (induced drag; see
Chapter 2). A 10° bank is plenty.

Torque must be considered in making a climbing
turn. Anytime the plane is climbing, right rudder pres-
sure or right rudder trim must be used.

Suppose you are climbing and want to turn to the
right. You are already holding right rudder, but as right
aileron is applied more right rudder is needed to take
care of aileron yaw, so the turn is something like the
following.

Climb:
1. Back pressure.
2. Right rudder.

Figure 9-8. Keep the bank shallow in the climbing turn or
else the climb will suffer.

Climbing right turn:

1. Right aileron and more right rudder—make the
turn shallow.

2. More back pressure.

3. Neutralize the ailerons and return to enough right
rudder to correct for torque.

Rolling out to resume the straight climb:

1. Left aileron and very little left rudder (in some
planes, easing off the correction for torque may be
all that is needed).

2. As the wings become level, neutralize the ailerons
and get back on that right rudder.

Again, any time you make a turn it requires added
back pressure.

The torque effect is as if slight left rudder was being
held. In a left-climbing turn, torque will tend to skid
you into a steeper bank. In a right-climbing turn, it will
tend to skid you out of the turn.

When you have the climb and climbing turn idea
well in mind and are able to control the aircraft in a
reasonable manner, you should start the habit in your
climbing turns of maintaining a constant bank and
making definite 90° turns as you climb. (This will be
your introduction to precision flying.)
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It’s best not to climb straight ahead for long peri-
ods because you can’t see other airplanes over the
nose. Make occasional shallow turns to each side of
your “base course” or lower the nose briefly to check
ahead.

The Normal Glide

The normal glide is a third fundamental and the least
understood by the beginning student. The nose is not
pushed down to glide as commonly believed, but, on
the contrary, back pressure is needed to keep the glide
from getting too steep.

In Figure 9-9A the airplane is trimmed for straight
and level flight. The force caused by the slipstream and
relative wind acting on the stabilizer just balances the
force of the weight trying to pull the nose down. The
plane is in balance. Pulling the throttle back to idle
causes a lessening of the tail force by two factors: (1)
The slipstream effect has dropped to nil because the
propeller of an idling engine produces a very weak slip-
stream, and (2) the plane starts slowing immediately
now that the drag is greater than the thrust—hence
the relative wind speed decreases. (The decreased
slipstream is by far the biggest factor in this nosing-
down process, however. Item 2 mentioned above can
be neglected for all practical purposes.)

The result is shown in Figure 9-9B. The plane noses
down until the forces are balanced again. Your speed
now may be higher than desired for the glide. If you
want to glide at 70 K, you must slow the plane to that
speed by holding back pressure so that the plane’s glide
attitude is something like that in Figure 9-10. Nor-
mal glide attitude in most lightplanes is only slightly

Level flight attitude

Glide attitude

Glide

Back pressure
is necessary to
maintain normal
glide speed

Figure 9-10. Level flight and glide attitudes.

more nose-down than the straight and level position
(Figure 9-11).

Tailwheel-type airplanes are shown in Figure 9-9
and 9-10, but the tricycle-gear trainer reacts the same
way.

The recommended normal glide speed gives you
the most feet forward for altitude lost. For a fixed-gear
trainer, the normal glide ratio is about 9:1, that is, 9 feet
forward for each foot of altitude lost.

If you glide at a too-fast airspeed, the 9:1 ratio
drops off to maybe only 5:1. You can tell the steep
glide by sight (nose position, airspeed increase), sound
(increase in pitch of sound of wind), and feel (the con-
trols become firmer).

Trying to “stretch the glide” by pulling the nose
up also causes the glide ratio to suffer. You can rec-
ognize the too-slow glide by sight (nose high), sound
(decrease in wind noise), and feel (the elevator pressure
feels “mushy”). You’ve increased the angle of attack to
such a point that drag holds the plane back, but grav-
ity is still pulling the plane down with the same force,
resulting in a lower glide ratio. So stick to that recom-
mended glide speed.

Lift

Center of [ift

Center of
gravity Stabilizer

force

A

Lift

Stabilizer
force

Weight

« Throttled back
« Stabilizer force decreases
B « Nose lowers

Figure 9-9. The airplane is designed to have a nosing down tendency when power is reduced.



9-8 Part Two / Presolo
STRAIGHT GLIDE
AMD LEVEL
f— Y Y S =~ = P 7___ = -
O e PP St NN
~— ﬁ /
s Y S A
d . T ~
. / " -~

s’ s
eﬂﬁm X L

668'e =
ﬁ
00027 .%

Cers 33 s' ‘e ;,-I

Figure 9-11. Notice that the glide attitude is only slightly more nose down than that for straight and level flight.

Note: Pull the carburetor heat ON before closing
the throttle in flight unless the Pilot’s Operating Hand-
book recommends otherwise. Its use will be mentioned
here each time the glide is covered, but your trainer and
conditions may not always require it.

Assume that you are flying straight and level and
want to glide:

1. Carburetor heat ON.

2. Close the throttle (to idle after 10+ seconds).

3. Hold the nose in the level flight position.

4. As the airspeed drops to normal glide speed, ease
the nose down slightly to the normal glide position
as shown by the instructor.

5. Clear the engine about every 200 feet of the descent.
This means running the rpm up to about 1,500 and
then back to idle.

You’ll notice that quite a bit of back pressure is nec-
essary to hold the nose up. The instructor may let you
trim the plane for the glide. In that case, roll or move
the trim until you feel no force against the wheel. Most
instructors want you to get the feel of the plane and will
probably only demonstrate trim in the glide at first.

To return to straight and level flight:

1. Apply power smoothly to cruise rpm as you simul-
taneously ease off the back pressure.

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

With more experience you’ll open the throttle up to
about 100 rpm less than the cruise setting so that, when
the carburetor heat is pushed OFF, the rpm will be at
the cruise setting.

The altimeter appears to “lag” in the climb or glide,
particularly in the glide. If you want to level off at a
specific altitude, say 1,500 feet, it is wise to start the
above procedure about 50 feet above that, or 1,550

feet. The plane has momentum downward that requires
altitude to change—and maybe your reactions aren’t
perfect yet, so give yourself about 50 feet for recovery
from the glide. Of course, the bigger the airplane and
the faster you are descending, the more margin you’ll
use.

If the back pressure is not eased off as you open
the throttle, the nose will rise sharply as the slipstream
strikes the up-elevators. The elevators are compara-
tively ineffective in the glide, so you use a lot of up-
elevator. When the prop blast hits all that surface,
something’s bound to happen.

Your instructor will later have you trim the airplane
for the glide and you’ll be pretty busy at first, readjust-
ing the trim when you apply power to level off. The
nose will want to rise with the addition of power, being
helped very well by the nose-up trim, and in some air-
planes you’ll tend to underestimate the forward pressure
required to keep the nose down while retrimming.

Common Errors

In starting the glide:

1. Not giving the carburetor heat enough time to work
before closing the throttle.

2. Abrupt throttle movement—jerking it back to idle.

3. Holding the nose up too long, resulting in too slow
a glide speed.

4. Letting the nose wander as the glide is entered.

5. Forgetting to clear the engine in the glide.

In recovery from the glide:

1. Opening the throttle abruptly.

2. Letting the nose wander.

3. Not releasing back pressure or changing trim in
time the nose goes up and the plane climbs.
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The carburetor heat is the first thing ON before,
and the last thing OFF after, the glide.

If icing conditions are bad, the carburetor may ice
enough to cause engine stoppage between the time you
push the heat off and get around to opening the throt-
tle, particularly if you are the fumbling-fingers type.
Granted, this would be an unusual occurrence, but why
take the chance? Do it correctly now until it becomes
a habit.

Clear that engine! In the winter, the engine may cool
so much after an extended glide without clearing that
it won’t take throttle. In the summer the engine may
“load up” and quit. If you want to see what an actual
emergency landing is like, don t clear the engine.

Your instructor will have you glide at various
flap settings at the recommended landing-approach
airspeed(s).

Gliding Turn

Like the climbing turn, the gliding turn is a combination
of two of the Four Fundamentals. Combine the glide
and the turn and you get a gliding turn. An extended
steep gliding turn is called a spiral.

Probably the first thing you’ll notice about the glid-
ing turn is that the rudder seems to have lost much of
its effect. Although the ailerons are ineffective in com-
parison with level flight, they still feel the same as they
did in the climbing turn because the airspeed is approx-
imately the same for climb and glide. The rudder, how-
ever, is suffering from lack of slipstream (Figure 9-12).
Concentrate on coordination again. Use the controls so
that the airplane reacts correctly.

Any time a turn is made, back pressure is required.
If you have back pressure in the glide and make a turn,
it will require more pressure. The principle is the same
for climbing, gliding, or level turns. When the plane

il
Qe LTI

—/

[ Relative wind only

\ | — Relative wind and slipstream
ot ﬁ)
il
|

Figure 9-12. The rudder and elevator get a slipstream
during cruise and climb.
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banks, the lift vector must be increased. If you use
insufficient back pressure:

1. In the climbing turn—no climb, only turn.

2. In the level turn—turn plus a shallow dive.

3. In the gliding turn—turn plus a steeper dive.

In rolling into or out of a gliding turn, the rudder is

not as effective as you've been used to because of the
weaker slipstream.

Common Errors

1.Not enough back pressure in the turn—plane
dives.
2. Not enough rudder on roll-in and roll-out.
3. Not easing off back pressure when rolling out—the
nose comes up and the plane slows up.
Your instructor will have you make 90° gliding
turns in each direction after you have a good idea of
the procedure.

Straight and Level Flying

One of the most important of the Four Fundamentals is
straight and level flying; some pilots have trouble even
after years of experience. Nearly every student has dif-
ficulty keeping the wings level. The average student
tends to stare out over the nose with the glazed gaze of
a poleaxed steer. Don’t try to keep the wings level by
watching for the cant of the nose, because the nose line
is so short that one of the wings can be down quite a
way before the nose shows it. Correct straight and level
flying means that you are directionally straight and lon-
gitudinally and laterally level (Figure 9-13).

The plane, if trimmed properly and left alone, will
do a better job of flying than you are able to do. Many
a student flies a “Chinese Cross-Country” (Wun Wing
Lo) and wonders about that slightly uncomfortable
feeling.

This is what’s happening. You are unconsciously
holding the aileron one way or the other. A plane with
a stick is flown with the right hand, and sometimes you
allow the weight of your arm to pull the stick in that
direction, resulting in a right slip. Because the wheel
is flown with the left hand, sometimes the left aileron
is slipped in.

The plane is banked and wants to turn, so you help-
fully hold opposite rudder to keep the nose from mov-
ing and are now in a slip. In Figure 9-14, the resultant
direction is downward and the plane starts losing alti-
tude gradually. To stop this, you use back pressure to
maintain altitude, and the controls are in the position
shown in Figure 9-14. You are holding right aileron,
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Figure 9-13. In straight and level flight, the airplane should
be kept (1) directionally straight (no yaw), (2) longitudinally
level (nose at the proper position with respect to the
horizon), and (3) laterally level (the wings the same distance
above the horizon for the high-wing craft, or the same
distance below the horizon for the low-wing airplane).

left rudder, and up-elevator when you should be able to
fly “hands off.”

The instructor will show you how to trim the air-
plane for straight and level flight. Generally this is done
as soon as you reach the assigned practice altitude. It
consists of placing the nose at the correct attitude, leav-
ing the climb power on until the expected cruise air-
speed is reached (then set up cruise rpm), and trimming
until the stick or wheel force against your hand is zero
(the same technique as described in the normal glide).

Larger planes not only have controllable tabs for
the elevators but have tabs for the rudder and ailerons
as well. The pilot can trim the plane for the attitude or
speed desired.

Some lightplanes have a bendable aileron tab simi-
lar to the one on the rudder as discussed in Chapter 2.
If the plane has a tendency to fly wing-low at cruise,
the pilot is able to bend the aileron tab so that this is
corrected. The procedure is the same as used for the
rudder tab. Bend the tab and fly. If further correction is
needed, land, make the correction, and fly again.

Once you have established good straight and level
flight, there’s nothing to do but watch the plane to
see that it keeps this attitude. Some students feel that
they should do something and consequently the plane
receives quite a workout.

Figure 9-14. Exaggerated view of wing-low flying.

Try not to be tense, but if you are, don t worry about
it. Flying is a strange experience at this point, and if
you are completely relaxed you re one student in a mil-
lion. However, if you are too tense the learning process
slows down.

If a wing goes down momentarily, as may happen
on a hot, bumpy day, bring it up with aileron and rudder
together. As soon as the wings are level, neutralize the
controls. If you try to use aileron alone, the plane will
yaw from its heading.

Usually another “bump” will raise that wing, but
this return to wings-level flight is not always imme-
diate, so you can help the process. But don’t overdo
it because on bumpy days you’ll be worn out in 30
minutes.

All through this book so far it has been stated that
power controls altitude and that elevators are to be
used to establish the proper airspeed for the maneuver
involved. You will find, however, that in straight and
level cruising flight, for minor altitude adjustments it’s
a lot simpler to use the elevators. For instance, if you
are 50 feet low, you will exert (slight) back pressure
on the wheel and regain the altitude rather than adding
power, which from previous discussions would be the
“proper” thing to do. (Use “energy effect.”) However,
you might also take a look at the tachometer to make
sure that the altitude loss (or gain) wasn’t caused by an
improper setting.

Common Errors

1. Flying with one wing low.

2. Holding back pressure unconsciously, causing the
plane to climb. (This is usually a sign of tenseness.)

3. Fighting the bumps. Every once in awhile release
the wheel or stick to see if you have been working
at it too hard.

Note: These are the Four Fundamentals. These and
stalls will be the backbone of your presolo flying.
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The Four Fundamentals
and Instrument Indications
Private Pilot Certificate

The FAA requires that on the Private Pilot practical
(flight) test you demonstrate the ability to recover from
an emergency situation such as accidentally flying
into clouds or fog. This means that you must be able
to get out of such a situation through use of the flight
instruments.

Tests have shown that students got better grades
on the flight test when this training started early, that
is, when flight with reference to instruments was inte-
grated with the pre- and postsolo maneuvers. The FAA
recommends that this integrated method be used in
training all student pilots.

As in all of your flight training, the steps must be
taken logically. When you are able to do the Four Fun-
damentals and feel at ease in the airplane, the instruc-
tor will have you go through these same maneuvers,
directing attention to the instrument indications during
the process of each. Later, you will use an extended
visor cap, or “hood” that will restrict your vision to the
instrument panel. At this point, however, it will be bet-
ter to see the plane’s attitude as well as the instruments
so that you will be able to tie in the plane’s actions
with the instrument indications (and vice versa). In
order to fly without outside visual references, you must
be able to “see” what the plane is doing through the
instruments.

Figures 9-15 through 9-20 show the Four Funda-
mentals (plus climbing and descending turns) as seen
from the cockpit and by the instrument indications. The
airplane is heading north at 4,000" MSL at the start of
the maneuver.

It will likely be at this stage that you will first note
the idiosyncrasies of the magnetic compass. You will
see for yourself that in actual flight the compass is
affected by steep banks, attitude changes, and accelera-
tion or deceleration of the airplane. In many cases the
compass may initially show a change of direction of
up to 30° as soon as the plane is banked for a turn; in
some cases it may show a turn in the opposite direction
at first. In any event, the various actions of the compass
for each maneuver cannot be shown here; in Chapter
15 more information will be given about it. The head-
ing indicator gives a true indication of the amount of
turn, but the compass is accurate only when the plane
is flying straight and level in balanced, unaccelerated
flight.

During these maneuvers your attention will be
on the instrument panel a large part of the time and
the instructor will maintain a close watch for other
airplanes.

14 CFR §61.109 (Private Pilot) requires that you
have a minimum of 3 hours of flight training in a sin-
gle-engine airplane on the control and maneuvering
of the airplane solely by reference to instruments (see
Chapter 15). The instructor will require that you be
able to safely control the airplane by use of the instru-
ments before you go on a solo cross-country. Precision
instrument flight will not be required, but you will be
expected to maintain control of the airplane by refer-
ence to instruments.

T-Tail Airplanes

Some airplanes have T-tails (the horizontal tail surfaces
are on top of the fin and rudder). The horizontal tail
is out of the slipstream (Figure 9-21), and changes in
power don’t cause the pitch changes discussed earlier
in the chapter (Figures 9-9 and 9-10), or at least such
changes are smaller. You might watch for the differ-
ences if you go from one type to the other (T-tail or
standard) during your flying career.

Horizontal tail —\

Figure 9-21. The T-tail is usually out of the slipstream so
that the pitch change with power is decreased.
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Figure 9-15. A balanced constant-altitude turn (standard-
rate). The airspeed is slightly less than cruise because of bank
(and back pressure). The heading indicator shows a left turn,
and the turn coordinator shows a balanced standard-rate
turn. Altitude is constant.
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Figure 9-16. Normal straight climb. The airspeed is steady Figure 9-17. Climbing turn, standard-rate. The airspeed is steady at
at climb speed. The attitude indicator shows that the climb speed. The attitude indicator shows 11° bank, climb attitude.
attitude is nose-up, wings-level. The heading indicator The heading indicator shows a left turn. The turn coordinator shows
shows a constant heading; the turn coordinator indicates a standard-rate balanced turn. Altitude is increasing as indicated by
balanced straight flight. The altitude is increasing as shown the altimeter and vertical speed indicator. The climb rate is lower

by the altimeter and vertical speed indicator. than the straight climb due to the bank angle.
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Figure 9-18. Normal power-off glide (straight descent). The
airspeed is steady at the proper glide speed. The attitude
indicator shows a slight nose-low, wings-level attitude.

The heading indicator shows a constant heading; the turn
coordinator indicates straight balanced flight. The altitude is
decreasing as indicated by the altimeter and vertical speed
indicator.
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Figure 9-19. Balanced, standard-rate, gliding turn. The
airspeed is steady at glide speed. The attitude indicator
shows a slight nose-low, 10° bank. The heading indicator
shows a right turn. The turn coordinator indicates a
balanced, standard-rate right turn. The altitude is decreasing
as shown by the altimeter and vertical speed indicator.

Figure 9-20. Straight and level flight. Airspeed steady at
expected cruise value. Attitude indicator shows nose- and
wings-level flight. Heading indicator shows a constant
heading. Turn coordinator, straight and balanced flight.
Altitude constant as shown by altimeter and vertical speed
indicator.
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Elementary Precision Maneuvers

Elementary precision maneuvers include steep turns
and wind drift correction.

Steep Turns

The only difference between the steep turn and the
normal turn is the steepness of bank. Many instruc-
tors have made this statement, and many students have
nodded agreement but mentally noted that they didn’t
believe a word of it. The fact is that the techniques are
the same with one or two minor additions.

A steep turn is one with a bank of over 30°. In Chap-
ter 8 and “The Turn” in Chapter 9, you noted that in
medium turns (15°—-30° bank) you were able to take
care of the need for increased lift by increasing back
pressure. As the turn gets progressively steeper, you
will find that the lift must be increased so much that you
run out of angle of attack. In other words, the airplane
stalls before you get enough lift to maintain altitude.

In the steep turn you may need increased power to
maintain altitude because two things are happening:
(1) The required added back pressure means a higher
angle of attack and greater induced drag (see Chapter
2) and (2) the added load factor in the turn causes an
increase in the stall speed. The added power serves to
compensate for the added drag (which might otherwise
finally result in an altitude loss), and it also helps lower
the stall speed. You’ll note in doing stalls that the stall
speed is lower when power is used (Chapter 12).

The 720° Power Turn

The 720° power turn is a confidence-building precision
maneuver that consists of 720° of turn with a coordi-
nated roll-in and roll-out and a bank of 45°—60°. You
will use added power and vary your bank as needed to
maintain altitude (Figure 10-1).

Pick a point on the horizon or a road below as a
reference point. The turns are done at an altitude of

at least 1,500 feet above the surface. Look around for
other traffic before starting the turn.

As you roll into the turn, open the throttle smoothly
so that as the desired angle of bank is reached the
power setting is approximately that of climbing power.
Because of the great amount of back pressure needed
after the turn is established, the angle of attack will be
such that the airspeed will drop appreciably. You have
a high power setting and low airspeed, so you will have
to correct for torque effect.

Once the desired amount of bank is reached, the
ailerons are neutralized, sufficient right rudder to cor-
rect for torque is held, and back pressure is held as
needed to keep the nose at its proper place on the hori-
zon. This nose position may be slightly higher than
that in medium turns because of the required increase
in angle of attack (added back pressure). A good rule
of thumb is to have your bank and power established
before you have made over 45° of turn.

You will find that the back pressure required is
somewhat greater than you had anticipated.

If you see that the plane is losing altitude, the best
method of bringing it back is to shallow the bank
slightly. This will increase the vertical component of
lift and the nose will return to the correct position. Then
resume your steeper bank. Or if the plane is climbing,
steepen up slightly and/or relax back pressure slightly.

The reason for not making the back pressure take
care of all of the altitude variations is this: If you are in
a 60° bank, the stall speed is increased 1.414 times that
in level flight. If you try to climb or try to increase the
lift at this bank, obviously you will run out of angle of
attack. At 60° it takes 2 pounds of lift to get 1 pound
of the vertical component. This is a losing proposition,
and with steeper banks these odds jump sharply (see
Figures 9-4 and 9-5).

Check your wings, nose, and altimeter as you turn.
Watch for the checkpoint. Some students make three or
four complete turns instead of two because they aren’t
watching for the point. After all, this is a precision
maneuver.

10-1
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A Pick your reference point.

B  Smoothly apply power as you roll in.

C  Start the rollout about 45° before
completion of the second turn.

4L

| =

[
I

- ” ik
P4 =
o=~ @0
- A s P
09098 9 -
elical ol
9. ;

i) s 520
D Therolloutis complete. The plane is
at cruise power and altitude,

Figure 10-1. Elements of a 720° power turn.

After you’ve completed the first 360° of turn, if you
held altitude, the plane may wallow or bump slightly
as it flies through its wake turbulence. The more slip-
stream you hit on the second 360° the better your turn
(though this could be argued). It’s possible, however, to
hit a bump even if the altitude ran wild.

The idea is not to start out, say at 3,000 feet, lolly-
gag around from 2,800 to 3,200, and then feel proud
because you happen to be back at 3,000 feet when you
roll out.

While your instructor won’t be too critical about
your performance at this stage of the game, it’s a good
idea to learn the technique now. Then you won’t have
to sweat 720s later when you should be practicing
advanced stalls or other maneuvers.

The second 360° is a continuation of the first; make
corrections as needed. Watch for the checkpoint and
start rolling out and throttling back about 45° before
you are lined up with it. The roll-out should be smooth
and timed so that the plane is in a straight and level
attitude and at cruising power when the checkpoint is
reached.

The hardest part about the roll-out is keeping the
nose from coming up. It takes a lot of back pressure to
hold it up in the turn, and it will take concentration in
easing off that back pressure. During the first few times,
it will seem that you don’t relax back pressure—you
press forward to get the nose down where it belongs.
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To review the 720° turn:

The 720° power turn uses the same fundamentals as
the shallow or medium turn. A steep turn requires only
a longer period of deflection of the ailerons and rudder
in order to obtain the steeper bank.

The reason right rudder may be needed is that the
torque effects are caused by added power and slower
airspeed, not the steepness of bank.

Power is used because (1) the angle of bank is such
that the stall speed is increased, and (2) the required
added angle of attack is increasing drag to the point
where altitude may no longer be efficiently maintained
by back pressure alone.

Some students get the idea that the nose can be
held up by top rudder. The infinitesimal amount of the
upward thrust angle doesn’t compare with the great
loss of efficiency suffered by slipping the airplane and
slowing it down.

Probable Errors

1. Back pressure added too soon at the beginning of
the turn—the nose rises and the plane climbs.

2. Applying full power or opening the throttle too
soon—airspeed has not dropped yet and the engine
overspeeds.

3. When the nose drops, trying to pull it up by back
pressure alone, not shallowing bank—results in
high stresses on the plane.

4. Failure to watch for the checkpoint. (Make a men-
tal note as it goes by the first time. That way you
won’t make the i