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INTRODUCTION

TO THE FIRST EDITION

IT HAS LONG BEEN the writer's opinion that the average pilot could learn
the basics of airplane performance very easily if the involved mathematics
were bypassed. One of the purposes of The Advanced Pilot's Flight Manual
is to bridge the gap between theory and practical application. If pilots know
the principles of performance they can readily understand the effects of
altitude, temperature, and other variables of airplane operation.

GAMA (General Aviation Manufacturer's Association) and the FAA
together have established a Pilot's Operating Handbook, which will include
information now scattered among several different sources. It has a
standardized format so that the pilot can quickly find information (for
instance, emergency procedures), whether flying a Piper, Cessna, or other
makes. The older planes will still have several sources for finding operating
information. Pilot's Operating Handbook will be used as a general term to
cover all sources of information available to the pilot.

When it is said here for instance, "You can find the center of gravity limits
in the Pilot's Operating Handbook," the term is meant to cover all sources of
information currently available to the operator. You may be able to open the
Owner's Handbook and get this information or you may have to go out to
the airplane and look at something called "Operations Limitations" or
"Airplane Flight Manual."

So, rather than repeat each time, "You can find this information in either the
Owner's Handbook (or Owner's Manual) or Pilot's Handbook, or Flight
Handbook, or Airplane Flight Manual, or "Operations Limitations," or in
the form of placards or markings," the writer has used one term: Pilot's
Operating Handbook (POH).

Thumb rules are used throughout as a means of presenting a clearer picture
of the recommended speeds for various performance requirements such as
maximum range, maximum endurance, or maximum angle of climb. Such
rules of thumb are not intended in any way to replace the figures as given



by the POH or comparable information sources, if available. However, the
knowledge of even the approximate speed ranges for various maximum
performance requirements will enable pilots to obtain better performance
than if they had no idea at all of the required airspeeds. Naturally, this
practice must be tempered with judgment. If a pilot flies a rich mixture and
high power settings until only a couple of gallons of fuel are left, setting up
either the rule of thumb or the manufacturer's recommended airspeed for
maximum range still won't allow making an airport 75 mi farther on. The
same applies to maximum endurance. Waiting to the last minutes of fuel to
set up the maximum endurance speed will have no perceptible effect on
increasing endurance.

Many of the rules of thumb are based on the use of calibrated stall
airspeeds, which are in turn based on the max certificated weight of the
airplane (unless otherwise noted). Airplane weight variation effects on
recommended airspeeds are to be ignored unless specifically mentioned.

The material in this booiv includes what the writer believes is of the most
interest to the pilot who wants to go more in detail about airplane
performance. For instance, the chapters on checking out in advanced
models and types are intended to cover the questions most often asked by
pilots checking out in those airplanes.

It is hoped that the material whets the reader's desire for more information.
If so, then the mission of this book will have been accomplished. The books
listed in the Bibliography are recommended for further study.
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Introduction to Airplane Performance

A REVIEW OF MATHEMATICS FOR PILOTS



A pilot doesn't have to know calculus to fly an airplane well, and there have
been a lot of outstanding pilots who could add, subtract, multiply, and
divide —and that's about it. But since you are going to be an "advanced
pilot," this book goes a little more deeply into the whys and hows of
airplane performance, including a little math review.

Trigonometry. Trigonometry can turn into a complex subject if you let it,
but the trigonometry discussed here is the simple kind you've been using all
along in your flying and maybe never thinking of it as such.

Take a crosswind takeoff or landing: you've been using Tennessee windage
in calculating how much correction will be needed for a wind of a certain
strength at a certain angle from the runway centerline. You correct for the
crosswind component and know that the headwind component will help
(and a tail wind component will hurt).

You have been successfully using a practical approach to solving
trigonometric functions. (If an instructor had mentioned this factor earlier,
some of us might have considered quitting flying.)

What it boils down to is this; whenever you fly you're unconsciously (or
maybe consciously) dealing with problems that involve working with the
two sides and hypotenuse of a right triangle. Flight factors involved include
(1) takeoffs and landings in a crosswind, (2) max angle climbs, (3) making
good that ground track on a VFR or IFR cross-country, (4) working a max
range curve (if you are an engineer, too), and (5) calculating max distance
glides. The following chapters will cover all these areas of performance in
more detail.

Looking at a takeoff in a crosswind, you're dealing with the sines and
cosines of a right triangle, a triangle with a 90° angle in it (Fig. 1-1).

SINE. The sine (normally written as "sin," which perks it up a little) for an
angle (a here) is the ratio of the nonadjacent side A to the hypotenuse (side
C) (Fig. 1-1). The Greek letters o: (alpha) and ,8 (beta) are used for the
angles here because, well, it gives the book more class, and the Greek
letters are used in aerodynamics equations. More Greek letters will be along



shortly. The sides of a triangle are normally denoted by our alphabet (A, B,
C).

Look at a 30°-60°-90° triangle (Fig. 1-2). The internal angles always add up
to 180°; thus the other two angles of the right triangle (which has a 90°
angle) always add up to 90° (10° and 80°, 45° and 45°, etc.) Another
interesting point about right triangles is that the sum of the squares of the
two sides is equal to the square of the hypotenuse, or A^ 4- B^ = C^ (Fig. 1-
3). (This is what the Scarecrow recited after the Wizard of Oz gave him a
diploma—and a brain.)

COSINE. For a 30° angle (/? in Fig. 1-2) the relationship of sides A and C
(the hypotenuse), side A is always 0.866 the length of side C (the cosine of
30° is 0.866; A/C = 0.866). Engineers add a zero before the decimal point
for a value less than 1 so that it is clear that there isn't a missing number.

Looking at the angle a in Fig. 1-2, note that the relationship of length of the
adjacent side B at the 60° angle to the hypotenuse (side C) is the cosine of
that angle, always 0.50 (B/C = 0.50).

Fig. 1-1. Right triangle components.

Fig. 1-2. A right triangle with 30° and 60° acute (less than 90°) angles.
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Fig. 1-3. Classic example of the relationship of the hypotenuse of a right
triangle. (Another is a triangle with 7 and 24 sides and a 25 hypotenuse: 7' +
24' = 49 + 576 = 625: 25' = 625).

Fig. 1-4. Finding the headwind and crosswind components.

Looking from the same angle of 60° (a) it is a fact that the sine (the
nonadjacent side A divided by the hypotenuse, or A/C), is 0.866; that is, the
length or value of side A is 0.866 the length of the hypotenuse. The sine of
the 60" angle is the same as the cosine of a 30° angle —and why not? That's
the same side (A). For side B, 0.500 is the cosine of the 60° angle and the
sine of the 30° angle. (Got that?)

(Fig. I-2)-cosine a = B/C = 0.500 sine & = B/C = 0.500

Take a practical siiiialion: You are taking off in a jet fighter from a runway
with a 40-K wind at a 30° angle to the centerline. What are the crosswind
and headwind components? You're working with a right triangle with 30°
and 60° acute angles (Fig. 1-4). Solving for the crosswind component for
the wind ai a 30° angle you find that the ratio of A to C is 0.50 to 1, or one-
half. The component of wind working across the runway is 0.50 of that of
the total wind speed of 40 K, or a 20-K crosswind component, which means
the same side force as if the wind were at 20 K at a 90° angle to the runway.



To make takeoff calculations in the Pilot's Operating Handbook (POH)
you'd need to know the headwind component (B/C), or the cosine of the 30°
angle, which is aiwavs 0.866. So. . .0.866 x 40 K is 34.64 K. (Heck, call it
35 K.) If, however, the wind was 60" to the runway at 40 K, the situation
would be reversed and the crosswind component would be 0.866 x 40 =
34.64 (35) K (and the headwind component would be 0.50 x 40 = 20 K), as
can be seen by checking the graph (Fig. 1-5). What we've started here is a
wind component chart like that found in a POH; here the engineers work
out the sines and cosines for various angles the wind may make with the
runway and all you have to do is read the values off the graph. Note that the
triangle in Fig. 1-4 and the shaded area of Fig. 1-5 are the same. The wind
speed in the graph is always the hypotenuse (side C) of the triangle.

TANGENTS. The tangent is the relationship between the far side (the
nonadjacent side) and the near side (the side adjacent to the angle in
question). Look back at Fig. 1-2. The relationship A/B is the tangent of the
angle a (60° shown there), and

Fig. 1-5. The wind component chart is a prepared set of right triangles, with
sines and cosines precalculated and drawn. Horace Endsdor-fer, private
pilot, assumes that Fig. 1-5 can only be used for crosswinds from the right,
since that's the way it's drawn, but Horace has other problems as well (see
Chap. 7 —Endurance).

looking ahead at Fig. 1-8 you can see that the tangent of 60° is 1.732. In a
60° angle, side A is L732 times as long as side B. The tangent is useful in



such factors as finding the angle of climb, where the relationship of feet
upward versus feet forward is essential.

To digress a little. Fig. 1-6 shows the procedure probably first used in
measuring the height of an object too high to be scaled easily. Although the
example is better as a problem in geometry, it shows that for a given angle
(the sun's rays form-

1 / AIRPLANE PERFORMANCE AND STABILITY

Tonqent !^ = A B

Fig. 1-6. Using the relationship between similar triangles to find the height
of a flagpole by measuring sides A and B of the small triangle and side B of
the large triangle to find side A (the height of the flagpole). It is assumed
that the flagpole is greased so that it cannot be climbed and measured with a
tape. (There's the old story of two physics students who were each given a
very expensive barometer and told to find the height of a certain tall
building. One dropped the barometer off the top and measured its fall with a
stopwatch. The other went to the janitor and said, "If you tell me exactly



how high this building is, I'll give you this fine barometer." Scientific
research methods vary, it seems.)

Fig. 1-7. Max angle of climb (7) is a tangent function and depends on the
higliest ratio of A (vertical height) to B (horizontal distance). Gamma (7) is
normally used to depict climb or descent angles.

Fig. 1-8. (below) A. Sine, cosine, and tangent values. Notice how the
tangent value increases rapidly as the angle approaches 90°; for instance,
from 85° to 89.5° (4.5°) the value increases over 10 times and goes to
infinity at 90°. B. A graphical representation of the sine, cosine, and tangent
values. Note that the tangent goes off the scale at a value of 1.0 at 45°. The
examples are for the sine, cosine, and tangent of 30°.

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

ANGLE-Degrees ^
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ing the shadow), the sides of a right triangle have the same ratio.

If you were assigned the job of finding the height of the flagpole on a sunny
day you eould set up a vertieal pole 4 ft tall and measure the shadow (3 ft
here). You would then qiiiekly measure the flagpole shadow to establish the



ratio of the two poles (Fig. 1-6). Your numbers would not likely work out as
evenly as these, however, and there would be a problem on a eloudy day or
at night.

If you had a device set on the ground for measuring the angle a (53° here)
and knew the distance of that device from the flagpole (B) you would come
up with tan a = A/30; A = 30 tan a; « = 53°, tan a = 1.33, A = 30 x 1.33 =
40 ft.

Okay, to review:

The sine oj an angle is the ratio between, or relative value of. the "far"
(nonadjaceni) side of the right triangle and its hypotenuse and, like the
cosine and tangent, is always the same for any given angle.

The cosine is the ratio between, or relative value of, the "near" (adjacent)
side of the right triangle and its hypotenuse.

The tangent is the ratio of the "far" side to the "near" side of an angle of the
right triangle.

The tangent shows the relationship in a climb between vertical and
horizontal distances covered.

The sine 10.500) of a 30" angle is the same as the cosine of a 60° angle.
The sine of 55° equals the cosine of 35°, sine 20° equals cosine 70°, etc.
(The "etc." is to cover the fact that the first time you encounter it this can be
as confusing as an lAA directive.)

Fig. 1-8 is a table of sine, cosine, and tangent functions for angles from 0°
to 90° in 5° increments, plus three other selected angles that will be
discussed later. Using a trig table (or the right pocket calculator) you could,
for instance, find the sine of an angle of 6'36' (6 degrees 36 minutes) or
6.6°, which turns out to be 0.1149372. (That's all you need —to be
fumbling around with a trig table or calculator while you're



CALIBRArBD AIRSPEED -Knots

Fig. 1-9. Rate of climb versus airspeed, finding the angle of climb at sea
level (no wind).

flying.) But again, what it says is that the ratio of the value of the far side of
the triangle to its hypotenuse is 0.115 (rounded off in Fig. 1-8); it's about
11.5% as long as the hypotenuse.

Max Angle Climb. A good example of finding the max single of climb of
an airplane at a particular density-altitude is shown in Fig. 1-9, which is a
variation of Fig. 6-7. (You might lake a look at Fig. 6-7 now.)

As noted in Chap. 6, the max angle climb speed is found by running a line
from the origin of the graph (zero climb and zero knots) tangent to or
touching (and passing) the curve.

The angle of climb (7, or gamma) is the tangent, or the ratio of A to B
(A/B); tan 7 = rate of climb/velocity —or is it?

The rate of climb is 1200 ft per minute (fpm) and the velocity is 75 K, so
tan 7 = 1200/75 = 16, which would give a climb angle (after referring to
your trig table or using a calculator) of 86.4°. Now that's a climbing
airplane! (Fig. 1-10)

Fig. 1-10. Using the dimensions cited in the example gives the airplane
extraordinary climb performance.
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Of course, 86.4° is no! the answer because we're dealing in apples and
oranges, knots and feet per minute. One of the values must be converted to
the other; for simplicity, convert the 75 K to feet per minute. The
conversion for knots to feet per second is 1.69; multiply that by 60 to get
the distance covered in a minute: 1.69 x 75 x 60 = 7605 (call it 7600).

So the tangent of the angle is 1200/7600 = 0.158, or, looking at Fig. 1-8, the
angle of climb is 8.98° (call it 9°). Wait a minute. It's easy to fall into a trap
using the graph shown in Fig. 1-9, although at shallow angles of climb the
error is not too great. At first glance, it seems a simple matter of solving the
tangent: you just plot climb distance versus airspeed and look up the
tangent. The kicker is that the airplane is traveling up along its climb path
flight angle at the airspeed given for ma.x climb.

Look at the problem again after setting up equal values: sin 7 = 1200/7600
= 0.158; 7 = 9.09° (call it 9.1°). The point is that at shallow angles (usually
considered as less than 15°) the sine and tangent are quite close together
and in this case would create an error of 0.11 °, or a little over 0. 1 ° (9.09° -
8.98° = 0.11°).



A problem might be set up as follows: Through earlier flight testing it was
found that the ma.x angle of climb for our new Rocket Six is 10.0° at sea
level density. Find the horizontal distance required from lift-off to clear a
50-ft obstacle under the condition given. Assume that the airplane has the
max angle climb speed at lift-off.

The tangent of the angle of climb is important here because you're finding
the distance to clear a 50-fi obstacle as part of the takeoff and climb
distance for insertion in the POH. The vertical part of the triangle is known
(A = 50 ft), as is the angle of climb (10.0°), so you would need to find B, or
the horizontal distance required (Fig. 1-11). Tan 7 = tangent of 10.0°
(checking Fig. 1-8, you'll find the answer is 0.176). Note again in Fig. 1-8
that the tangent of the angle is very close to the sine value. So A (the height
of 50 ft) is 0.176, or about 17.6''7o of B, the ground distance., You can see
that the distance required after lift-off to clear the obstacle is 50/ 0.176 =
284 ft. Solving algebraically and doing some reshuffling, tan 7 = A/B; B tan
7 = A; B = A/tan •>, or 50/0.176, or 284 ft. (That's why it's called the
"Rocket.")

RATE OF CLIMB

OR VERTICAL TAS

Fig. 1-11. Finding the climb angle of an airplane at a particular climb speed
(TAS) and rate of climb.

The ground run would be added to this to get total distance to clear a 50-ft
obstacle at sea level density-altitude. The same idea would be used for
different pressure altitudes and temperatures (and different Weights) until
the takeoif distance chart or graph is complete.

Look at a canned problem of finding the climb angle at the maximum rate
of climb for an airplane at a particular altitude and temperature. You are the



test pilot and set up a

climb at 5000 ft density-altitude. You (and the airplane) will be flying the
hypotenuse (side C); the rate of climb will be side A. (See Fig. 1-11 again.)
So...

1. If two sides of a right triangle are known, or

2. If one side and one of the acute angles of a right triangle are known, all
other factors may be found.

Two items are known:

1. The IAS is read off the airspeed indicator, converted to CAS (or HAS, as
needed) and then to TAS (knots).

2. The rate of climb is either timed or read off the extra-accurate vertical
speed indicator especially built for this problem.

The TAS up the climb path is in knots and the rate of climb is in feet per
minute (fpm). Again it's apples and oranges, so you convert one of the
values to the other. For this problem, the TAS along the climb path is to be
89 K and the rate of climb is found to be 900 fpm. One solution is to
convert both to feet per second (although you could convert the TAS to feet
per minute to match the rate of climb usage). To convert 89 K to feet per
second, use the conversion multiplier 1.69. The airplane is traveling at 150
feet per second (fps) along the hypotenuse.

The rate of climb is 900 fpm, or 60 sec x 15 (fps).

The sine of the angle of climb, then, is side A/hypotenuse or rate of climb
(fps)/TAS (fps) = 15/150 = 0.10. See Fig. 1-8B to get the angle.

Sin 7

7

0.10



5.8°

5°48'

You could use "fathoms per fortnight" for both TAS and rate of climb, just
as long as both factors are given in the same terms.

FIXED ANGLE OF ATTACK PERFORMANCE FACTORS

There are several factors in calculating airplane performance based on a
fixed angle of attack; in order to fly at that angle of attack (without an angle
of attack indicator) the airspeed must be varied as the square root of the
Weight change. The following performance parameters for reciprocating
engine airplanes depend aerodynamically on a constant coefficient of Lift
(or constant angle of attack).

Stall Speed. The stall occurs at the maximum coefficient of Lift (CLmav)
for thc configuration chosen (clean or a chosen flap setting). The CLmav
with flaps extended will be higher than unflapped, naturally, which means
that the stall speed (Vsian) will be lower.

Look at the equation for Lift (see Chap. 2 for a more thorough discussion):
Lift = CLS(e/2)V^ where q = air density (slugs per ft^), Ctmas = maximum
coefficient of Lift, S = wing area (ft^), and V^ = true velocity (fps^).
Assuming that Lift = Weight (W), and solving for Vsiaii, you'd find Vs,aii =

VZWTS^eC,]^.

Following are the steps used in finding the stall speed:

L = W = CLn,axS(e/2)V^

_ W 2W

Vsiall —

Cl,niaxS(g/2) CtmaxSg

(The "2" is moved to the top of the equation to simplify things a little.)



To solve for Vs.aii, square roots are taken of each side of the equation:

Vsiall = ^/2W/CLmaxSe

1 / INTRODUCTION TO AIRPLANE PERFORMANCE

You can see that the greater the CYm,,, the lower the stall speed. (V,„ii is
TAS here.)

Double the Weight and the stall speed is increased by a factor of the square
root of 2 (V^), or 1.414. Two numbers to remember if you plan to follow up
on this are \fl = 1.414 and V3 = 1.732. Spend your time memorizing them
instead of watching TV news; it's less depressing.

Max Range Airspeed. Max range distance depends on maintaining the
maximum ratio of C, to C„ (C./C,,), or maintaining a constant angle of
attack throughout the trip. As fuel is burned off, the Weight decreases and
the dynamic pressure must be reduced to reduce Lift so as to maintain
straight and level flight at this constant angle of attack. If you don't reduce
power as Weight decreases, the airplane will climb. (This is one technique
of long-range cruise control, that is, letting the airplane gain altitude as
Weight decreases; but the usual procedure for max range is to maintain a
constant altitude and reduce airspeed as fuel is burned.)

Looking at the Lift equation again, assuming straight and level flight:

W

c,„S(e/2)V' = c,„ X s X e/2 X v^

where C,,, = coefficient of Lift at the max range angle of attack and (e/2)V^
= dynamic pressure (pounds per square foot, or psO-

Taking a fictitious airplane weighing 3600 lb at the start of a max range
exercise at a constant 5000-ft density-altitude and a wing area of 180 ft^,
find the speeds for max range at Weights of 3600 lb and of 2700 lb near the
end of the trip. The C| for max range (Clr, or max C,/Cu) is 0.500 for this
airplane. The density at 5000 ft is 0.002049 slugs per ft' (see Fig. 4-4). Of



course, you aren't going to carry a standard atmosphere chart around in the
airplane, but do the problem anyway.

The true airspeed (V,) to be carried at 5000 ft at a Weight of 3600 lb is

V? =

2 X 3600

2W _

C,„Se ' 0.002049 X 180 x 0.500 = 39,096

7200 0.1844

CmSe

^39,096 = 198 fps

To convert from feet per second to knots, the factor is 1.69; 198/1.69 = ///A"
(rounded off^. The true airspeed to be carried for max range at 5000 ft
density-altitude at 3600 lb is 117 K. Using an E-6B computer or electric
calculator, the calibrated airspeed is found to be 109 K at 5000 ft.

At a Weight of 2700 lb near the end of the trip, the only variable is Weight.
Going through the process again to find TAS:

Vf =

2W CirSq

V nW I 5400 /=Q^^

^' = VoilSi = V0844T = V29;283

= 171 fps, or 101 K

You would again use a calculator to find the CAS at 5000 ft (94 K).



The question comes up as to the variation of max range indicated (or
calibrated) airspeed with respect to different density-altitudes. Take still
another look at the Lift equation (Lift = Weight): L = W = C,„S(e/2)V'.

Assume that the Weight is the same at the different density-altitudes so that
L (or W) is constant but q varies. Since (q/TiV is dynamic pressure (CAS),
if the other factors (L,

C,,, and S) are constant, then dynamic pressure must remain so.

The combination of one-half the density times the velocity, or TAS, squared
of the air molecules moving past the airplane gives the dynamic pressure
required to support it.

Suppose that an airplane at a certain Weight and C, requires a minimum
calibrated airspeed of 100 K, or a dynamic pressure of 33.9 psf, to maintain
level flight. The 33.9 psf may be obtained by flying at sea level at a
calibrated and true airspeed of 100 K (169 fps), or at 10,000 ft with a true
airspeed of 116 K. In both cases the calibrated airspeed is 100 K. The point
is this: Once the C|„ is found you would fly the airplane at the same
calibrated (or indicated) airspeed at any of the lower operating altitudes to
get max range.

Max Endurance. Maximum endurance for propeller airplanes is also a
function of a constant coefficient of Lift (C,j, or max endurance coefficient
of Lift) as far as aerodynamics is concerned. It is found at a higher angle of
attack than max range and, in aerodynamic theory at least, is the lowest
point on the power-required curve.

As in the cases of maximum range and the stall speed, the airspeed required
to maintain the C,, is decreased with the decrease of the square root of the
Weight (and for the same reasons). More about this in Chap. 7.

Max Distance and Minimum Sink Glides. These are fixed angle of attack
performance factors also varying with the square root of the Weight change.
More about this in Chap. 8.



Maneuvering Speed. The maneuvering speed (Vj) also depends on a
constant C, (Cima«, or the stall angle of attack); therefore V, must be
reduced with the decrease of the square root of the Weight: V,, =
V^.vWjTW,; V, = sj'n x V„ where n = limit load factor (discussed in Chap.
11).

A thumb rule for finding the effects of Weight change on airspeed for any
parameter requiring a constant C, is to reduce the airspeed (V^ here) by
one-half of the percentage of the Weight reduction.

Suppose at 3000 lb an airplane has a maneuvering speed of 100 K (chosen
for simplifying the arithmetic). At 2400 lb, or at 20% Weight reduction, this
rule says reduce the 3000-lb maneuvering speed by 10% to 90 K. At 1800
lb, a Weight reduction of 40%, the original 3000-lb (100-K) maneuvering
speed should drop by 20%, to 80 K.

To check it out, actually solve for the square roots (the technical way of
doing it) and compare. Instead of the thumb rule of 90 K at the lower
Weight of 2400 lb, the computer gives an answer of 89.44 K. At the Weight
drop of 40%, the "real" answer is 77.45 K, as compared with the estimate of
80 K.

Fig. 1-12 is a graph u.sed to see the relationship between Weight change
and required airspeeds for the performance parameters that result from, or
require, a fixed angle of attack, or more accurately, a constant C,. The graph
is a quick and easy way to get the numbers; you can still work it out
yourself if you like.

Following are operating speeds (CAS):

Stalls = V,,,, V„ (landing configuration and clean respectively)

Maneuvering speed = V^

Maximum range speed = V„,

Maximum endurance speed = V„, Each of these operating speeds decreases
as a function of the square root of the decrease in Weight. V^,, as noted in



Chap. 4, is the stall speed for a particular configuration; in this book it will
be the clean stall speed at a particular Weight.

To use Fig. 1-12, assume a fictitious airplane «iih a max-

imum certificated Weight of 3600 lb. The airspeeds (CAS or EAS) at that
Weight for this problem are V„ = 62 K, V^ = 120 K, V„„ = 106 K, V„,. =
80 K. To find the required airspeeds at a Weight of 2990 lb, divide:
2990/3600 = 0.83. The new Weight is 0.83 of the max certificated Weight
(rounded off).

Selecting 0.83 on the ratio of weights scale, move across to intercept the
reference line and then down to find the CAS (or EAS) multiplier of 0.91
for this problem. Solving for the new airspeeds (rounded off) at the lower
Weight of 2990 lb: V„ = 0.91 X 62 = 56 K; V, = 0.91 x 120 = 109 K; V„„ =
0.91 X 106 = 96 K; V,„ = 0.91 x 80 = 73 K. Fig. 1-12 works for any Weight
ratio you may use; 3600 and 2990 lb were just examples.

Fig. 1-12. CAS or EAS multipliers to correct for Weight change with the
fixed angle of attack performance factors (stall speeds, maneuvering, max
range, and max endurance speeds). It's assumed for the graph that the
lowest Weight will not be less than 50% (0.50) of that of the maximum
Weight. You could use the graph to find Weights much lower than the 2990
lb used as an example by having it as the ^'new" max Weight. For instance,
to find the maneuvering speed at 1555 lb for that same (originally 3600-lb)
airplane you could set up the ratio 1555/2990 = 0.52. Looking at 0.52 on the
ratio of Weights scale in this figure and moving over to the line and down-
as was done earlier —you'd get an answer of about 0.72. The V, at 1555 lb
is 0.72 that of 2990 lb. V, at 2990 pounds was 109 K, as was found earlier
V, at 1555 lb would be 0.72 x 109 = 78 K (rounded off).



Weight

2000

Cosine-a500

Fig. 1-13. The cosine of 60° is 0.500; the Weight is 2000 lb. Cosine 0 (phi
or phee, the Greek letter used to denote bank) = cosine 60° = 0.500. The

Lift required = = = 2. Lift required =

2 X 2000

cos 0 4000 lb.

0.500

TURNS

Looking at a 2000-lb airplane in a steady state, coordinated, constant-
altitude turn in a bank of 60° (Fig. 1-13): The "up" and "down" forces must
be in balance if the airplane is to maintain a constant altitude. The items
known are the airplane's Weight, which is acting-directly downward, and
the 60° angle of bank. It is also known that Lift acts perpendicular to the
wingspan (the hypotenuse, or side C), and for now it can be given a value of
1.

Side B (the vertical component of Lift) must be 2000 lb in order to balance
the Weight of 2000 lb, and here it is 0.500 of the value of the total Lift (the
hypotenuse, or side C) required to maintain a constant altitude. The Lift (C)
acting perpendicular (as always) to the wingspan must be 4000 lb. Lift
required = 1/cos 0 = 1/0.500 = 2, or C = 2B's (B = 2000 lb).

The g's being pulled here are Lift/Weight = 4000/2000 = 2 g's. In any
constant-altitude balanced turn, the load factor being exerted is the Lift-to-
Weight ratio, or load factor (LF) = I/cos 4>.

Look back at Fig. 1-8, or use your calculator, and find the load factor for a
25° banked turn; cos 0 = B/C, or cos 0 = 0.906, or LF = 1/0.906 = 1.104 g's.



You could make up your own curve as shown in various textbooks or POHs
by picking bank angles from 0 to 90°, plotting the points, and joining them.
You can use Fig. 1-8 to find the cosine of a particular bank and divide "1"
by that.

This brings up the point about the stall speed increase with increased bank
angle in the balanced, constant-altitude turn; the stall is affected by the load
factor, which is an indication of how much the airplane "weighs." The stall
speed increases as the square root of the load factor increases (or Weight
increases, as was discussed earlier and is shown in Fig. 1-12).

Suppose that the airplane is in a bank of 35° (0 = 35°). What is the load
factor and increase in stall speed? Referring to Fig. 1-8 you'd see that the
cosine of 35° is 0.819 (call it 0.82). The load factor in the 35°-banked
constant-altitude turn is 1/cos 4> = 1/0.82 = 1.22. The pilot (and airplane) is
feeling 1.22 g's flying the 35°-banked turn. The stall speed increase is the
square root of the load factor (or apparent Weight increase), or Vl-22, or
1.10. The stall speed has increased by 10% in the turn (more about this in
Chap. 2).

Radius of Turn. Many times you'd like to have a good idea of what radius of
turn would be expected at a given angle of bank and airspeed (TAS, knots).

radius (ft) =

V^

11.26 tan <i>

For example, what is the turn radius of an airplane at a 30° bank at 150 K?

bank angle (0) = 30° V^ = (150)' = 22,500 tan 30° = 0.577 (look back at Fig

22,500 ^ 22.500 radius - ([, 26)(0.577) ~ 6.497

1-8) = 3463 ft

The radius at 300 K (which is twice as fast as the 150 K just used) will be 4
times as large because the radius is a function of the square of the velocity.



V = (300)' = 90,000 tan 30° = 0.577

90,000 radius =

^ 90,000

(11.26)(0.577) 6.497

= 13,852 ft

Since you know that the radius goes up as V you could multiply the radius
found at 150 K by 4, rather than go through all the arithmetic again.

The "new" radius, if you know the "old" one, is proportional to (Vj/V,)'
times the "old" radius. For example, the radius at 150 K was 3463 ft. What
would be the "new" radius of turn at 190 K?

(190/150)' = (1.267)' = 1.604, or 1.604 x 3463 = 5554 ft

Turn Rate. For those interested in instrument flying the rale of turn is an
important factor; the rule of thumb of dividing the TAS (K) by 10 and
adding one-half of that answer works very well for the standard rate of turn
of 3° per second. As an example, the rule of thumb indicates that at an
airspeed of 130 K a standard rate of turn would require a bank of 19.5° (call
it 20°).

turn rate (degrees per second) =

1091 tan 0 V

where <t> is the bank angle and V is TAS in knots (130 K here). The turn
rate is 3° per second, so turning the equation around a little:

3 = 1091 tan <t>/\

3V = 1091 tan 4>; 3V/1091 = tan <t>

tan« = (3 X 130)71091 = 390/1091



0.3575.

Using a calculator or trig table (or Figure 1-8) you'd find that the angle of
bank {<t>) is 19.67°, a value "easily" flown on the attitude indicator (sure it
is). You could look at Fig. 1-8 and see that the tangent of 20° is 0.3640 and
that the tangent of the angle sought here would be slightly less than that. Or
you could interpolate between 0.3640 (for 20°) and 0.2680 (for 15°).

There is a certain amount of error involved in interpolating between tangent
values because as the angle increases the tangent value increases at a much
higher rate. For instance, the tangent of 60° is nol 3 times the value of the
tangent of 20°. Looking back at Fig. 1-8 you'd note that the tangent of 60°
is 1.732; the tangent of 20° is 0.364, for a ratio of 4.76 to 1 (1.732 divided
by 0.364), not 3 to 1. It gets even more out of hand as the angle approaches
90°.

SUMMARY

This chapter is an introduction or review of trigonometry, as well as briefly
covering certain aspects of airplane performance. The following chapters
will cover climbs, turns, glides, and cruise performance in much greater
detail. After you've read each chapter on performance you might want to
check back to this one for a quick review of the basic factors involved.

BACKGROUND

Lift, Drag, Thrust, and Weight are the Four Forces acting on an airplane in
flight (Fig. 2-1). The actions of the airplane are atfected by the balance (or
imbalance) of these forces, and while each will be discussed separately in
this chapter, don't get the idea that each works completely separately.

LIFT



A

<^

THRUST

^

DRAG

V

WEIGHT

Fig. 2-1. The Four Forces.

Sure, you can fly an airplane without knowing how Lift or the other of the
Four Forces work, but a good idea of the factors affecting each of them can
lead to analyzing and predicting the performance of your airplane under
different conditions of Weight, altitude, etc. This chapter takes a look at
how each Force is developed, and Chap. 3 shows how it acts in flight.

LIFT

Lift is the force exerted primarily by the wings (although the fuselage
contributes, and even the tail helps under certain special conditions) and is
created by the action of the air moving past the airfoil (cross-section of the
wing). Lift is considered to act perperidicularly to the relative wind and to
the wingspan (Fig. 2-2).

The airfoil produces Lift by its shape, which is such that the pressure,
velocity, and downwash distribution results in effective Lift, meaning that
the Lift required for the airplane's various performance actions does not
result in excessive drag and high power requirements. In other words, the
airfoil gives a high Lift-to-Drag ratio (more about that later). You might use



a nat plate of sufficient size to "lift" a 2000-lb (or 200,000 lb) airplane, but
the power required to fly it would be prohibitive.

As the airfoil moves through the air, either in powered or gliding night-or as
the air moves past it as in a wind tunnel-pressure distributions around it
result in a downwash action (Fig. 2-3). This action creates the reaction of
the airplane being supported in flight. (Fig. 3-5 shows some pres-
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Fig. 2-2. Lift acts perpendicular to the relative wind and to the wingspan.
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sure distribution patterns around an airfoil at two different low angles of
attack.) The air, moving past the airfoil, has different velocities at different
positions.

Fig. 2-4 gives some airfoil nomenclature. Note that the mean camber
(average curve) line is equidistant from each surface. Fig. 2-5 shows a
symmetrical airfoil (no camber) at zero angle of attack. The pressure



distributions on each side of the airfoil are lower but equal, there is no
downwash, and Lift doesn't exist. In Fig. 2-6 downwash is present and the
pressure distribution is such that Lift is being produced.

Fig. 2-6. Pressure patterns around a symmetrical airfoil at a positive angle
of attack. By comparing Fig. 2-5 and 2-6 you can see that Lift isn't
produced by a symmetrical airfoil until an angle of attack occurs. Most
aerobatic airplanes have symmetrical or near-symmetrical airfoils for better
inverted flight characteristics. (The airfoil in Fig. 2-3 would be inefficient in
inverted flight.)

Fig. 2-3. Relative velocities and downwash around a nonsymmetrical
airfoil.

MEAN CAMBER LINE

If you are interested in the mathematics of Lift, take another look at the
following equation, which was introduced in Chap. 1.

C,S(e/2)V\ or Lift = Q x S

^ 2

X V^

where L



s =

Lift, in pounds

coefficient of Lift (It varies with the type of airfoil used and angle of
attack.) wing area, in square feet (Fig. 2-7 shows how it is usually
measured.)

Fig. 2-4. Airfoil nomenclature. The chord line is the shortest distance
between the leading edge to the trailing edge of the airfoil.

Fig. 2-5. Pressure patterns around a symmetrical airfoil moving at a zero
angle of attack.

A

Airplane Weight 3000 lbs.

Wing area 150 sq. ft.

Wing loading = 3000 = 20 psf 150

Fig. 2-7.

2 / THE FOUR FORCES
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q/2 = air density {q) divided by 2. (Rho, or g, is air density, which for
standard sea level conditions is 0.002378 slugs per cubic toot. It" sou want
to know the mass of an object in slugs divide the Weight, in pounds, by the
acceleration of gravity, or 32.16. The acceleration caused by gravity is
32.16 ft per second, per second at the earth's surface.) V = true velocit\ (true
airspeed) of the air particles in feet per second (fps) squared.

Coefficient of Lift is a relative measure of an airfoil's lifting capabilities.
Comparatively high-lift airfoils, such as the Clark Y type with its curved or
cambered upper surface and flat lower surface, may have a maximum C, of
1.8. A thin airfoil, such as might be used on a jet, may have a maximum C,
of only 0.9. The airplane having the higher maximum coefficient of Lift, or
Cimav, will use less runway on landing (assuming two airplanes of equal
wing loading operating in the same air density). Having available the C,
versus angle of attack curves of various airfoils, the engineer can decide
which airfoil would be better to use for a particular airplane. Your contact
with the term Is only through control of the angle of attack while flying.

A plot of Cl versus angle of attack for a typical general aviation airplane
type of airfoil shows that the C, increases in a straight line with an increase
in angle of attack until the stalling angle is reached, at which point the C,
drops off rapidly (Fig. 2-8).

Fig. 2-9 shows the C, versus angle of attack for a highspeed symmetrical
airfoil such as may be used on jets. Its maximum C, is only 0.9, which
means that the airplane would have a high landing speed.

These airfoil designations describe the airfoil properties and shape. The
23012 is an unsymmetrical airfoil. The "12" indicates that the airfoil
maximum thickness is 12% of its chord. The 0006 airfoil Is a symmetrical
airfoil (the first two zeros tell this) with a thickness ratio of 0.06 or 6%.

Take the 3000-lb plane with the 150-ft- wing area in the earlier example.
Assume that there are two airplanes exactly alike with this Weight and wing
area; one has a 23012 airfoil, and the other a 0006. The plane with the 0006



high-speed airfoil will cruise faster because of less Drag but will also land
faster. In fact, it may land so fast as to be useless for many smaller airports.

It has been found that a "birdlike" airfoil (Fig. 2-10) has a comparatively
high Ci„,ax. Earlier planes used this type and had low landing speeds —but
also had low cruise speeds because of the higher Drag at all angles of
attack. A good setup would be to have a 0006 airfoil for cruising and a
birdlike airfoil for landing. Flaps accomplish just that; when you lower the
flaps you raise the Cim,x and have a lower landing speed.

Fig. 2-11 shows plots of the C, versus angle of attack for two airfoils.
Notice the similarity of the curves of the 0006 with flaps and the 23012. It
can be readily seen that although the flaps Installation adds Weight, flaps
make it possible for fast airplanes to land at low speeds. The two airplanes
of the same Weight and configuration in the example would probably use
the same amount of runway for landing, assuming the plane with the 0006
airfoil used 60° of flaps and the one with the 23012 airfoil did not have
flaps and, of course, the air density (density-altitude) was the same for both
airplanes.

By using the Lift equation (L = C,5(^/2) V', and solving for velocity, an
actual comparison of the two airplane landing speeds can be found. For
convenience, we'll assume that the two airplanes are landing at sea level,
that Lift just equals Weight at the touchdown, and that the C, in the equation
is

Fig. 2-8. Coefficient of Lift versus angle of attack, NACA (now NASA)
23012 airfoil.

Fig. 2-9. Coefficient of Lift versus angle of attack, NACA 0006 airfoil.

'Birdlike" airfoil



NACA 0006 with flaps

Fig. 2-10.
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23012

2.0 t^ 1.5

Cj Q5

5 ID 15 20

ANGLE OF ATTACK-Degfees

0006

2,0 1.8

1.0 0^

Cj 0.5

0 5 JO 15

ANGLE OF ATTACK-Degrees

20

25

Fig. 2-11. Comparison of plain NACA 23012 airfoil and NACA 0006
airfoil witfi and without flaps.

C[,ma\ (both will touch down at the maximum angle of attack or minimum
speed).



First solve for the landing speed of the airplane with the 23012 airfoil and
do a little algebraic shuffling of the Lift equation:

V = ^2L/CLmaxSe.

Everything inside the square root enclosure is known: L (Weight) = 3000 lb,
Ctmax (for this airfoil) = 1.8, S = 150 square feet, and q = 0.002378 slugs
per cubic foot.

v^

6000

X

= 97 fps

150 X 0.002378

VS^v^

Thinking in terms of miles per hour, V = 55 mph or 57 K (true airspeed, or
TAS).

Do the same thing for the airplane with the 0006 airfoil (no flaps); Ctmax is
0.9 instead of 1.8 (everything else is the same):

= v^

6000

9 X 150

= 137 fps or

= V!

6000 32



X 0.002378 93.5 mph or 81 K (TAS)

V18,750

(At sea level the indicated and true airspeeds will be the same, assuming no
airspeed instrument or position error.) A pretty "hot" airplane but it could be
cooled down by adding the flaps mentioned earlier.

Getting back to Lift in general, the funny thing about it is that you really
don't worry about how much Lift you have in normal flying —you fly by
the airplane and Lift takes care of itself. Sure, you can be flying along at
cruise and increase Lift by pulling back on the wheel but you can feel that
Lift is greater than it should be by the way you are being pressed down in
the seat. As Drag is increased by the increase of Lift, you'll find that the
airplane slows —and Lift will tend to regain its old value again.

One time when you are interested in watching Lift increase is on takeoff. If
your 3000-lb airplane with the 23012

airfoil (or any airfoil) is taking off at a high elevation (where the density is
low) it must have a higher V- (TAS, squared) in order to make up for the
lower density to get the required Lift for lift-off. This is one of the reasons
why a longer takeoff run is required at airports at higher elevations. (The
big reason is that the engine is producing less power in the less dense air,
but this will be covered in later chapters.)

High-Lift Devices. The effects of flaps, as noted, can increase the maximum
C^ compared with the wing without flaps. While the term high-lift device is
commonly used, actually the purpose of flaps, slots, or slats is to provide
the same Lift as before (say 3000 lb) at a lower airspeed, not to increase the
Lift over that required. If you are flying at a high speed and suddenly put
the flaps down it is true that Lift will be increased suddenly and the airplane
will accelerate upward—and you will again be pressed down sharply in the
seat. You could find that "increasing the Lift" in such a fashion could cause
certain problems (such as leaving a trail of flaps and other parts of the
airplane fluttering behind). So the high-lift devices are used at tow speeds.
More about this in Chap. 11.



FLAPS. Flaps are the most widely used high-lift device. Many types are in
use, a few of which will be covered here.

1. Plain flap —A. simple means of changing the camber of the airfoil for
use at low speeds (Fig. 2-12).

2. Split flap —Yon can see in Fig. 2-13 that there is a low-pressure region
between the flap and the wing so that for equal flap areas and settings, the
split flap tends to cause greater Drag than the plain flap, particularly at
lesser angles of deflection.

3. Fowler flap —This flap combines a camber change with an increase in
wing area—a good combination to lower the stall speed for landing but the
system may be too complex and heavy for lighter planes (Fig. 2-14).

4. Zap flap —This split-type flap increases wing area in the same way as
the Fowler type (Fig. 2-15).

5. Double-slotted flap-'Qy putting slots in the flaps, a combination of
camber change and smoother flow is obtained (Fig. 2-16).

Fig. 2-12.

Low pressure

Split flap

Fig. 2-13.



Fig. 2-14.

Fig. 2-15.

Fig. 2-16.

SLOTS. The leading-edge slot is a means of i<eeping a smooth flow at
higher angles of attack than would be possible with an unslotled wing. Slots
usually are placed near the wing tip to aid in lateral (aileron) control at the
stall and to insure that the tips don't stall first, or they may be used along the
entire span.

You are familiar by now with the idea of a wing dropping during the stall
and, like most pilots, probably prefer an airplane that has a good, straight-
ahead stall break (Fig. 2-17).

Aileron



Plain wing

Slotted wing

Fig. 2-17. Comparison of plain and slotted wing at higher angles of attack.

SLATS. Slats are movable leading-edge vanes that form slots. The slot
causes Drag at higher speeds and, as the slat can be retracted more or less
flush with the leading edge, it is a boon to higher-speed airplanes. Some jets
use a "droop snoot" in combination with flaps to obtain a birdlike airfoil for
lower landing speeds (Fig. 2-18).

'Droop snoot"

Flap

"Clean" airfoil

Landing configuration

Fig. 2-18.

The high-lift devices complement each other —that is, by adding flaps to a
plain airfoil, the maximum C, is raised; adding slots or slats to this flap-
equipped wing results in a further increase in CLmax-

Boundary Layer. You've probably heard this term many times. A good
illustration of boundary layer can be seen on a dusty wing; you fly the
airplane at speeds up to 200 K, but the dust isn't affected. The boundary
layer effect is one factor that helps to keep the dust on. The boundary layer
is that thin layer of air adjacent to the surface of a moving body. The
velocity of the boundary layer air varies in speed from zero at the surface to
the free stream velocity (TAS) at a certain distance from the surface. The
thickness of a boundary layer varies for different conditions of velocity,
surface roughness, etc., but normally may be considered in terms of very
small fractions of an inch.



There are two types of boundary layers: (1) laminar or layered smooth flow
and (2) turbulent. The laminar type creates much less skin friction Drag
than the turbulent type; aeronautical engineers are particularly interested in
maintaining a laminar boundary layer over as much of the wing and other
components as possible at high speeds. Fig. 2-19, a typical airfoil for a light
trainer, shows that both types are present.

POIWT OF TRANSITION

Exaggerated view of boundary layer types
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Fla. 2-19.
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From a Drag standpoint then, it is advisable to have this transition from
laminar to turbulent flow as far aft as possible, or have a large amount of
the wing surface within the laminar portion of the boundary layer. As the
transition usually occurs at approximately the thickest part of the airfoil
(where the pressure is lowest) some airfoils are designed with the thickest
parts at a position of 40 to 50% of the chord instead of the usual 25 to 30%
(Fig. 2-20).

POINT Of TRAN6ITIOW

*auu%A/7-

Laminar flow airfoil

Fig. 2-20.



These laminar types of airfoils are now being used on various high-
performance general aviation planes.

While maintaining a laminar flow as long as possible is a decided
advantage from a Drag standpoint, it doesn't always work quite so well for
stall characteristics. One of the first steps in a stall is the separation of the
boundary layer, and the longer it remains intact the more delayed the stall
(higher angle of attack and a greater Ctmax at stall). The laminar layer
tends to break down more suddenly than the turbulent layer so that the
laminar flow airfoil usually does not have quite as good stall characteristics
as found in older airfoil types (all other things being equal). The designer
must compromise between low Drag and good stall characteristics on the
airplane using the laminar flow airfoil.

Some general aviation trainers use NACA 64 and 65 series airfoils, which
are considered to be in the laminar flow family. The Piper Cherokee 140
has a 652-415 airfoil, which has the maximum thickness of 40% aft of the
leading edge (the "4" in its designation) and a thickness-to-chord ratio of
0.15, or 15%.

One problem encountered in actual operations is that mud or other
protrusions on the wing surface may cause the laminar flow to become
turbulent at a point well forward of the desired or designed point. Fig. 2-20
shows the "perfect" situation. But insects smashed against the leading edge
may cause the flow behind the point to become turbulent, with a resulting
loss of cruise efficiency. It would seem that any kind of roughness
(scratches or protrusions) could cause problems, but aerodynamicists note
that a scratch or depression has little effect on transition, compared with a
protruberance of the same dimension.

BOUNDARY LAYER CONTROL. For many years engineers have worked
to find means of delaying boundary layer separation at higher angles of
attack. Two methods are generally used: (1) suction, which removes the
boundary layer at various points of the airfoil, drawing it inward, and (2)
blowing, which adds energy to the boundary layer and in essence works as
if the entire airfoil has a turbulent layer (with its resulting better stall
characteristics because of later separation). Boundary layer control requires
a great deal of energy, which only can be furnished by adding Weight in the



forms of pumps, piping, etc. Jets use bleed-air from the compressor
sections.

Angle of Attack Indicators. The U.S. Navy has for some

years used angle of attack (a) indicators both for operational carrier
airplanes and for those in the Training Command preparing pilots for their
flying with the fleet.

The airplane will always stall, clean, at a certain a and, with a given amount
of flap deflection, at another constant a —Weight, airspeed, or g force has
no effect on it. The max range and max endurance will each have a
requirement for a certain fixed C, as will the max distance or minimum sink
glide. By knowing the different angles of attack (sometimes given in
degrees, but more often in units) required for the various performance
phases just cited, the pilot may hold them constant during the period of that
particular phase. The same value of angle of attack would be maintained on
the A/A indicator throughout, say, a 5-hr max range flight where, because
of fuel burn, the Weight may decrease by 30 to 40%. To maintain the max
range conditions without an A/A indicator, the airspeed must be reduced as
the square root of the Weight change, as was noted in Chap. 1. (See Fig. 1-
12 for a graph to correct the airspeed for constant phases, depending on a
constant C, value.)

Since angle of attack is the criterion for performance in these earlier
mentioned areas, variable Weight or density (atmospheric pressure and
temperature) has no effect on the A/A readings for the various maneuvers.
If, for example, the airplane stalls at an indicated 15 units with full flaps in
bitterly cold Antarctica at a very light Weight, it will also stall at 15 units
with full flaps at max Weight in Central Africa on a hot summer day. The
calibrated airspeeds at stall will be different but in this case only because of
the Weight. The approach units would be the same value in both cases; the
approach airspeeds would be ditferent, however.

The A/A indicator uses a probe (well calibrated and usually on the fuselage)
to check the airflow. Taken into account are the angle of incidence and other
factors that would result in different angles between fuselage and wing
flow.



DESIGN OF THE WING

Every airplane is made up of compromises, and this is particularly
noticeable in wing design. For speed, a tapered wing is better than a
rectangular wing. But the tapered wing with no twist has poor stall
characteristics, as the tips tend to stall first. Common sense tells you that the
tapered wing has less Drag because of less area near the tip —which results
in less induced (vortex) Drag than on a rectangular wing of equal area
(assuming the two planes have the same span loading). The elliptical wing
(like that of the WW II Spitfire) is more efficient but does not have as good
stall characteristics as the rectangular wing (other factors being equal).

Wing Design and the Stall. There are several solutions to this problem of
the stall. In every case the tips should stall last. You want lateral (aileron)
control throughout the stall. An airplane with bad rolling tendencies at the
stall break is viewed with a jaundiced eye by pilots. The best stall pattern is
to have the wing stall at the root area first, with the stall progressing
outward toward the tips. This may be accomplished by several means:
washout or twist, slots, stall strips, and spanwise airfoil variation.

WASHOUT OR TWIST. The wing may have a built-in twist so that the tip,
having a lower angle of incidence (resulting in a lower angle of attack
during the approach to a stall), will be flying after the root section has
stalled. Generally this difference in incidence is no more than 2° to 3° from
root to tip. The tips are said to have washout in this case (Fig. 2-21).
Washed-in tips would have a higher angle of incidence —hardly conducive
to pilot ease during the stall as the tips naturally tend to stall first.

Angle of attack

/^ Ant;le of attack

Exaggerated view of wing tip washout



Fig. 2-21. Wing tip washout as a means of maintaining lateral control
during the stall.

SLOTS. Slots are not onl\ a high-lilt dc\icc but also a lateral control aid.
Planes wiih slots usualh have them only in the section near the wing tip so
that lateral control can be maintained throughout the stall, or at least so that
a wing won't drop suddenly with little warning, as may sometimes happen
in a landing or practice stall (unmodified tapered wings have this tendency).
Slots give the tapered-wing airplane the benefit of added lateral control in
the stall and tend to dampen any rolling tendency. If the tips stalled first
(remember, some airplanes have a different twist in each wing to counteract
torque), a sizable rolling moment could be produced.

Some STOL (short takeoff and landing) airplanes have full-length slots or
slats, which make for good slow-speed characteristics (Fig. 2-22).

SPANWISE AIRFOIL VARIATION. This high-sounding title simply
means that some wings may have a high-speed-type airfoil at the root and a
low-speed-type at the tip. An extreme example would be a laminar flow
airfoil at the root and a birdlike airfoil at the tip. The birdlike tip will be
flying after the highspeed section at the wing root has stalled (Fig. 2-24). In
some cases several of these wing design techniques may be combined. The
fact that the root section stalls first tends to cause a flow disturbance that
usually results in tail butTeling and warning of the impending stall.
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Fig. 2-24. Different airfoils at root and tip.



Fig. 2-22.

STALL STRIPS. Stall Strips, or spin strips as they are sometimes called,
are strips attached to the leading edge of the wing near the root. As the
angle of attack increases, these strips break up the flow, which gives the
desired effect of the root area stalling first (Fig. 2-23).

Wing Tip Tanks or End Plates. Many jets and several of the new high-
performance light planes use tip tanks. The aerodynamic effect of tip tanks
or end plates is an increase in effective aspect ratio (ratio of span to average
chord), and you'll see in the next section that a larger aspect ratio results in
lower induced Drag. In most cases the tip tanks more than offset any
additional penalty such as increased frontal area or skin friction area.

DRAG

Anytime a body is moved through a fluid such as air, Drag is produced.
Airplane aerodynamic Drag is composed of two parts: induced Drag (the
Drag caused by Lift being created) and parasite Drag (form Drag, skin
friction, and interference Drag). Drag acts rearward and parallel to the flight
path.

Parasite Drag. The following factors affecting parasite Drag are similar to
those affecting Lift (assume as each factor is discussed that the others
remain constant).

Coefficient of parasite Drag —A. relative measure of the parasite Drag of
an object. The more streamlined an object the lower its coefficient of
parasite Drag (Fig. 2-25).



High coefficient of DRAG

Low coefficient of DRAG

Fig. 2-25. A comparison of the Drag of a flat plate and a streamlined shape
with the same cross-section area at the same air density and velocity.

Fia. 2-23. The stall or spin strip.
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Air density —The greater the density of the fluid moving past an object, the
greater the parasite Drag, assuming the velocities are the same. Note the
difference in effort required to move your hand through water and air at the
same speeds.

l^/oc/7;' —Double the airspeed and parasite Drag is quadrupled.

>l/-ea —Parasite Drag increases directly with the size of the object in the
airstream. The engineers normally base the total Drag of an airplane on its
wing area, so as to estabhsh some basis for comparison between airplanes.

The total coefficient of Drag is the sum of Cdi (coefficient of induced Drag)
and the Cop (coeflficient of parasite Drag), or Coiocai = Coi + Cdp (more
about Cdi later). Total Drag = (Cdj

+ CDp)S(e/2)v^



FORM DRAG. This is the Drag caused by the frontal area of the airplane
components. When you were a kid you no doubt stuck your hand out the car
window when you went riding (until your parents noticed). When your
hand was held palm forward, the Drag you felt was nearly all form Drag.
When your hand was held palm down the Drag was caused mostly by skin
friction. This can probably be best described by looking at a very thin flat
plate (Fig. 2-26).

A. Form drag

B. Skin friction drag

T From this

To this

Fig. 2-26. Form Drag and skin friction Drag.

Fig. 2-27.

SKIN FRICTION DRAG. This is the Drag caused by the air passing over
the airplane's surfaces. Flush riveting and smooth paint are good ways of
decreasing skin friction Drag. A clean, polished airplane may be several
miles per hour faster than another of the same model that is dirty and
unpolished. Waxing and buffing will help an aerodynamically clean
airplane because a large proportion of its parasite Drag is due to skin
friction. Waxing the Wright Brothers' Flyer would have been a waste of
elbow grease as far as getting a noticeable added amount of airspeed
because the largest percentage of its Drag was form Drag.

INTERFERENCE DRAG. Interference Drag is caused by the interference
of the airflow between parts of the airplane such as are found at the



intersection of the wings or empennage with the fuselage. This Drag is
lessened by filleting these areas so that the mixing of the airflow is more
gradual (Fig. 2-28).

Interference Drag increases as the angle between the fuselage and wing or
tail decreases from 90°. A midwing configuration (round fuselage) would
have less interference Drag than a wing placed low on the same fuselage
(assuming no fairing). Without fairings. Drag increases radically for the low
wing at higher angles of attack.

A good example of increased interference Drag is during gear retraction or
extension. The acute angles between the landing gear and wing or fuselage
can raise the Drag considerably, and this can be a problem during a lift-off
in close-to-stall conditions.

Note that in Fig. 2-26A the Drag existing is principally caused by the form
of the plate whereas in Fig. 2-26B the largest part of the Drag is skin
friction. This form Drag is the reason why streamlining is necessary in
order to reach higher cruise speeds (Fig. 2-27).

Induced Drag, induced Drag is a byproduct of Lift. As discussed in the
section on Lift, there is a difference in the pressure on the top and bottom of
the wing, and as nature abhors a vacuum (or at least tries to equalize
pressures in a system such as unconfined air), the higher-pressure air moves

<^^^^^-^5^^^=^



Interference drag

Fig. 2-28.
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o\er the wing lip toward the lower pressure on top. Wing tip \oriices result
because as a particular mass ol air gets over the tip the wing has moved on
out from under il (Fig. 2-29).

Fig. 2-29. Wing tip vortices.

Because of action of these vortices the relative wind passing the wing is
deflected downward in producing Lift. The downward deflection of the air
means that the wing is actually operating at a lower angle of attack than
would be seen by checking the airplane's flight path, because it's flying in
an "average" relative wind partly of its own making (Fig. 2-30).



VELOCITY

Fig. 2-31. Total Drag is a combination of parasite and induced Drag.

INDUCED DRAG

n ight path relative

APPARENT

ANGLE OF

ATTACK

Fig. 2-30. Induced Drag.

Fig. 2-30 shows that the "true" Lift of the wing is operating perpendicularly
to its own relative wind rather than perpendicularly to the air moving
relative to the whole airplane (or the relative wind you, as a pilot, think



about). Of course you know that the angle of attack is the angle between the
chord line of the wing and its relative wind.

As the C| (angle of attack) increases, the strengths of the wing lip vortices
get greater with a resulting increase in downwash (and differences in angles
of attack). This makes the difference between effective Lift and the wing's
"true" Lift even greater, which would make the retarding force, induced
Drag, increase (Fig. 2-30).

Keep in mind that wing tip vortices can be very powerful for large airplanes
(which are producing many pounds of Lift) and are particularly vicious
when they are flying clean at low speeds (high C,). Following closely
behind an airliner on approach or takeoff can be an extremely e.xeiting
activity for a lightplane.

Fig. 2-31 plots parasite and induced Drag versus airspeed for a fictitious
airplane at a specific Weight in the clean condition. As you can see, the total
Drag at various speeds is made up of the sum of the two types. Induced
Drag rises sharply as the airplane slows and approaches the stall speed (or
more correctly as it approaches the maximum C,) and at a point just above
the stall speed, it may be 80 to SS'^o of the total drag. It gets lower as the
speed increases (as the angle of attack, or C,, decreases). It will never
disappear because as long as any Lift is being produced it's a resulting evil.

Induced Drag is inversely proportional to the aspect ratio of the wing; that
is, longer thinner wings mean less induced Drag if indicated airspeed,
airplane Weight, and wing area are equal. (Aspect ratio is the wingspan-to-
average-chord ratio or, more correctly, the ratio of the span squared, divided
by the wing area.) If the wing had an infinite span the wing tip vortices
would naturally not exist and induced Drag would be zero. The power of
the wing tip vortices is tied in directly with "span loading" (the amount of
Lift produced per foot of wingspan), which is another way of talking about
aspect ratio. .Mrcraft that require good aerodynamic efficiency rather than
high speed and that operate the majority of the time at comparatively high
coefficients of Lift need high-aspeet-ratio wings (sailplanes and the U-2).
For airplanes such as jet lighters that operate at high speeds where induced
Drag is small compared with parasite Drag, the aspect ratio must be low,
both from an aerodynamic and a structural standpoint.



GROUND EFFECT When the airplane wing operates close to the ground
the downwash characteristics are altered, with a resulting decrease in
induced Drag. This happens because the strength of the vortices is
decreased and the downwash angle is also decreased for a particular amount
of Lift being produced. This means that the wing's true Lift and effective
Lift are working closer to each other (the angle between the two forces is
less) and the retarding tbrce (induced Drag) is less. (Check Fig. 2-30 again.)

When the airplane approaches the ground as for a landing, ground elVect
really enters the picture at about a wingspan distance above the surface. Its
effects are then increased radically as the plane nears the ground until at
about touchdown
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induced Drag can possibly drop by about 48%. All other things equal, the
low-wing airplane is more affected than the mid- or high-wing because the
wing is closer to the ground. Fig. 2-32 shows the decrease in percent of
induced Drag in terms of span height for airplanes of general configuration.
(Remember the effects vary with aspect ratio.)
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Fig. 2-32. Reduction of induced Drag with decrease in height above the
ground.

Basically, ground effect means that you are getting the same Lift for less
induced Drag. As induced Drag can make up 80 to 85% of the total Drag at
lift-off or touchdown, a 48% decrease in induced Drag could mean a
decrease in total Drag of around 40% for a specific angle of attack. This
amount of Drag decrease could fool a pilot into thinking on takeoff that the
airplane is ready to fly and climb out like a tiger, only to discover after
getting a few feet above the ground that it's more like an anemic house cat.
The power required to fly the airplane rises sharply as the induced Drag
increases, and a deficit in power would result in a sink rate. The pilot
meanwhile is holding the same nose attitude, trying to get some climb out
of the suddenly inherited "lead sled." As the airplane starts settling, the
angle of attack is increased because of the downward movement; since the
angle was at the raw edge to begin with, the airplane stalls and abruptly
contacts the ground again (sounds of bending metal in the background).

Ground effect also has a bearing on the longitudinal (pitch) stability of the
airplane. An airplane is more stable in ground effect; that is, the nose is
"heavier" for any trim setting. In fact, ground effect is a major factor in
deciding the forward center of gravity (CG) limits of the airplane. More up-
elevator is needed near the ground because the wing downwash angle is
decreased. The down force exerted on the stabilizer-elevator is a mixture of



free stream velocity, slipstream (which is weak in the power-off condition),
and downwash from the wing. It may take anywhere from 4° to 15° more
up-elevator to obtain the max angle of attack at landing as compared with
that in free flight at altitude, depending on the make and model of the
airplane.

As the airplane is more nose heavy in ground effect, an

airplane loaded at (or past) the rearward CG limits might appear to be
acceptably stable immediately following the takeoff, but as it gained a few
feet could tend to nose up, catching the pilot sleeping. The influence of
ground effect on stability will be covered more thoroughly in Chap. 10.

You can see by looking at Fig. 2-32 that the wing quarter chord would have
to be about V/i to 4 ft above the surface (this is about one-tenth the span of
most current lightplanes) in order to get a 48% decrease in induced Drag.

The pilot's misunderstanding of ground effect has caused more than one
landing accident when the airplane has "floated" the length of the runway
while the pilot sat there with paralysis of the throttle hand thinking "it
would settle on any day now."

You can use ground effect to aid you in acceleration to climb speed after
takeoff. Induced Drag is greater than parasite Drag at this point, so leave the
gear down until you're sure the airplane is going to ;tay airborne (landing
gear represents parasite Drag). Don't let yourself be fooled into lifting off
before the plane is ready.

It was noted earlier that interference Drag may increase during gear
retractions as the gear and doors go through their process. If the airplane's
takeoff performance is depending on ground effect, the retraction of the
landing gear while moving up and out of ground effect could be the factor
that puts the airplane back on the ground —with the gear partially retracted.
Chap. 5 will cover this idea again.

Another reason for not getting the gear up too soon is that an engine failure
could result in a gear-up landing with plenty of landing area ahead. Under



normal conditions leave the gear down until you can no longer land on the
runway ahead.

Ground effect has also enabled pilots to get out of ticklish situations on
takeoff and landing and has been used by pilots of multiengine airplanes on
overwater flights when an engine (or engines) failed. Taking advantage of
this phenomenon allowed them to keep flying under conditions that would
have otherwise resulted in a ditching. Glassy water, which is best for
ground effect can be hazardous as far as judging heights are concerned. You
can see in Fig. 2-32 that a few feet can make a lot of difference as far as
ground effect is concerned.

The wing's lifting function is more efficient in ground effect (it's as if the
wing has a higher aspect ratio) and needs a lower angle of attack to get the
required Lift. The C^ versus angle of attack curve (straight line portion) is
steeper. Looking back at Fig. 2-8, you can see that at an angle of attack of
10°, a Ci of about 1.10 is obtained; in ground effect the slope of the line
might be steeper so that at 10° the Ci could be 1.3 or so. Of course, as an
airplane climbs out of the ground effect it loses this advantage; the Cl
versus angle of attack curve reverts to the situation shown in Fig. 2-8, and a
higher angle of attack is needed to get the required Lift. This could cause
problems in increased Drag and result in a stall if the pilot pulls the nose up
sharply to keep from settling back in.

Lift-tO-Drag Ratio. One measure of an airplane's aerodynamic efficiency is
its maximum Lift-to-Drag ratio. The usual engineering procedure is to use
the term Cl/Co since the other factors of Lift and Drag (density, wing area,
and velocity) are equally affected. (The Cp is the coefficient of total Drag.)
This means that at a certain angle of attack the airplane is giving more for
your money. The angle of attack and ratio of this special point varies with
airplanes as well as with a particular airplane's configuration (clean or
dirty). Pilots hear the term Cl/C,, maximum and automatically assume that
this point is found at Ctmax, or close to the stall. This is not true because,
while the C^ is large at large angles of attack, the total Cb is much larger in
proportion because of induced Drag. Following are figures showing how
the Lift-to-Drag (or
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C, C,,) ratio \arics tor a sample airplane in the clean condition.

The italicized figures show the values for C,/C,, maximum.

The maximum Lift-to-Drag ratio is the condition at which maximum range
and maximum glide distance will be found (this will be covered in more
detail later). It is found at the point of minimum Drag for the airplane.

THRUST

Thrust, the force exerted by a propeller, jet, or rocket, is used to overcome
aerodynamic Drag and other forces acting to retard the airplane's motion in
the air and on the ground. It can be explained by one of Newton's laws of
motion: For every action there is an equal and opposite reaction.

The propeller is a rotating airfoil that accelerates a comparatively large
mass of air rearward, resulting in an equal and opposite reaction —the
airplane moves forward. The Thrust exerted is proportional to the mass and
the velocity of the accelerated air.

The jet engine accelerates a smaller mass of air and fuel at a faster velocity
than does the propeller. The rocket takes an even smaller mass (of its fuel
and oxidizer) and accelerates it to a very high speed.

Thrust Available and Drag. The greatest Thrust for the propeller-driven
airplane is found in the static condition; that is, when you are sitting on the
end of the runway with the engine running at full power the propeller is
producing the greatest Thrust. As the plane moves the Thrust force
available decreases with speed increase.

For straight and level flight the Thrust available (pounds) and Drag
(pounds) are considered equal if a constant airspeed is maintained. For
speeds in the area of cruise where the airplane's Thrust line is acting along
the flight path (the nose is not "cocked up" as is the case for slower speeds)
this assumption is a valid one (Fig. 2-33). The variations of the Four Forces
in different maneuvers will be shown in Chap. 3, and this particular point
will be covered.



Propeller. The propeller, a rotating airfoil, is subject to stalls, induced Drag,
and other troubles that affect airfoils. As you have noticed, the blade angle
of the propeller changes from hub to tip with the greatest angle of incidence
(highest pitch) at the hub and the smallest at the tip (Fig. 2-34).

This twist is necessary because of the difference in the actual speed through
the air of the various portions of the blade. If the blade had the same
geometric pitch all along its length (say 20^), at cruise the inner portion
near the hub would have a negative angle of attack and the extreme outer
portion would be stalled. This is hardly conducive to get up and go —so the
twist is necessary.

20 40 M 80 100 120 140 160

TRUE AIRSPEED-Ktiofs

Fig. 2-33. Thrust required and maximum thrust available versus true
airspeed at sea level and 10,000 ft for a fictitious high-performance four-
place airplane (gross Weight).

Fixed-pitch propellers come in two main categories, climbing and cruising.
Regardless of which prop is on the plane, you always wish you had the
other one. The climbing prop with its lower pitch results in higher rpm and
more HP developed, which gives efficient takeoff and climb performance—
but poor cruise characteristics. The cruise propeller with its higher pitch
results in lower rpm and less HP developed, which is efficient for cruise but



gives comparatively poor performance in takeoff and cliinb. Two terms are
used in describing the angles of incidence and propeller effectiveness: {\)
geometric pilch, or the built-in angle of incidence, the path a chosen portion
of the blade would take in a nearly solid medium such as gelatin and (2)
effective pitch, or the actual path the propeller is taking in air at any
particular time. Okay, looking at geometric pitch you might see a number
on the fixed-pitch prop of an airplane such as M58 D74 or D7458. The "74"
tells you the diameter of the propeller (74 in.), and the "58" tells the
advance of a particular station of the blade.

PROPELLEB fiLA^a PITCH VARlATlOW -^

Fig. 2-34.
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per revolution (58 in.)- A "D7452" propeller would be more of a "climb"
prop (the selected station only advances 52 in. per revolution, hence a lower
pitch); the engine would be revving up more, and it would be more efficient
at lower airspeeds. Different prop manufacturers may have different codes
but you might ask some of the local mechanics about the code for a
particular prop if you aren't sure.

The difference between the geometric pitch and the effective pitch is the
angle of attack (Fig. 2-35). The climbing propeller has a lower average
geometric pitch than the cruising prop and revs up more, developing more
HP (Fig. 2-36).

The velocity of a particular station of the blade can be readily found. Let's
pick a station at a point slightly more than 1 'A ft from the hub center so



that the point chosen travels 10 feet each revolution. At 2400 rpm the
velocity at this point is 400 fps. Assuming a geometric pitch of 30° at this
point, the prop stalls at an angle of attack of 20°, so this portion of the blade
is stalled.

Therefore the only part of the blade developing Thrust under this condition
would be the portion having a geometric pitch of less than 20° — or the
outboard portion of the blades. The Thrust pattern would look like that
shown in Fig. 2-38.

Cross section of a particular station

^^^

^Angle of attack .-Effective pitch

Geometric pitch

Cross section of a fixed pitch propeller at a certain rpm and airplane
velocity

Fig. 2-35.

Fig. 2-36. Climbing and cruising propellers —a comparison of geometric
pitch at the same station (same distance from hub).

Take an airplane sitting at the end of a runway with a cruise-type propeller
revolving at 2400 rpm. Fig. 2-37 shows that as the plane is not moving, the
geometric pitch and angle of attack are the same, and a large portion of the
blade is stalled. A vector diagram would show the difference in the
efficiency of a propeller at 0 mph and 100 mph (at 2400 rpm).



Rotation

Fig. 2-37. Airplane stationary —a portion of the blade stalled.

Fig. 2-38. Thrust pattern of the propeller of a stationary airplane.

For the same airplane moving at 89 K, or 150 fps (again chosen for
convenience), the result can be seen by vectors (Fig. 2-39). You will notice
that the blade is operating at a more efficient angle of attack. As the
propeller is an airfoil, it is most efficient at the angle of attack giving the
greatest Lift-to-Drag ratio. A climb prop would be more efficient at low
airspeeds because a greater portion of the blade is operating in this range.
At high airspeeds it is operating at a lower angle of attack and is not
producing efficient Thrust.

THRUST

Angle of attack

150 fps -forward speed

400 fps - rotation



Fig. 2-39. Angle of attack of the same portion of the blade at a forward
speed of 150 fps (89 K).

At a higher pitch the Drag of the blades is higher and the engine is unable to
get as high an rpm and develop as much HP as would be obtained with a
lower-pitch propeller. The fixed-pitch propeller is efficient only at one
particular speed range.

The solution to this is the variable-pitch propeller, which can be set to suit
the pilot;

1. For takeoff and climb-LOW PITCH, which results in HIGH RPM and
high power. (The British call this "fine pitch.")

2. For cruise -HIGH PITCH, which results in LOW
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RPM and efficient cruise. {The British call this "coarse pilch.")

With a variable-pitch prop the rpm still varies with airspeed, as with the
fixed-pitch prop. In other words, if you set a cruise rpm of 2400, a climb or
dive will cause it to vary. The constant-speed prop, which is an "automatic"
variable-pitch propeller, will maintain a constant rpm after being set. Once
ihe desired setting is made changes in airspeed do not atfeci it.

THE CONSTANTSPEED PROPELLER (OIL COUNTERWEIGHT
TYPE).

fhe constant-speed propeller setting is the result ol a balance between oil
pressure (using engine oil) and the centrifugal force exerted by the propeller
counterweights. This balance is maintained by the governor, v\hich is dri\en
by the crankshaft through a series of gears. The governor has two main
parts, the flyweight assembly and the oil pump. The governor is set by the
prop control(s) in the cockpit. Assume you have set the rpm at 2400 for
cruise. The oil pressure and counterweight forces are equal because the



flyweights in the governor are turning at constant speed and the oil \al\e to
the prop pistons is closed, with oil pressure locked in the propeller hub.
Now assume that you pull the nose up. The airspeed drops, causing the prop
rpm and engine rpm to drop. The centrifugal force on the governor
flyweights decreases because of the drop in rpm. The contraction of the
flyweight causes a two-way valve lo be opened so that increased pressure to
the pistons moves the propeller to a lower pitch, allowing it lo maintain
2400 rpm.

If the plane were dived, the prop would tend to over-speed; the resulting
increase in centrifugal force of the governor flyweight would cause the oil
valve to open so that the oil pressure in the propeller hub dome would
decrease. Centrifugal force on the propeller counterweights would then
cause the prop to be pulled into a higher pitch; the increased blade angle of
attack would result in more Drag and the propeller would not overspeed. To
summarize:

Lower pilch (higher rpm) is caused by added oil pressure.

Higher pilch (lower rpm) is caused b\ centril'ugal force on prop
counterweights.

The operation of most noncounterweight propellers is the reverse of that of
the oil-counterweight types. The blade in creating Thrust creates a moment
that tends to decrease its pitch (the same thing happens to a wing, as will be
covered in Chap. 3). A spring may be added to help this nalmal force. This
is opposed by governor oil pressure, which tends to increase its pitch.

Newer makes of propellers use compressed air or nitrogen in the dome to
increase pitch and feather. This force opposes the pitch-lowering tendency
caused by the blade moment and the governor oil pressure. Because
counterweights are not necessary a great deal of Weight is saved. In elf eel,
the compres.sed air does the job of the counterweights.

To get an idea of how a variable-pitch or constant-speed propeller can
increase the efTiciency of a propeller let's set up a hypothetical situation. To
simplify matters, assume that a cer-lain engine can only be run at a certain
rpm for cruise —no other can be used; 2400 is a good round figure so that's



the number lor this problem. (The propeller is direct-drive and turns at this
same rpm.) Fig. 2-40 shows the efficiencies of a particular propeller at
different pitch settings of the propeller blade (at a station three-quarters, or
75%, of the radius froin the hub) at various airspeeds.

The constant-speed propeller will change its angle to maintain a constant
rpm so as the airspeed increases, the pitch selling will also increase
automalicalh. The dashed line (envelope) shows that as the airspeed
increases, the elficiency remains fairly constant over the entire range. The
propeller pitch changes as needed to keep a constant angle of attack.
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Fig. 2-40. Efficiency of a particular propeller at various blade settings and
airspeeds (constant 2400 rpm).

Notice that the solid line curves for different pitch settings have a
comparatively narrow range of airspeed for peak efficiency. For this
airplane a pitch (at the station at 75''^o of the radius of the prop) of 15° is
80% (or higher) efficient only between the speeds of 85 and 104 K, or has
its peak efficiency at about 95 K. At a pitch setting of 20° the range of 80%
or higher efficiencies is from about 104 to 140 K, with the peak at about
128 K, etc. Shown are the ranges of efficiencies for fixed-pitch versions of
that propeller at 15°, 20°, and 25° pitch respectively. Notice in Fig. 2-40
that the efficiencies for these pitches drop rapidly at the upper ends of their
speed ranges. The constant-speed prop has practically an infinite number of
pitch settings available within the airplane's operating speed ranges; this is
shown by the envelope of peak efficiencies.

U.se of the variable-pitch and constant-speed propeller also will be covered
in later chapters.

TORQUE. You have long been familiar with lorqiie, the pilot's term for that
force or moment that tends to yaw or turn the plane to the let; when power
is applied at low speeds. It is also the price paid for using a propeller.
Knowing that the propeller is a rotating airfoil, you realize that it exerts
some Drag as well as Lift. This Drug creates a moment that tends to rotate
the airplane around its longitudinal (fuselage) axis opposite to prop rotation.



Although normally torque is thought of as one force, it is, in fact, several
combined forces.

I. Slipstream effects—As the propeller turns clockwise, a rotating flow of
air is moved rearward, striking the letf side of Ihe fin and rudder, which
results in a left yawing moment. The fin may be offset lo counteract this
reaction, with the fin setting built in for maximum effectiveness at the rated
cruising speed of the airplane, since the plane will be flying at this speed
most of the lime (Figs. 2-41 and 2-42).
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If it were not for the offset fin, right rudder would have to be held at all
speeds. As it is, the balance of forces results in no yawing force at all and
the plane flies straight at cruise with no right rudder being held (Fig. 2-41).

Slipstr

;ream II /

Relative wind

Fig. 2-41. The offset fin is designed so that the angle of attack of the fin is
zero (the forces balance) at cruise.

Sometimes the fin may not be offset correctly, due to manufacturing
tolerances, and a slight left yaw is present at cruise, making it necessary to
use right rudder to keep the airplane straight. To take care of this, a small
metal tab is attached to the trailing edge of the rudder and bent to the left.
The pressure of the relative air against the tab forces the rudder to the right
(Fig. 2-42).

Relative wind



'^Bent rudder tab

Fig. 2-42. The rudder trim tab.

On lighter planes this adjustment can be done only on the ground, and it
may require several flights before a satisfactory setting is found. For
heavier planes a controllable rudder tab is used, allowing the pilot to correct
for torque at all speed

ranges. If the tab has been bent correctly (or has been set in the cockpit) for
cruise, the torque and impact forces are balanced.

Some manufacturers use an offset thrust line, or "cant" the engine to
counteract torque at cruise; the airplane's reactions are the same as for the
offset fin.

In a climb, right rudder must be held to keep the plane straight. In a dive,
left rudder is necessary to keep it straight. In larger planes the rudder tab
may be set during flight for these variations from cruise.

In a glide there is no yawing effect. Although the engine is at idle and
torque is less, the impact pressure on the fin is also less. The slipstream
effect is the most important torque force working on the single-engine
airplane.

2. Equal and opposite reactions—Newton's Law of equal and opposite
reactions is only a minor factor in torque effects. The airplane tends to
rotate in a direction opposite that of the propeller's rotation. In some cases
the left wing or wing tip area may have washin to compensate for this.
Washin means that the angle of incidence is increased and the wing is bent
up into the airstream for more Lift. Washout can be thought of as the wing



turning down out of the relative wind for less Lift, as noted earlier in the
chapter. Washin may also contribute very slightly to a left-turning effect.

3. Asymmetric loading or propeller disk asymmetric loading (also called P-
factor) —This condition, caused by the air not striking the prop disk at
exactly a 90° angle, is usually encountered in a constant positive angle of
attack such as in a climb or in slow flight. The down-moving propeller
blade, which is on the right side as seen from the cockpit, has a higher angle
of attack and consequently a greater Thrust, which results in a left-turning
effect. This can be visualized by checking Fig. 2-43.

To find the exact difference in the Thrust of the two sides of the propeller
disk, a vector diagram must be drawn that includes the propeller blade
angles, rotational velocity, and the airplane's forward speed and angle of
attack. If the airplane is yawed, the P-factor effect is encountered. A left
yaw would mean a slight nose-down tendency and a right yaw a slight nose-
up tendency (you can reason this out). As climbs and slow flights are more
usual maneuvers than are yaws, these will be the most likely spots to
encounter P-factor effects.

P-factor has been given a great deal of credit for contributing to left-turning
tendencies in situations where it has little, if any, effect on the airplane's
yawing tendencies. For instance, the attitude of the tricycle gear on the
takeoff roll pretty well assures that the prop disk is perpendicular to the line
of "flight" —yet the airplane still turns radically to the left. Let's see, there's
no problem with torque (sure, the left wheel may be pressing on the runway
a few pounds harder

Fig. 2-43. Asymmetric disk loading effects.
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because of "equal and opposite reaction," but the turning ef-feci is
negligible). There is little or no difference in the angle at which the prop
encounters the relative wind, so the rotating slipstream is the culprit here.

Prop manufacturers arc advised to take the P-factor effect into account
when running a vibration evaluation of their propellers (FAA AC 20-66).

Some older twins used to have engines toed-in or -out and this gave a
"permanent" P-factor effect. You can get an idea of P-factor roughness in an
airplane parked in a strong crosswind with the engine idling.

4. Precession —You encounter precession when, in a lailwheel-type
airplane, \ou try to force the tail up quickly on a takeofi" run. The airplane
wants to get away from you as it suddenly yaws to the left. Precession
affects the airplane only during attitude changes.

Precession is a gyroscopic property (the gyro will be covered more
thoroughly in Chap. 4). If a force is e.xerted against the side of the gyro, it
reacts as if the force had actually been exerted in the same direction at a
point 90° around the wheel (Fig. 2-44).

erRO REACTS «S IF FORCE H«0 BEEN APPLIED HERE

€=^

Fig. 2-44. Precession.



The propeller disk makes a good gyro wheel, as it has mass and a good
rotational velocity. Another property of a gyro is "rigidity in space." This
property is used in ships' gyros and aircraft attitude indicators and heading
indicators. The rotating gyro wheel tends to stay in the same plane of
rotation in space and resists any change in that plane (Fig. 2-45). If a

Fig. 2-45. The gyro wheel has the property of "rigidity in space."

force is insistent enough in trying to change this plane of rotation,
precession results.

When you're rolling down the runway in the three-point position (in a
tailwheel-type plane), the propeller is in a certain rotational plane. \ou are
using full power and are fighting the other torque effects (rotating
slipstream, asymmetric loading, etc). When you shove the wheel or stick
forward and the tail rises, the plane reacts as if the force were exerted on the
right side of the propeller disk from the rear. The result is a brisk swing to
the left. You can further reason out the reactions of the propeller plane to
yawing, pull-ups, or pushovers. You're most likely, however, to notice
precession effects on getting the tail up for takeoff because the rudder is
comparatively ineffective at this low speed and the sudden yaw is harder to
control.

SUMMARY OF TORQUE. These forces or combinations of them make up
what pilots call "torque," the force that tends to yaw the plane to the left at
low speeds and high power settings. This discussion is presented so that you
may get to understand your airplane better; the objective is to compensate
for torque and to fly the airplane in the proper manner. There are a lot of



good pilots flying around who wouldn't know what "asymmetric disk
loading" was if they were hit in the face with it. The nose yaws to the left
and they correct for it —and so should you.

The Power Curve

FORCE, WORK, AND POWER. In order to understand power and
horsepower it is necessary to discuss/orce and work.

A force may be considered a pressure, tension, or weight. Thrust, Lift,
Weight, and Drag are forces; our present system uses the term pounds to
express the value or strength of a force.

You can exert a force against a heavy object and nothing moves; that still
doesn't alter the fact that force has been exerted. If the object doesn't move
no work has been done as far as the engineering term is concerned (tell this
to your aching back). So work, from an engineering standpoint, is a
measure of a force times distance (in the direction in which the force is
being exerted). If a constant force of 100 lb is exerted to move an object 10
ft, the deed has accomplished 1000 ft-lb of work.

For instance, your Zephyr Six airplane weighs 2200 lb and you must push
(or pull) it by hand 100 ft to the gas pit. It does not require 220,000 ft-lb of
work to accomplish this as you could see by attaching a scale to the tow bar
and checking the force required to move the airplane at a steady rate; for
our purposes we'll say that it requires a constant force of 55 lb to keep the
airplane rolling across the ramp. This job would require 5500 ft-lb of work
on your part (55 lb times 100 ft).

If you lifted the airplane to a height of 100 ft at a constant rate, the work
done would be 2200 lb x 100 ft or 220,000 ft-lb. The force you would need
to exert would be the Weight of the airplane, once you got it moving at a
steady rate upward. And, obviously you would do less work pulling the
airplane 100 ft than lifting it the same distance because less force is
required to pull it than to lift it.

The amount of work done has nothing to do with time; you can take a
second or all week to do the 5500 ft-lb of work in pulling the airplane. This



brings up another term—power. Power is defined as a time rate of work. If
you pulled the airplane the 100 ft over to the gas pit in 1 sec you would
have been exerting a power of 5500 ft-lb per second. (And if you are strong
enough to accomplish such a feat you don't need an airplane; just flap your
arms when you want to fly.) Suppose that it takes 10 sec to do the job. The
power used would be work/time = 5500 ft-lb/10 sec = 550 ft-lb per second
or 375 mi-lb per hour. You would have to exert 1 HP for 10 sec to
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do the job. The most common measurement for power is the term
horsepower, which happens to be a power of 550-ft-lb per second.

Thrust horsepower (THP) is the HP developed by a force (Thrust) exerted
to move an object (the airplane) at a certain rate. Remembering that 3. force
times the distance it moves an object is work, and when divided by time,
power is found, the equation is THP = TV/550, where T = propeller Thrust
(pounds) and V = the airplane's velocity (fps). As velocity can be
considered to be distance divided by time, TV (or T x V) is power in foot-
pounds per second. The power (TV) is divided by 550 to obtain the HP
being developed. If you wanted to think in terms of miles per hour for V,
the equation would be THP = TV/375 (375 is the constant number used for
miles per hour). For V in knots, THP = TV/325.

As far as the airplane is concerned there are several types of horsepower of
interest.

Indicated horsepower is the actual power developed in the cylinders and
might be considered to be a calculated HP based on pressure, cubic-inch
displacement, and rpm.

Brake horsepower (BHP) is so named because in earlier times it was
measured for smaller engines by the use of a braking system or absorption
dynamometer such as the "prony brake." The HP thus exerted by the
crankshaft was known as brake horsepower or shaft horsepower. The fact
that there is internal friction existing in all engines means that all the HP in
the cylinders doesn't get to the crankshaft, so a
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Fig. 2-46. Brake and Thrust horsepower available and required versus true
airspeed for a four-place airplane with the engine rated 250 BHP at sea
level (gross Weight). (In order to save space the HP was started at 40 rather
than 0.)

loss of HP from indicated horsepower, called friction horsepower loss,
results. The reciprocating engine is always rated in BHP. If your airplane
has an unsupercharged (or normally aspirating) engine, for example, the
specification will note that the engine is rated as a certain HP at full throttle
at a certain rpm at sea level (meaning standard sea level conditions of air
density). For supercharged engines the specification cites a specific
manifold pressure and rpm at sea level and also at the critical altitude



(above which even full throttle can't hold the required manifold pressure to
get the rated HP). This idea will be covered in more detail in later chapters.

The term 75% power means 75% of the normal rated power, or max
continuous available at sea level on a standard day (59°F and a pressure of
29.92 in. of mercury). For instance, a particular engine may have a takeoff
power rating of 340 HP and a normal rating of 320 HP. The takeoff rating
label means that the engine can be run at this power only for a limited time
as given in the engine specifications. If you use the engine power chart and
set up manifold pressure and rpm to get 75% power for that engine, your
HP will be 75% of 320 (the normal rated power), or 240 HP.

For other engines, the takeoff rating and normal rating are the same. That is,
they develop a certain maximum amount of HP and can be run continously
at this power if necessary. In effect, there is no takeoff rating, or no special
higher than normal, limited-time power setting.

BHP also increases slightly with intake ram effect but is normally
considered to remain constant, hence it's use as a standard for setting power
by the power chart.

Thrust horsepower, as discussed earlier, is considered to be a percentage of
BHP if propeller efficiency is taken into account: THP = tj BHP. The term r;
(eta) is the propeller eflficiency which runs at best up to 0.85 (85%) for
most engine-propeller combinations and varies with airspeed. (This was
covered back in the section on the propeller.)

As an example of the various steps of getting from the ignition of the fuel-
air mixture to the THP being developed, take a look at the following:

Indicated HP (work done in cylinders) Drive loss (frrction and accessories)

Resulting Shaft or Brake HP Loss from propeller (80% efficient at a
particular speed)

Horsepower available as THP

240 HP



Fig. 2-46 shows the maximum HP available for the two types of power at
various speeds. The point at which the maximum HP available equals the
HP required establishes the maximum level flight speed of the airplane,
whether in terms of HP or THP (points 1 and 2):

Notice how the available THP varies with airspeed. As THP = TV (K)/325,
you can see that although at zero velocity the Thrust might be high, no HP
is being developed because V = 0, and a number times zero is still zero. As
the airplane picks up speed THP starts being developed, increasing fairly
rapidly at first. This is because Thrust is high at the lower speeds (check
back to Fig. 2-33). THP increases at a lower rate as the speed picks up (and
Thrust decreases.)

You will also note that more BHP than THP is required by the airplane at
any speed; this is because, as was mentioned, the propeller is not 100%
efficient and there's some loss. In other words, the engine has to produce
more than enough effort to get the required amount of HP actually working
to fly the airplane.

For the same airplane of Fig. 2-46 the amount of BHP necessary to get the
THP required rises sharply at lower speeds because the propeller efficiency
drops rapidly in that
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area. The THP required does not rise as sharply in Ihis area as ciiher the
Drag or BHP-required curves because, while the Drag is rising rapidly, the
required THP is also a function of \elociiy-THP = fv/325 or DV/325 and the
decrease in speed lends to offset the effects of the increase in Drag (the
velocity used here is in knots).

To give an idea of the comparison between BHP and I HP, suppose that
instead of the prop an iron bar of equal Weight and Drag is attached on the
hub. The engine would still be putting out a certain amount of BHP as
measured by a dynamometer, but the iron bar would be producing no Thrust



and therefore no THP could ever be developed by the engine in that
configuration —the efficiency (i/) would be zero.

In thinking in terms of setting power, a curve for BHP is more effective; for
performance items such as climbs or glides, THP gives a clearer picture.

Fig. 2-47 shows some pertinent points on a power-available and power-
required versus velocity curve as expressed in BHP for a fictitious airplane
at the maximum certificated Weight of 3000 lb at sea level in the clean
condition.

The shaded area shows the areas of normal cruise power settings and
airspeeds for this particular airplane. As you know, power settings most
commonly used are from 60 to 75'''o of the normal rated power. The
majority reciprocating engine airplanes avoid cruise (or continuous) power
settings above 75% because of increased fuel consumption and engine wear.

By now you've also noticed that the power-required curve (for both THP
and BHP) has a characteristic U shape similar to the Drag curve. This is
because the power required to fly the airplane at a constant altitude varies
with the Drag exist-
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ing at different airspeeds —the values, of course, are different as one is
expressed in pounds and the other in HP. If you had a Drag versus airspeed
curve for your airplane you could draw your own THP-required curve by
selecting particular airspeeds and using the Drags in the equation for THP.

Because of the varying power needed to maintain a con-staiu altitude, the
airplane can fly at two speeds for the lower power settings (Fig. 2-47). It is
unlikely that in actuality it could fly at a slow enough speed to require close
to 100% power (250 BHP for this airplane) to maintain a constant altitude
because the stall characteristics of the airplane wouldn't allow it —the break
would occur at an airspeed higher than that. If the stall could be delayed
appreciably through use of, say, boundary layer control, it might well work
out that it could fly at a slow speed where 100% power is required to
maintain a constant altitude.

The power required varies with Weight, altitude, and airplane configuration.
Fig. 2-48 shows the effects of various Weights on the power required for the
airplane in Fig. 2-47. The solid line represents the curve of Fig. 2-47.

Added or subtracted Weight affects the existing induced Drag and power
required at various airspeeds. (The engineers speak of this as induced power
required.) You can also see that the stall speed is lower with less Weight and
vice versa. Nolke that a variation in Weight has comparatively little effect
on the max speed. The effects of Weight are felt mostly where induced Drag
is predominant.
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Fig. 2-47. Brake horsepower required and available versus airspeed for a
particular airplane at sea level (gear and flaps retracted). Assume TAS =
CAS.

Fig. 2-48. The effects of Weight on the airplane in Fig. 2-47 (TAS = CAS).
The stall speed effects are slightly exaggerated here for clarity. For
calculating the exact stall speeds for Weight change use Fig. 1-12.

Fig. 2-49. The effects of parasite Drag {extended gear) on ttie airplane in
Fig. 2-47.

Fig. 2-49 shows the effects of parasite Drag on the power-required curve in
Fig. 2-47. Tfie new curve represents tfie power required (at the original
Weight of 3000 lb) with the gear extended. In this case, the maximum speed
would be greatly affected because parasite Drag (or parasite power
required) is the largest factor in that area. The cruise speed would be
affected because it is also in an area of high parasite Drag. In this example,



the stall speed would not vary and comparatively small effects would be felt
at the lower flight speeds where parasite Drag is low.

The total power required equals induced power required plus parasite power
required.

Fig. 2-50 shows THP required and available versus airspeed for a light twin
at gross Weight at sea level. This curve is important in that the rate of climb
of the airplane depends on the excess THP available. The maximum rate of
climb, then, is found at the airspeed where the maximum excess THP is
available because that is the HP working to raise the airplane. Notice that as
you slow down past the point of minimum power required (point 1) the
THP required starts increasing again. The excess HP available depends on
the characteristics of both the THP-available and THP-required curves. The
airspeed at which the maximum excess horsepower exists (Point 2) is
therefore the speed for a max rate of chmb for this airplane at the particular
Weight and altitude. Point 3 shows the maximum level flight speed at sea
level.

Chaps. 3 and 6 will go into more detail on climb requirements and how
excess THP works in making the airplane climb.

JETS AND PROPS. The jet engine exerts a constant Thrust at all airspeeds,
compared with that shown for the propeller in Fig. 2-33. Therefore, the
THP developed by the jet increases in a straight line with velocity: THP =
TV (mph)/375 or TV(K)/325.
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Fig. 2-50. Thrust horsepower available and required versus airspeed for a
light twin at gross Weight at sea level. (Assume CAS = TAS at sea level.)

Fig. 2-51 is a power-required and power-available versus velocity curve for
the light twin of Fig. 2-50 when it is equipped with either jets or
reciprocating engines. To simplify, assume that the airplane could be
equipped with either jet engines or reciprocating engines with no difference
in parasite Drag or gross Weight. This means that the power-required curve
in Fig. 2-51 would be exactly the same for either version.

60 80 100 120 140 160
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Fig. 2-51. A comparison of prop and jet versions of the light twin in Fig. 2-
50.
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Suppose that the top speed of the reciprocating version of our fictitious
airplane is 180 K at sea level and it requires 400 (Thrust) horsepower to Hy



at this speed. (The top level flight speed is that point at which the power
required equals the total power available, you remember.) We'll also say
that the jet version is equipped vvith two engines developing maximum
Thrust at sea level of 361 lb each, for a total of 722 lb of Thrust. If the
airplanes are at the same Weight and have the same parasite Drag, it can be
shown (Fig. 2-51) that the top speed of the jet version is also 180 K
because, as noted above, it required 400 THP to fly level at this speed and
that just happens to be what our jet engines are producing at that speed:

THP = TV/325

722 (lb Thrust) X 180 (K)

325 722 X 208 (mph)

= 400 THP or

375

= 400 THP

THP-available curves are given both for props and jet engines. Note that the
THP produced by the jet version is a straight line—it is directly
proportional to velocity.

As was mentioned before, the rate of climb for any airplane is proportional
to the excess THP available. It can be noted in Fig. 2-51 that the maximum
rate of climb is found for the airplane at a speed of 100 K when it uses
reciprocating engines, and at the higher speed of 120 K when the jet
engines are installed.

The higher speed used for climb in a jet airplane is one of the hardest things
for the ex-prop pilot to get used to. Notice in Fig. 2-51 that the performance
of the jet-equipped version would be poor in the climb and low-speed
regime because of the smaller amount of excess THP available, compared
with one with props. In fact, at speeds close to the stall a power deficit
could exist in that airplane. If you tried to hurry the airplane off the ground
at takeoff you might get it too cocked up and find that you can't get, or stay,



airborne. (This sometimes happens even in airplanes with a reasonable
amount of power or Thrust available.)

Obviously this jet version is underpowered —even though it has the same
top speed as the propeller version of the airplane. The low-Thrust engines in
this example certainly would not be used for this particular airplane; the jet
engines would actually be more streamlined and the manufacturer would
put higher-Thrust engines in, so that the jet version would be much faster.
But the big point here is that jet engines just aren't very practical in an
airplane designed for a top speed of 180 K.

Because of its relatively poor acceleration at low speeds, and because of the
time required for the engine to develop full Thrust when the throttle is
opened all the way from idle (it may take several seconds), a comparatively
high amount of power is usually carried by the jet airplane on approach
until the landing is assured.

The power curve will be covered in more detail as it applies to flight
requirements throughout the book.

WEIGHT

The Weight of the airplane, as the Weight of any other object, always acts
downward toward the center of the earth. Weight and Drag, the detrimental
forces, are the main problems facing aeronautical engineers.

Weight acts toward the center of the earth so you can see by Fig. 2-52 that
the Australians and other people in that area fly upside down as far as we're
concerned. However, they seem quite happy about it, have been doing it for
years, and it's too late to mention it to them.

There are several Weight terms with which you should be familiar:

AMERICAN



AUSTRALIAN

Fig. 2-52. As far as Americans are concerned, the Australians fly inverted
all the time (and vice versa).

1. Empty Weight as weighed is the actual Weight as obtained from the scale
readings (after the Weight of extra items such as braces or chocks is
subtracted). It may be empty of oil, any fuel, or hydraulic fluid, but these
are considered later in Weight and balance problems worked for the
airplane.

2. Licensed Empty Weight is the empty weight of the airplane including
undrainable oil, unusable fuel, and hydraulic fluid. This term applies to
airplanes manufactured before 1976 and indicates that the airplane is
painted and ready to go except for oil and usable fuel (and pilot).

3. Basic Empty Weight is the term used for general aviation airplanes in
models produced in 1976 and after and includes full oil, unusable fuel, and
hydraulic fluid. In other words, oil is considered in this empty Weight. The
airplane may be actually weighed without oil or be bare of paint; these are
added mathematically to get the Basic Empty Weight and moment.

4. Gross Weight is the maximum allowable Weight for the airplane. The
manufacturer's performance figures are usually given for the gross Weight
of the airplane, although in some cases graphs or figures in the PO//also
show performance for several Weights below gross Weight. The term as
used in this book refers only to the maximum FAA-certificated Weight.
This is the most commonly accepted use of the term. Airplane loading will
be covered in Chap. 10.

AND IN CONCLUSION



Maybe some of the material in this chapter needs a little thinking about, and
much of it will be repeated as it applies in following chapters. It's possible
after reading this that you may subscribe to Dr. Horatio Zilch's belief that
airplanes, etc., are really held up by a very strong and very fine wire, which
simplifies the subject considerably.

THIS CHAPTER has nothing to do with the people who work on
aircraft;///'g/;/ mechanics are the forces and moments acting on the airplane
in flight. While the Four Forces are fresh in your mind from the last chapter
it would be well to see how they act on the airplane.

The term force was covered in the last chapter, and you've used rnoments in
computing Weight and Balance problems. A moment normally results from
a force (or weight) acting at the end of an arm (at a 90° angle to it) and is
usually expressed as pound-inches or pound-feet (Fig. 3-1).

MOMENT

MO Inches X 50 Pounds = 500 Pound-inches

MOMENT =50 Inches X 10 Pounds '500 Pound-inches

h-'

50



50 Lb.

1

10 Lb

Fig. 3-1. A system of moments in equilibrium.

The airplane in steady-state flight—that is, in a steady climb, a glide, or in
level unaccelerated flight—must be in equilibrium, that is, the forces acting
in opposite directions on the airplane must cancel each other out. (The same
thing goes for the moments.)

A vector is an arrow used to represent the direction and strength of a force.
You've had experience with vectors in working out wind triangles in
navigation and also unconsciously discuss vector systems when you talk
about headwind

and crosswind components for takeoffs and landings (Fig. 3-2). As a pilot
you use the runway centerline as a reference and consciously (or
unconsciously) divide the wind into components acting along and
perpendicular to this reference axis.

You are interested in the component of wind acting across the runway (for
example, 15 K) and, if you were interested in computing the takeoff run,
you would use the headwind component, or the component of the wind
acting down the runway (say, 26 K). You usually don't go so far as to figure
out the exact crosswind component but note the wind velocity and its angle
to the runway and make a subconscious estimate of how much trouble it
might give you on takeofi' or landing. You set up your own axis and work
with what would seem a most complicated system if people started talking
about axes, vectors, and components. What you do is break down the wind's
vector into the two components of most interest to you, as was done in
Chap. 1. The same general idea will be used here for the forces acting on
the airplane.

The reference axis for operating the airplane is the flight path or line of
flight, and the forces are measured as operating parallel and perpendicular



to it (Fig. 3-3). For an airplane in a steady-state condition of flight such as
straight and level unaccelerated flight, a constant-airspeed climb or glide, or
a constant-altitude balanced turn of a constant rate, the forces acting parallel
to the flight path must be balanced. The same thing applies for those forces
acting perpendicular, or at 90° ("up" or "down"), to the flight path —they
must cancel each other. Each of the vectors shown in Fig. 3-3 may represent
the total of several forces acting in the direction shown.

The following must be realized in order to see the mechanics of flight:

1. Lift always acts perpendicular to the relative wind (and, hence,
perpendicular to the flight path). This is the effective Lift discussed in the
last chapter, or the Lift acting perpendicular to the actual path of the
airplane.

2. Drag always acts parallel to the relative wind (and flight path) and in a
"rearward" direction.

3. Weight always acts in a vertical (down) direction toward the center of the
earth.

4. Thrust, for these problems, always acts parallel to the centerline of the
fuselage. (In other words, at this point we'll assume no "ofi"set" thrust line
and that Thrust is acting parallel to the axis of the fuselage.)

This chapter will take a look at the Four Fundamentals of flight—straight
and level, climbs, descents, and turns—and analyze the factors in each.

HEADWIND COMPONEN1 26 KNOTS

CROSSWIND COMPONENT 15 KNOTS



WIND VECTOR- 30 KNOTS AT 30 TO THE RUNWAY

Fig. 3-2. A vector system as faced by the pilot during a takeoff or landing in
a crosswind that is 30° to the runway at 30 K (Chap. 1).

THE FORCES AND MOMENTS IN STRAIGHT AND LEVEL FLIGHT

Take an airplane in straight and level cruising flight: The average airplane
in this condition has a tail-down force because it is designed that way (the
need for this will be covered in Chap. 10). Let's examine the forces and
moments acting on a typical four-place airplane in straight and level flight
at a constant speed at cruise.

For simplicity, rather than establishing the vertical acting forces with
respect to the center of gravity (CG), which is the usual case, these forces
will be measured fore and aft from the center of Lift. Assume at this point
that Lift is a string holding the airplane up; its value will be found later (this
is legal). The airplane in Fig. 3-4 weighs 3000 lb, is flying at 154 K CAS,
and at this particular loading the CG is 5 in. ahead of the "Lift line."

Summing up the major moments acting on the airplane (check Fig. 3-4 for
each):

1. Lift-Weight moment—The Weight (3000 lb) is acting 5 in. ahead of the
center of Lift, which results in a 15,000-lb-in. nose-down moment (5 in. x
3000 lb = 15,000 Ib-in.).

/ FLIGHT MECHANICS
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STEADY CLIMB

STRAIGHT AND LEVEL UNACCELERATED FLIGHT

STEADY GLIDE OR DIVE

Fig. 3-3. In steady-state flight the sum of the forces acting parallel to the
flight path (A-B) nnust equal zero; the same applies to those acting
perpendicular. Minus signs may be given to forces acting in a "downward"
or "rearward" direction.

2. Thrust moment — T\\v\is{ is acting 15 in. above the CG and has a value
of 400 lb. The nose-down moment resulting is 15 X 400 = 6000 Ib-in. (The
moment created by Thrust will be measured with respect to the CG.) For
simplicity it will be assumed that the Drag is operating back through the
CG. Although this is not usually the case, it saves working with another
moment.

3. Wing moment —The wing, in producing Lift, creates a nose-down
moment, which is the result of the forces working on the wing itself. Fig. 3-
5 shows force patterns acting on a wing at two airspeeds (angles of attack).
These moments are acting with respect to the aerodynamic center, a point
considered to be located about IS'Vo of the distance from the leading to the
trailing edge for all airfoils.

Notice that as the speed increases (the angle of attack decreases) the
moment becomes greater as the fdrce pattern varies. If the airfoil is not a
symmetrical type the nose-down moment created by the wing increases as
the square of the airspeed. (There is no wing moment if the airfoil is
symmetri-

Fig. 3-5. The moments created by the unsym-metrical airfoil at two
different airspeeds. The angles of attack and pressure patterns around the
airfoil have been exaggerated.

LIFT-3300 Pounds

CENTEROF GRAVITY



THRUST 400 Pounds

\2) THRUST MOMENT 6000 Pound-inches

ORAG 400 Pounds

TAIL-DOWN FORCE 300 Pounds

WEIGHT-3000 Pounds

nj LIfTWEIGHT MOMENT 15000 Pound inches

Fig. 3-4. Forces and moments acting on an airplane in steady straight and
level flight.

cal because all of the forces are acting through the aerodynamic center of
the airfoil.)

For an airplane of the type, airspeed, and Weight used here, a nose-down
moment created by the wing of 24,000 Ib-in. would be a good round figure.
Remember that this would vary with indicated airspeed. Nose-down
moment created by wing = 24,000 Ib-in.

4. Fuselage moment —The fuselage may also be expected to have a
moment about its CG because it, too, has a flow pattern, which, for the
airplane type and airspeed in this example, would be about 6000 Ib-in.
nose-down. (This is not always the case.)

Summing up the nose-down moments:



Lift-Weight moment Thrust moment Wing moment (at 154 K) Fuselage
moment (at 154 K) Total nose-down moment

15,000 Ib-in.

6,000 Ib-in. 24,000 Ib-in.

6,000 Ib-in. 51,000 Ib-in.

For equihbrium to exist there must be a tail-down moment of 51,000 Ib-in.,
and this is furnished by the tail-down force. Fig. 3-4 shows that the arm (the
distance from the Lift line to the center of the tail-down force) is 170 in. So,
the moment (51,000 Ib-in.) and the arm (170 in.) are known; the force
acting at the end of that arm (the tail-down force) can be found: 51,000 Ib-
in./170 inches = 300 lb. The airplane nose does not tend to pitch either way.

The forces must also be balanced for equilibrium to exist. Summing up the
forces acting perpendicular to the flight path (in this case because the flight
path is level, it can be said also that the vertical forces must be equal —in a
climb or glide the forces acting perpendicular to the flight path will not be
vertical) (Fig. 3-3). The "down" forces are the Weight (3000 lb) and the tail-
down force (300 lb). The "up" force (Lift) must equal the down forces for
equilibrium to exist so that its value must be 3300 lb. Now the moments and
forces acting perpendicular to the flight path are in equilibrium. As can be
seen. Lift is not normally the same as Weight in straight and level unaccel-
erated flight. Of course, the CG can be moved back to a point where no
nose-down moment exists and no tail-down force is required. This,
however, could cause stability problems, which will be covered in Chap.
10.

In the situation just discussed it was' stated that the airplane was at a
constant cruise speed so that the force (lb) acting rearward (Drag) and the
force (lb) acting forward (Thrust) are equal. (It is assumed that at higher
speeds the Thrust line is acting parallel to the flight path so it can be
considered to be equal to Drag.)

Thus it can be said without too much loss of accuracy that in the cruise
regime Thrust equals Drag and normally Lift is slightly greater than Weight



when the forces are balanced. But what about a situation where the airplane
is flying straight and level at a constant airspeed in slow flight! Again the
forces must be summed as shown in in Fig. 3-6. Now the Thrust line is not
acting parallel to the flight path (and opposite to Drag); for purposes of this
problem it will be assumed that it is inclined upward from the horizontal by
15°.

As a pilot, for straight and level slow flight you set up the desired airspeed
and use whatever power is necessary to maintain a constant ahitude; you
don't know the value of Drag, Thrust, or Lift (and may have only a vague
idea as to what the Weight is at that time, but for this problem it's 3000 lb,
as before). The tail-down force will be assumed to be 200 lb. (At this high
angle of attack it likely will be less than for cruise.) In the problem of
straight and level cruising flight it was just assumed that Thrust equaled
Drag and we weren't particularly interested in the values. Look at Fig. 3-7
for a typical Drag versus airspeed curve for the type of airplane being
discussed.

Vertical component ot Thrust 94 Pounds

LIFT 3106 Pounds

Component ot

Thrust acting along

flight path

351lPounds

TAIt-OOWN



FORCE

2011 Pounds

WEIGHT 3000 Pounds

Fig. 3-6. line forces at work on the airplane In straight and level slow flight
just above the stall. The vertical component of Thrust has been moved out
ahead of the airplane for clarity. Because of the placement of the various
forces it would appear that the moments are not in equilibrium. They will
be assumed to be so for this problem.

In summing the forces parallel to the flight path in slow flight with this
airplane. Drag is 350 lb; the component of Thrust acting opposite Drag
must be 350 lb also. No doubt you are already ahead of this in your thinking
and realize that because it is inclined at an angle, the actual Thrust must be
greater than Drag if its "forward" component along the flight path is equal
to Drag. You could look in a trigonometry table and find that at a 15° angle,
the actual Thrust must be about 3'72% higher, or about 362 lb compared
with 350 lb of Drag.

200,

40
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CALIBRATED AIRSPEED-Knots

160

Fig. 3-7. A Drag versus airspeed curve for a fictitious, four-place, high-
performance, single-engine airplane at gross Weight. The values are in the
area currently expected of that type of airplane.
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Thrust also has a component acting at a 90° angle to the flight path parallel
to Lift. A check of a trigonometric table would show that this force is It^Ia
of the actual Thrust and has a value of about 94 lb (which is a fair amount).

Now, summing the forces perpendicular to the flight path (the "up" forces
must equal the "down" forces):

Forces "down" = Weight + tail-down force = .1000 + 200 = 3200 lb

Forces "up" = Lift + vertical component of Thrust = Lift + 94 lb = 3200 lb

Lift, of course, is found as 3200 - 94 = 3106 lb, using our arbitrary values.
So Lift is less at low-speed level flight (3106 lb) than at cruise (3300 lb), if
you are talking strictly about each of the Four Forces. You don't worry
about this in practical application but fly the airplane and set the power and
airspeed to get the desired result.

As the vertical component of Thrust helps support the airplane, the wings
only have to support 3106 lb rather than the full 3200 lb (Weight plus tail-
down force) in slow (Tight and therefore the wing loading is less than
would be expected. The airplane always stalls at a lower airspeed with
power on (for the same flap setting and Weight) than in the power-off
condition. The etTect of the slipstream across the wing helps lower the stall
speed, too.

The greater that Thrust is in proportion to Weight, the greater this effect.
For instance, if the airplane had an engine-propeller combination capable of



producing 3000 lb of Thrust the airplane would be capable of "hanging on
its prop" and in theory the power-on stall speed would be zero.

So, in summary, in straight and level flight in the slow flight regime it may
be e.xpected that (I) the actual Thrust exerted by the propeller (lb) is greater
than the Drag of the airplane and (2) Lift is less than at higher speeds. The
location of the CG, the angle the Thrust line makes with the (light path, and
other factors can have an effect on these figures, of course.

FORCES IN THE CLIMB

To keep from complicating matters, the tail-down force will be ignored for
the first part of each section of flight mechanics. It exists, of course, and
varies with CG and angle of attack (airspeed) but is comparatively small in
most cases so Lift will be considered equal to Weight, at least at the
beginning. We'll also assume that all moments are balanced and won't have
to consider them further, and the Four Forces will be drawn as acting
through a single point (the CG) of the airplane to avoid complicating the
drawings.

One of the biggest fallacies in pilots' thinking is believing that the airplane
climbs because of "excess Lift." For purposes of this problem the Drag (lb)
of the example airplane will be 250 lb at the recommended climb speed of
90 K (Fig. 3-7). The figures for the values for Drag have been rounded off.

Again, reinembering that all forces (and moments) must be in balance for
such equilibrium to exist, the following is noted. Because the flight path is
no longer level. Weight, for the first time, is no longer operating in a
direction 90° to the night path. As the forces must be in equilibrium both
parallel and perpendicular to the flight path. Weight must be broken down
into the components acting in these directions (as you do with the wind
when it is neither right down the runway nor straight across it) (Fig. 3-8).

Fig. 3-9 shows the forces acting on the airplane in a steady-state climb of 90
K (CAS). The airplane has an angle of climb of 8° to the horizontal and
requires an angle of attack of 6° to fly at the climb airspeed of 90 K. We are
assuming that the angle of incidence is zero (the wing chord



COMPONENf Of WEIGHT ACTrNG PEDPENOICULAR TOFLIGHI
PATH

Fig. 3-8. As Weight is no longer acting perpendicular to the flight path it
must be broken down Into components as shown.

line is exactly parallel to the fuselage eenterline) and that the Thrust line is
offset "upward" from the flight path by 6° in this climb. In the following
drawings the angles will be exaggerated and a simplified airplane silhouette
used for clarity. To sum up the forces parallel to the flight path: The forces
acting rearward along the flight path are aerodynamic Drag (250 lb) (see
Fig. 3-7 again) plus the rearward component of Weight, which by checking
a trigonometric table for the 8° angle of climb (in round numbers) is found
to be 417 lb. The loiai rearward acting force is aerodynamic Drag (250 lb)
plus the rearward acting component of Weight (417 lb), or 667 lb.

For the required equilibrium (steady-state climb condition) to exist, there
must be a balancing force acting forward along the flight path; this is
furnished by Thrust. The fact that the Thrust line is offset upward from the
flight path by 6° further complicates the problem. Because of its inclination
the actual Thrust produced by the propeller must be greater than 667 lb in
order to have that force acting along the flight path. The actual Thrust, you
will note, is the hypotenuse of a right triangle, and you remember from your
geometry (and Chap. 1) that the hypotenuse of a right triangle is always
longer than either one of its sides; the longer of the two other sides is the



Fig. 3-9. The forces acting on an airplane In a steady climb.
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component of Thrust acting along the flight path, which must be equal to
the rearward acting force(s). The sum of the forces equals zero.

Again, a check of a trigonometric table shows that to have 667 lb along the
flight path the actual Thrust must be about O.SS'Vo greater (a little more
than one-half of 1%) so that its value is 3 lb greater, or about 670 lb (a nit-
picking addition, to be sure). The forces acting parallel to the flight path at
the chmb speed of 90 K and Weight of 3000 lb are balanced (Fig. 3-10).



THRUSTOFFSET FROM FROM FLIGHT PATH-6DEGREE

TOTAL OF REARWARD ACTING FORCES-667 POUNDS

DRAG-250 POUNDS REARWARD COMPONENT OF WEIGHT 417
POUNDS

COMPONENT OF THRUST ACTING ALONG FLIGHT PATH-667
P0UNDS(A^B:

WEIGHT 3000 lb

Fig. 3-10. A summary of the forces acting parallel to the flight path in the
steady-state climb.

in the equation is true airspeed; it will be assumed that the airplane is
operating at sea level at this point so that the calibrated climb airspeed of 90
K equals a TAS of the same value. The rate of climb of an airplane depends
on the amount of excess THP available at a particular airspeed. This excess
THP means the horsepower that is working to move the airplane vertically.
The recommended best rate of chmb speed is that one at which the greatest
amount of excess THP is available. The following equation may be used to
determine the rate of climb in feet per minute:

excess THP x 33,000 airplane Weight

Power \s force times distance per unit of time and 1 HP is equal to 550 ft-lb
per second or 33,000 ft-lb per minute. That's where the 33,000 in the
equation comes in; it's set up for a rate of climb (RC), or vertical
displacement, in feet per minute. Going back to the original idea for



horsepower (in this case THP), the equation for the THP (excess THP) used
to climb would be as follows:

airplane Weight x RC (fpm) 33,000

The THP required to climb is that raising a certain Weight (the airplane) a
certain vertical distance in a certain period of time.

But to find the rate of climb for the example airplane it would be well first
to find out how much THP is required to fly the airplane straight and level
at a constant altitude at sea level at 90 K. As Weight in level flight will not
have a component acting rearward to the flight path, the only retarding
force is aerodynamic Drag, which was found to be 250 lb. The

To sum the forces acting perpendicular to the flight path: The component of
Weight acting perpendicular (more or less "downward") to the flight path at
the climb angle of 8° turns out to be 2971 lb according to the trigonometric
table (the cosine of 8° is 0.9902). As this is considered to be the only force
acting in that direction (now that the tail-down force is being neglected) it
must be balanced by an equal force (or forces) in the opposite direction.
The two forces acting in that direction are (1) Lift and (2) the component of
Thrust acting at 90°, or perpendicular, to the flight path (Fig. 3-11).

As Thrust is now a known quantity, we can solve for that component acting
in the same direction as Lift. For a 6° angle of inclination the component for
670 lb of Thrust is 70 lb (rounded off). This means that Lift must have a
value of 2901 lb in this case (2971 - 70 = 2901 lb), or Lift (2901 lb) -I-
Thrust component (70 lb) = Weight component (2971 lb). The forces acting
perpendicular to the flight path are balanced.

Lift (2901 lb) is found here to be less than the airplane's Weight (3000 lb) in
the steady-state climb. Thrust (670 lb) is greater than aerodynamic Drag
(250 lb).

What happened to the idea that an airplane makes a steady climb because of
"excess" Lift? Even considering the tail-down force, which for this
airplane's airspeed. Weight, and CG location could be expected to be about
250 lb. Lift is hardly greater than Weight. In any event, there is no "excess



Lift" available —it's all being used to balance the tail-down force and the
component of Weight acting perpendicular to the flight path. (Lift would
have to be 2901 lb plus 250 lb, or 3151 lb.)

You remember from the last chapter that the Thrust horsepower equation is
THP = TV/325 (the 325 is for the airspeed in knots) so that the THP power
being developed along the night path is (667 x 90)/325 = 185 THP The "V"

SINE6 = i

A. A

= 0.104

C 670 A= 670X0.1045=;

LIFT(290I POUNDS!* COMPONENT OF THRU5T( 7Q) = 297I
POUNDS COMPONENT OF WEIGHT =2971 POUNDS

I LIFT-2901 POUNDS | ^

COMPONENT OF THRUST ACTING

PERPENDICULAR TO FLIGHT PATH

70 POUNDS

WEIGHT 3000 lb



Cosine 8°.-i-=-L « 0.9902 C 3000

B = 3000 X 09902 = 2971

Fig. 3-11. A summary of the forces acting perpendicular to the flight path in
the climb.
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Thrust component acting along the flight path must be equal to this, or 250
lb. Assuming that the angle of attack and the angle Thrust makes with the
flight path is 6°, to get this \alue the actual Thrust would be about 251 lb
(rounded otT to the 250) (Fig. 3-12).

Fig. 3-12. The forces acting parallel to the flight path for the airplane flying
straight and level at the recommended climb speed of 90 K.

In the earlier look at the climb at 90 K, 667 lb of Thrust was being exerted
along the flight path. This is 417 lb more than required for level flight and
is, in effect, the "excess Thrust" needed for a climb angle of 8° at 90 K.
(The rearward component of Weight was 417 lb.)

Solving for excess Thrust horsepower (ETHP):

FTHP - excess Thrust x velocity (K) 325 417 y 90 ETHP = ^^^ = 115 THP

Solving for rate of climb:

RC RC

ETHP X 33,000

115

Weight X 33,000

3000



1265 fpm

The more practical aspects of the climb will be covered in

Chap. 6.

FORCES IN THE GLIDE

As you have probably already reasoned, anytime the flight path of the
airplane is not horizontal, Weight has to be broken down into two
components. The glide or descent at an angle of 8° to the horizontal would
have the same percentages of Weight acting perpendicular and parallel to
the flight path as for the 8° angle of climb just mentioned —except that in
the glide the component of Weight parallel to the glide path is not a
retarding force but is acting in the direction of flight.

For this situation it is assumed that the power is at idle and no Thrust exists.
The tail-down force will be neglected at first. The forces acting parallel to
the flight path are (I) the component of Weight, which must be balanced by
(2) aerodynamic Drag in order to keep the airspeed constant in the descent.
For an 8° angle of descent the component of Weight acting along the flight
path would be 417 lb, as for the climb —except that it's now working in the
direction of motion. The aerodynamic Drag must equal the component of
Weight acting along the flight path for a steady-state condition to exist.
Looking back to Fig. 3-7, you see that for an 8° angle of descent this value
of Drag (417 lb) exists at about 157 K.

The more usual situation would be to use the power-off glide speed
recommended by the manufacturer. For this example 90 K will be used as
the recommended (clean) glide speed. We'll also ignore the effects of power
decrease or windmilling prop on the Drag curve and say that aerodynamic
Drag at 90 K is 250 lb as it was for the power-on climb. The speed of 90 K
may or may not be the best one for maximum glide efficiency (it depends
on the airplane), but the niceties of that will be covered further on.

Illustrating the same reasoning as in the other steady-state flight conditions.
Fig. 3-13 shows the forces acting parallel to the flight path in a power-off
glide. (Again, the tail-down force is neglected for simplicity.)



Realizing that the component of Weight acting along the flight path must
have a value equal to the 250 lb of aerodynamic Drag, the glide path will be
of a certain angle for this

The brake horsepower (BHP) required to get such performance for a 3000-
lb airplane with the described characteristics could be estimated. It can be
assumed here that at the climb speed the propeller is 74070 efficient
(efficiency varies with airspeed, you remember from Chap. 2) and that the
THP being developed is 74% of the BHP being developed at the crankshaft.
The total THP being used in the climb is THP = (T X V)/325 = (670 x
90)/325 = 185 THP (rounded off). The Thrust acting along the flight path
was 667 lb, but the total Thrust exerted was 670 lb; this is what must be
used to work back to the BHP requirement.

This, then, is approximately 74% of the horsepower developed at the
crankshaft, so the BHP required to get this performance for the fictitious
airplane would be 185/0.74, or approximately 250 BHP (0.74 x 250 = 185).

The rate of climb found is in the ball park for current four-place retractable-
gear airplanes ("our" airplane may be cleaner or dirtier aerodynamically
than others). All of this resulted from our arbitrarily selecting an
aerodynamic Drag (250 lb), an angle of attack in the climb (6°), and a climb
angle of 8° at a climb speed of 90 K. The figures were picked to give a
reasonable idea of how such airplane types get their climb performance.
The 74''7o used for propeller efficiency is also arbitrary, although the figure
is close to that expected for the airplane type and speed discussed.

COMPONENT OF WEIGHT ACTING ALONG FLIGHT PATH ■ 3 SO
POUNDS



Glide s p eed 90 Knots CAS

WEIGHT 3000 lb

Fig. 3-13. The forces acting parallel to the flight path In the power-off glide
at 90 K.

COMPONENT OF WEIGHT ACTING

PERPENDICULAR TO FLIGHT PATH

2990 POUNDS

WEIGHT 30001b
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Fig. 3-14. The forces acting perpendicular to the flight path in the glide.

condition to occur; a check of a trig table shows this to be 4°47' (4 degrees
and 47 minutes), or nearly a 5° angle downward in relation to the horizon.
Knowing the ghde angle, the forces acting 90° to the flight path (Lift and
the component of Weight acting perpendicular to the flight path) can be
found (Fig. 3-14).

That Weight component, which can be found by reference to a trig table, is
2990 lb, so Lift must also equal this value for a steady-state (or constant)
glide under the conditions of ignoring the tail-down force.



For shallow angles of glide the variation of Lift from Weight is usually
ignored. In this case, Lift is 2990 lb to a Weight of 3000 lb, a variation of
about one-third of IVo.

In the climb a final figure for Lift required at 90 K (considering the tail-
down force) was 3151 lb. For the glide the tail-down force for this airplane
would be in the vicinity of 225 lb because of the lack of a moment created
by Thrust. The component of Weight acting perpendicular to the flight path
at the 90-K glide was 2990 lb and Lift required to take care of this would be
2990 + 225 or 3215 lb. There are 64 more pounds of Lift in the glide than in
the climb, or Lift would be greater in the glide than in the climb under the
conditions established!

The angle that Weight varies from being perpendicular to the flight path is
also the angle of glide or descent. If aerodynamic Drag is cut to a minimum,
the components of Weight acting parallel to the flight path can also be a
minimum for a steady-state glide. In other words, if the aerodynamic Drag
could somehow be halved for this airplane the angle of ghde would be
halved; the airplane would descend at an angle of about 2.5° to the
horizontal and would glide twice as far for the same altitude.

As the airplane's Weight is considered to be constant for a particular instant
of time the solution is that the farthest distance may be covered with the
airplane flying at the angle of attack (or airspeed) with the minimum
aerodynamic Drag. For instance, assuming that at small angles of descent
Lift equals Weight (3000 lb), the angle of ghde of the example airplane is
3000 lb (Lift or Weight)/250 lb (aerodynamic Drag) = 12. The glide ratio
for our example airplane at 90 K is 12 to 1, or 12 ft forward for every 1 ft
down. And as the point of minimum aerodynamic Drag (250 lb at 90 K
CAS) was deter-

mined from Fig. 3-7 this would be the minimum glide angle (or maximum
distance glide) for the example airplane. Anytime Drag is increased, the
efficiency of the glide is decreased. With a faster or slower glide speed than
the 90 K chosen, a check of Fig. 3-7 shows that Drag will increase —and
the glide ratio will suffer.



One method of increasing Drag would be to ghde with the landing gear
extended (an increase in parasite Drag, which would result in an increase in
total Drag). With the gear down a typical figure for Drag for an airplane of
this type at 90 K would be 300 lb. The glide angle would be greater and the
glide ratio would suffer.

Assume that the pilot starts gliding "clean" and the glide ratio is 12 to 1.
The nose is at a certain attitude to get the 90 K (and the 4°47' angle of
descent); for most airplanes of that type the nose will be approximately
level.

The gear is extended and suddenly the forces acting parallel to the flight
path are no longer in balance; Drag is greater than the component of Weight
and the airplane would start slowing if the nose were kept at the same
position. Deciding to ghde at 90 K as before, the pilot must drop the nose
and change the flight path so that the component of Weight acting along the
flight path would equal the 300 lb of aerodynamic Drag. The new ghde
ratio at 90 K with the gear down would be Lift (3000 lb)/Drag (300 lb), or
about 10 to 1; the glide angle would be about 6° relative to the horizon.

The method of finding the rate of sink of the airplane can be compared to
that of solving for the rate of climb. The rate of sink, however, is a function
of the deficit THP existing at the chosen airspeed:

deficit THP x 33,000 airplane Weight

The aerodynamic Drag for the airplane is a force of 250 lb acting rearward
along the flight path at the airspeed of 90 K (the airplane is clean and
weighs 3000 lb). The equivalent THP required to be acting in the direction
of flight to equal the effects of Drag at 90 K would be THP = DV/325 =
(250 X 90)/325 = 69. The combination of Thrust and velocity would have
to equal 69 THP for level flight at 90 K, or TV/ 325 = 69 THP. However, in
this case Thrust is zero and, as you know, zero times any number (90 K in
this case) is still zero. So, there's no THP being developed by the engine;
the airplane is 69 THP in the hole, or there is a deficit of 69 THP. The rate
of sink can be calculated: (69 x 33,000)73000 = 760 fpm (rounded off).



This could be checked by looking at the situation in Fig. 3-13 again. The
airplane is descending down a path inchned at an angle of 4°47' at 90 K
forward speed. Converting the 90 K to feet per minute it can be said that the
airplane is moving down the path at a rate of 9130 fpm. It was already
found that the glide ratio was 12 to 1 so that the feet down per minute
would be one-twelfth that traveled along the glide path, or about 760 fpm.

FORCES IN THE TURN

Analysis of the turn can be quite complicated but we'll take a simple look at
it.

For normal flying (the Four Fundamentals) the turn is the only maneuver in
which Lift is deliberately and maliciously made greater than Weight and is
the only one of the Four Fundamentals in which g forces exist in a steady-
state condition.

For a balanced turn at a constant altitude the up forces must equal the down
forces as in straight and level flight. For ease of discussion we'll ignore the
tail-down force in this section on the turn.

3 / FLIGHT MECHANICS

As noted in Chap. 2, Lift acts perpendicular to the relative wind and to the
wingspan. The latter consideration is of particular importance in discussing
the turn.

As you know from turning a car, your body is forced toward the "outside of
the circle," and that force increases as an inverse function of the turning
radius. (The smaller the radius or tighter the turn for a given speed, the
greater the apparent "side force" working on you.) If you drive faster and
try to turn in the same radius as that at a slower speed, the force is greater.
So, your discomfort is a function of either the radius or the velocity during
the turn, or both. If in a turn the car should suddenly hit a spot of oil or ice,
it would move toward the outside of the circle (or more correctly, its path
would be tangent to the circle). The tendency for the car to travel in a
straight line is normally offset by the centripetal force, or the holding
(friction) force of the tires against the road surface. When the oil spot or ice



is encountered, the friction providing the centripetal force decreases
suddenly and the car departs the beaten path for new adventures through
somebody's hedge.

You'll hear, and probably use, the term "centrifugal force," which is not a
true force (and not even a proper term in physics) but is the result of a body
(the airplane, for example) tending to continue in a straight line.

To repeat: the acceleration, or g forces in a balanced turn, depends on the
bank; a Cessna 152 and an F-15 in a 30° bank at cruise will have the same
force acting on each of the pilots. The turn radius of the F-15 will be much
greater as will be reviewed later.

You can set up a balanced turn and can play airspeed versus bank angle to
vary the effects of rate and radius of turn. You also know that in doing steep
turns you could control altitude by changing bank angle and back pressure
(angle of attack). Generally you don't increase airspeed in a constant-
altitude turn (you don't have all that much capacity in the average general
aviation airplane), but if you did you'd have to rela.x back pressure
{decrease the angle of attack) or increase the bank angle if a constant
altitude is to be held.

In balanced, constant-altitude and constant-radius turns, the tendency of the
airplane to continue in a straight line is overcome by the component of Lift
(centripetal force) acting toward the center of the turn (after the turn is
established).

Centripetal force (C.F.) ponent of Lift (L).

WVVgR = horizontal com-

where W = Weight of the airplane (lb)

\' = tangential velocity (fps), squared. (You can call it TAS in feet per
second, squared.)

acceleration of gravity (32.16 fps, per second) radius of turn (ft)



g R WVVgR = L sin </) (0 = bank angle)

If the velocity is doubled at the same bank, the g forces will remain the
same but the turn radius will be quadrupled. (More about this later.)

Figure 3-15 shows that the airplane would like to go straight (A), but you
are in command and want to turn (left in this particular case) (B).

Figure 3-16 shows the forces acting to keep the airplane in a constant-
altitude balanced turn. The vertical component of Lift (A) is balancing the
Weight of the airplane, while the horizontal component (B) of Lift is acting
to turn it.

For instance, take two airplanes of the same Weight; one has a great deal
more power and can maintain a level turn at twice the cruising speed of the
other. Both will be banked at 30° in a balanced level turn (Fig. 3-17). Both
airplanes are
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Fig. 3-15. The airplane wants to proceed straight ahead (A), but by your
skillful control of the Lift force direction and value, you are able to follow
path (B).



Fig. 3-16. In a balanced constant-altitude turn, Lift may be considered to be
broken down into a vertical component (A) and a horizontal component
(B).

pulling the same load factor or number of g's, but there is quite a difference
in their turn radii. (The load factor is a function of the Lift-to-Weight ratio if
the tail-down force is ignored; Lift in each case is 3460 lb; the airplanes are
pulling 3460/3000, or 1.15 g's.) In the balanced turn, as was mentioned
earlier, centripetal force is furnished by the horizontal component of Lift,
which for the bank of 30° is found to be 1730 lb (Fig. 3-17).
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Everything is known except the radius of turn (R) for each airplane under
the conditions given (W = 3000 lb, g = 32.16 fps, per second, CF
(horizontal component of Lift) = 1730 lb, V = 150 and 300 fps). Solving for
R of Airplane A requires a little algebraic shuffling and rounding off:

In instrument flying the time to make a turn (rate of turn) is important, and
you'll find that the faster the airplane the steeper the bank must be in order



to make a balanced standard-rate turn of 3° per second (Chap. 1). Chap. 4
will also go into this requirement in more detail.

g(CF)

3000 X (150)^ 32.16 X 1730

= 1210 ft

The turning radius of airplane A in a 30°-banked turn at 150 fps, or about
90 K, is about 1210 ft, or slightly less than 'A mi. If it made a 360° turn, the
diameter of the turn would be a little less than V2 mi.

For airplane B, turning at a velocity of 300 fps, the radius of turn would be
(rounded off):

3000 X (300)^ 32.16 X 1730

4850 ft, or r

V'(K)

11.26 tan </>

The radius of its turn would be 4850 ft, or four times that of the airplane of
the same Weight and angle of bank traveling at one-half the speed. (The
numbers in this exercise have all been rounded off to the nearest 10 feet.)

Suppose the pilot of airplane B wanted to make the same radius of turn as A
but still at the higher speed of 300 fps (about 178 K). You've no doubt
already figured out that the airplane must be banked more steeply; this can
be found by reshuffling of the equation and working back to the bank
required to get a radius of turn of 1210 ft, like Airplane A.

This time the centripetal force required at the speed of 300 fps for a radius
of turn of 1210 ft is (rounded off):

CF = ^ = 3000 X (300)- = 6940 lb g(R) 32.16 X 1210



So, the horizontal component of Lift must equal this value of 6940 lb. It's
also a fact that the vertical component of Lift must be 3000 lb (to equal
Weight) so the Lift value and angle could be readily found by checking a
trig table (Fig. 3-18). It's found that the angle of bank must be about 66.6°.
The Lift value must be 7560 lb, or the airplane's Lift-to-Weight ratio is
7560/3000 = 2.52 g's. The pilot's face is sagging downward trying to stay in
the turning circle of the slower airplane (the pilot of which probably feels
quite comfortable at a 1.15-g loading in the 30° bank). Fig. 3-19 shows the
two airplanes in the turn.

Fig. 3-18. Forces existing and bank required for Airplane B to make a turn
with a radius of 1210 ft at its speed of 300 fps.

The radius of turn does not depend on the Weight of the airplane. If airplane
B turned at the same velocity as A (150 fps) but weighed 6000 instead of
3000 lb, its radius of turn would be the same because the centripetal force
required would also be doubled (in a balanced turn) and the ratio of Weight
to CF would be the same. The equations with Weight included show actual
vector values. The Japanese Zero in World War II had a maximum Weight
of 6500 lb and the F4U-4 Corsair had nearly twice the maximum Weight
(12,500 lb). Because of the Zero's lower Weight (lower wing loading) as
compared with the F4U-4, it could fly (and turn) at a much slower speed.
U.S. pilots knew better than to try to outturn the Zero. (This writer had the
honor of flying the F4U-5N Corsair during an 8-month carrier deployment
in the Far East in 1954. Needless to say, no Zeros were encountered at that
late date.)
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3000 lbs.

Fig. 3-17. Forces in the balanced level turn for two airplanes flying at
different speeds at a 30° bank. Note that the forces are the same.
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'^ I. Airplane A - 30

^ bank at 150 fps

and 1.15

1

g's

Airplane B - 66.6 bank at 300 fps and 2.52 g's

1210 ft.-

Fig. 3-19. A comparison of the two airplanes mal<ing the sanne radius of
turn.

A couple of things were neglected in this discussion of the turn. The tail-
down force was considered to be zero, which it certainly would not be in a
turn (you could expect it to increase appreciably in steeper turns). And
because of the increased angle of attack in the turn, Thrust has components



acting inward (helping centripetal force) and upward. However, putting all
this into an illustration might result in a pretty confusing situation.

Figure 3-20 shows the power-required curves for an airplane in straight and
level flight and in a 30°-banked constant-altitude turn. Note that it is quite
similar to Figs. 2-48, 7-3, and 7-5, since the airplane does "weigh" more in
the turn.

As was mentioned, the turns in this chapter have been balanced; Fig. 3-21
takes a look at the forces acting on the slip indicator in skidding and
slipping turns.

Another Look at the Turn, interestingly enough, the usual idea is to think of
the balanced, constant-rate, level turn as a "static" condition even though
the nose is moving around the horizon and g's are being pulled. In a wings-
level turn (assuming a bank of, say, 0.001° and also that the longitudinal
axis is level with the horizon), a steeper bank would require pulling the
nose up and spoiling this initial concept.

During a banked, level turn the airplane is actually rotating about the
vertical (Z) axis and the lateral (Y) axis. Take two exaggerated examples. In
a "flat" (no-bank), constant-altitude turn the airplane is rotating only around
the vertical axis (yaw). In a 90°-banked, nose-level turn the airplane
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Fig. 3-20. A comparison of the horsepower required to maintain a constant
altitude (and stall speeds), wings level and in a 30° bank.

would be rotating (pitching) only about the lateral (Y) axis (Fig. 3-22).

In the foregoing discussion the notation was made that those were nose-
level turns. (Nothing was mentioned about maintaining altitude —which
would be a chore in the 90° banked turn.)

Take a look at a chandelle: it's a maximum performance climbing turn with
180° change in direction. The maneuver requires that the last 90° of turn
has a constant (fairly high) nose position and the maneuver ends with the



airplane just above stall. One fallacy in describing a chandelle is th^ it is "a
loop on an inclined plane." Not so —the nose does not rise perpendicularly
to the wingspan as would be the case of a loop. (A loop, straight up or
inclined, is movement only around the lateral axis, or pitch only; the nose
movement and path of the airplane are as shown in Fig. 3-23.)

Assume that a bank of 30° is set at the beginning of the chandelle and the
stick or control wheel is brought straight back; the bank will increase to
about 45° —as 90° of turn is reached because the airplane's pitch is not
changing as much as the turn change (Fig. 3-23C).

You can take a model airplane and see how under some circumstances and
attitudes movement around one axis can affect the attitude of the airplane
about one or both of the others.

SUMMARY

There is a lot of misunderstanding concerning the actions of the Four
Forces in various maneuvers and the most common one is that "excess Lift"
is what makes the airplane

C«ntrifugal forc«

Balsncsd turn rAsultant line

Gravity

CcntrH ugil lorn H

Balanoad turn ratultant Wnt



Fig. 3-21. The forces acting on the slip indicator in a skidding and a
slipping right turn. Remember that centrifugal force is only an apparent
force and is a popular, not a physics, term.

Fig. 3-22. An exaggerated look at constant-altitude turns. A. The skidding,
wings-level turn; the airplane is rotating only about the vertical (Z) axis. B.



The 90°-banked, nose-level turn; the airplane is rotating only about the
lateral (Y) axis. C. A 45°-banked, nose-level turn; the airplane is rotating
equally about the Y and Z axes, but neither of the two is the turn axis. The
ratio of rotation about the Y and Z axes depends on the bank angle. (Don't
bank 90° in a normal category airplane.)

climb. This is not to deny that it will climb when an excess Lift exists, but
in that case acceleration forces, or g's, will be exerted. Suppose you are
flying along at cruise and suddenly exert back pressure on the wheel or
stick. Assuming that you
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Fig. 3-23. A. The "normal" loop. B. The inclined loop. C. The chandelle.
You can see that the chan-delle does not follow the inclined loop idea. In
the loops the airplane is rotating only about the Y axis. Note the pull-up
forces in each maneuver.

didn't overdo it and the wings are still with you, the airplane will accelerate
upward (and then assume a normal steady-state climb if that's what you
wanted). When you exerted back pressure the up force (Lift) was greater
than the down forces (Weight, etc.) at that time—you increased the angle of
attack almost instantly and the airplane was still at the cruise speed so the
dynamic pressure q, which is (e/2)V^, was still of the same high value.

The measurement of positive g's is the Lift-to-Weight ratio, and at the
instant of rotation Lift may be increased radically. Of course, as you know,
an increase in angle of attack (coefficient of Lift) means an increase in Drag
(induced), and Lift will tend to reassume its old value, depending on the
new flight path. If you had wanted to climb at a certain airspeed (with a
certain angle and rate of climb resulting) Lift would soon settle down to the
required value. In flying the airplane you, as a pilot, decide what the
airplane must do and keep this requirement by use of power, the airspeed,
and/or altimeter. When you have established a steady-state condition such
as a steady climb or glide or straight and level flight, the forces settle down
of their own accord. You balance the forces auto-

matically by setting up a steady-state condition.

If the up forces (working toward the ceiling of the airplane cabin) are
greater than the down forces (working toward the floor) you feel positive
g's and feel heavier in the seat; this is the effect in a normal level turn, the
steeper the turn the greater the effect.

Probably a large number of stall-type accidents have occurred because the
pilot unconsciously thought in terms of "increasing the Lift" to climb over
an obstacle.

Another idea not often considered is that a tail-down force exists for the
majority of airplanes throughout most of the range of flight speeds and
loadings. Most laymen think that "little wing back there is always helping



to hold the airplane up." In one sense perhaps it is, in that it is required for
good stability, which is important to flight.

You can prove that a tail-down force exists by a very simple experiment. In
Chap. 2 the drawings showed that the wing tip vortices curled over the tip
toward the low pressure or "lifting" (top) side of the wing. Knowing this to
be the case you can "see" this wing tip vortex action by taping a ribbon or
string with a light weight on the free end to each wing tip and to the tip of
each stabilizer. The rotation of the string will be as shown in Fig. 3-24).

Low pressure side (Lifting surface)

Low pressure side ("Lifting" surface)

J

Fig. 3-24. An experiment for checking if a tail-down force exists.

Note in Fig. 3-24 that the string-weight combination is rotating in the
opposite direction at the stabilizer tips than it is at the wings —the low
pressure or "lifting" side is on the bottom—so a tail-down force exists.

You need only to do one wing and stabilizer tip to see the action. Check the
actions of the strings at cruise and watch the wing tip as the airplane is
slowed (the angle of attack or C^ is increased). You can readily see that
vortex strength increases with a decrease in speed (increase in CJ.

By now you have likely figured that the airplane is actually flown by the
Thrust-to-Drag relationship and that little is done in the way of controlling
Lift in normal 1-g flight. By setting up a steady-state condition, Lift takes
care of itself and actually varies very little in wings-level climbs and glides
and straight and level flight. Keep it in mind.



From the turn theory in this chapter you can note some information that
could be of practical value. The radius of the turn is a function of the
velocity squared, R = (OV^, for a given bank angle. Should you get into
marginal VFR weather with poor visibilities in strange territory, slow the
airplane up so that you can make small-radius turns if necessary to avoid an
obstruction such as a mountain or tv tower that suddenly looms up out of
the mist. (Don't stall.) Don't go boring along at low altitudes in low
visibilities at full cruise speed. (Better yet, preplan so that you avoid such a
possibility.)

4

The Airplane Instruments

FLIGHT INSTRUMENTS AND AIRPLANE PERFORMANCE

The earlier chapters were somewhat theoretical in their approach to airplane
performance and were necessary for background in preparation for this and
the following chapters in Part \.

In order to get the most from your airplane you must have a good
understanding of its instruments and know what affects their operation.
Whether you plan to go on to the commercial certificate or to continue to
fly for personal business or pleasure, pride in your flying ability will cause
you to want to learn more about your airplane.

There are certain relationships between the density, temperature, and
pressure of the atmosphere. An airplane's performance depends on the
density-altitude, and density-altitude has an interlocking relationship with
temperature and pressure. For instance, cold air is denser than warm air —
so that a decrease in temperature (if the pressure is not changed) means an
increase in density. If the pressure is increased (assuming no change in
temperature) the density is increased (more particles of air compressed into
the same volume). This chapter on instruments is a review, but it may
introduce information that you didn't run into during your study and
training for the private certificate.



Equation of State. For those interested in the mathematics, the equation of
state explains the exact relationships between the three variables:
temperature, pressure, and density.

_ P ^ ~ 1716Th

This form of the equation of state says that the air density (e), in slugs per
cubic foot, equals the pressure (P), in pounds per square foot (psO, divided
by 1716 times the temperature (T), in degrees Rankine. The figure 1716 is a
constant number derived from the product of the constant for air (53.3) and
the acceleration of gravity (32.2).

A slug is a unit of mass, as was mentioned in Chap. 2. The mass of an
object in slugs may be found by dividing the Weight by the acceleration of
gravity, 32.16 feet per second (fps) per second; hence a 161-Ib man has a
mass of 5 slugs (161/32.16 = 5).

The temperature in degrees Rankine may be found by adding 460° to the
Fahrenheit reading; for a standard sea level day the temperature is 59°F or
519° Rankine.

The density at sea level on a standard day may be found as follows: g (rho,
air density) = 2116 (sea level pressure, psO/(1716 X 519), or e = 0.(X)2378
slugs per cubic foot. Or, checking for pressure, pressure = density x
temperature X 1716.

The equation of state and the symbols for density, pressure, and temperature
will be used throughout the book.

The three factors directly affect each other. If you know your pressure
altitude and the temperature, the density-altitude can be found with a graph
or computer.

A REVIEW OF PRESSURE FLIGHT INSTRUMENTS

As the name implies, these instruments operate because of air pressure or
air pressure changes.



Pitot tube DYNAMIC AND "^

STATIC PRESSURES 1 At 100 knots at sea level = p + q = 2116 + 33.9 =
2149.

C

psf

Static tube -i

p = 2116 psf

Fig. 4-1. Airspeed indicator. The combination of the static and dynamic
pressures in the pitot tube is labeled total pressure, or P^ = p + q.

Airspeed Indicator. The airspeed indicator is nothing more than a
speciahzed air pressure gage. The airspeed system comprises the pitot and
static tubes and the airspeed indicator instrument. An airplane moving
through the air creates its own relative wind. This relative wind exerts a ram
pressure in the pitot tube where its effects are passed on into a diaphragm
linked to an indicating hand (Fig. 4-1).

This relative wind force is calibrated in miles per hour, or knots, rather than
pounds per square foot of pressure. The static tube acts as a neutralizer of
the static pressure around the airplane and within the instrument, so that
only the dynamic pressure is measured. For lighter planes the pitot and
static tube inlets are together. But for greater accuracy, the static tube
opening is placed at some point on the airplane where the most accurate
measurement of the actual outside air static pressure is found. A usual spot
is on the side of the fuselage somewhere between the wing and stabilizer.
No doubt you've noticed these static pressure sources, accompanied by a



sign, "Keep this hole free of dirt." These points are selected as being the
places where the static pressure is least

affected by the airflow about the airplane. It is difficult to find a spot on the
airplane entirely free of static pressure error— and so the term position
error. The proper placing of the static tube opening to minimize this error is
responsible for no few ulcers in aircraft manufacturing. In addition to the
position error in the system there is usually some error in the airspeed
indicator instrument itself. This instrument error is another factor to contend
with in airspeed calibration (Fig. 4-2).

The pitot tube position is also important. It must be placed at a point where
the actual relative wind is measured, free from any interfering aerodynamic
effects. A particularly bad place would be just above the wing where the air
velocity is greater than the free stream velocity.

Error is introduced into the airspeed indicator at high angles of attack or in
a skid. You've seen this when practicing stalls. The airplane had a stall
speed of 50 K according to the POH, yet there you were, still flying (though
nearly stalled) with the airspeed indicator showing 40 K (or even zero). It
wasn't because of your skill that you were able to fly the



Fig. 4-2. A pitot/static system for a four-place airplane. Others may have
the static sources in the forward part of the fuselage just aft of the engine
compartment.
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airplane at this lower speed —the angle of the airplane to the airstream
introduced an error. While at first the pilot tube, being at a fairly high angle
of attack, seems to be the culprit, this is not the case. For the airplane that
stalls at the usual 15° to 20° angle of attack this effect is small, although for
STOL-type airplanes it could be a real factor in airspeed error. Flight test
airplanes use an elaborate extended boom with a swivel pilot head, which
results in much greater accuracy at high angles of attack. This is obviously
not practical in cost or weight for normal lightplane installation. The major
source of error, however, is the static system; the pilot tube contributes a
minor amount.

So, static pressure error can also be introduced at angles of attack or angles
of yaw, the amount of error depending on the location of the static opening;
this will be covered again a little later.

The dynamic pressure measured by the airspeed indicator is called "q" and
has the designation (q/2)\\ as indicated earlier. You will notice that dynamic
pressure is a part of the Lift and Drag equations. This dynamic pressure,
which is one half the air density (slugs per cubic foot) times the true air
velocity (feet per second squared), is pressure in pounds per square foot.

At sea level on a standard day, at a speed of I00K(I69

f , , . , 0.002378 X 169^ ,, „ f t-u i- u i fps), q would be ^ = 33.9 psf. The
lightplane

airplane airspeed indicator is calibrated for standard sea level conditions
with a temperature of 15°C or 59°F and a pressure of 29.92 in. of mercury,
or 2116 psf.



The perfect airspeed indicator would work as follows:

Pitot tube measures dynamic and static pressure.

Static tube equalizes static pressure or "subtracts" it from the pitot tube
reading.

Airspeed indicator indicates dynamic pressure only.

So the airspeed indicator only measures the dynamic pressure, which is a
combination of density and airstream velocity (squared). As altitude
increases, the air density decreases so that an airplane indicating 100 K (or
33.9 psf dynamic pressure) at 10,000 ft actually has a higher TAS than the
airplane at sea level indicating the same dynamic pressure (airspeed).

This airspeed correction for density change can be worked on your
computer, but a good rule of thumb is to add I'^a per 1000 ft to the indicated
airspeed. A plane with a calibrated airspeed of 100 K at 10,000 ft density-
altitude will have a TAS close to 120 K. (By computer it's found to be 116
K.)

Fig. 4-3. CAS versus EAS. At sea level and less than 250 K EAS and CAS
are equal. At higher speeds and altitudes EAS is less. The differences at
5000 and 10,000 feet are noted by X and Y respectively.

There are airspeed indicators on the market today that correct for TAS; the
TAS can be read directly off the dial. One type has a setup where the pilot
adjusts the dial to compensate for altitude and the temperature effects
(density-altitude) and the needle indicates the TAS in the cruising range.
Another more expensive instrument does this automatically for certain
speeds well above stall or approach speeds. The reason for not having
corrections at lower speeds is that the pilot might fly by true airspeed and
get into trouble landing at airports of high elevation and/or high
temperatures. Perhaps an explanation is in order.

An airplane will stall at the same indicated (or calibrated) airspeed
regardless of its altitude or the temperature (all other things such as Weight,
angle of bank, etc., being equal). An airplane that stalls at an indicated 50 K



at sea level will stall at an indicated 50 K at a density-altitude of 10,000 ft
because the airspeed indicator measures q and it still takes the same amount
of q to support the airplane. However, the true airspeed at 10,000 ft would
be approximately 60 K. If you were flying by a TAS instrument, you might
get a shock when the plane dropped out from under you at an airspeed 10 K
higher than you expected (it always stalls at 50 K down at sea level — what
gives?). Of course, the airspeed indicator isn't likely to be accurate at the
speeds close to the stall anyway, but you might not give yourself enough
leeway in the approach in this case. (These are unaccelerated stalls.)

Several terms are used in talking about airspeed:

Indicated airspeed (IAS) —the airspeed as read off the standard airspeed
indicator.

Calibrated airspeed (CAS) —indicated airspeed corrected for instrument
and position error.

Equivalent airspeed (EAS) —calibrated airspeed corrected for
compressibility effects.

True airspeed (TAS) —equivalent airspeed corrected for density effects.

Some Airspeed Theory

NOTES ON EQUIVALENT AIRSPEED. Equivalent airspeed (EAS) is the
"correct" calibrated airspeed, and you couldn't go wrong by using the term
in all of your hangar flying discussions for corrected indicated airspeed.
Calibrated is fine for lower airspeeds and lower altitudes.

EAS, the actual dynamic pressure acting on the airframe, is used to get a
correct picture of stresses on the airplane or to work out TAS problems if
compressibility error is a factor. Fig. 4-3 is an exaggerated example of CAS
versus EAS for sea level, 5000 and 10,000-ft pressure altitudes.
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The point is that CAS is equal to, or greater than, EAS; the difference
becomes greater with an increase in altitude and airspeed. The speed of
sound decreases with altitude (and the temperature decrease), and as the
airplane's airspeed increases, the compressibility "edge" is reached. One
way it has been explained is that as the airplane gets into compressibility
effects the static pressure in the pitot tube (and within the diaphragm as
shown in Fig. 4-1) increases, causing the indicated—and calibrated —
airspeeds to read erroneously high. A detailed correction table for a number
of altitudes and airspeeds is available to pilots of higher-performance
airplanes. (One table works for all airplanes for various airspeed and
pressure altitudes.)

EAS, then, is the indicated airspeed corrected for instrument and position
error (which gives CAS), and CAS is then corrected for compressibility
effects.

One point about compressibility effects —it's assumed by a lot of people
that the airplane itself has to be flying right at the speed of sound for the
phenomenon to occur. However, curved parts of the airplane (canopy, wing,
etc.) have the relative wind moving past them at near sonic velocities
because of Bernoulli's theorem, even though the airplane's TAS is
significantly lower than the transonic range. Some WW II fighters began to
nibble at the edges of compressibility because of this factor, but stories of
propeller fighters diving to supersonic speeds were exaggerated. Some late
and post-WW II prop fighters (the Grumman F8F Bearcat, for example) had
speed brakes to use if compressibility problems were encountered.

TRUE AIRSPEED. To find TAS or to establish a performance relationship
between altitudes, engineers use the density ratio a (sigma), which is the
ratio between the air density at some altitude (gj and at sea level (eo):c = ^■

The true airspeed (V) portion of the dynamic pressure, or (e/2)VS is a
function of the square root of the ratio of densities, or V = fVe./eo. or V =
fVa; the relationship of dynamic pressure for a given CAS is

2 " ~ 2 "



To repeat, a CAS of 100 K at sea level is the same dynamic pressure as a
CAS of 100 K at 10,000 ft; the airspeed indicator can't determine which
factors (density or velocity) are making the diaphragm expand to register
the same CAS (V„,) in both instances. To solve for TAS (V.) at, say, 10,000
ft you could use the square root of the density ratio. (The 2's can be
eliminated since there's one on each side of the equation.)

V? =

" 0 (-)

" 0 ,

= 1°.

.p^g ^ CAS (or EAS) ^ CAS ^density ratio -sfa

V — — h!

See Fig. 4-4 for a standard atmosphere chart. At 10,000 ft e is 0.001756; at
sea level it's 0.002378, so using your calculator, or working it out in
longhand and giving V^,, a universal value of 1:

'Tin —

v..

1

VI

001756 0.85933 0.85933

= 1.16369

Fig. 4-4. Standard atmosphere chart.

The TAS at 10,000 ft is about 16% more than, or 1.164 times, that at sea
level for the same calibrated (or better yet, equivalent) airspeed. A CAS of



100 K would give a TAS of about 116 K, as noted earlier.

For another problem, find the TAS for an airplane with a calibrated
(equivalent) airspeed of 186 A" at a standard altitude of 17,000 ft. The
value of q at sea level is (still) 0.002378, and at 17,000 ft it's 0.001401 (Fig.
4-4). So the CAS (EAS) is divided by the square root of the ratio of the two
densities. Under normal circumstances you'll have no problem figuring out
that the square root of the ratio would be less than 1 because the TAS will
normally be higher than the CAS or EAS (more about the word normally a
little later). So V^ =

^ca/V^; the divisor of the CAS is v/tti

.001401

.002378'

4.

1401

186 0.7675

2378

= 242 K.

0.002378

^/0389 = 0.7675 (rounded off). The TAS Your computer does this for you.

The earlier comment about TAS normally being greater than CAS or EAS is
correct, but in an unusual situation where the airplane is flying in an air
density greater than sea level the TAS may be less than CAS or EAS.
Suppose you are flying just off the surface of the Dead Sea in standard
conditions. Since the Dead Sea is below mean sea level the airspeed
indicator could have a density error "the wrong way." In extremely cold
conditions at lower altitudes (but still above sea level) the density could be
well above standard, so that things would be the reverse of normal. The



airspeed indicators used for lower speeds and altitudes (say, below 250 K
and below 10,000 ft) are set up on the base of using sea level density, and
variations of the density either way from sea level must be corrected for. In
usual (above sea level) flying, the density at the altitude being flown is
always less than the density at sea level so the usual correction is made
(TAS greater than CAS or EAS).

MACH AND MACH NUMBER. Emst Mach (1838-1916), an Austrian
physicist, published works on ballistics and fast-moving bodies in gases in
the late 1870s and the 1880s. His major work preceded even the advent of
aviation, much less transonic and supersonic flight, but it could be that he
was getting ready for the airplane. (Many people also believe that the
Federal Aviation Administration was established in 1803, a hundred years
early, "just in case somebody should ever invent a flying machine." It's not
true about the FAA, but Mach's studies were ready when higher-speed flight
was attained).

The term Mach number is the ratio of the velocity of a
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body in a gas to the speed of sound in that gas. As a pilot, you are interested
in the speed of sound in air. it would be different in other gases and other
mediums.

The speed of sound in air, 661 K at standard sea level, decreases with
altitude (temperature), becoming 584 K at 36,000 ft where the temperature
stabilizes for another 30,000 ft -at roughly -69°F.

An equation for finding the speed of sound (fps) is 49.1 s, T„ (49.1 times
the square root of the temperature in degrees Rarikine, which was discussed
at the beginning of this chapter). You"d add 460' to the temperature
(Fahrenheit) and take the square root of the sum. For instance, standard
temperature at sea level is 59°F; 460 -I- 59 = 519°F The speed of sound at
sea level is 49.1 v5l9 =1118 fps, or 661 K.



MACH METER. The Mach meter is designed to give the pilot the ratio of
the airplane's airspeed to that of the speed of sound for both subsonic and
supersonic flight (with corrections for the usual airspeed indicator problems
of position and instrument errors). It has bellows to correct for static
pressure and total and static pressure differences and reads this ratio at all
altitudes and speeds.

MORE ABOUT AIRSPEED ERRORS. Starting Out with IAS, which, as
you've heard since you started flying, is what the instrument indicates, you
may manipulate the system to get some far-off readings. One less than
scrupulous used-airplane seller some years ago had a plastic ring set up
around the pitot/ static head of an airplane so that it would indicate higher
airspeeds than could be explained by natural law. The light-plane, which at
cruise normally would indicate about 90 mph, was suddenly converted into
a 120-mph bombshell. The new owner was proud to have the hottest
Buzzwind Two in the area, since it cruised 30 mph faster than the others
and required much more pilot skill because it also landed at about 75 mph,
compared with 45 mph for run-of-the-mill models. The seller got the money
and the new owner the prestige (temporarily at least).

A particular airspeed indicator may indicate wrong because somebody
dropped it on the way to installing it in the airplane, but this is an unusual
situation.

FAR 23 (Airworthiness Standards: Normal, Utility and Acrobatic Category
Airplanes) sets up the following maximum allowable system error for the
manufacturer:

AIRSPEED INDICATOR MARKINGS

KIAS VALUE OR RANGE

SIGNIFICANCE

Full Flap Operating Range. Lower limit IS maKimum weight Vg in landing
configuration. Upper limit IS maximum speerj permissible with tldps
extenrjerj



Norma' Operating Range Lower limit IS maximum weight Vc at most
forward C G with flaps retractetj. Upper limit IS maximum structural
cruising speed

Operations must tje conducted with caution and onlv m smooth air.

Maximum speed for all operations.

Fig. 4-5. Airspeed indicator markings and correction table (normal source).

covered later). (Airplanes manufactured as 1975 models or earlier have the
airspeed indicator markings as calibrated airspeed and usually in mph.)

To get CAS, corrections must be made for instrument and position error; if,
for instance, you aren't sure of the accuracy of your airspeed indicator, you
can fly the airplane between two points a known distance apart and work
out your own correction table for instrument and system error. For example,
to calibrate the airplane's airspeed system it would be nice to have a
convenient railroad track with white-painted ties at each end of the run (Fig.
4-6).

23.1323 Airspeed indicating system.

(a) Each airspeed indicating instrument must be calibrated to indicate true
airspeed (at sea level with a standard atmosphere) with a minimum
practicable instrument calibration error when the corresponding pitot and
static pressures are applied.

(b) Each airspeed system must be calibrated in flight to determine the
system error. The system error, including position error, but excluding the
airspeed indicator instrument calibration error, may not exceed three
percent of the calibrated airspeed or five knots, whichever is greater,
throughout the following speed ranges:

(1) 1.3 V,, to V„„/M„„ or V.,,, whichever is appropriate with flaps retracted.

(2) 1.3 V„ to V„ with flaps extended.



(V„o/M„,„ the maximum operating limit or Mach speed, is associated with
higher speed aircraft.)

The airspeed correction tables in the POH (Fig. 4-5) assume that all the
instruments in the various airplanes have the same problems and that no
individual needles were bent, etc. Fig. 4-5 is for the normal static system
and doesn't include the changes associated with use of alternate air sources
(to be

||| lll ll l i|4ff^

(XACrir 2.0 N«-

Flg. 4-6. Using a conveniently located railroad track or other straight
reference, get set up and then start and stop the timing at the marks.

In books the distances are always easy to make even. "Your" track,
however, could be 1.79 (or 2.87, etc.) mi long so you have to set up a
correction factor. Picking a calm, early morning period and taking along an
observer with a stopwatch, you would fly the route both ways at a low
altitude at each airspeed desired. You might end up with a table like that in
Fig. 4-7.
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4-6 (flaps

A table made up from the runs in Fig. up).



The point is that in calm conditions, groundspeed (GS) equals TAS, and
since you have set your airplane's well-calibrated altimeter to 29.92, you're
flying a known pressure altitude. With this, combined with the outside air
temperature at that altitude read from the well-calibrated outside air
temperature (OAT) gage on board, you can find density-altitude and work
back from TAS (GS) to CAS. So for each IAS picked, you come up with a
number of indicated and calibrated airspeeds to set up a table like that found
in a POH (Fig. 4-8).

Ft/I PS UP

KIAS 60 70 80 90 100 110 120 130 140 ISO KCAS 65 73 81 90 97 108
118 128 135 145

Fig. 4-8. A correction card made for the airplane in Figs. 4-6 and 4-7.

In flying the airspeed calibration, if there is a crosswind you don't correct
for drift but maintain a heading parallel to the railroad track (Fig. 4-9). The
time start would be made when the reference point(s) is directly off the
wing tip. The error is negligible for the distance flown because the airplane
is flying within the air mass and doesn't "know" it's drifting.

There is some argument as to whether headwind and tail wind components
cause error to creep in. By picking the calmest conditions possible, any
error introduced is minimized, but look at an exaggerated example. If flying
the 2-mi route in no-wind conditions requires 60 sec for each leg, the GS
and TAS would be 120 K; the average for the two legs would be (120 +
120)/2 = 120 K.

Suppose there is a 30-K steady direct headwind on one leg and a 30-K
direct tailwind on the other. The time required to fly the 2-mi leg in the
headwind condition would be at 90 K,



Fig. 4-9. Flight path in a crosswind.

or 80 sec. With a 30-K tailwind the stopwatch time for that distance would
be at 150 K and would take 48 sec. Comparing:

Total time to go 4 mi (no wind) = 120 sec, or GS = 120 K

Total time to go 4 mi (30-K wind) = 128 sec; 128/4 = 32 sec per NM, or
112.5 K.

Airspeed calibration shouldn't be done in such conditions and any error
would be much smaller as conditions approach calm, but the principle
should be considered.

As noted earlier, flight test airplanes use an extended boom to get more
accurate pilot (total pressure) and static pressure. This is fine for accuracy
but would be too expensive for use on all airplanes.

Another one of the several methods for calibrating airspeeds is the pacer
method, in which the airplane to be tested is "paced" at various indicated
airspeeds by an airplane with a corrected airspeed system.

Sometimes pilots ask if each airplane manufactured is flown to the design
dive speed (¥„ —see Chap. 11), or has the airspeed indicator calibrated as
just discussed, or has stability and control testing done. The answer is no.
The prototype and test bed airplanes come up with the numbers and
manufacturing tolerances that apply to all the airplanes that are
manufactured later. Fig. 4-10 is actual airspeed caUbration for a normal
static source given in a POH.

Ground effect, or rather an airplane's proximity to the ground, can affect an
airspeed system so that some POHs may

Fig. 4-10. Airspeed calibration, normal static source, for a four-place
retractable-gear airplane.
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Fig. 4-11. Airspeed calibration (alternate static source) for the airplane in
Fig. 4-10.

have an additional correction graph or table for the takeoff run ("rotation at
90 K IAS = 94 K CAS"). The airplane in Fig. 4-10 has an alternate air
source that supplies static pressure from inside the cabin if it's suspected
that the normal static source (a port on each side of the forward fuselage in
this airplane) is being affected by ice or water. Fig. 4-11 is an airspeed
calibration for the alternate static source.

Note that the calibration is with the heater and defroster full ON and the
windows closed, a likely setup when flying in icing or cold rain conditions
(where problems with the normal system are most apt to occur).

Fig. 4-11 brings up an interesting point. It's usually considered that the
pressure in the cabin (unpressurized airplane) will be slightly less than the
ambient (outside) static pressure because of the effects of the relative wind
moving past the airframe. Apparently, however, under the conditions cited
the cabin pressure must be slightly higher to give the shown effect on the
IAS.

Notice, too, in Fig. 4-il that the alternate system IAS is nearly always lower
than that for the normal system. There are some equal readings at 80, 90,
and 100 K at 10° flaps, but basically the airspeed indicator reads less than
normal.

Look at Fig. 4-11 and assume for purposes here that the KIAS with the
normal source is "correct," that is, KIAS = KCAS. Also assume that the
airplane is flying at sea level (pressure = 2116 psf, density = 0.002378 slugs
per cubic

foot) at a normal KIAS (KCAS) of 120 K, (laps up. There is a 3-K
difference caused by the higher cabin pressure here. You can find the
difference between cabin pressure and outside pressure by the following
equation: KIAS (KCAS also, for this e.vample) = (eo/2)V^ (It's assumed for
now that the static pressure in the diaphragm and in the case are equal at
2116 psf. In other words, it's easier at first to assume that the imbalance is



caused by a low dynamic pressure, find the \alue, and then correctly give
that value to a higher cabin, or instrument case, pressure).

Check the dynamic pressures (rounded off), as if the airplane were actually
going through the air at 120 and 117 K respectively and converting to feet
per second (1.69 factor):

At 120 K, ^

2

At 117 K, £^ 2

0.002378/2 X (120 x 1.69)' or

0.002378/2 X (202.8)' = 48.9 psf

0.002378/2 X (117 x 1.69)' or

0.002378/2 X (197.7)' = 46.5 psf

The 3-K drop was actually caused by a 2.4-psf increase in cabin pressure
rather than a change (drop) in dynamic pressure (a change of pressure of
l.A/l\ 16 = 0.001134, or a little over 0.11%).

The total pressure P, which equals the static and dynamic pressures p 4- q,
at an indicated 120 K is 2116 -I- 48.9 = 2164.9. The actual total pressure (in
the pitot tube and in the diaphragm) at an indicated 117 K should be the
same (2164.9) because the airplane is actually moving at 120 K, but an
error in indication has been introduced by a change in static pressure in the
cabin and in the instrument case. (It has increased and is causing the
diaphragm to be "compressed," resulting in a lower airspeed indication.)
Fig. 4-12 gives an idea of what's happening.

The POH in this example does not have an altimeter correction for the
alternate static source, but based on the just-learned facts, you know the
altimeter would read lower on the alternate static source than on the normal
source. (The reason, of course, is that the substitute static pressure being



furnished to the altimeter is higher so the altimeter "thinks" the airplane has
descended).

Checking Fig. 4-4 again and doing a little arithmetic, you will find that the
altimeter, if zeroed at sea level on the normal source, would read about 32 ft
lower when on the alternate

PitOt-SfQtit

Alternate

Pitot-static

Normal Stat it Source y

%

Alternate

Fig. 4-12. A. The static pressure within the diaphragm and within the case
are equal, so only the dynamic pressure is read, as it should be. B. Even
though the total pressure (within the diaphragm) is correct, the extra
pressure in the case induced by the alternate source allows the diaphragm to
expand only about 117 K worth.
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1. Indicated airspeed assumes zero instrument error

2. The following calibrations are not valid in the pre-stall buffet.

VENTS AND HEATER CLOSED

I

Fig. 4-13. Alternate source corrections for the airspeed and altimeter of a
particular airplane.

source. The reason is that sea level pressure is 2116 psf while at 1000 ft it's
2041 psf (rounded off), or a drop of 75 psf in that 1000 ft. The static
pressure is 2.4 psf higher than standard for that altitude so it will change the
altimeter indication downward by the following factor:

-static error (psQ x 1000 _ 2^ „ ,000 - 17 ft

pressure change per 1000 ft (psO 75 'uuu - jz 11

The error would have to be 75 psf to get a 1000-foot change,

2.4

but it was only 2.4 psf;

75

X 1000, or about 32 ft). So the

the altimeter will read about 32 ft low under the conditions cited.

Not too much error would be introduced if this was also the assumption for
altitudes 1000 ft either side of sea level. Again checking Fig. 4-4 and
subtracting, you'll find the pressure drop is 75 psf from sea level to 1000 ft,
73 psf from 1000 to 2000 ft, and 71 psf from 2000 to 3000 ft.

Fig. 4-13 has correction tables for a twin for airspeed and



Fig. 4-14. Approximate pressure (psf) for various calibrated (or more
accurately, equivalent) airspeeds. For example, at 160 K the dynamic
pressure is approximately 87 psf.

100 150 300

CAS (EAS)-lRets
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altimeter when on the alternate system. The alternate system is vented
within the nose section. Note that altitude is not a factor when correcting for
CAS because calibrated airspeed (again) is a function of the combination of
(e/2)V'. You can have a large q and a comparatively small V, or at altitude q
may be small and V large. But at a particular airspeed (CAS or EAS, as
applicable) q will always be the same, so a graph like Fig. 4-14 could be
made.

You'll note, however, that altitude does have an effect on the altimeter
correction because of the difference in rate of pressure change at various
altitudes (Fig. 4-4). If the airspeed reads higher when on the alternate static



source, so should the altiineter. In other words, if the static system pressure
lowers when on the alternate system, it means that the pressure in the ASI
and altimeter instrument cases will be low. And conversely if the airspeed
on alternate indicates lower than the actual value, the altimeter will read
lower than actual, as was worked out earlier.

The real point, of course, is to use the available POH corrections for
airspeed and altimeter.

FAR 23 cites the following standards for a static pressure system:

23.1325 S(atic pressure system.

(a) Each instrument provided with static pressure case connections must be
so vented that the influence of airplane speed, the opening and closing of
windows, airflow variations, moisture, or other foreign matter will least
affect the accuracy of the instruments except as noted in paragraph (b)(3) of
this section.

(b) If a static pressure system is necessary for the functioning of
instruments, systems, or devices, it must comply with the provisions of
paragraphs (b)(1) through (3) of this section.

(1) The design and installation of a static pressure system must be such that
—

(i) Positive drainage of moisture is provided;

(ii) Chafing of the tubing, and excessive distortion or restriction at bends in
the tubing, is avoided; and

(iii) The materials used are durable, suitable for the purpose intended, and
protected against corrosion.

(2) A proof test must be conducted to demonstrate the integrity of the static
pressure system in the following manner:

(i) Unpressurized airplanes. Evacuate the static pressure system to a
pressure differential of approximately 1 inch of mercury or to a reading on



the altimeter 1,000 feet above the aircraft elevation at the time of the test.
Without additional pumping for a period of 1 minute, the loss of indicated
altitude must not exceed 100 feet on the altimeter.

(ii) Pressurized airplanes. Evacuate the static pressure system until a
pressure differential equivalent to the maximum cabin pressure differential
for which the airplane is type certificated is achieved. Without additional
pumping for a period of 1 minute, the loss of indicated altitude must not
exceed 2 percent of the equivalent altitude of the maximum cabin
differential pressure or 100 feet, whichever is greater.

(3) If a static pressure system is provided for any instrument, device, or
system required by the operating rules of this chapter, each static pressure
port must be designed or located in such a manner that the correlation
between air pressure in the static pressure system and true ambient
atmospheric static pressure is not altered when the airplane encounters icing
conditions. An anti-icing means or an alternate source of static pressure
may be used in showing compliance with this requirement. If the reading of
the altimeter, when on the alternate static pressure system differs from the
reading of the altimeter when on the primary static system by more than 50
feet, a correction card must be provided for the alternate static system.

(c) Except as provided in paragraph (d) of this section, if the static pressure
system incorporates both a primary and an alternate static pressure source,
the means for selecting one or the other source must be designed so that —

(1) When either source is selected, the other is blocked off; and

(2) Both sources cannot be blocked off simultaneously.

(d) For unpressurized airplanes, paragraph (c)(1) of this section does not
apply if it can be demonstrated that the static pressure system calibration,
when either static pressure source is selected, is not changed by the other
static pressure source being open or blocked.

(e) Each system must be designed and installed so that the error in indicated
pressure altitude, at sea level, with a standard atmosphere, excluding
instrument calibration error, does not result in an error of more than ±30



feet per 100 knots speed for the appropriate configuration in the speed
range between 1.3 V,,„ with flaps extended and 1.8 V^, with flaps retracted.
However, the error need not be less than ±30 ft.

Fig. 4-15 is a graphical presentation of an airspeed calibration chart (normal
source). As an example, an IAS of 120 K results in a CAS of approximately
118 K.

'J 120

AIRSPEED CALIBRATION CHART

INDICATED AIRSPEED TO CALIBRATED AIRSPEED FLAPS UP OR
DOWN

100 120 140

CAS - KNOTS

Fig. 4-15. Graphical presentation of an airspeed calibration chart.
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Fig. 4-16. Outside air temperature correction graph.

OTHER AIRSPEED FACTORS. Fig. 4-16 is a correction graph for the
outside air temperature gage. At 160 K IAS at 10,000 ft you should subtract
approximately 4°C (7°F) from what the OAT gage indicates.

While it might not directly apply to the previous discussion about airspeed,
you should be aware that most airplanes of normal configuration, with a
stabilizer or stabilator and a tail-down force, stall at a higher indicated (or
calibrated or equivalent) airspeed with a forward CG because, as was noted
earlier, as the CG moves forward the tail-down force must be increased to
maintain equilibrium. Fig. 4-17 is an actual stall speed chart for most
rearward and forward CGs for a particular weight.

The altimeter problems associated with using the alternate static system
were discussed briefly earlier. However, any problems caused by use of the
alternate are minor compared with having a totally plugged static system. In
many non-pressurized airplanes the alternate static system gets static
pressure from the cabin area; for pressurized airplanes this wouldn't work,
since the cabin may be at 8000 ft and the airplane (and outside pressure) at
20,000 ft. Fig. 4-18 shows the normal pitot/static system and the alternate
static system for a popular pressurized twin.

AIRSPEED INDICATOR MARKINGS. The FAA requires that the airspeed
indicator be marked for various important speeds and speed ranges.

Red //'ne—never-exceed speed (V^^)- This speed should not be exceeded at
any time.

Yellow arc—caution range. Strong vertical gusts could damage the airplane
in this speed range; therefore it is best to refrain from flying in this speed
range when encountering turbulence of any intensity. The caution range
starts at the maximum structural cruising speed and ends at the never-ex-
ceed speed (Vse)-

Fig. 4-17. Stall speeds at center of gravity extremes.

PITOT STATIC SYSTEM
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Fig. 4-18. PItot/static system for a pressurized twin. Note ttiat ttie alternate
static air source is in the nose compartment.

Green arc—normal operating range. The airspeed at the lower end of this
arc is the flaps-up, gear-up, power-off stall speed at gross weight (V^,) (for
most airplanes, the landing gear position has no effect on stall speed). The
upper end of the green arc is the maximum structural cruising speed (V^„),
the maximum IAS where no structural damage would occur in moderate
vertical gust conditions.

White arc—flap operating range. The lower limit is the stall speed at gross
weight with the flaps in the landing position, and the upper limit is the
maximum flap operating speed.

Airplanes manufactured as 1976 models or later have the airspeed indicator
markings as indicated airspeed and knots. (Instrument markings before that
were CAS and usually mph.)

FAR 1 gives the following definitions of various airspeeds (the
maneuvering speed V^ and max landing gear extended speed Vn are not
marked on the airspeed indicator):



Ki means design maneuvering speed. Vs means design speed for maximum
gust intensity. Vc means design cruising speed. Vd means design diving
speed. Vor/MoF means demonstrated flight diving speed. Vf means design
flap speed.

Vrc/Mfc means maximum speed for stability characteristics. Vfc means
maximum flap extended speed.

V,, means maximum speed in level flight with maximum

continuous power. K,,, means maximum landing gear extended speed. Vio
means maximum landing gear operating speed. Viof means lift-ot) speed.
V„c means minimum control speed with the critical

engine inoperative. I^mo/A/mo means maximum operating limit speed.
Vmi- means minimum unstick speed. Vst means ncvcr-exceed speed. Vno
means maximum structural cruising speed. Vk means rotation speed. Vs
means the stalling speed or the minimum steady flight

speed at which the airplane is controllable. Vso means the stalling speed or
the minimum steady flight

speed in the landing configuration. Vs, means the stalling speed or the
minimum steady flight

speed obtained in a specific configuration. Vx means speed for best angle of
climb. Vy means speed for best rate of climb. K, means takeoff decision
speed (formerly denoted as

critical engine failure speed). 1J means takeofi' safety speed. Vi win means
minimum takeoff safety speed.

Altimeter Review. The altimeter is an aneroid barometer calibrated in feet
instead of inches of mercury. Its job is to measure the static pressure (or
ambient pressure as it is sometimes called) and register this fact in terms of
feet or thousands of feet.



The altimeter has an opening that allows static (outside) pressure to enter
the otherwise sealed case. A series of sealed diaphragms or "aneroid
wafers" within the case are mechanically linked to the three indicating
hands. Since the wafers are sealed, they retain a constant internal "pressure"
and expand or contract in response to the changing atmospheric pressure
surrounding them in the case. As the aircraft climbs, the atmospheric
pressure decreases and the sealed wafers expand; this is duly noted by the
indicating hands as an increase in altitude (or vice versa).

Standard sea level pressure is 29.92 in. of mercury and the operations of the
altimeter are based on this fact. Any change in local pressure must be
corrected by the pilot. This is done by using the setting knob to set the
proper barometric pressure (corrected to sea level) in the setting window.

True altitude is the height above sea level. Absolute altitude is the height
above terrain. Pressure altitude is the altitude read when the altimeter is set
to 29.92. This indication shows what your altitude would be if the altimeter
setting were 29.92 —that is, if it were a standard pressure day. Indicated
altitude is the altitude read when the altimeter is set at the local barometric
pressure corrected to sea level.

Density-altitude is the pressure altitude computed with temperature. The
density-altitude is used in performance. If you know your density-altitude,
air density can be found by tables and airplane performance calculated. You
go through this step every time you use a computer to find the TAS. You
use the pressure altitude and the outside air temperature and get the TAS.
Usually there's not enough difference in pressure altitude and indicated
altitude to make it worthwhile to set up 29.92 in the altimeter setting
window, so that the usual procedure is to use the indicated altitude.

The fact that the computer used pressure altitude and temperature to obtain
density-altitude in finding TAS didn't mean much as you were only
interested in the final result. You may not even have been aware that you
were working with the density-altitude during the process. Some computers
also allow you to read the density-altitude directly by setting up pressure
altitude and temperature. This is handy in figuring



the performance of your airplane for a high-altitude and/or high-
temperature takeoff or landing. The POH gives graphs or figures for takeoff
and landing performance at the various density-altitudes. After finding your
density-altitude, you can find your predicted performance in the POH.

The newest route is for the manufacturer to furnish performance data for
various temperatures and pressure altitudes (a combination resulting in
density-altitudes); you can then use the graph or table information to get
answers for particular situations. Fig. 4-19 is an altitude conversion chart
that might be part of a graphical presentation of, for instance, a takeoff
chart.

Suppose you are at an airport at a pressure altitude of 6000 ft and the
temperature is 80° F. Using the conversion chart you see that your density-
altitude is 8500 ft (Fig. 4-19). Looking at the takeoff curves you can see that
your expected distance to clear a 50-ft obstacle will be nearly 2300 ft at
your gross Weight of 4800 lb (Fig. 4-20). This is more than double the
distance at sea level and might be a handy fact to know.

You and other pilots fly indicated altitude. When you're flying cross-
country you will have no idea of your exact altitude above the terrain
(although over level country you can check airport elevations on the way,
subtract this from your indicated altitude, and have a barnyard figure). Over
mountainous terrain this won't work, as the contours change too abruptly
for you to hope to keep up with them. As you fly you'll get altimeter
settings from various ground stations and keep up to date on pressure
changes.

The use of indicated altitude for all planes makes good sense in that all
pilots are using sea level as a base point. If each pilot set the altimeter at
zero before taking off, you can imagine what pandemonium would reign.

ALTIMETER ERRORS. Instrument e/ro/-—Being a mechanical
contrivance the altimeter is subject to various quirks. If you set the current
barometric pressure —corrected to sea level — for your airport (if you have
a tower or Flight Service Station), the altimeter should indicate the field
elevation when you're on the ground.



FAR 91 specifies that airplanes operating in controlled airspace (IFR) must
have had each static pressure system and each altimeter instrument tested
by the manufacturer or an FAA-approved repair station within the past 24
calendar months.

Pressure changes—V>l\i&a you fly from a high-pressure area into a low-
pressure area, the altimeter "thinks" you have climbed and will register
accordingly —even if you haven't changed altitude. You'll see this and will
fly the plane down to the "correct altitude," and will actually be low. When
you fly from a low- to a high-pressure area the altimeter thinks you've let
down to a lower altitude and registers too low. A good way to remember
(although you can certainly reason it out each time) is HLH —High to Low,
(altimeter reads) High; LHL— Low to High, (altimeter reads) Low.

You can see that it is worse to fly from a high- to a low-pressure area as far
as terrain clearance is concerned. You might find that the clouds have rocks
in them. So get frequent altimeter settings as you fly cross-country. (Don't
try flying IFR unless rated.)

Temperature errors—Go\n% back to the equation of state for air where
pressure = density x temperature x 1716, you see the relationship between
temperature and pressure. For our purposes we can say that pressure is
proportional to density X temperature (P oc qJ) and get rid of the constant
number 1716. Assuming the density remains constant, for simplicity you
can then say that pressure is proportional to temperature. Therefore, if you
are flying at a certain altitude and the temperature is higher than normal, the
pressure at your altitude is higher than normal. The altimeter registers

ALTITUDE CONVERSION CHART
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Fig. 4-19. Altitude conversion chart.

Fig. 4-20.
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this as a lower altitude. If the temperature is lower, the pressure is lower and
the altimeter will register accordingly-/oiv^r temperature, ultinieier reads



higher

You might remember it this way, using the letters H and I. as in pressure
changes: temperature High, (altimeter reads) Low —HL; temperature Low,
(altimeter reads) High —LH. Or perhaps you'd prefer to remember HALT
(High Altimeter because of Low Temperature). The best thing, however, is
to know thai higher temperature means higher pressure (and vice versa) at
altitude and reason it out from there.

The temperature error is zero at the surface point at which the setting is
obtained and increases with altitude, so the error could easily be 500 to 600
ft at the 10,000-level. In other words, you can have this error at altitude
even if the altimeter reads correctly at the surface point at which the setting
originated. Temperature error can be found with a computer (Fig. 4-21). For
indicated altitude this error is neglected, but it makes a good question for an
FAA written exam or flight test —and it has been used!

I. SET OUTSIDE AIR TEMPERATURE (22"C) OPPOSITE PRESSURE
ALTITUDE (10.000 FT.)

2. OPPOSITE PRESSURE ALTITUDE (INNER RING), READ
CORRECTED ALTITUDE (11,000 FT.)

Fig. 4-21. Using the computer to find corrected pressure altitude.

These errors (particularly temperature errors, which are normally ignored)
affect everybody in that area (though slightly different for different
altitudes) so that the altitude separation is still no problem. Temperature



errors could cause problems as far as terrain clearance is concerned,
however.

Hugh R. Skinner (see the Introduction to the Fifth Edition) has suggested
some pilot considerations to observe before and during flight; here are a
couple of particularly important ones:

I. Check the static ports. If the static ports are clogged or if there are large
dents or protrusions in the vicinity of the ports a considerable static pressure
error can be created, especially at high airspeeds. (For instance, mud blobs
may have

been splashed up on the airframe near the ports and cause an erroneous
static pressure.) You generally check the static ports themselves but may not
notice that dried mud or new large dent near thetn.

2. Check for barometric correlation as often as possible, preferably before
departure. Unless a large error exists don't jump on the instrument too
quickly. Temperature, pressure, aircraft elevation, mechanical recovery (has
it settled down?), and other problems cause short-term discrepancies in the
indication of a good altimeter. Note the error and apply it to subsequent
altimeter setting reports until further checks can be made. If the error
persists, corrective service should be done.

ALTIMETER TIPS. You can convert your indicated altitude to pressure
altitude without resetting the altimeter to 29.92 by looking at your altimeter
setting. Suppose your altimeter registers 4000 ft and the current setting is
30.32 in. of mercury. Your pressure altitude is 3600 ft and is arrived at by
the following: the pressure corrected to sea level is 30.32 in., but to get
pressure altitude the setting should be based on 29.92 in. This shows that
the actual pressure of 30.32 is higher than standard; therefore the pressure
altitude is less. (Higher pressures at lower altitudes.) Using a figure of 1 in.
per 1000 ft you see that the pressure difference is 0.40 inches of mercury or
400 ft. The pressure altitude is 4000 - 400 = 3600 ft. This will be as close as
you can read an altitude conversion chart anyway. If the altimeter setting
had been 29.52 your pressure altitude would be 400 ft higher (29.92 - 29.52
= 0.40 in. = 400 ft) or 4400 ft.



For estimation of pressure altitude without resetting: If your altimeter
setting is lower than 29.92, add 100 ft to your indicated altitude for each
0.10 in. difference. If your altimeter setting is higher than 29.92, subtract
100 ft from your indicated altitude for each 0.10 in. difference to get the
pressure altitude. The reason for this little mental exercise is to get you
familiar with working between pressure and indicated altitude. You may
prefer to note your altimeter setting (so you can return the altimeter to the
indicated altitude after getting the pressure altitude), and then set the
altimeter to 29.92 to get the pressure altitude. After this is done you can
return to the original indicated altitude setting.

For computer work you are told to use the pressure altitude to find the TAS.
For practical work use indicated altitude (current sea level setting) for TAS
computations. Remember that the TAS increases about 2% per 1000 ft so
the most you will be off will be 2%. That is, your sea level altimeter setting
could possibly be 28.92 or 30.92, but this is extremely unlikely. So. . .

Assume that a total error of no more than 1% will be introduced by use of
indicated altitude. For a 200-K airplane this means you could be 2 K off for
TAS. But the instrument error or your error in reading the instrument could
be this much.

One thing to remember concerning the altimeter that is useful for written
tests and hangar flying sessions: If you increase the numbers in the setting
window (by using the setting knob, naturally), the altitude reading is also
increased—and vice versa. If you have the altimeter originally set at 29.82
as the sea level pressure while flying and get an altimeter setting of 30.02
from a station in your area, you'll find that in rolling in that additional 0.20
in. you've also given the altimeter an additional 2(X) ft of indicated altitude.
This also follows from the earlier LHL idea; when flying from a Low
(29.82) to a High (30.02) the altimeter reads Low (until you put it right by
rolling in the added 0.20 in. in the setting window and adding another 200 ft
to your indicated altitude).

ENCODING ALTIMETER. As you progress in aviation (you may
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KE 127: 20,000 ft blind encoder for use u/ith existing altimeter

KAE 128: 30.000 It matrhed set standard altimeter and blind eniiider.

Fig. 4-22. Two types of encoders. {King Radio Corporation)

have your instrument rating before you read this) you'll use more
sophisticated electronics equipment, including encoding altimeters (Fig. 4-
22).

The encoding altimeter, which is part of the transponder system (Mode C),
provides automatic altitude reporting to equipped ATC facilities. A 4096
code transponder with Mode C equipment is required for operating within
Group I Terminal Control areas.

The two basic types of installations are (1) an altimeter with an internal
altitude encoder and (2) a "bhnd" encoder for use with an existing altimeter.
(Or matched sets are available as shown in Fig. 4-22.)

ALTIMETER SUMMARY. On the commercial written test (airplane) be
ready to answer questions on the relationship of temperature and pressure
effects on indicated and density-altitude. There are also questions on the test
about the altimeter and alternate air sources and the usual assumption is that
if the emergency alternate static source of an airplane is used the altimeter
will always read high. In some airplanes, particularly with vents or
windows open, the "correct" altitude may be noticeably lower than on the
altimeter, and the amount will vary with airspeed. The answer is, of course,
to check the POH for your airplane.



Rate of Climb or Vertical Speed Indicator. Like the altimeter, the vertical
speed indicator has a diaphragm. But unlike the altimeter, it measures the
rate of change of pressure rather than the pressure itself.

The diaphragm has a tube connecting it to the static tube of the airspeed
indicator and altimeter (or the tube may just have access to the cabin 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
airplane. Opening into the otherwise sealed instrument case is a capillary
tube.

Fig 4-23 is a schematic diagram of a typical rate of climb indicator. As an
example, suppose the airplane 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.

When the plane is put into a glide or dive, air pressure

Increased outside pressure

Fig. 4-23. Vertical speed indicator. As the airplane descends, the outside
pressure increases. The diaphragm expands immediately (1). Because of the
small size of the capillary tube (2), the pressure within the case is not
increased at the same rate. The link (3) pushes upward rotating the shaft (4),
which causes the needle to indicate the proper rate of descent. The spring
helps return the needle to zero when pressures are equal and also acts as a
dampener.

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 a glide or dive the
diaphragm expands, the amount of expansion depending on the difference
of pressures. As the diaphragm is mechanically linked to a hand, the



appropriate rate of descent in hundreds (or thousands) of feet per minute is
read on the instrument face. In a climb the pressure in the diaphragm
decreases faster than that within the instrument case, so the needle will
indicate an appropriate rate of chmb.

Because in a climb or dive the pressure in the case is always "behind" the
diaphragm pressure in the above described instrument, a lag of 6 to 9 sec
results. The instrument will still indicate a vertical speed for a short time
after the plane is leveled off. For this reason the rate of climb indicator is
not used to maintain altitude. On days when the air is bumpy, this lag is
particularly noticeable. The rate of climb indicator is used as a check of the
plane's climb, dive, or glide rate. The altimeter is used to maintain a
constant altitude.

There is a more expensive rate of climb indicator (Instantaneous Vertical
Speed Indicator) on the market that does not have lag and is very accurate
even in bumpy air. It contains a piston-cylinder arrangement whereby the
airplane's vertical acceleration is immediately noted. The pistons are
balanced by their own weights and springs. When a change in ver'ical speed
is effected, the pistons are displaced and an immediate change of pressures
in the cylinders is created. This pressure is transmitted to the diaphragm,
producing an almost instantaneous change in indication. After the
acceleration-induced pressures fade, the pistons are no longer displaced,
and the diaphragm and capillary tube act as on the old type of indicator (as
long as there is no acceleration). The actions of the acceleration elements
and the diaphragm-capillary system overlap for smooth action.

It's possible to fly with this type of instrument as accurately as with an
altimeter, but the price may be out of the range of the owner of a lighter
plane.

MAGNETIC COMPASS

The Earth's Magnetic Field. As noted in hundreds of aviation books, the
magnetic poles are not located at the geographic poles; this may be a large
or small factor in navigation, depending on where you are.
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Fig. 4-24. The earth as a bar magnet.

The earth may be considered as a bar magnet in a sphere (Fig. 4-24), and
for the record the magnetic poles are displaced about 11° from the
geographic ones. It would seem by looking at Fig. 4-24 that the solution is a
straightforward, straight line correction for the "angle" between the poles
and that the flux lines would be symmetrical, as illustrated in a simple
experiment with a magnet and iron filings. It's not so simple for the earth.
As shown on navigation charts and in Fig. 4-25, the isogonic lines (lines of
equal variation) seem to have a random pattern. The line system gets rather
cluttered

close to the poles and there are some prodigious variation values there.
(Incidentally, if you do the experiment with the magnet and iron filings
keep a sheet of paper between the two systems unless you particularly enjoy
picking filings off a magnet.)

Note that the western hemisphere and the United States have relatively
small variation values, which is an aid to navigation in those major aviation
areas; it's doubtful if nature planned it that way.

Fig. 4-26 shows the isogonic lines for the United States in 1980. The agonic
line (0° variation) runs down the eastern edge of Lake Michigan, through
the western edge of Franklin County, Tenn. (point A), and along the west
coast of the Florida peninsula.



A brief review if you've laid otT the theory for a while: The magnetic
compass naturally points to the Magnetic North Pole, and this leads to the
necessity of correcting for the angle between the Magnetic and Geographic
North Poles. Normally a course will be measured on the chart from a
meridian at a midpoint distance; this is the "true course" (the course as
referred to the True or Geographic North Pole). To get the magnetic course,
remember that going from true to magnetic (whether a course or heading):

East is least —subtract East variation as shown on the sectional or WAC
chart.

West Is best —add West variation as shown on the sectional or WAC chart.

The variation (15° E or 10° W) given by the isogonic lines means that the
Magnetic North Pole is 15 degrees east or 10 degrees west of the True
North Pole —from your position as far as the compass is concerned.
Naturally, if you happen to be at a point where the two poles are
magnetically in line, the variation will be zero.

Fig. 4-25. Worldwide variation values (1980). A minus sign indicates
westerly variation. {NASA)
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Fig. 4-26. Variation for tine United States (1980). Point A will be looked at
again. (NASA)
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Fig. 4-27. An exaggerated look at isogonic line bending.

Fig. 4-27 shows that the variation is a magnetic angle rather than a
geometric one. In this exaggerated example, at Perry County airport the
geometric angle between the poles is 30° but the variation (magnetic angle)
is 0° because the agonic and isogonic lines wander and set up their own
"magnetic meridians."

In addition to the overall effects of the earth's magnetic field, there are also
local and regional anomalies. These are considered to be the result of
clockwise and countercloclcwise vortices of electric currents located at the
earth's core beneath these points. Large deposits of iron ore may affect the
magnetic compass indications in certain locations (Fig. 4-28).

Magnetic pole reversals have been indicated over the past 6,000,000 years
(don't ask who did the studies), and during that period the average lifetime
of a geomagnetic field polarity, either normal or reverse, was 230,000 years
but individual lifetimes varied considerably. This means that you'd better
quit dragging your feet and get that commercial certificate before these data
on magnetism are obsolete.

Variation of variation — Variation varies (sorry) from year to year (Fig. 4-
29). You'll notice that in the southeastern United States the variation is
moving "westerly" by 10 min per year (or at least that was the rate during
1980). The rate may vary from year to year. As Fig. 4-29 shows, there are
pockets of fairly high variation change such as in South America and
southern Africa.

Fig. 4-30 shows the change in variation for the United States and part of
Canada. The area at point A (on the agonic line) has westward movement of
variation at the rate of 10 min per year; in other words, variation lines are
moving westward at that rate.
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Fig. 4-28. Examples of local magnetic disturbances, near Pine Bluff, Ark.,
and Atlanta, Ga.

Fig. 4-29. Variation change, minutes of longitude per year (as measured
during 1980 for ttie world). A minus sign indicates thiat ttie variation is
becoming more westerly. (NASA)
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Fig. 4-30. Variation change for the United States and part of Canada (1980).
Point A is Sewanee, Tenn. (NASA)

To better illustrate this, look at Fig. 4-31. Note that in 1960 the agonic line
was at Knoxville, but in 1982 that line had moved geographically west to
just east of Nashville, from there meandering southward to near Sewanee.
Looking at a point just east of Nashville where the 1982 agonic line and the
1960 3° E isogonic Hne cross, you can see that variation at that geographic
point has changed 3° (180 minutes) in 22 yr, an average of a little over 8
minutes per year. This was slightly below the actual change of 10 minutes
given for 1980 in Fig. 4-30.

Compass Factors. Okay, so the magnetic compass is a magnet that aligns
itself with the Magnetic North Pole while

the airplane turns around it (Fig. 4-32). You are familiar enough with the
compass so that an involved description isn't needed, but some review on
using the compass may be helpful. The magnets in the compass tend to
align themselves parallel to the earth's lines of magnetic force. This
tendency is more noticeable as the Magnetic North Pole is approached. The
compass would theoretically point straight down when directly over the



pole (Figs. 4-24 and 4-33). The compass card is mounted so that a low CG
location fights this dipping tendency. Dip causes certain errors to be
introduced into the compass readings and should be noted as follows.

NORTHERLY TURNING ERROR. In a shallow turn the compass

3E 2,E TE

Chattanooga]

Fig. 4-31. Location of isogonic lines in Tennessee in 1960 (dashed lines)
and 1982 (solid lines).

MAGNETIC NORTH POLE



THE AIRPLANE TURNS AROUND THE COMPASS

Fig. 4-32. The magnetic compass.

Compass cards '^and magnets

MAGNETIC

NORTH

POLE

Fig. 4-33. The compass magnets tend to lie parallel with the earth's lines of
magnetic force.

leads by about 30° when passing through South and lags by about 30° when
passing through North (30° is a rule of thumb for U.S. use). On passing East
and West headings in the turn, the compass is approximately correct.



For instance, you are headed South and decide to make a left turn and tly
due North. As soon as the left bank is entered, the compass will indicate
about 30° of left turn, when actually the nose has hardly started to move.
So, when a turn is started from a heading of South, the compass will
indicate an extra fast turn in the direction of bank. It will then hesitate and
move slowly again so that as the heading of East is passed, it will be
approximately correct. The compass will lag as North is approached so that
you will roll out when the magnetic compass indicates 030° degrees (or
"3"). (See Fig. 4-34.)

if you make a right turn from a South heading, the same effects occur: an
immediate indication of turn in the direction of bank, a correct reading at a
heading of West, and a compass lag of 30° when headed North.

If you start a turn from a heading of North, the compass will initially
register a turn in the opposite direction but will soon race back and be
approximately correct as an East or West heading is passed. It will then lead
by about 30° as the airplane's nose points to Magnetic South. The initial
errors in the turn are not too important. Set up your turn and know what to
expect after the turn is started.

Here is a simple rule to cover the effects of bank (assuming a shallow bank
of 20° or less —if the bank is too steep the rule won't work).

NORTHERLY TURNING ERRORS-NORTHERN HEMISPHERE. North
heading —compass lags 30° at start of turn, or in the turn.

South heading —compass leads 30° at start of turn, or in the turn.

East or West heading —compass correct at start of turn, or in the turn.

Just remember that North lags 30° and South leads 30°, and this covers the
problem. Actually 30° is a round figure; ike lead or lag depends on the
latitude, but 30° degrees is close enough for the work you 'II be doing with
the magnetic compass and is easy to remember

ACCELERATION ERRORS. Because of its correction for dip, the compass
will react to acceleration and deceleration of the airplane. This is most



apparent on East or West headings, where
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Flying straight and level headed magnetic south compass reads "south."

Airplane is banked. Compass immediately shows 30° turn before turn has
started.

When airplane nose passes east, compass indication is approximately
correct.

30^

When airplane heading approaches magnetic north compass is 30° behind.
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indicated and apparently are accurate indeed. Later when you become chief
instructor or chief pilot of an organization it may be your responsibility to
see that the trainers' compasses j

are accurate enough to assure that the student pilots flying on ■

solo cross-countries don't end up at unplanned destinations.

THE COMPASS ROSE. The compass is "swung" on the compass rose with
the engine running at a speed to have the alternator working, and with
radios on. For the most accuracy, the airplane should be in the level flight
position. Tricycle-gear airplanes give little problem in this regard. Again,
ihe compass rose should be painted on a ramp in an area well away from
outside ferrous (iron or steel) or electrical influences. It is oriented with
respect to Magnetic North and has lines painted every 30° around the circle
(Fig. 4-35).

The magnetic compass has two compensating magnets: the North-South
magnet has its own screw adjustment as does the East-West magnet. A
nonmagnetic screwdriver (easily made by grinding a short section of Vie-
in.-diameter copper wire if necessary) is used to make adjustments.

Aircraft Alterations (EA-AC 43.13-1A and 2A), which gives acceptable
methods, techniques and practices for aircraft inspection and repair, gives
some techniques for swinging aircraft magnetic indicators on the ground:

a. Move the aircraft to a location free from the influence of steel structures,
underground pipes and cables, reinforced concrete or other aircraft.

b. Place the aircraft in level flight position.

c. Check the indicator for fluid level and cleanliness. If fluid is required, the
compass is defective.

d. Remove the compensating magnets from the chambers or reset the fixed
compensating magnets to neutral positions, whichever is apphcable, before



swinging.

e. Check the pivot friction of the indicator by deflecting the card with a
small magnet. The card should rotate freely in a horizontal plane.

f. Align the aircraft with North magnetic heading and compensate with the
compensating magnets. Repeat for the East magnetic heading. Then place
on South and West magnetic headings and remove half of the indicated
error by adjusting the compensators. The engine(s) should be running.

g. Turn the aircraft on successive 30° headings through 360°. Prepare a
placard to show the correction to be applied at each of these headings.
When significant errors are introduced by operation of electrical/electronic
equipment or systems, the placard should also be marked at each 30°
heading showing the correction to be applied when such equipment or
systems are turned on or energized.

acceleration results in a more northerly indication. Deceleration gives a
more southerly indication. You might check this the next time you're out
just boring holes in the sky. (Remember ANDS? /4cceleration = A'orth,
Deceleration = South.)

The magnetic compass reads correctly only when the airplane is in straight
and level unaccelerated flight (and sometimes not even then). In bumpy air
the compass oscillates so that readings are difficult to take and more
difficult to hold. The fluid in the case (acid-free white kerosene) is designed
to keep the oscillations at a minimum, but the problem is still there.

DEVIATION. The compass also has an instrument error due to electrical
equipment and metal parts of the plane. This error varies between headings
and a correction card is placed near the compass, showing these errors for
each 30°. The compass is "swung," or corrected, on a compass rose—a
large calibrated circle painted on the concrete ramp or taxiway away from
metal interference such as hangars. The airplane is taxied onto the rose and
corrections are made in the compass with a nonmagnetic screwdriver (the
engine should be running and normal radio and electrical equipment on).
Attempts are made to balance out the errors — better to have all headings
off a small amount than some correct and others badly in error. In order to



use the compass you must allow for corrections, and for navigation
purposes the following steps apply:

1. True course (or heading) plus or minus Variation gives Magnetic course
(or heading).

2. Magnetic course (or heading) plus or minus Deviation gives Compass
course (or heading).

You can remember TVMDC (True Virgins Make Dull Company, or The
Very Mean Department of Commerce —left over from the days when
aviation was under the jurisdiction of the Department of Commerce).

Swinging the Compass. You may never be called upon to swing a compass
but as a professional pilot you should have some idea of the procedure so as
to understand whether the magnetic compass in your airplane indicates
within 90° of what it should. (Sure, you'll be flying airplanes with gyrosyn
compasses but once in a while you may have to step back down to a float
compass again.) If you work as a flight instructor as your career progresses
you may be disappointed at the conditions of some of the magnetic
compasses in the trainers on the hne. It may have been so long since some
of the compass correction cards have been corrected that they're in Gothic
script, or even have Magellan's signature on them. Also you'll note that
some of the cards have no deviation



C

Fig. 4-35. The compass rose. A. The pilot taxis skillfully onto the rose. B.
and C. North and East (then South and West) headings are corrected. The
correction placard is filled in for every 30° heading.
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Adjustment of remote indicating gyro compasses and other systems of this
type may be accomplished by the "ground swinging" technique. Reference
should be made to the manufacturer's manual for special tools, instructions
and procedures.

Fig. 4-36 is a correction card for an aircraft compass that ihe writer "swung"
on a small compass rose on his (wooden) desk (no electrical or ferrous
metal inputs). Naturally, turning that compass was much easier than turning
a full-si^ed airplane.

Fig. 4-36.

pass.

A deviation card for an aircraft corn-

One point you may not have considered is that the magnetic compass may
be used as a direction and bank indicator if you've lost all the gyro
instruments. In the section called Northerly Turning Errors you'll note that
when the compass turned from a heading of South it turned the correct way
but exaggerated the amount of turn. You can use this fact to make a straight
letdown through an overcast on South heading because bank (and turn) will



be indicated more quickly and in the proper direction so that early
deviations may be corrected. (Since on North the compass initially turns the
opposite, no little confusion might result. On East or West, deviations are
not so exaggerated.)

The magnetic compass has many quirks but once you understand them, it
can be a valuable aid. One thing to remember—the mag compass "runs" on
its own power and doesn't need electricity or suction to operate. This feature
may be important to you some day when your other more expensive
direction indicators have failed.

GYRO FLIGHT INSTRUMENTS

Vacuum-driven Instruments. For the less expensive airplanes the gyro
instruments are usually vacuum driven, either by an engine drive pump or
venturi system. A disadvantage of the venturi system is that its efficiency
depends on airspeed, and the venturi tube itself causes slight aerodynamic
Drag. Although a venturi system can be installed on nearly any airplane in a
short while, the engine-driven vacuum pump is best for actual instrument
operations, as it starts operating as soon as the engine(s) start. Multiengine
airplanes usually have a vacuum pump on each engine so that the vacuum-
driven instruments will still operate in the event of an engine failure. Each
pump has the capacity to carry the system.

Errors in the instruments may arise as they get older and bearings get worn,
or the air filters get clogged with dirt. Low suction means low rpm and a
loss in efficiency of operation.

Some airplanes use a pneumatic (pressure) pump rather than a vacuum
pump to move air through the gyro instruments. The instruments work
effectively, and, in addition, the positive pressure system may be set up to
operate de-icer boots or work with the turbochargers to pressurize the cabin.
(More about that in Chap. 19). Now there is consideration to having a
venturi installed to back up the system, should the engine-driven vacuum
pump fail.

Electric-driven Instruments. The electric-driven gyro instruments got their
start when high-performance aircraft such



as jets began to operate at very high altitudes. The suction-driven
instruments lost much of their efficiency in the thin air and a different
source of power was needed.

Below 30,000 ft either type of gyro performs equally well. It is common
practice to use a combination of electric- and vacuum-driven instruments
for safety's sake, should one type of power source fail. A typical gyro flight
instrument group for a single-pilot plane would probably include a vacuum-
driven attitude gyro and heading indicator, and an electric turn and slip or
turn coordinator. Large airplanes have two complete sets of flight
instruments, one set vacuum-driven and one set electric-driven.

More about Rigidity in Space. You know that once a gyro is rotating at its
operating speed it resists any force trying to change its plane of rotation or
its axis alignment (that is, it has rigidity in space). The resistance to change
is a function of Ihe angular velocity, weight (mass), and radius at which the
weight is located. To confirm this, take two objects of the same weight and
diameter and drill a hole in the center of each to insert an axis and establish
equal rotation rates (Fig. 4-37). The dumbbell-shaped object (lower) has
more "gyroscopic inertia" because its mass is distributed farther out from
the axis and the moment of inertia depends on the square of the radius of
the center of the mass. (Inertia is the property of a matter by which it either
wants to stay put or, when moving, to continue in a straight line, according
to Newton's First Law.) The moment of inertia —and you've run enough
Weight and balance problems by now to know what a moment is —is the
distance (radius) squared, times the mass. In other words, the farther out the
center of the mass of each half of the shapes shown in Fig. 4-37, the much
greater the inertia.



Fig. 4-37. Cross sections of two differently shiaped objects of equal Weight
(mass), diameters, and rpm. Note the radii of the CGs of the rotating shapes.

In order to take advantage of this property, the gyro wheel (rotor) is made
so that as much of the mass (Weight) as possible is located near the rim
(Fig. 4-38). From a physics
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Fig. 4-38. Gyro rotor mass distribution.

standpoint it would be good to have section A in Fig. 4-38 very thin so as to
move the CG of a rotor segment as far out toward the rim as possible, but
structural considerations limit this, since the rotation rate may in some cases
be up to 30,000 rpm and precession forces could cause destruction of the
rotor-axis system. (Precession will be covered shortly.)



Or looking at it another way, Newton's Law stating that a body in motion
tends to remain in motion and move in a straight line unless disturbed by an
outside force doesn't, at first glance, seem to apply to rotating bodies.
However, it does if you look at the gyro as a "bunch of chunks" (Fig. 4-39).
As the wheel rotates at a high speed each particle tends to continue in a
straight line and leave the system, but it can't because it's attached to the
rest. The particle wants to continue in a line in the plane of rotation since
there are no forces from the side acting on it for this example.

Looking at two of the equal-weight particles at different radii on the wheel
(Fig. 4-39), you can note the following. The wheel in Fig. 4-39 has a radius
of just over 2 in. and is rotating at 10,000 rpm. The circumference of a
circle is Ittt. Particle 1 is centered 1 in. from the center; particle 2 is 2 in.
from the center and close to the edge of the wheel. The velocity for particle
1 is 2Trr = 2 x 3.1416 in. = 6.2832 in. per revolution, or 62,832 in. per
minute at 10,000 rpm. Converting to feet per second, you'd divide the
inches by 12 to get feet per minute, and then divide that answer by 60:
62,832/12 = 5236; 5236/60 = 87.3 fps (linear velocity at any point in that
radius).

Doing the same thing for particle 2 the linear velocity is found to be 174.6
fps.

Since kinetic energy (KE) is a function of one-half the mass times the
velocity squared, particle 2 contributes 4 times as much to the gyro inertia;
KE = V2 MV^ Both have the

same Weight or mass so that's not a factor. The point is that the "outside"
particle (2) is contributing 4 times as much as the inside particle (1), and it's
a gaining proposition to move as many "particles" outboard as is
structurally possible.

A 12-in.-diameter heavy gyro rotor turning at a very high speed would
provide an effective gyro system. The only problem is that size and weight
have to be considered for installation in an airplane's instrument panel. The
older attitude indicators (or artificial horizons, or gyro horizons) and
heading indicators (directional gyros) were both larger and heavier with
lower rpm used (Fig. 4-40).



GYROS AND GIMBALS. It's all well and good to see the theory of how
gyros work, but they have to be mounted into the instruments and here's
where the gimbals (supporting rings) come in (Fig. 4-41).

When the gyro wheel is mounted (Fig. 4-41D) it has freedom around two
axes. Following the logic, the gyro system is now complete. The gyro
gimbals (support rings) stand (sit?) on the earth, which in turn (or at least
legend has it) sits on the back of a great turtle (Fig. 4-42).

Fig. 4-39. Particles with the same mass at varying radii on a rotating wheel.

Fig. 4-42. The gyro system and earth on the back of a great turtle.

Attitude Indicator. The plane of rotation of the attitude indicator (A/I) is
horizontal (the axis is vertical), and the airplane rolls, pitches, and yaws
around it (Fig. 4-40 A,B). A/Is may be powered electrically or by vacuum
pressure sources.



The electrically driven type may be further divided into those that use 14-
and 28-volt DC (direct current) sources and those that have 115-volt AC
(alternate current) sources. The latter must be equipped with an inverter to
provide the required AC power. These electric A/Is are usually 360°
rotation in pitch and roll and may be more expensive than the

A. Newer A/l

B. Older

C. Newer H/1

D. Older
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Fig. 4-40. A comparison of old and new gyro instruments. Ttie rotor
diameters were decreased so ttie Instruments could be smaller, requiring a
tilgher rpm to get the same gyroscopic Inertia.

GYRO AXIS

ROTOR

SUPPORT RING

OUTER RING

SUPPORT RING

GYRO AXIS INSERTED INTO SUPPORT RING

(Rotor can still spin)

SUPPORT RING

OUTER RING



Fig. 4-41. Building up a gyro system (assume for now the gyro Isn't
rotating). A. A gyro rotor and axis (axle). B. Since a gyro can't just hang
around without support, it's inserted into a support ring (or gimbal) that
would allow It to rotate. C. An outer ring Is added and attached so that the
gyro rotor and support ring can turn within It (1). The rotor and supporting
ring are restricted to turning in only one plane at this point. D, By adding a
stand with axis attachments as shown, the gyro system can also turn 360°
around that axis (2). By rotating the system (1 and 2) an infinite number of
positions relative to the stand can be attained. If the gyro rotor is rotating
and rigidity in space Is maintained, the outer ring and stand may be moved
around the wheel, as would be the case when an airplane does rolls or loops
around the horizontal rotor in the attitude Indicator.
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300-14 VACUUM

Fig. 4-43. Sample types of electric and vacuum attitude indicators.
(Aviation Instrument Manufacturing Corporation)

vacuum/pressure-driven types (some of which also are considered
nontumbling, self-erecting) (Fig. 4-43).

When you're checlting out in that more complex twin your corporation is
buying, you'll need to know which gyro instruments depend on electrical
and which on vacuum/pressure sources. Most lighter airplanes use a
vacuum/pressure-driven attitude indicator (also known as a "horizon
reference indicator") and heading indicator ("directional gyro") with an
electrically driven turn and slip or turn coordinator as a backup. You may
find an installation with an electric-powered A/I and H/I with a
vacuum/pressure-driven turn and slip, particularly on the copilot's side in
heavier twins.

The electric instruments have a warning flag or indicator that pops into
view when power to the instrument is lost, which should also be showing
when the airplane is shut down sitting at the ramp. (A quick look and an "I
see that the A/I on the pilot's side is electric" will establish your expertise at
once.)

A/[ power requirements—Newer■ vacuum/pressure-driven A/Is normally
require a suction of between 4.5 to 5.2 in. of mercury differential at a
maximum flow of 2.1 ft^ of air per minute (measured at the instrument) as
compared with 3.8 or 4.2 in. for earlier models (which makes sense because
of the higher rpm required for the smaller sized gyro rotors). Some of the
elecric types require the following power:

28-volt DC systems —0.8 amperes



14-volt DC system—1.5 amperes

115-volt AC system— 16 volt-amperes for starting and 13 volt-amperes
while running

The newer A/I gyro rotors are 1.375 in. in diameter and 1.300 in. "long,"
and usually rotate at 20,000 to 25,000 rpm. The heading indicator (H/I)
rotors have a diameter of 1.375 in. and are 1.500 in. "long."

Incidentally, older A/I instrurnents have an operating rotor speed of
approximately 12,000 rpm and weigh about 4.5 lb as compared with 2.7 lb
for a current, lighter model. Most of these also have pitch and bank limits
(before tumbling) of 70° and 100° respectively.

Attitude indicator problems—U the A/I is slow to erect or shows deviation
from level flight when you, with your great skills, are really flying level, the
problem could be caused by worn bearings or maybe the gyro rotor isn't
getting the power (electric or vacuum) that it should. After the flight and
you've shut down the engine and the gyros are winding

down, listen for noise indicating bearing wear or damage. You should also
check the vacuum gage or electric power indicators and power source
connections for problems. Smoking in the cabin is bad for
vacuum/pressure-driven instruments because the filters will eventually clog
up, and air flow is cut with a resulting decrease in rotor rpm (and gyro
inertia).

A/Is precess and react to acceleration by falsely indicating a nose-high
attitude. This can be bad on an actual instrument takeoff when the airplane
is accelerating for climb; the pilot thinks the airplane's nose is too high and
may ease it over, settling back into the surface (trees, etc.). These A/Is
falsely indicate a nose-low attitude during deceleration. Also, precession
error is at a maximum after a 180° turn when all of the forces have been
acting in the same direction. A 180° turn in the opposite direction or
continuing the turn for 360° cancels the error.

Note in Fig. 4-43 that those electric A/Is have a manual quick erection
system in addition to the normal adjustment knob for the small airplane.



The Heading Indicator (or Directional Gyro). The

heading indicator (H/I) functions because of rigidity in space, as does the
A/I; but note, looking back at Fig. 4-40, that the plane of the rotor is
"vertical" (or the axis is "horizontal," if your prefer to look at it that way).
The gyro is fixed relative to the card, and the airplane turns around it. Most
heading indicators, both old and new types, have the gyro axis lined up with
North and South indications.

The newer H/Is with vertical faces, although mechanically attached
(through gears), also indicate North or South when the gyro axis is aligned
with the long axis of the instrument.

The older H/Is weighed as much as 3.75 lb and operated at 10,000 rpm,
compared with 2.9 lb and 24,000 rpm for some more recent models. Both
types use the same gyro position (vertical plane) for their principle of
operation (Fig. 4-44).

The nonslaved heading indicator must be reset to the magnetic compass
when it is reading correctly; this is usually in straight and level,
unaccelerated flight about every 15 min.

The older and some newer models have limitations of 55° pitch or bank,
although if you are, for instance, doing a roll with the H/I indicating North
or South, or a loop on an indication of East or West, this limitation does not
apply since the airplane is moving around the rotor in these cases and is



Fig. 4-44. The heading indicator. The airplane turns around the vertical gyro
wheel.

not forcing the rotor against the stops. {Don't do loops or rolls except in an
aerobatic airplane.)

A slaved gyro system continually corrects for gyro drift and compensates
for magnetic dip, deviation, and oscillation. You set the H/1 to the magnetic
compass with the card set knob at the beginning of the flight and the system
continually corrects itself while operating. The remotely mounted flux
detector (the magnet portion of the system) is normally mounted in the
wing tip or other area away from ferrous material.

Fig. 4-45 shows different types of vacuum/pressure-driven heading
indicators. Fig. 4-46 shows some different types of electrically powered
heading indicators.

PRECESSION, DRIFT, AND THE HEADING INDICATOR. Precession

effects on the H/1 are caused by three main factors: (I) bearing problems,
(2) effect of the airplane being turned and hence trying to "turn" or move
the gyro wheel from its plane of rotation, and (3) apparent precession
("drift" caused by the earth's rotation). Of these, only gyro drift can be
predicted since the condition of the bearings depends on (1) the age and



history of the particular instrument and (2) the number (and degree) of turns
done within a given time during a flight.

Fig. 4-45. Vacuum/pressure heading indicators (directional gyros) using
4.5-5.2 in. of mercury. A. A "standard" type of instrument used on many
trainers. B. H/1 with an ARINC or international standards bezel
(pronounced "bezzle") or panel cutout shape. The standard bezel for an
instrument is round with a diameter of 3.125 in. Notice that this instrument
has a modified octagonal cutout (white outline). C. H/1 with a different
indicator and a "bug" and 45° references to aid the pilot to set a heading
reference. D. This model provides autopilot heading select outputs. E.
Slaved instrument. It has optional RMI (radio magnetic indicator) pointers
for simultaneous VOR/ADF displays. Included with the installation is a
slaving indicator and a magnetic flux detector (usually in the wing lip or in
a part of the airplane well away from ferrous or electrical influence).
(Aviation Instrument IVIanulacturing Corporation)

Fig. 4-46. Electric heading indicators. A. 28- or 14voll DC free (nonslave)
gyro. B. 115-volt, 400Hz (cycles) free directional gyro. C. 115-volt, 400-Hz
slaved heading indicator. D. Slaved H/1 with RMI (115volt, 400-Hz). E.
Slaved H/1 and RMI with dual pointers (115-volt, 400-Hz). {Aviation
Instrument Manufacturing Corporation)
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(UTC) problems. The sine of an angle, if you recall, is zero at 0° and 1 at
90° (Fig. 4-47).

Suppose the airplane is sitting tied down on tiie ramp at thie equator
(latitude = zero) facing North with the heading indicator in operation. The
gyro axis is lined up with a point in space, say, an infinite distance away.
The earth turns 15.04° per hour, so in 6 hr it will have turned a little over
90°. The gyro axis is still lined up with that point, with no measurable error
because of the angle involved (Fig. 4-48).

The gyro principle of rigidity in space keeps the gyro axis pointed at that
point an infinite distance away. You are rotating around that line but have
not changed the angle of the gyro axis in reference to that line. The point is
that the gyro hasn't turned with respect to the original setting.

Fig. 4-49 shows the top view of an operating gyro system at the equator that
has the plane of the gyro pointing toward North (or the axis pointed toward
the ground, rather than parallel to it as in Fig. 4-48). Note that as the earth
rotates, the gyro rotor, while maintaining a constant rigidity in space, is
radically changing its relationship to the earth. The "face" of the wheel is
pointing at the ground at position 1. At position 7, 12 hr later (180°



rotation), it has apparently turned upside down and is pointing straight up.
After another 12 hr it will be back to "normal."

Fig. 4-47. A review of sine values for 0° and 90°.

Computing the effect of the earth's rotation (gyro drift) can be complicated
but a look at the idea will give you a chance to use some of that
trigonometry you did so well with in Chap. 1. The value of the error caused
by the earth's rotation (apparent precession) per hour is: 15.04 x sin latitude.
The earth turns 15.04° per hour. We've always rounded it off to 15° in basic
navigation and Coordinated Universal Time

Fig. 4-48. A. A gyro rotating at the equator with the axis parallel to the
surface and aligned True North and South. B. The gyro axis will remain
constant as the earth rotates.

Fig. 4-49. A gyro system (rotor at speed) at the equator with the "face" of
the wheel pointing at the ground. As the earth rotates for 24 hr the gyro
rotor apparently turns 360° in its gimbal system.

Take an airplane sitting tied down with the engine running and the H/1 in
operation right at the Geographic (or True) North Pole. You've set the H/1
on a heading of North for this example. (Actually all headings from the
True North Pole are South but for this example you can set it on North for



easy reference) (Fig. 4-50). The H/1 that was set on North 6 hr earlier now
reads West even though the H/1 was not reset and the airplane is still tied
down, pointing directly at the same igloo, or the original "North." The
equation to determine precession error (per hour) is 15.04 x sin latitude. At
the equator (latitude 0°), 15.04 x sin 0° = 15.04 x 0 = 0, or

Star Reference

! IGLOO

geographic

"north"

reference

Star Reference

ROTATION IN 6 HOURS
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Fig. 4-50. An airplane tied down at the True North Pole with Its H/l in
operation. Add numbers with the setting knob to correct for the apparent
drift.

no error. At the True North or South Pole (latitude = 90°), 15.04 X sin 90° =
15.04 x 1 = 15.04° precession error per hour, or the maximum possible.

The question now is. How does that alTect the H/l, or //; which direction is
the correction to be made for the stationary H/l used in the example in Fig.
4-50? The airplane is still

pointed at the igloo, our original "North" (360°), but the H/I shows 270. or
West. To use the same geographic rderence and starting all over (the pilot
slept for 6 hr and woke up to discover the problem), the H/l must be
mechanically rotated clockwise 90° (add numbers) from a reading of West
to a reading of North. This elTect lessens as the airplane (or fixed

star Reference
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YOU ARE LOOKING

Fig. 4-51. An airplane tied down at the True South Pole with Its H/l In
operation Subtract numbers with the setting knob to correct for the apparent
drift
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H/I) is closer to the equator. In the northern hemisphere add numbers to
correct the error caused by the earth's rotation.

At a latitude of 30° N you would expect an error per hour of 15:04 X sin
30° = 15.04 x 0.5 = 7.52° per hour (fixed position). You must add this
amount to the H/1 indication each hour to correct the error.

What if an airplane were tied down with the H/I at the True South Pole!
Look at Fig. 4-51. From a point directly "below" the True South Pole, the
earth's rotation appears to be in reverse, but you're looking at it from the
opposite direction from that in Fig, 4-50. The earth is rotating to the "East."
The airplane is tied down at the True South Pole on a heading of North,
pointing at the mountain peak (geographic reference) with the H/I in
operation.

After 6 hr the H/1 is indicating East (090°) while the airplane is still facing
ils North reference (the peak). The reading would have to be decreased by
090° to correct for the gyro drift caused by the earth's rotation. Figs. 4-50
and 4-51 show the extreme of the contrasts between north and south
latitudes; each hemisphere's error would decrease as the positions chosen
approach [he equator

In review, to correct for gyro drift or apparent precession:

North latitudes —wcreose numbers on the H/I

South latitudes —(decrease numbers on the H/I This is the error for a
stationary gyro.

You're not going to go into the problem so deeply in every flight; the old
"set your H/I with the magnetic compass every 15 minutes" works fine but
later you may use the Inertial Navigation Systems or other advanced
equipment and should have a look at the principle involved.

Looking at some other factors: Suppose that an airplane at 30° N latitude is
flying on a heading of True East (the airspeed to be decided later).



You know that on the equator every degree of longitude is 60 NM and when
a stationary point there has turned 90° (earth's rotation) it will have
"moved" 5400 NM. (For example purposes here, round off the earth's
rotation to 15° per hour and 900 NM per hour at the equator.) You also
know that the

meridians converge at the True North and South Poles and every degree of
longitude on those points is 0 NM.

Fig. 4-52 shows an idea of "mileage covered" for a stationary point on the
equator and one at 30° N latitude when the earth has rotated 90°. The cosine
of 30° is 0.866 (Fig. 1-8); a point at 30° N would move a distance 0.866 as
far as the point (moving 900 K) at the equator. That point at 30° N will
move "east" 0.866 x 900 = 780 NM per hour (rounded off). The numbers
show the comparative distance covered in 6 hr.

An example: You are flying a jet on a true course of 270° (True West) at 30°
N latitude at 780 K ground speed and pass over a city (Fig. 4-53, point A) at
llOOZ. The situation is that the airplane is staying at that point in space and
no gyro drift is occurring. The airplane is certainly traveling hell-bent-for-
election west over the earth itself but is holding its own with respect to that
point in space when time zero (UOOZ) occurs. The jet is canceling out the
movement of that point on the earth's surface, which is moving east at 780
K with respect to the original reference an infinite distance away.

You are staying over the same point in reference to space while
geographically flying 780 mi due west, cancelling out the apparent drift. An
analogy would be that of a person walking down an "up" escalator at its
exact speed, moving with reference to the escalator (that is, stepping on
different steps) but not moving as far as the store "space" is concerned.
(Astronomers: Don't write to mention that the earth is moving around the
sun and the universe is expanding and ask for some extra velocity
components to be thrown in here-we're having enough trouble as it is.)

If the airplane is traveling due east at 780 K at 30° N, the apparent drift
error is compounded; the airplane is aiding and abetting the problem by
adding its speed to that of the earth's rotation.



Earlier it was noted that the drift (precession) error at 30° N latitude would
be 7.52° per hour and also that a point on the earth at that latitude would be
traveling "eastward" at 780 K because of the rotation. If that airplane is
traveling due east at 780 K its apparent drift would be another 7.52° for a
total error of 15.04°, or the same error that would be present

EQUATOR

Equator

Cosine" : ± C

Cosine 30°._B _ 5400

B = Cos 30°x 5400'4675 NM

Fig. 4-52. Distances between meridians at the equator (5400 mi) and at 30°
N or 30° S (4675 mi). The numbers have been rounded off for neatness and
clarity of thought.
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Fig. 4-53. A jet flying true west at 30° N at 780 K would cancel out the
gyro drift effects. It departed point A at 1100Z and arrived at point B at ttie
same point in space at 1200Z.

Fig. 4-54. The airplane traveling at 900 K on a true course of 060° is
moving true east at 780 K.

that speed causes the error to be more than doubled. As the latitude is
increased (which would be the case of a course of 060°) the drift error is
increased since the error is a function of 15.04 X sin latitude. Flying east or
north (northern hemisphere), the apparent drift error is increased over that
of the stationary gyro. Flying west or south (again northern hemisphere)
would decrease the apparent drift error from that of a stationary gyro.



You could calculate the error caused by the increase in latitude for the
airplane in Fig. 4-54 by simple trigonometry: The flight angle from True
East is 30°; at the end of an hour the airplane will have traveled north by the
factor sin a = A/ C; A = C X sin a = 900 X 0.5 = 450 NM. Realizing that
each 60 NM north adds another degree of latitude to the 30° N at the start,
the airplane would be at 37.5° N at the end of I hr (450/60 = 7.5). The error
would be greater at the end of the hour. If the airplane is flying a heading of
120° true, the error at the end of the hour would be that for 22.5° N, using
the reasoning above.

at the geographic poles (and obviously this is a canned problem).

So, in the northern hemisphere, // the airplane is flying westerly, the
component of its flight path parallel to the equator, or parallel to the earth's
rotation, decreases the drift error Flying easterly, the error is compounded.

The component of its flight path parallel to the equator is the one causing
(or helping) the problem. Fig. 4-54 shows the idea. The airplane's
component of night parallel to the equator is 780 K and equal to the travel
of a fixed point on the earth, so here, too, the error is apparently doubled.
Actually the fact that the airplane is traveling in a northerly direction at

The Precession Instruments. The turn and slip (T/S) and turn coordinator
(T/C) use the principle of precession for operation, as you've been aware of
since you first read about it as a student pilot. The point is that the gyro
rotor tends to stay in the same plane of rotation (or keeps the a.xis pointed
in the same direction relative to space, whichever you prefer) and any
outside force acting perpendicular to the plane of rotation causes the gyro
wheel to move as if the force had been applied 90° around the rim in the
direction of rotation. Precession depends on the gyro rotor rpm and the
force acting to tilt the rotor. The higher the gyro inertia (which again
depends on the mass, radius of the center of the mass, and rpm), ihc more
resistant it is to precession. The greater
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Fig. 4-55. The nonrotating gyro will fall off tfie stand. A degree In pfiysics
is not necessary to predict ttiis.

the value and/or rate of application of the acting side force, the greater the
precession effects if all other considerations are equal.

A toy gyroscope may be used to illustrate precession. If the end of the axis
of the wowspinning rotor is placed on the pedestal, it will obviously fall off
as gravity cannot be denied (Fig. 4-55). The CG of the system is well
outside the point of support. Strange things happen if the gyro rotor is
rotating within a certain rpm value range. The rotor wants to fall but if the
rpm is right, will instead precess or rotate around the stand, the axis
remaining level. Gravity causes the rotor to want to tilt forward and down,
but its rotation sets up a couple system that instead causes the gyro rotor
and axis to rotate horizontally on the stand. In Fig. 4-56 the rotor itself is
shown rotating counterclockwise around the axis as seen from "head-on"
and you can see in the top view that the system (rotor and axis) is rotating
around the stand in a counterclockwise direction.

so that the system turns to the left (as seen from above) rather than falling.
As the rotation slows, the forces and couples will no longer be in balance
and the rotor will oscillate and move downward and eventually fall.

The T/S and T/C are limited to movement of one degree of freedom. The
gyro wheel "tilts" in two directions with respect to the instrument,
"leftward" and "rightward" (Fig. 4-57).



TURN AND SLIP

TURN COORDINATOR

Fig. 4-57. Turn and slip and turn coordinator axis alignment.

THE TURN AND SLIP. The turn and slip (or needle and ball, or turn and
bank as it used to be known) was the instrument for "blind flying" in earlier
days. It was powered by a venturi on the side of the fuselage, usually most
effective at around 85 K, which meant that the airplane was airborne and
committed before the pilot knew whether the instrument was working or
not. Also, structural ice could be a "minor nuisance" as it plugged the
venturi.



The tilting movement of the rotor is limited by stops; the instruments have
springs to dampen the movement and to lower chances of shock damage as
the system reaches its stops. The needle of the T/S reacts to the yaw
component only, so that a "flat" turn would give the most accurate value of
the rate of nose movement around the horizon (Fig. 4-58).

Fig. 4-56. Rotating gyro wheel reactions at a certain rpm.

In trying to fall, the weight of the rotor sets up a force-couple system that
reacts with the counterclockwise rotation

lane/instrument turn

^

precession effects

Fig. 4-58.

turn."



Needle and ball reactions to a "flat

Later some T/Ss used engine-driven vacuum pumps for power, and a
restricter valve was necessary to lower the pressure by 1.8 to 2.2 in. of
mercury rather than the 3.8 to 4.2 in. used by the "artificial horizon" and
"directional gyro" of pre-and early post-WW II years. The T/Ss installed in
general aviation airplanes for a number of years after WW II were surplus
instruments using the lower pressure drop. There are now original
manufactured vacuum T/Ss that can use either 1.8- to 2.2-in. or 4.6- to 5.2-
in. pressure/vacuum values (Fig. 4-59).
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Precession reaction force (90 degrees around wheel,

in direction of

To vacuum pump or venturi

y

V

Fig. 4-59. A schematic of a vacuum/pressure-dnven turn and slip reacting to
a rigtit turn.

Since it's best to have the flight insiruments on different power sources so
that all won't fail at once, the usual installation is to ha\e the A/I and H/l
vai-umn pressuie driven and the T/S electric. Other setups have electric A/I
and H/l with a vacuum/pressure T/S. Or for larger airplanes the instruments



may be the two combinations just discussed, one for the pilot and the
opposite arrangement for the copilot's panel.

A note with the literature for a paiiiciilar T S indicates that the instrument
can be installed and used with instrument panels that are tilted as much as
8° from \ertical.

There is some confusion about the markings on various models of the T/S,
since some have "4 minutes" on the face, others "2 minutes," and others
have no indication ol ain kind. The "2 minutes" indicates the time required
to complete a standard rate turn of 360^ at 3° per second ;/ ihe needle is
deflected one needle widih from center. The 4-minute-turn instrument is
used for higher-speed airplanes where 1'/:^' per second is a standard rate to
avoid too-steep banks.

In Chap. 1 it was explained that the turn rate was a function of the tangent
of the angle of bank, or working further and using 3° per second as a fixed
rate, it's possible to set up

this equation: tan 0 = 3V/1091. You would set in the airspeed (knots here)
to solve for the tangent o\ the angle of bank and use Fig. 1-8 to find the
bank.

TURN COORDINATOR. At this writing all turn coordinators are
electrically driven. The axis of lateral movement of the T/C lotor is at a 30
angle to the long axis ol ihe instrument. The T/S reacted only to yaw
because of its installation and the fact (again) that precession acts 90°
around the rotor.

The T/C was designed so that the pilot would get a roll input, as well as a
response to yaw. The primary role of the instrument, however, was to
rneasure the yawing of the nose (rate of turn) so the long axis would be
moved up only 30°, leaving yaw as Ihe primary mover of the indicator.

Fig. 4-60 shows a T/C (electric) and vacuum pressure and electric T/Ss.

ENGINE INSTRUMENTS



Tachometer. For airplanes with fixed-pitch propellers the tachometer is the
engine instrument to check for an indication

Fig. 4-60. A. Turn coordinator (electric 14 or 28 volts DC). Note the
warning flag that indicates electrical power is not getting to the instrument,
B. Electric turn and slip indicator (28 volts DC) with warning flag. C. A
vacuum/pressure turn and slip indicator. This instrument can use
differentials of 1.8 to 2.2 or 4.6 to 5.2 in. mercury as desired. Lighting is
optional for these instruments. [Aviation Instrument Manufacturing Corp.)
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of power being used. The centrifugal tachometer operates on the same
principle as a car speedometer. One end of a flexible shaft is connected to
the engine crankshaft and the other connected to a shaft with
counterweights within the instrument. The rate of turning of the crankshaft
(and cable) causes expansion of the counterweight system. The instrument
hand is mechanically linked to the counterweight assembly so that the
engine speed is indicated in revolutions per minute.



For direct-drive engines, the engine and propeller rpm are the same
(Lycoming O-320, O-540, O-360). The geared engine (Lycoming GO-480,
etc.) has different engine and propeller speeds; this is noted in the POH (the
propeller rpm is less than the engine rpm). The tachometer measures engine
rpm and this is the basis for your power setting. (There are a few exceptions
to this "rule.")

Another type of tachometer is the magnetic, which utilizes a flexible shaft
that turns a magnet within a special collar in the instrument. The balance
between the magnetic force and a hairspring is indicated as rpm by hand on
the instrument face. This type of tachometer does not oscillate as sometimes
happens with the less expensive centrifugal type.

A third type is the electric tachometer, which depends on a generator unit
driven by a tachometer drive shaft. The generator is wired to an electric
motor unit of the indicator, which rotates at the same rpm and transmits this
through a magnetic tachometer unit that registers the speed in rpm. This
type of tachometer is also smoother than the centrifugal type.

Most airplanes have a recording tachometer from which various
maintenance requirements may be made, such as 100-hr checks, oil change,
or airworthiness directives. As an example, one recording tach is based on
2310 rpm, and if the engine is at lower power settings "tach time" is not
built up as fast.

When trailing behind another airplane, you can "check" its rpm by looking
through your prop at its prop. You would move the throttle (or propeller
control with a constant-speed prop) until the other propeller "stops."
Assuming that your tachometer is accurate, you can then read on it the other
airplane's rpm. This is particularly useful when you're flying cross-country
behind a friend who has the same make and model airplane but is running
away from you (who swears to

carrying only 2100 rpm but you find that 2400 is indicated through your
prop). Stroboscopic effect and science triumph.

Manifold Pressure Gage. For airplanes with controllable (which includes
constant-speed) propellers this instrument is used in combination with the



tachometer to set up desired power from the engine. The manifold pressure
(mp) gage measures the air or fuel-air mixture pressure going to the
cylinders and indicates it in inches of mercury.

The mp gage is an aneroid barometer like the altimeter, but instead of
measuring the outside air pressure it measures the actual pressure of the
mixture or air in the intake manifold. When the engine is not running the
outside air pressure and the pressure in the intake manifold are the same, so
that the mp gage will indicate the outside air pressure as would a barometer.
At sea level on a standard day this would be 29.92 in. of mercury, but you
can't read the mp this closely and it would appear as approximately 29 or 30
in.

You start the engine with the throttle cracked or closed. This means that the
throttle valve or butterfly valve is nearly shut. The engine is a strong air
pump, taking in fuel and air and discharging residual gases and air. At a
closed- or cracked-throttle setting the engine is pulling air (and fuel) at such
a rate past the throttle valve that a decided drop in pressure is found in the
intake manifold and is duly registered by the mp gage. As the engine starts,
the indication of 30 in. drops rapidly to 10 in. or less at idle. It will never
reach zero as this would mean a complete vacuum in the manifold (most mp
gages don't even have indications of less than 10 in.). Besides, if you tried
to shut off all air (and fuel) completely the engine would quit running.

As you open the throttle you are allowing more and more fuel and air to
enter the engine and the manifold pressure increases accordingly (Fig. 4-
61).

As you can see in Fig. 4-61, the unsupercharged engine will never indicate
the full outside pressure on the mp gage. The usual difference is I to 2 in. of
mercury. The maximum indication on the mp gage you can expect to get is
28 to 29 in. on takeoff.

The supercharged engine has compressors that bring the fuel-air mixture to
a higher pressure than the outside air be-



Engine not running, manifold and outside (atmospheric) pressures equal

Engine idling - manifold pressure lower than outside pressure (engine
acting as a pump}

Throttle wide open - manifold pressure still not quite equal to outside
pressure

Fig. 4-61. The manifold pressure gage principle (unsupercharged engine). A
value of 30 in. is used as an example, but you might see 29 in. (or lower)
before start, depending on the pressure altitude at the airport.



Fig. 4-62. Manifold pressure gages. A. Simple gage for single-engine
airplane. B. Dual needles used for a twin. C. Combination fuel-flow and
manifold pressure gage. (Sigma Tek)

fore it goes into the manifold. This makes it possible to register more than
the outside pressure and results in more HP being developed for a given
rpm, as HP is dependent on rpm and the amount of fuel and air (m'p) going
into the engine.

When the engine is shut down, the mp gage indication moves to the outside
air pressure. The techniques in using a mp gage will be discussed later in
Part 2, Checking Out in Advanced Models and Types. Fig. 4-62 shows
some e.xamples of various mp gages available.

Oil Pressure Gage. The oil pressure gage consists of a curved Bourdon tube
with a mechanical linkage to the indicating hand that registers the pressure
in pounds per square inch (Fig. 4-63). As is shown, oil pressure tends to



straighten the lube and the appropriate oil pressure indication is registered.
This is the direct-pressure-type gage.

Bourdon tube

Pressure inlet

Fig. 4-63. Oil pressure gage.

Bourdon tube

fluid

Nonflammable P^-o^^^^^zr*.

Flexible diaphragm

Pressure

Engine oil

Another type of oil pressure gage uses a unit containing a nexible
diaphragm that separates the engine oil from a nonflammable fluid that fills
the line from the unit into the Bourdon tube. The oil pressure is transmitted
through the diaphragm and to the Bourdon tube by this liquid because
liquids are incompressible (Fig. 4-64).



Oil Temperature Gage. The vapor type is the most common type of oil
temperature gage in use. This instrument, like the oil pressure gage,
contains a Bourdon tube connected by a fine tube to a metal bulb containing
a volatile liquid. Vapor expansion due to increased temperature exerts
pressure, which is indicated as temperature on the instrument face.

Other types of oil temperature gages may use a thermocouple rather than a
Bourdon tube.

Cylinder Head Temperature Gage. The cylinder head temperature gage is an
important instrument for engines of higher compression and/or higher
power. Engine cooling is a major problem in the design of a new airplane.
Much flight testing and cowl modification may be required before
satisfactory cooling is found for all airspeeds and power settings. The
engineers are faced with the problem of keeping the engine within efficient
operating limits for all air temperatures. An engine that has good cooling
for summer flying may run too cool in the winter. Cowl flaps, which are
controlled by the pilot, aid in compensating for variations in airspeed and
power setting. Many of the older high-performance airplanes use
"augmenter cooling" instead of cowl flaps. Air is drawn over the cylinders
by venturi action of a tube around the exhaust stacks (Fig. 4-65).

Simplified view of exhaust augmented cooling

Fig. 4-65.

Fig. 4-64. Oil pressure gage utilizing a flexible diaphragm and
nonflammable fluid.
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The cylinder head temperature gage usually warns of any possible damage
to the engine before the oil temperature gage gives any such indication.



The "hottest" cylinder, which is usually one of the rear ones in the
horizontally opposed engine, is chosen during the flight testing of the
airplane. A thermocouple lead replaces one of the spark plug washers on
this cylinder.

The cylinder head temperature gage uses the principle of the galvanometer.
Two metals of different electrical potentials are in contact at the lead. As the
electric currents of these two metals vary with temperature, a means is
established of indicating the temperature at the cylinder through electric
cables to a galvanometer (cylinder head temperature gage), which indicates
temperature rather than electrical units.

Some pilots use cylinder head temperature as an aid in proper leaning of the
mixture. Generally, richer mixtures mean lower head temperatures; leaner
mixtures mean higher head temperatures, all other things (airspeed, power
settings, etc.) being equal. But the engine may not be developing best power
at the extremes. Too rich a mixture means power loss plus excessive fuel
consumption, and too lean a mixture means power loss plus the possibility
of engine damage. Leaning procedures will be discussed in more detail in
Part 2.

Fuel Gage. The cork float and wire fuel gages of earlier days have gone by
the board. The corks sometimes got "fuel logged" and registered empty all
the time. Worse, the wire sometimes got bent and the pilot had an
unrealistic picture of fuel available. These indicators were followed by
metal floats and indicators, and finally by the electric transmitter type now
in popular use. (Check your fuel visually before the flight.)

The electric transmitter type may be broken down into the following
components: (1) float and arm, (2) rheostat-type control, and (3) the
indicator, a voltmeter indicating fuel either in fractions or in gallons. The
float and arm are attached to the rheostat, which is connected by wires to
the fuel gage. As the float level in the tank (or tanks) varies, the rheostat is
rotated, changing the electrical resistance in the circuit—which changes the
fuel gage indication accordingly. This is the most popular type of fuel
measuring system for airplanes with electrical systems (Fig. 4-66).



Electric Indicator

Fig. 4-66. Electric transmitter-type fuel gage.

Frequent checks of the fuel gage are a good idea; sudden dropping of the
fuel level indication may be caused by a serious fuel leak and you should
know about it.

Engine Instrument Marking. Following are some guidelines on engine
instrument markings as given by the FAA, including some instruments not
covered in detail in this chapter. You may pick up some pointers as to the
limitations of what is measured by each instrument.

Carburetor air temperature (reciprocating engine aircraft) Red radial —At
the maximum permissible carburetor inlet air temperature recommended by
the engine manufacturer

Cireen arc — Normal operating range lor iroublc-lrce operation with the
upper limit at the maximum permissible carburetor inlet air temperature and
the lower limit at the point where icing may be anticipated. Additional
green arc may be required in the temperature range below the icing range

bellow arc—Range indicating where icing is most likch to be encountered

Cylinder head temperature (reciprocating engine aircraft)

Red radial —At the maximum permissible cylinder head temperature

Green arc —From the maximum permissible temperature for continuous
operation to the minimum recommended by the engine manufacturer for
continuous operation

Yellow arc —From the maximum temperature for continuous operation to
the maximum permissible temperature



Manifold pressure (reciprocating engine aircraft)

Red radial —At the maximum permissible manifold absolute pressure for
dry or wet operation, whichever is greater

Green arc —From the maximum permissible pressure for continuous
operation to the minimum pressure selected by the aircraft manufacturer for
cruise power

Yellow arc —From the maximum pressure for continuous operation to the
maximum permissible pressure

Fuel pressure (reciprocating and turbine engine aircraft)

Red radial —At the maximum and/or minimum permissible pressures
established as engine operating limitations

Green arc —Normal operating range

Yellow arc —Cautionary ranges indicating any potential hazard in the fuel
system such as malfunction, icing, etc.

Oil pressure (reciprocating and turbine engine aircraft)

Red radial —At the maximum and/or minimum permissible pressures
established as engine operating limitations

Green arc —Normal operating range

Yellow arc —Cautionary ranges indicating any potential hazard due to
overpressure during cold start, low pressure during idle, etc.

Oil temperatures (reciprocating and turbine engine aircraft)

Red radial —At the maximum and/or minimum permissible temperatures
established as engine operating limitations

Green arc —Normal operating range



Yellow arc —Cautionary ranges indicating any potential hazard due to
overheating, high viscosity at low tempera-

Tachometer (reciprocating engine aircraft)

Red radial —At the maximum permissible rotational speed (rpm)

Green arc —From the maximum rotational speed for continuous operation
to the minimum recommended for continuous operation (except in the
restricted ranges, if any)

Yellow arc —From the maximum rotational speed for continuous operation
to the maximum permissible rotational speed

Red arc —Range(s) in which operation is restricted, except to pass through,
for all operating conditions because of excessive stresses, etc.

Electrical System. Fig. 4-67 is an electrical system diagram for a four-place
airplane. This is a 28-volt DC system with a belt-driven 60-amp alternator
to maintain the battery's state of charge. (Alternators have replaced
generators because alternators provide more electrical power at lower
engine

rpm.)
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ALTERNATOR CONTBOL UNIT

LOW VOLTAGt WARNING LIGHT

MAGNETOS



-TO MASTER SWITCH

-TO PITOT HEATER

TO AUXILIARY FUEL PUMP

TO WING FLAP SYSTEM

TO LANDING GEAR SWITCHES AND LIGHTS. DgTeab GEAR
WARNING system ANOSTALL WARNING SYSTEM

TO LANDING GEAR HYDRAULIC PUMP MOTOR



TO STROBE LIGHTS

TO AVIONICS COOLING f AN -TO INSTRUMENT CLUSTER

TO LOW-VOLTAGE WARNING LIGHT -TO IGMTION SWITCH -TO
LOW VACUUM WARNING LIGHT

-TO MAP COMPASS INST Ll&MTS AND DIMMERS AND FUEL
SELECTOR

-TO CARB AlH TEMPERATURE GAGE

-TO MAP COMPASS IN!

H DIMMERS AND FUEL ! VALVE HANDLE L'GH

- TO DOME AND COURTESY LIGHTS

-TO POST LIGHTS

TO NAVIGATION uGhTS

TO CONTROL WHEEL MAP LIGHT

TO FLASHING BEACON

TO TAXI AND LANDING LIGHTS

TO TURN COORDINATOR

TO AUTOPILOT

Fig. 4-67. Electrical system. Note that most of the circuit breakers are push-
to-reset but the strobe lights, landing gear hydraulic pump motor, and
landing gear switches and lights are protected by pull-off-type CBs. The
clock and flight-hour recorder have fuses. You no doubt have long known
that the magnetos have self-contained magnets and aren't part of the
airplane's electrical system.



I

The Ammeter indicates the amount 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 is on, the ammeter indicates
the charging rate applied to the battery. If the alternator isn't working, or the
electrical load is too high, the ammeter shows the battery discharge rate. A
low-voltage light is included in the system to warn of an alternator problem.
The master switch can be turned off and then back on to reset the alternator
control unit.

Learn what circuit breakers protect what units of the electrical system for
your airplane.

Vacuum System. Fig. 4-68 is a schematic of the vacuum system for a four-
place single-engine airplane. Note that the low-vacuum warning light
circuit breaker is the 8th breaker from the top in Fig. 4-67.

Fig. 4-69 is the vacuum system for a twin with a vacuum pump on each
engine. The system is set up so that one pump can carry the load if the other
fails. Chap. 19 will discuss a pressure or pneumatic pump system for the
instruments.
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Fig. 4-68. {aboye) Vacuum system for a single-engine airplane.

Fig. 4-69. Vacuum system for a light twin.
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Takeoff Performance

The first measurement of a good pilot is headwork-thinking well in an
airplane. Running a close second for the experienced pilot is the ability to
get the most out of the plane when it is needed. If you don't know what your
airplane can do you may either set such a high safety margin that
performance suffers, or such a low margin as to damage your airplane and
yourself. Sometimes it takes a great deal of intestinal fortitude to do what's
right - for instance, during a short-field takeoff with high trees at the far
end. Logic and knowledge tell you that forcing the plane off too soon will
cost takeoff performance, while instinct pushes for you to get it off now. It
requires an understanding of airplane performance and sometimes a lot of
argument with yourself to do what's right in a particular situation.

The following chapters on performance will be based on your
understanding of the following:

1. The air density in slugs per cubic foot is 0.002378 at sea level (standard
day) and decreases with altitude.

2. The sea level standard pressure is 29.92 in. of mercury, or 2116 lb per
square foot, and decreases at the rate of approximately 1 in. of mercury, or
75 lb per square foot, per 1000 ft. This is only an approximation. We will be
considering only the lower part of the atmosphere (up to 10,000 ft) in this
chapter.



3. The standard sea level temperature is 59°F, or 15°C, and decreases 3'/2°F,
or 2°C, per 1000 ft (the temperature normal lapse rate is 3'/2°F or 2°C per
1000 ft). Performance thumb rules and data are based on normally aspirated
engines (no superchargers) unless specifically stated.

TAKEOFFS IN GENERAL

The takeoff is usually the most critical part of the flight because (1) the
plane is most heavily loaded at this point, and (2) if the field is somewhat
soft or has high grass or snow, the takeoff suffers (but the landing roll is
helped if it's not so soft as to cause a nose up). Because of these two factors
in particular, it's possible for you to get into a field from which you can't fly
out.

Takeoff Variables

ALTITUDE AND TEMPERATURE EFFECTS. The air density decreases
with altitude and, as you remember, air density (e) is a factor of Lift.

Let's say that at the point of takeoff. Lift just equals Weight (this is for a
takeoff at any altitude). It would also simplify our discussion to say that the
plane lifts off at the maximum angle of attack. In most cases this doesn't
happen-that is, you don't "stall it off'-but it makes for easier figuring here,
so we'll do it. So, the maximum angle of attack (without stalling) and wing
area are the same for the takeoff at any altitude, and the density is less at
higher altitudes. Assuming the Weight of the airplane is the same as you
had at a sea level airport, at higher altitudes you'll have to make up for the
decrease in density by an increased true airspeed before the airplane can lift
off. The indicated airspeed will be the same for a high-ahitude takeoff as it
is at sea level, but it will take longer to get this indicated airspeed, the big
reason being that the engine can't develop sea level HP. The result is that
more runway is required with an increase in density-altitude. This increase
in takeoff run can be predicted. As one pilot said after trying to take off
from a short field at a high altitude and

going off the end of the runway, through two fences, a hedge, across a busy
highway, and through a yard, "About this time I began to wonder if 1 was
going to get off."



The atmospheric density does not decrease in a straight line, like
temperature. At 20,000 ft the density is about half that of sea level. At
40,000 ft the density is approximately half that of 20,000 ft, and so on, with
the density halving about every 18,000 to 20,000 ft. Density is a function of
pressure altitude and temperature.

The FAA has produced two density-altitude computers, one for fixed-pitch-
propeller airplanes and the other for variable-pitch-propeller airplanes. The
computers are used to check the takeoff and climb performance of these two
airplane types at higher density-altitudes.

How do you find the density-altitude without a computer? Here are the
temperatures for standard altitudes (density-altitudes) from sea level to
8000 ft (rounded off to the nearest degree):

Keep this in mind: For every ± !5°F or ±8i/i°C variation from standard
temperature at your pressure altitude, the density-altitude is increased or
decreased 1000 ft.

For instance, you are ready to take off and set the altimeter to 29.92. The
pressure altitude given is 3000 ft and the outside air temperature is -l-22°C.
The standard temperature at 3000 ft is -l-9°C, or the temperature is I3°C
higher than normal. This higher temperature means that the air is less dense
and the airplane is operating at a higher density-altitude. This 13°C higher-
than-standard temperature means adding another 1500 ft, for a density-
ahilude of 4500 ft.

You should use the POH figures if they are available rather than using the
FAA computers or the following thumb rules.

A high temperature, even at sea level or a low altitude airport, can hurt the
airplane's takeoff performance. You can check by looking at the equation of
state: g = P/1716T. If the temperature increases, the density decreases and
vice versa (constant pressure). The relative humidity also affects
performance. Moist air, for the same temperature, is less dense than dry air
Common sense would seem to tell you that water is heavier than air and the
more water vapor present, the denser the air should be. This is no; the case.



If you had high school or college chemistry you might be interested in the
following analogy: As you know, the air is made up of approximately 78%
nitrogen and 20% oxygen, with other gases making up the very small
remainder. For this example, forget the other gases and say that air is
composed of a ratio of 4 molecules of nitrogen to 1 molecule of oxygen.
The atomic weights of the basic elements are hydrogen-1, oxygen- 16,
nitrogen- 14. The molecular weights of the basic elements (2 atoms to a
molecule) are Hj-2, N2 —28, ©2-32. (H2O [water] is 18.) Assuming then
that a particle of air has 4 nitrogen and 1 oxygen molecules, the total weight
would be Na = 4 X 28 = 112 and O2 = 1 X 32 = 32; 112 -I- 32 = 144^. So, a
particle of "dry" air composed of 5 molecules "weighs" (has a relative
density of) 144.

If all 5 of those molecules were replaced by water molecules, the results
would be 5 x 18 = 90.

The moist air, based on this highly exaggerated example, would have a
density of 90/144 = 0.62, or 62% of the completely dry air. Well, it's not
quite that simple, for several reasons, but the fact is that moist air is
"lighter" than dry air and won't allow as much Lift-and particularly HP and
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Thrust —to be produced. If you calculated the effects of changing air from
a very low relative humidity to 100% relative humidity at 100°F (which is a
highly moist condition since every 20°F increase in temperature allows a
parcel of air to double its ability to hold moisture), you'd find that a given
air density would decrease approximately 2 to 3%. The effects on Lift
would be negligible in reasonable situations but the reciprocating engine
may lose up to 12% power depending on the amount of moisture existing.
So, the aerodynamics of the takeoff are not so affected as is the power.
Turbojet engines are not affected so much by increased moisture.

Back in Chap. 4, in discussing altimeter errors, it was mentioned that wide
variations from standard temperature at your altitude can cause errors in the
altimeter indications. In the case of a takeoff or landing at the airport giving
the altimeter setting, any errors due to variations from standard temperature
will have been compensated for in the setting. (On takeoff you will set your



altimeter to field elevation, anyway.) Remember that the altimeter-
temperature error is zero at the surface of the airport at which the setting is
obtained (sea level is often used as an example but it's true for any airport
elevation).

AIRCRAFT LOADING EFFECTS. Aircraft loading and its effect on
stability and control will be covered in a later chapter, but the effects of
Weight itself on takeoff runs should be noted here. Weight has a decided
influence on the distance required for lift-off; the factor is (present
weight/max certificated Weight)^. If the airplane is 10% over the Weight
given for a particular ground run value, the new distance would be \.V =
1.21, or 21% longer. (The worst situation for takeoff would be an
overloaded airplane on a short, soft field at high altitude on a hot, moist day
in tailwind or no-wind conditions — but more about the other factors later.)

Getting back to Weight effects alone, the same equation applies for lower
Weights as well. For instance, an airplane requiring a ground run (roll) of
1000 ft at its max certificated Weight of 3000 lb would require a run of
approximately 640 ft at a Weight of 2400 lb at that same density-altitude
and wind and runway conditions, or (2400/3000)' = (0.8)' = 0.64. The
airplane would require about 640 ft to lift oflF at the lower Weight. The
POHs give takeoff distances at several Weights (as well as at different
pressure altitudes and temperatures).

RUNWAY SURFACE EFFECTS. A soft Or rough field, high grass, or deep
snow can affect your takeoff distance —but common sense has been telling
you this for some time. The ground drag of your airplane caused by the
runway surface is called rolling resistance. The equation for this resistance
is R = /^(Weight — Lift), where fi is the coefficient of friction for that
particular runway surface. The following table shows rolling resistance
coefficients and thumb rules for added takeoff roll for some surfaces at sea
level.

These figures are approximate only and are based on airplanes with a power
loading of 10 to 16 lb per HP, or max Weight per takeoff HP = 10 to 16 lb
per HP. These figures vary with power loading. Airplanes with a lower
power loading, that is, less Weight per HP, are affected proportionately less
by increased rolling resistance than is a heavy airplane with little power. At



a higher density-altitude the required takeoff distance increases for a given
airplane because the engine is unable to develop full sea level HP, yet the
airplane has the same max certificated Weight. Its power loading is
increased and so are the rolling resistance effects. That's why it should be
noted that the thumb rules for runway surface here are for sea level.

The percentage of additional runway required rises sharply at a /i higher
than 0.15. In fact, none of the airplanes used as samples could even move at
a /* of 0.30.

As an example, a certain four-place airplane has a max certificated Weight
of 3000 lb and a static Thrust of 865 lb at sea level. At a /* of 0.30 (soft
field, deep snow, etc.) the rolling resistance at gross Weight is |a(Weight —
Lift) or 0.30(3000 - 0). There is no Lift at the beginning of the roll and the
result is n times Weight = 0.30 x 3000 = 900 lb, or 35 lb more than the
Thrust available at full power It won't move. That's where the term infinity
comes in, although in this extreme case infinity would be a better term for
the time

Fig. 5-1. Overloading means extra-long takeoff runs.
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required to get airborne, since the distance traveled would be

zero ft.



One point-pilots' definitions of short or tall grass vary. One of your flying
buddies may consider grass as being short if it's less than waist high while
you may think that grass on a putting green is tall.

Because of this rolling resistance, for a soft-field takeoff you will want to
get the Weight off the wheels as soon as possible. (Okay, so you knew that
already.)

Fig. 5-2 is a general look at the two retarding forces (Drag and rolling
resistance) versus calibrated airspeed from zero motion to lift-off speed on a
level concrete surface. The total retarding force is the sum of the two, and
you can note that rolling resistance is the big factor for the first part of the
run, becoming zero at the lift-off (where there's no Weight on the wheels).
Aerodynamic Drag is the big factor in the later part of the ground run (after
the airspeed at point A).

Fig. 5-2. Aerodynamic Drag and rolling resistance versus calibrated
airspeed.

Fig. 5-3 shows some exaggerated effects of short and tall grass compared
with the concrete surface of Fig. 5-2. All surfaces are level.

Points A, B, and C (airspeeds) indicate that (as you probably know by now)
the higher the rolling resistance, the sooner the Weight should be taken off
the wheels. If when taking off in tall grass you keep the nose down,
maintaining a level-flight altitude, the total retarding force (mainly rolling
resistance) will considerably extend the required lift-off distance.



Fig. 5-4 is a look at some approximate numbers for that 3000-lb airplane
with 865 lb static Thrust that was mentioned awhile back. Some actual
numbers are used, though rounding off was done and some assumptions
made (for instance, that the pilot held a certain constant coefficient of Lift,
or C^, in the run until 55 K, then rotating to the lift-off altitude, or Hft-off
C,, and accomplishing lift-off at 65 K). Note that the Thrust decreases from
865 lb at 0 K to 640 lb at 65 K (lift-off^.

The net accelerating force (NAF) is the difference between the Thrust
available and the total retarding force, and as you can see in this case the
NAF decreases as the airspeed increases. Note also that total aerodynamic
Drag increases at a fairly predictable rate until at 55 K when the pitch
attitude is increased. The aerodynamic Drag increases rapidly there (be-

Fig. 5-3. A general comparison of the effects of concrete, short grass, and
tall grass surfaces for the ground run portion of the takeoff.



Fig. 5-4. Thrust and retarding forces for a 3000-lb, four-place airplane
developing 865 lb of static Thrust at sea level on a dry concrete runway
surface.

cause of the increased induced Drag) until 65 K is obtained, and then it is
the total retarding force after lift-off.

Wait a minute-there seems to be a problem here. Earlier you read that in
straight and level unaccelerated flight Thrust and Drag are equal, or the
maximum level-flight speed of an airplane is when the maximum Thrust is
equaled by the total
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Drag. Looking at Fig. 5-4 and extending the Thrust and Drag curves you'll
see that they would intersect at (roughly) 80 K. Based on that it would seem
that this airplane is close to the mythical one you've heard about that takes
off and cruises (and lands) at the same airspeed.

Fig. 5-5 shows that the physics of takeoflfs (ground portion) and flight have
two different requirements. The airplane in Fig. 5-4 does have different
Drag characteristics in the two types of operation; "use power to go faster"
doesn't always work when airborne. When you lift off you are transitioning
from a ground vehicle to one of flight. If you are smooth it's not the abrupt



transition implied by Fig. 5-5. (Note in Fig. 5-5 that the maximum level-
flight speed is 145 K, not the approximately 80 K that might be derived
from extending the curves in Fig. 5-4.)

Fig. 5-6 shows the same 3000-lb airplane taking off at sea level, again
rotating at 55 K and lifting off at 65 K. This time, it's in tall grass with a /i
of 0.10, so that the initial rolling resistance is 3000 x 0.10 = 300 lb.
Comparing the NAF with that of dry concrete in Fig. 5-4 you can see that
NAF is lower at the beginning of the run but is the same value at lift-off
(since aerodynamic Drag is the same). The point is that it would be better to
rotate earlier than 55 K to do the job. Again note that the total retarding
force is the sum of the two forces (Drag and rolling resistance).

7S 100

CAS-Knots.

125 150

Fig. 5-5. Thrust and aerodynamic Drag during the takeoff run (dry concrete)
and In flight at sea level for the airplane in Fig. 5-4.

RUNWAY SLOPE EFFECTS. This One is hard to handle. If you have
figures on the slope of the particular runway you're using and are handy
with mathematics (as well as having plenty of time), you can figure it out.
Obviously if you are taking off uphill, more runway will be required;
downhill, less. It's factors like runway slope that shoot some beautiful
takeoff calcu-

30 40

CAS-Knots

so 55 60 65 70

Fig. 5-6. Thrust and retarding forces, at a Weight of 3000 lb, at sea level, in
tall grass (^ = 0.10).



lations right out the window. For safety, add 10% for an uphill run at sea
level. At higher density-altitudes the slope effects will be a bigger factor
since available Thrust for acceleration will be less.

There is always the question of whether to take off uphill and upwind or
downhill and downwind. This depends on the wind and runway slope, of
course. If you are operating from the average hard-surface airport where
slopes are within certain maximum allowable values it is better to take off
into the wind and uphill if the headwind component is 10% or more of your
takeoff speed. On off-airport landings or at small airports where slopes may
be comparatively steep you'll have to make your own decision according to
the conditions.

FAA airport design standards (utility airports) limit the maximum slope on
portions of the runway to IVo, or a little over 1 .2°. Fig. 5-7 shows the
effects of a 2° slope on a 3000-lb airplane. (The angle is exaggerated a
little.) As you can see, the rearward component of Weight has a value of
105 lb, which has a significant effect even at sea level, since the static
Thrust available is only 865 lb.

Fig. 5-8 shows the effects of a 2° slope, aerodynamic Drag, the rolling
resistance of tall grass, and a density-altitude of 5000 ft on the net
accelerating force. (Compare Fig. 5-4 and 5-8 to see how the added factors
can increase the takeoff run.)

The aerodynamic Drag is equal for Figs. 5-4, 5-5, 5-6, and 5-8, since the
airplane set up the same C^ for the run up to 55 K and rotated at that point
to the Cl required to lift off at 65 K. (This part of pilot technique will be
covered shortly.) In looking at the curves, note the points that could give
some general expectations about takeoff performance. The sample airplane
used here has a fixed gear, a constant-speed propeller, weighs 3000 lb, and
(again) has a static Thrust of 865 lb that decreases to 640 lb at 65 K at sea
level.
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Fig. 5-7. Effects of a 2" component of Weight.

slope on the rearward

Fig. 5-8. Thrust available at sea level and at a 5000-ft density-altitude and
the total retarding force in tall grass with an upslope of 2°. The total
retarding force at any point in the takeoff run is the sum of rolling
resistance, aerodynamic Drag, and slope effect.

The rate of acceleration will generally decrease as the takeoff run continues.
The net acceleration force (NAF) will be less as the calibrated airspeed
picks up, as noted earlier. The point is that if the acceleration is bad at the
beginning it's not apt to increase as the airspeed picks up. Comparing Figs.
5-4 and 5-6 (remember that both are for sea level) you can see that the total
retarding force is greatly affected by the rolling



resistance existing but the drop of Thrust available with increasing airspeed
is the big factor in decrease in the NAF. On soft-field takeoffs your
subjective feeling may be that the airplane, in the initial part of the run, is
not accelerating as on dry concrete (naturally) but seems to be doing as
expected for this condition. There seems to be a point about halfway to the
expected lift-off spot that the airspeed stops increasing and sort of hovers
around a particular (too-low) value. This is the decision time: (1) close the
throttle and taxi back for another shot at it (this can be a useful technique in
some cases, to pack the snow or press the grass down with a few dummy
runs) or (2) keep at it and hope that it will pick up airspeed again, break
loose, and let you clear the trees? You might prepare for the decision by
stepping off the limit of the distance available to get off and safely clear
obstacles. Use 2.5 ft as your measure for each "normal" step and if you are
slogging through snow or tall grass better cut this down to 2 ft. If you
assume a 3-ft pace, you might find the hard way that a 400-pace (what you
think is 1200-ft) distance could be much closer to 800 ft. One possibility is
to correctly pace off the safe distance for lift-off and put a marker at the
halfway point. If you don't have an indicated (calibrated) airspeed of 0.7 (or
lO'Va) of the lift-off speed at that halfway marker you will not likely have
lift-off speed at the end point. (This naturally assumes a constant coefficient
of rolling resistance —if the "second half of the surface is softer the
airplane may slow down and never get off.)

For example, you are taking off from a small grass airport and you've
estimated that to clear the trees 1800 ft is the maximum that can be used for
the takeoff run. The airplane has to break ground at the usual rotation speed
to get the max angle climb speed, V,, and get over the obstacle(s). You put a
rag or marker that can be readily seen on the side of the takeoff area at the
900-ft point. With a lift-off speed (CAS) of 65 K you'll need (0.7 x 65) =
45.5 K. Call it 45 K, an easily seen value on the airspeed indicator.

Look at Figs. 5-4 and 5-8 to compare the net accelerating forces if you had
been accustomed to dry, level, concrete runways at sea level and now find
yourself on a runway with tall grass at gross Weight at a 5000-ft density-
altitude. At 40 K (for instance) the sea level NAF (dry, level concrete) is
about 640 lb; in the example at 5000 ft the NAF is about 230 lb. You won't



have to worry about passengers' whiplash injuries during the run in the
latter case.

WIND CONDITION EFFECTS. The wind affects the takeoff both in time
and distance; of the two, distance is the most important. The headwind
component is the important factor, and you need to know its value. For
instance, a 30-K wind at a 30° angle to the runway would have a headwind
component of 26 K-you might take a look back ai Figs. 1-5, 1-8, and 3-2.
(The cosine of 30° is 0.866; 0.866 x 30 = 26 K, rounded off.)

The graph in Fig. 5-9 shows that the wind effects are not as straightforward
as they might at first seem. For instance, if the wind down the runway is
25''/o of the takeoff speed. Fig. 5-9 shows that the length required for lift-
off Would be only 58% of that required under no-wind conditions. Common
sense would seem to tell you that 75% is the answer.

Fig. 5-10 is a quick way to find the multipliers for headwind and crosswind
components. For instance, if the wind is at a 20° angle to the runway at 20
K you would see by referring to it that the headwind and crosswind
components would be 18 K and 7 K respectively. You gain more by having
a headwind than you might at first think.

PILOT TECHNIQUE EFFECTS. The figures for takeotT distance in the
POH are obtained by experienced test pilots and show better performance
than a 75-hr private pilot might get, but these published figures at least give
some basis for compari-
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RATIO OF WIND VELOCITY TO TAKE-OFF VELOCITY
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Fig. 5-9. Effects of wind on takeoff run (or roll). Use tfie fieadwind
component.

son. The disheartening thing is that takeoff techniques even vary between
equally experienced pilots. In fact, it's very doubtful whether anyone could



make two consecutive take-offs just alike even though runway and wind
conditions were exactly the same.

Assume that you carefully calculate pressure altitude and temperature
effects, Weight, and wind effects before takeoff— and then use sloppy
techniques. The effect is as if you measured something carefully with a
micrometer, marked it exactly, and then cut it off with a blunt ax.
Nevertheless, you

Fig. 5-10. Headwind and crosswind components for thie wind at various
angles to tfie runway (rounded off).

should have some idea of the effects of variables on the takeoff run to have
a rough estimate of how much distance you'll need.

Assume an airplane with a constant-speed propeller that grosses at 3000 lb
and according to the POH requires 1000 ft to break ground at sea level on a
standard day (no wind). Suppose the pilot finds that the pressure altitude for
the airport on that day is 3400 ft. (The airport may actually be only 3000 ft
above sea level but due to local low-pressure conditions the pressure
altitude is higher than the actual elevation.) The temperature is 76°F and the
wind is 30° to the runway at 10 K. The airplane's power-ofF stall speed for
the takeoff configuration is 60 K. The takeoff speed is generally considered
to be 1.2 times the power-off stall speed, so 72 K will be the
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takeoff speed used for these calculations. Assume that the runway is hard
surfaced and level. The plane weighs 3300 lb because, although it's illegal
to be over gross, the pilot wants to take an extra passenger wedged in the
back seat (plus some extra baggage).

The following steps apply:

1. Pressure altitude and temperature effects —Noie that the pressure altitude
is 3400 ft (standard temperature for this altitude is 47°F or 8°C) and the
temperature is 76°F (24°C) or 29°F higher than normal. Remember that
each added 15°F or 8'/:°C above standard equals another 1000 ft of density-



altitude. The density-altitude is 2000 ft higher (rounded off) than the
pressure altitude. The airplane will perform at a density-altitude of 5400 ft,
no matter what the altimeter savs. Add 12% per 1000 ft (5.4 x 12 = 65%).
The takeoff roll at this point will be 1650 ft.

2. Weight effects—Jht airplane's Weight is (present Weight/gross Weight)' =
(3300/3000)' = \.V = 1.21; 1.21 X 1650 = 1995 ft now needed to break
ground (call it 2000 ft).

3. Wind effects —\ss\xmmg that the takeoff is into the wind (although
anyone who overloads an airplane so much might decide to take off
downwind just for the heck of it), the multiplier for the headwind
component for a wind at an angle of 30° to the runway is 0.85 (Fig. 5-10);
0.85 x 10 = 8.5 K. If your airspeed indicator is in mph, you can convert this
wind speed to mph by multiplying by 1.15; 1.15 x 8.5 = 9.8 mph (call it 10
mph).

In order to use Fig. 5-9 the ratio of wind velocity to takeoff velocity is
needed; V„i„d/V,ai,e„f, = 8.5 K/72 K = 0.118 or 0.12. Referring to Fig. 5-9
you find that the ratio takeoff distance (wind)/take-oflf distance (no wind) =
0.80. So finally: 0.80 x 2000 = about 1600 ft runway required at a pressure
altitude of 3400 ft, temperature of 76°F, weight of 3300 lb and a wind of 10
K at an angle of 30° to the runway. This doesn't take into account runway
slope or bad pilot technique. Another thing to remember (again) is that tall
grass, snow, or mud could possibly double this distance.

What about the climb? It's affected also. At sea level you can expect the
distance (after lift-off) to clear a 50-ft obstacle to be about 80% of the
takeoff roll. The sample airplane with a takeoff roll of 1000 ft would likely
require another 800 ft to clear a 50-ft obstacle. The distance to clear a 50-ft
obstacle increases with increase in density-altitude and Weight, but the
airplane with the fixed-pitch propeller suffers more.

RULE OF THUMB TAKEOFF VARIABLES FOR UNSUPERCHARGED
ENGINES

1. Add 12% to the takeoff run, as given in the POH for sea level, for every
1000 ft of pressure altitude at the takeoff point.



2. Add 12% to the above figure for every 15°F or 8.5°C above standard for
the field pressure altitude.

3. Weight effects—The POH takeoff figures are for the gross Weight of the
airplane unless otherwise stated. The takeoff run is affected approximately
by the square of the Weight change. For example, a 10% Weight change
causes a 21% change in length of takeoff run.

4. Wind effects —The ratio of wind velocity (down the runway) to your
takeoff speed (in percentage) subtracted from 90% gives the expected ratio
of runway length needed to break ground. If wind = 20% of takeoff
velocity, 90 — 20 = 70%. You'll use 70% of the runway distance as given
by the POH for no-wind conditions. This rule of thumb can be used if you
don't have Fig. 5-9 handy. Consider any headwind component less than 5 K
to be calm and to have no effect on takeoff run if you use the just-
mentioned rule of thumb.

Fig. 5-11. Sometimes you don't have time for computing.

THE NORMAL TAKEOFF

Tricycle-Gear. For computing takeotV distance, engineers sometimes use a
speed at lift-olT of I.l limes the power-off stall speed. You know, as a pilot,
that you can lift a plane off at stall speed, but this is usually reserved for
special occasions such as soft-field takeoffs. The 1.1 ligure is recommended
to preclude your getting too deeply in the backside ol the power-required
curve.



If you pull the plane off in a cocked-up attitude and try to climb too steeply,
you will use a great deal of your power just keeping the plane flying, much
less getting on with your trip.

This too-nose-high attitude is particularly critical for jet takeoffs. Jet pilots
pulling the nose too high during the takeoff run have found themselves
running out of runway with the plane having no inclination to make like a
bird. In fact, a 100-mi-long runway wouldn't be any better —you'd still be
sitting there waiting for something to happen when there was no more
runway left (Fig. 5-11).

The prop plane has more HP to spare at low speeds and will accelerate or
climb out of the bad situation more quickly. But accelerating takes time and
distance, and if there are obstacles off the end of the runway, you may wish
you had shown a little more discretion in your method of lil't-otf. This
problem is more evident in propeller planes of high power loadings (power
loading = Weight/HP).

The "back side of the power curve" is also important on approaches. You
can get your airplane so low and slow on final that by the time you
accelerate or climb out of this condition, you may have gone through a
fence and killed somebody's prize Hereford bull a good quarter mile short
of the runway. You can get out of this region, but it may take more distance
than you can spare at the moment.

If you feel that the nose is too high on the takeoff roll and the plane isn't
accelerating as it should, then the nose must be lowered and the plane given
a chance to accelerate —even

though you don't particularly want to do this when there's not much runway
left.

In an airplane that has an effective elevator and a not-so-effective rudder, it
doesn't make for ease of mind if you yank the nosewheel off at the first
opportunity, particularly in a strong left crosswind. On the other hand,
nothing seems quite so amateurish as the pilot who runs down the runway
hell-for-leather on all three wheels until the tires are screaming and then
yanks it off. .lust because it's a tricycle-gear doesn't mean that it should be



ridden like a tricycle. The best normal takeoff in a tricycle-gear plane is one
in which after a proper interval of roll the nosewheel is gently raised and
shortly afterward the airplane flies itself off. No book can tell you just when
to raise the nosewheel for all the different airplanes. In fact, no book can tell
you how to fly, as you are well aware of by now.

Although retractable-gear airplanes will be covered in detail later, there are
a couple of points to be mentioned. Too many pilots have the idea that it
makes them look "hot" to pull up the gear as soon as the plane breaks
ground. Airplanes have been known to settle back on the runway after a
takeoff. The plane doesn't roll too well with the gear partially retracted.
Don't retract the gear too soon, even if you are definitely airborne. That is,
don't pull up the gear until you have reached the point where in case of
engine failure the airplane can no longer be landed on the runway wheels
down. It would be very embarrassing to use 500 ft of a 10,000-ft runway
and then have to belly it in when the engine quit because you didn't have
time to get the gear back down (Fig. 5-12).

Delaying the gear raising has its aerodynamic and performance advantages,
too. For some airplanes, the transitioning of the gear (up or down) can
increase parasite Drag as the gear doors open and shut. An airplane that has
been forced off in a marginal condition and is barely holding its own
staggering along just above the runway may have enough added
interference Drag and form Drag during the gear raising that
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Fig. 5-12. Haste can make waste.
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aerodynamic laws would require it to settle back down on partially retracted
gear, no matter how good your pilot technique might be (Fig. 5-13).

Fig. 5-13. The transition of the landing gear may cause unacceptable Drag.

Common Errors (Tricycle-Gear)

1. Holding the nosewheel on and jerking the airplane off the ground (a less
violent technique similar to this is good for takeoffs in strong crosswinds
but some people do it under all wind and weather conditions).

2. The other extreme, pulling the nose up too high and too early, which
increases chances of poor directional control in a crosswind and extends the
takeoff run. A typical case is one in which the pilot pulls the nosewheel off
by brute force before it's ready, and has to apply lots of right rudder. The
nose, not ready to stay up, falls back down with nosewheel cocked. This
makes for a funny feeling.

Takeoffs for Tailwheel Types. Things being as they are today, it may be that
you haven't checked out in a tailwheel airplane yet. For a long time there
were few if any tricycle-gear trainers and everybody learned to fly in
airplanes with tail wheels. Now the trend is reversed and nearly all the new
planes have tricycle gear. This section is presented to give you a little
background should you get a chance to check out in the tailwheel type.

The takeoff roll may be broken down into three phases.

PHASE 1. This phase usually gives the most trouble to the pilot checking
out in this type. It's slightly harder to go from the tricycle-gear to the
tailwheel-type than vice versa, but you'll have no trouble after the first few
takeoffs and landings.

The big problem in this phase seems to be the inability to see over the nose
at the beginning of the takeoff roll. You've been used to looking directly



over the nose all through the tricycle-gear takeoff, and this may be a habit
hard to break. You'll have to get used to looking down the side of the nose
in most cases, although some tailwheel airplanes have low nose positions
comparable to tricycle types.

Ease the throttle open. This is important for the tailwheel airplane because
(1) the rudder-tailwheel combination has less positive control at low speeds
and the sudden application of power causes torque effects that could make
directional control a problem at first and (2) the high nose makes it harder
to detect this torque-induced movement and may delay your corrective
action.

The tailwheel will be doing most of the steering with the rudder becoming
more effective as the airspeed picks up. In a high-powered, propeller
airplane it may take a great deal of

rudder to do the job at the beginning of the takeoff run.

The elevators should be left at neutral or slightly ahead of neutral because
you don't want to force the tail up too quickly and lose directional control.

You may for the first takeoff or two have a tendency to "walk the rudder."
You've had enough experience by now to recognize this mistake and correct
it yourself.

PHASE 2. As the plane picks up speed, allow (or assist slightly) the tail to
come up until the airplane is in the attitude of a shallow climb. When the
tail comes up, tailwheel steering is lost and the rudder itself is responsible
for keeping the airplane straight. This means that added rudder deflection
must make up for the loss of steering of the tailwheel. Your biggest steering
problems will be at the beginning of the takeoff and at the point at which
the tail comes up.

If the tail is abruptly raised, our old friend "precession" has a chance to act.
The rotating propeller makes an efficient gyro, and when the tail is raised, it
is as if a force were exerted at the top of the propeller arc, from the rear.
The airplane reacts as if the force had been exerted at a point 90° around the
propeller arc, or at the right side (Fig. 5-14). The precession force is added



to the torque forces and could cause a left swerve if you are unprepared.
The opposite occurs if the nose is abruptly raised in flight.

PHASE 3. The airplane is now in a shallow climb attitude and will fly itself
off. However, you can help a little by slight back pressure. The rest of the
takeoff and climb are just like the procedures you've been using with the
tricycle-gear plane.

Turning moment

Apparent force on propeller disk as tail is rais

Fig. 5-14. Precession effects due to abrupt raising of the tail.

Common Errors (Tailwheei-Type)

1. Poor directional control.

2. Raising the tail abruptly and too high.

3. Trying to pull the plane off too early.

THE SHORT-FIELD TAKEOFF

The short-field takeoff is used in conjunction with the climb to clear an
obstacle. Only the ground roll will be covered in this section; the maximum
angle or obstacle climb will be covered in Chap. 6.

The airplane accelerates best when in the air if it is not "stalled off." The
comparative amount of acceleration be-
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tween the airplane at a given speed on the ground and airborne naturally
depends on the surface. The airplane is ready to fly before the average pilot
wants to; the pilot generally uses more runway than is necessary in
becoming airborne. This is good under normal takeoff conditions as well as
in gusty air, as it gives a margin of safety at lift-off. But in the case of the
short-field takeoft", you don't have the runway to spare.

Some pilots are firm believers in the idea of holding the plane on until the
last instant and then hauling back abruptly and screaming up over the
obstacle. This makes the takeoff look a great deal more flashy and difficult
than if the pilot had gotten the plane off sooner and set up a ma.ximum
angle climb. The rate of climb is a function of the excess HP available, as
will be discussed in Chap. 6. In the maximum angle climb, you are
interested in getting more altitude per foot of ground covered, rather than
the best rate of climb. This is a compromise between a lower airspeed and
lower rate of climb in order to clear an obstacle at a specific distance. True,
you're not climbing at quite as great a rate, but on the other hand, because of
the lower speed you're not approaching the obstacle as quickly either.

The recommended takeoff procedure is close to the soft-field technique. Get
the plane airborne as soon as possible without stalling it off. In most cases
the airplane will be accelerating as it climbs. Only in underpowered and/or
overloaded airplanes will it be necessary to definitely level off to pick up
the recommended maximum angle climb speed.

Some sources recommend that you rotate to lift-off just as the best angle of
climb airspeed is attained and maintain that speed until the assumed
obstructions have been cleared. This is a standardized procedure. The main
drawback is that the average pilot tends to let the airspeed pick up after lift-
off and get well over the best angle of climb speed, losing performance.
You can talk with pilots experienced in your airplane and work out the best
technique for takeoff and climb. It may very well be that rotating at V^ is
best, and you can hold this exact speed after lift-off.



Use of Flaps. Manufacturers recommend a certain flap setting for the short-
field takeoff because they have found that this flap setting results in a
shorter takeoff run and better angle of climb. For some airplanes, the
manufacturers recommend that no flaps be used on the short-field takeoff
and for best performance it is wise to follow the recommendations given in
the POH.

There are two schools of thought on the technique of using flaps for a short-
field takeoff. One is to use no flaps at all for the first part of the run and
then apply flaps (generally full flaps) when the time seems ripe. This
technique generally disregards the fact that there is rolling resistance
present. The first part of the roll usually is made with the airplane in a level-
flight attitude, the pilot counting on the sudden application of flaps to obtain
Lift for the takeoff. There is no doubt that aerodynamic Drag is less in the
level-flight attitude than in a tail-low attitude, but rolling resistance is the
greatest factor in the earlier part of the run and this is often overlooked. If
the field is soft, an inefficient and perhaps dangerous (particularly in the
tailwheel type) condition may be set up because Weight is not being taken
from the main wheels and a nosing-up tendency is present.

The ideal point at which to lower flaps differs widely between pilots.

The effect of full flaps on the obstacle climb (unless the plane design calls
specifically for the use of full flaps) results in a low Lift-to-Drag ratio —
that is, an increase of proportionally more Drag for the amount of Lift
required, so the climb angle suffers.

There is usually a loss in pilot technique (particularly in

the tailwheel type) during the flap lowering. The pilot has to divide
attention between the takeoff and flap manipulation. This can be overcome
as the pilot becomes more familiar with the airplane, but in most cases the
flap handle is located in an awkward position or requires attention to
operate. The flaps generally are designed to be operated at a point where the
pilot can direct attention to them if necessary —that is, before takeoff, on
the base leg or on final. The takeoff itself requires more attention than these
other procedures. The pilot attempting to deflect the flaps the correct
amount during the takeoff run may get two notches instead of three, or



over- or undershoot the desired setting if the flaps are hydraulically or
electrically actuated.

The other, and better, technique is to set the flaps at the recommended angle
before starting the takeoff run and then forget about them until the obstacle
is well cleared. Fly the airplane off and attain, and maintain, the
recommended climb speed. After \\\e obstacle is cleared, ease the nose over
slightly and pick up airspeed until you have a safe margin to ease the flaps
up. Some pilots clear the obstacle, breathe a sigh of relief, jerk the flaps up,
and grandly sink back into the trees. On some airplanes the PO//-
recommended maximum angle of climb speed is fairly close to the power-
on stall speed. Although you had a good safety margin with the flaps down,
when you jerk them up at this speed at a low altitude, you could have
problems in gusty air. (A common error, however, is to be overly cautious.)

Short-Field Takeoff Procedure (Tailwheel or Tricycle-Gear)

1. Before takeoff, use a careful pretakeoff check and a full power run up to
make sure the engine is developing full power. Don't waste runway; start at
the extreme end. Set flaps as recommended by the POH. (Lean the mixture
as necessary.)

2. Open the throttle wide (smoothly) as you release the brakes. (Don't wait
until the throttle is completely open before releasing the brakes.)

3. Keep the airplane straight and avoid "rudder walking," as this slows the
takeoff.

4. Get the airplane airborne as soon as is safely possible without "stalling it
off." This means that the nosewheel of the tricycle-gear type is raised as
soon as practicable (not too high) and on the tailwheel-type the attitude is
tail low, similar to that of the soft-field takeoff. In both cases, the airplane is
flown off at a slightly lower-than-usual airspeed.

5. Attain and maintain the recommended maximum angle climb speed as
given in the POH. Continue to use full power until the obstacle is cleared.

6. Retract the landing gear (if so equipped).



7. Assume a normal climb. (The climb will be discussed later.)

Some pilots argue for a 90° rolling takeoff, but this is hard on tires and
landing gear assemblies for very little, if any, gain. It's agreed that the fixed-
pitch prop is inefficient at low speeds (Chap. 2) but you might ground loop
using the 90°-run technique.

It's possible that a too-sharp turn onto the runway could "unport the fuel" on
one side. Suppose you're making an extra-sharp high-speed left turn onto
the runway and have selected the right wing tank for takeoff. (That was the
fullest and the one selected before the run-up.) As you make that turn
centrifugal force moves the fuel away from the port opening of the fuel line.
You could have a loss of power during the takeoff run or right after lift-off
(Fig. 5-15).

Common Errors

1. Poor directional control when the brakes are released.

2. Trying to hurry the plane off the ground, resulting in high Drag and
actually slowing the takeoff.
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Fig. 5-15. The centrifugal force of the sharp left turn moved the fuel from
the tank port and the engine is being starved at a bad time. (There is usually



just enough fuel left in the line to let the airplane get too far to land on the
runway.) One solution used over the years is that of baffles in the fuel tank
to slow, or stop, fuel "sloshing."

3. Holding the plane down after breaking ground, letting the airspeed pick
up past the maximum angle of climb speed and losing climb efficiency.

THE SOFT-FIELD TAKEOFF

(Use flaps as recommended by the POH.) Maybe the only soft-field takeoff
procedures you've used so far were the simulated ones practiced for the
private flight test. But sooner or later you'll find yourself in a spot where the
field may be too soft for a normal takeoff.

Generally speaking, mud, snow, and high grass can be considered to fall
into the category where a special takeoff technique is required. This same
technique is useful on a rough field where it's better to get the plane off as
soon as possible to minimize chances of damaging the landing gear.

Tricycle-Gear. Keep the airplane rolling. If you stop to think things over in
the middle of the takeoff area, you may find yourself watching the wheels
slowly sinking in the muck. It may take full power to even move once
you've stopped. The propeller will pick up mud and gravel and throw it into
the stabilizer or stabilator. This doesn't help either the prop or the tail
surfaces.

Rolling resistance is high, so you will want a tail-low attitude on the takeoff
run to help overcome this resistance.

1. The airplane is kept rolling, full throttle is applied, and the wheel (or
stick) is held back for two reasons: (I) to get the Weight off the nosewheel,
which will decrease rolling resistance as well as lessen chances of the
nosewheel hitting an extra-soft spot and being damaged and (2) to increase
the angle of attack as soon as possible so that the Weight on the main
wheels is minimized.

2. As soon as the plane is definitely airborne, lower the nose and establish a
normal climb.



Common Errors (Tricycle-Gear)

1. Not keeping the airplane moving as it is lined up with the takeoff area,
requiring a great deal of power to get rolling again and increasing the
possibility of prop damage.

2. Not enough back pressure. Most pilots tend to underestimate the amount
of back pressure required to break the nosewheel from the ground at lower
airspeeds.

Of course, you may be able to get the nose too high and suffer the same
results as in the normal takeoff under these conditions —that is, no takeoff
at all.

Tallwheel-Type. The soft-field takeoff is a little more touchy with the
tailwheel airplane because of the greater chances of nosing up if a
particularly soft spot, deeper snow, or higher grass is suddenly encountered.
The tailwheel airplane has some advantage in that there is no large third
wheel to cause added rolling resistance. The tailwheel is small and has
comparatively little Weight on it to cause rolling resistance. But this could
cause a nose up in a situation where the tricycle-gear plane would have no
particular trouble. (It could break the nosewheel, however.)

You had soft-field takeoffs on the private flight test and, if you used a
tailwheel-type plane, have a pretty good idea of the technique.

As with the tricycle-gear plane, the plane should be kept rolling onto the
runway (invariably someone else is coming in for a landing and you'll have
to wait anyway, but if you do, try to pick a firmer spot so you won't get
mired down). This means that the pretakeoff check should be run at a good
spot so that after ascertaining that there is no traffic coming in, you can get
on the takeoff area and get about your business (Fig. 5-16).

Review Fig. 5-3 to get a nonquantitative comparison of the effects of tall
grass or soft ground. You can see by comparing Figs. 5-4 and 5-6 that the
initial (V = 0) rolling resistance for concrete and tall grass are 60 lb and 300
lb respectively.



Procedure

1. Keep the airplane rolling onto the runway and apply full power in (the
same manner as for a normal takeoff. Don't ram it open!

NORMAL TAKE-OFF ATTITUDE

SOFT OR ROUGH FIELD TAKE-OFF ATTITUDE

Fig. 5-16. Takeoff attitudes.
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2. Keep the wheel (or stick) back to stop any early tendencies to nose over.
Then —

3. Ease the tail up to a definitely tail-/ovv position so that (I) the plane
doesn't have a tendency to flip over and (2) the angle of attack is such as lo
get the plane airborne (and the Weight oft" the main wheels) as soon as
possible.

4. As soon as the airplane is definitely airborne, lower the nose and
establish a normal climb.

Common Errors (TailwheelType)

1. Holding the stick back too firmly and too long, causing added tailwheel
rolling resistance as well as aerodynamic Drag.

2. Getting the tail too high, with the danger of nosing up.

A REVIEW OF CROSSWIND TAKEOFFS



Tricycle-Gear. The wind's effect on both the tricycle-gear and lailwhcel
airplane on the ground generally is the same. That is, the airplane tends to
weathercock into the wind and lean over as well (Fig. 5-17). The tricycle-
gear plane does not have as strong a tendency to weathercock because the
nose-wheel is large and there is more Weight on it, so there is a greater
ground resistance, compared with the tailwheel-iype. In order to make a
smooth crosswind takeoff you'll have to overcome these wind effects. Some
lightplanes are hard to control when taken off' in a strong left crosswind.
The weathercocking tendency plus torque effects make it extremely difficult
to have a straight takeoff run.

Procedure. Line up with the centerline of the runway, or on the downwind
side if \ou think weathercocking will be so great as to make it impossible to
keep the plane straight. If the wind is this strong, however, you might be
better off to stay on the ground.

Assume, for instance, there is a fairly strong left crosswind component (10
K). It will require conscious effort on your part to apply and hold aileron
into the wind. This is probably the most common fault of the relatively
inexperienced pilot. It doesn't feel right to have the wheel or stick in such an
awkward position. It is natural that the correction be eased off
unconsciously shortly after the run begins. This may allow the wind to lift
that upwind wing.

Another common error is the other extreme. The pilot uses full aileron at
the beginning of the run and gets so engrossed in keeping the airplane
straight that, when the plane does break ground, the full aileron may cause
the airplane to

start a very steep bank into the wind. This does little for the passengers'
peace of mind and is actually useful only if the pilot is interested in picking
up a handkerchief with his wing tip.

Notice in figs. 5-18 and 5-19 that the aileron into the wind actually has two
effects: (1) it offsets the "leaning over" tendency (ilie ailerons have no
effect in a 90° crosswind until the plane gets moving, though) and (2) the
Drag of the down aileron helps fight the weathercocking tendency. Of
course, most airplanes these days have differential aileron movement (the



aileron goes further up than down) and the down aileron Drag has little
efl'ect on the tricycle-gear plane because of its takeoff' attitude. Still, you'll
have to fight the leaning tendency and the ailerons will be the answer.

This is a takeoff where you definitely should not rush the airplane into
flying. The crosswind takeoff feels uncomfortable. It's perfectly natural to
want to get the plane airborne

Fig. 5-18. Tricycle-gear attitude and use of ailerons to compensate for a
crosswind.

Fig. 5-19. Aileron deflection at the beginning of the crosswind takeoff
(tailwheel-type).

Fig. 5-17. Airplane tends to weathercock (A) as well as lean (B).
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and stop all this monkey business. Keep the plane on the ground until you
are certain it is ready to fly, then lift it off with definite, but not abrupt, back
pressure. If the plane should skip into the air, try to keep it flying, if
possible. It will start drifting as soon as you are off the ground, and it won't
help the tires and landing gear assembly to hit again when you're moving
sideways.

In other words, don't try to ease the nosewheel off as in a normal takeoff.
The weathercocking effect in a large crosswind component may be more
than you can handle with rudder alone (no nosewheel help). Again, this is
particularly true in a left crosswind. In a right crosswind, torque and
weathercocking tend to work against each other. The airplane should be
kept on all three wheels until at the lift-off point.

The idea of keeping the plane on the ground longer applies to the tailwheel
type for the same reasons as for the tricycle-gear airplane. The attitude of
the plane during the run will be slightly more tail high than for the normal
takeoff (which for the tailwheel type, you remember, was the attitude of a
shallow climb).

A common failing of pilots in both types of airplanes is that a poor drift
correction is set up on the climbout. There are the hardy but misguided
souls who still believe that holding rudder into the wind or holding the
upwind wing down is

the best way to correct for a crosswind on the climbout.

You know by now that the average plane, if trimmed properly, will make its
own takeoff, but this may not be the most efficient procedure, particularly
under abnormal conditions. Many pilots have never flown their airplanes at
gross Weight until one day they attempt it under adverse conditions—and
leave an indelible impression on some object off the end of the runway.

SOME PRACTICAL CONSIDERATIONS

It's good to know the theory and factors that affect takeoff performance but
you'll have to know how to use the charts for your airplane. The following
charts are examples for review, starting with the simple and moving on to



the more complex. Some people prefer a graphical presentation and others a
tabular listing, but you should be prepared to use either one.

Fig. 5-20 is for a noncomplex trainer; you may have used this chart in your
student and earlier private pilot days. The tabular form is self-explanatory,
but you might work a couple of problems for review. Note that short-field
techniques are used.

TAKEOFF DISTANCE

SHORT FIELD

CONDITIONS:

Flaps 10°

Full Throttle Prior to Brake Release

Paved, Level, Dry Runway

Zero Wind

NOTES;

1. Short field technique as specified in Section 4.

2. Prior to takeoff from fields above 3000 feet elevation, the mixture should
be leaned to give maximum RPM in a full throttle, static runup.

3. Decrease distances 10% for each 9 knots headwind. For operation with
tailwinds up to 10 knots, increase distances by 10% for each 2 knots.

4. For operation on a dry, grass runway, increase distances by 15% of the
"ground roll" figure.

Fig. 5-20. Takeoff chart for a light trainer
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For instance, an airplane at 3000 ft pressure altitude (PA) and IO°C (at 1670
lb) requires a 925-ft ground roll and a total distance of 1730 ft to clear a 50-
ft obstacle. At 1500 ft pressure altitude and 15°C you'd have to interpolate
between 1000 and 2000 ft at 10°C and at 20°C. For example, 1000 ft at
10°C = 765 and 1420 ft: 1000 ft at 20''C = 825 and 1530 ft: 1000 ft at 15°C
= 1590/2 and 2950/2// = 795 and 1475 ft.

At 1000 ft PA and 15°C the airplane will require a 795-ft ground roll and
1475 ft to clear a 50-ft obstacle. Doing the interpolation for 2000 ft PA and
15°C, 2000 ft at 10°C = 840 and 1565 ft: 2000 ft at 20°C = 910 and 1690 ft:
2000 ft at 15°C = 1750/2 and 3255/2 = 875 and 1630 ft. Finally, the two
answers are averaged to get the performance at 1500 ft PA

and 15°C: (795 + 875)/2 and (1475 + 1630)/2 = 835 and 1555 ft (rounded
ofT).

Assuming no wind and taking ofl" on a dry, grass runway ai 1500 ft PA and
15°C you would add 15% of the ground roll (run?) figure to both distances:
0.15 x 835 = 125 ft; 835 -(-125 = 960 fl ground roll; 1555 -I- 125 = 1680 ft
total distance over a 50-fi ob.siacle.

Assuming that a 9-K headwind has suddenly sprung up just as you start the
roll on that dry, grass runway you would use appro.ximately 10% less of the
distance.

Fig. 5-21 is a takeoff distance chart for a more complex airplane with
performance for two Weights given. You can interpolate altitudes,
temperatures, and Weights with this.

Fig. 5-21. Takeoff chart for a four-place airplane at two Weights.
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Fig. 5-22 is the takeoff ground distance ciiart for a four-place airplane (0°
flaps). The example is self-explanatory. Fig. 5-23 is a chart for the total
distance over a 50-ft



barrier for the airplane in Fig. 5-22. (Note the headwind difference for the
two examples.) Fig. 5-24 is the same type of graphical presentation but for a
heavier twin.
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Fig. 5-22. Takeoff ground roll-graphical presentation of a four-place
airplane.



Check the notes on the charts so that you aren't computing the performance
for the wrong Weight or flap configuration. These charts, like all
performance or navigation charts in this book, are not to be used in actual
situations.

Study and know the POH. If in doubt, read it again, and, above all, always
give yourself a safety factor, particularly in takeoffs.

-40

-20 0 20

OUTSIDE AIR TEMP - "C

3000 2B00 2000

WEIGHT - POUNDS

0 B 10 IB WIND COMPONENTS - KTS

Fig. 5-23. Takeoff distance over a 50-ft barrier for the airplane in Fig. 5-22.
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The Climb

An airplane's rate of climb is a function of excess HP available. This can be
approximated by this equation: rate of climb (fpm) = (excess Thrust
horsepower x 33,O0O)/airplane Weight, or R/C (fpm) = (ETHP x
33,000)/W, or

R/C =

ETHP X 33,000 W

Looking again at a HP-required and HP-available (THP) versus velocity
curve for a particular altitude (we'll choose sea level for simplicity) you can
note the following (Fig. 6-1). At a particular velocity, the difference
between the THP available at recommended climb power and the HP
required is the maximum. By looking at this graph for a particular airplane,
you would immediately know the best rate of chmb speed at sea level. With
a series of these curves up to the airplane's ceihng, you can find the speed
for best rate of climb for any altitude (Fig. 6-2). Looking at Fig. 6-2 you can
see that at 90 K at sea level a power of about 59 THP is required to fly the
airplane straight and level and 178 THP is the available power, or an



TRUE AIRSPEED-Knots

Fig. 6-1. THP-available and THP-required curve for a high-performance
general aviation airplane at sea level. (Calibrated airspeed equals true
airspeed at sea level.) The best rate of climb is found at the speed where
there is the greatest amount of excess THP available. (Airplane Weight —
3000 lb)

20 40 60 SO 100 120 MO 160

TRUE AIRSPEED-Knots

Fig. 6-2. Best rate of climb speed (TAS) at sea level and 10,000 ft (density-
altitude), unsuper-charged engine.

excess of 119 THP exists. Using the equation for rate of climb: R/C =
(ETHP X 33,000)/Weight (the Weight for this airplane is 30001b), R/C =
(119 X 33,000)/3000 = 1309 fpm at sea level. The climb angle is found to
be 8° 15' relative to the horizon. If you remember back in Chap. 3 the rate
of climb for this fictitious airplane was found to be 1265 fpm (a climb angle
of an even 8° was set up for the climb speed of 90 K and the problem was
worked "backward"). The extra 55 fpm here shows that the airplane was
slightly underrated by that method (and numbers were rounded off)-



Checking the rate of climb at 10,000 ft at the best climb speed (given as
TAS here but the pilot would use IAS or CAS, which computed for the TAS
of 97 K at 10,000 ft would work out to be a CAS of about 84 K). The THP
required is about 62 and the THP available is 120 (Fig. 6-2), an excess of 58
THP: R/C = (58 x 33,000)/3000 = 638 fpm, a reasonable figure at that
altitude for an airplane of that Weight and THP required. (Assume IAS =
CAS for this discussion.)

Some POHs include graphs of the best rate of climb speeds for various
altitudes (IAS or CAS) (Fig. 6-3).

In cases where a graph like Fig. 6-3 is unavailable for lighter (older) planes
such as trainers, which have a simplified type of POH, a rule of thumb may
be applied: the standard sea level recommended best rate of climb speed is
available in these abbreviated Owner's Manuals and the idea of maintaining
a nearly constant TAS may be used; that is, the TAS and the CAS are the
same under sea level standard conditions. You can find the indicated
airspeed by subtracting IVo per 1000 ft from the published figure. Note that
in order to maintain the same TAS at various altitudes the rule of thumb
would be to subtract 2% per 1000 ft from the sea level indicated climb

INDICATED AIRSPEED - Kts.

Fig. 6-3.

speed but the best rate of climb true airspeed increases about 1% per 1000 ft
(assuming no instrument error).



The 1% per 1000 ft decrease in indicated airspeed takes care of this. It must
be repeated that this rule of thumb is for light trainers, but it also works
pretty well for heavier airplanes. You couldn't go too far wrong by
maintaining the same IAS throughout the climb in the trainer, although a
slight loss in efficiency would result. This type of plane normally does not
operate much over 5000 ft anyway.

There are two ceilings commonly mentioned: (1) service ceiling (that
altitude at which the rate of climb is 100 fpm) and (2) absolute ceiling (the
absolute altitude the plane can reach, where the rate of climb is zero). These
ceilings are normally based on gross Weight but can be computed for any
Weight. If you want to come right down to it, the absolute ceiling as a part
of a climb schedule at gross Weight could never really be reached. In the
first place, the airplane would be burning fuel and getting lighter as it
climbed so wouldn't reaclvthe absolute ceiling at the correct Weight;
secondly, even if the Weight could be kept constant, the situation would be
somewhat like that of the old problem of the frog 2 ft from a wall who
jumps 1 ft the first time, 6 in. the second, etc., halving the length each hop.
In theory, he would never reach the wall. For the airplane, that last Inch up
to the absolute ceiling would take a very long time. The rate of climb for
single-engine airplanes and light twins with both engines operating is 100
fpm at the normal service ceiling but the light twin service ceiling with one
engine inoperative is listed at the altitude at which the rate of climb is 50
fpm.

The service and absolute ceilings can be approximated by extrapolation.
Measure the rate of climb at sea level and at several other altitudes and join
these points (Fig. 6-4).

For instance, set your altimeter to 29.92, noting the outside air temperature
and the rate of climb for several altitudes. Then convert your pressure
altitude to density-altitude and, using a piece of graph paper, determine your
absolute and service ceilings, correcting for the difference in Weight from
the gross Weight. You're not likely to do this, but it would give you some
idea of the rate of climb of your plane for various standard altitudes if you
are interested. The POH lists the rate of climb at sea level and also the
service and, in some cases, operational ceilings. You can use this



information to check your rates of climb at \arious altitudes by making a
graph such as in Fig. 6-5. Suppose your POH gives a rate of climb at sea
level of 1000 fpm and a service ceiling of 18,000 ft. Knowing that the
service ceiling rate of climb is always 100
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Fig. 6-4. Establishing a rate of climb graph.

0 200 400 600 800 1000 1200 RATE OF CLIMB - fpm

Fig. 6-5. Making an approximate rate of climb graph (gross Weight) by
using the rale of climb at sea level and the published service ceiling.

fpm, you can set it up as in Fig. 6-5. Set up points 1 and 2; by connecting
them with a straight line you can pick off the rate of climb for any standard
altitude. (Your expected rate of climb in Fig. 6-5 is about 500 fpm at 10,000
ft.)



You can also work out a rule of thumb for your airplane. If your rate of
climb drops from 1000 fpm at zero altitude to 100 fpm at 18,000 ft, it
means a drop of 900 fpm in 18,000 ft. A little division shows a rate of chmb
drop of 50 fpm for every 1000 ft, so a good approximation of your expected
rate of climb at various altitudes is 1000 fpm at sea level, 950 fpm at 1000
ft, 900 fpm at 2000 ft, etc. You can work out the figures for the plane you
are flying (but it's doubtful if they would work out as evenly as this "fixed"
problem).

Rate of climb varies inversely with Weight, and at first thought it would
seem that variations in rate of climb could be simply calculated for
variations in Weight. However, induced Drag is also affected by Weight
change and the excess THP (and rate of climb) suffers more with added
poundage than would be considered by a straight Weight ratio.

The rate of climb depends on excess THP available, and this depends on the
density-altitude. Your rate of climb is affected by pressure altitude and
temperature (which combine to give you density-altitude).

Two important speeds concern the climb: (1) the speed for the best rate of
climb and (2) the speed for the maximum angle of climb. These speeds are
obtained by flight tests. Generally the manufacturer will measure the rates
of climb at various airspeeds, starting from just above the stall to the
maximum level-flight speed. This is done for several altitudes and the rate
of climb is plotted against the TAS and a curve drawn for each (Fig. 6-6).
Corrections are made for Weight changes during the testing process.

You can see that the rate of climb would be zero at speeds near the stall and
at the maximum level-flight speed because no excess HP is available.
Looking back at Fig. 6-1, note that the excess THP drops off to nothing at
the maximum level-
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Fig. 6-6. A rate of climb curve made by noting the rate of climb at various
airspeeds and joining the points.

flight speed as all the HP is being used to maintain altitude at that speed. At
the lower end of the speed range the same thing occurs, but the stall
characteristics of the airplane may not allow such clear-cut answers.



By looking at the resulting graph after these figures have been reduced to
standard conditions and plotted, you can learn the speed for best rate of
climb and for the maximum angle of climb (Fig. 6-7).
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Fig. 6-7. Rate of climb versus velocity curve for several density-altitudes
for a particular airplane.
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The best rate of climb is at the peak of the curve. Reading the velocity
below point A, you can find the speed for the best rate of climb. This is the
published figure for sea level in the POH.

A line is drawn from the origin (0) on the graph tangent to the curve.
Mathematically speaking this will give the highest ratio of climb to velocity
(which means the same thing as the maximum altitude gain per foot of
forward flight). The velocity directly below point B is the published figure
for maximum angle of climb at sea level. Each airplane make and model is
tested to find these recommended speeds. The tangent lines for the other
two altitudes are shown in F'ig. 6-7; note that the angle of climb decreases
with altitude as might be expected. This is important to remember in that a
50-ft obstacle that can be cleared easily at the max angle climb at sea level
could be a problem at airports of higher elevation (and/or higher density-
altitude).

Fig. 6-7 is shown in terms of IAS to gi\e a clearer picture of altitude effects.
As shown, if the points of maximum angle arc connected by a straight line
and the same thing done for the points for the best rate of climb, the lines
(in theory) converge at the same airspeed at the absoluie ceiling of the
airplane (zero rate of climb). In other words, the curves would get smaller
and smaller until the "cur\e" for the absolute ceiling would be a point at
some airspeed (and the rate of climb would be zero —all of the power
available would be needed to keep from losing altitude at that one and only
airspeed). The airspeeds for max angle and best rate get closer to each other
as the altitude increases. The required IAS for best rate decreases with
altitude and the required IAS for max angle increases with altitude; they
will (in theory) be the same as the airplane reaches its absolute ceiling. The
best rate of climb is always found at a higher airspeed than that for the max
angle of climb up to that imaginary point, the absolute ceiling (Fig. 6-8).

Fig. 6-8. Climb speeds and rates versus standard altitude for a two-place
trainer.

mends a certain airspeed and power setting for the normal climb. Pilots
sometimes get impatient during a prolonged climb and start to cheat a little
by easing the nose up. This does nothing more than decrease the rate of
climb and strain the engine by decreasing the relative wind's cooling



effects. Re\iew lig. 6-7 to see that when the speed is varied in either
direction from the peak at A, the rate of climb is not at a maximum. You
could lower the nose an equivalent amount and the rate of climb would not
suffer any more than if you raised it —and the engine would be a lot better
off!

After takeoff, the landing gear is raised, and as the speed approaches 'he
best rate of climb speed, the flaps are raised and the power retarded to the
recommended climb setting. As a rule of thumb for airplanes with
unsupercharged engines, knock off I"''o per 1000 ft from your climb
indicaiecl airspeed. For airplanes up through the light twins this can be
considered to be up to I K per 1000 ft.

CRUISE CLIMB

This climb, which results in a good rate of climb as well as a high forward
speed, is from 10 to 30 K faster than the recommended best rate, or normal
climb speed. The cruise climb is ideal for a long cross-country where you
want to fly at a certain altitude but don't want to lose much of your cruise
speed getting there. Of course, if it's bumpy at lower altitudes you may want
to use the best rate of climb up to smooth air and a cruise climb from that
point up to your chosen altitude. An advantage to the cruise climb is that
because of the higher airspeed (and higher air flow) the engine will
generally be cooler during the climb.

Looking back at Fig. 6-7 (the sea level curve), note that by climbing at 110
K the rate of climb is decreased by about 75 fpm or about 5'/:%, while the
forward speed (110 K, compared with the best rate of climb speed of 90 K)
is increased by ll'Vo — an advantage if you are interested in going places as
you climb. Notice that as the climb speed increases past this value the rate
of climb begins to drop off at a faster and faster rate. One method of setting
up a cruise climb condition for your airplane (particularly for the cleaner,
higher performance type) is to add the difference between the recommended
max angle and max rate speeds to the max rate speed. In other words, if the
recommended max rate speed at sea level and gross Weight is 90 K and the
max angle speed (same conditions) is 75 K you add the difference (15 K) to
the speed for max rate and come up with a cruise climb speed of 105 K.
Speaking simply, you're operating on the opposite side of the climb curve



from the max angle speed but not at such a speed that the rate of climb has
dropped radically. (Notice on the curves in Figs. 6-6 and 6-7 that as the
airspeed increases above that for best rate, the rate of climb decreases at a
greater and greater rate per knot.) The speed for cruise climb found this way
is at best an approximation and you should, as always, use the
manufacturer's figure if available. Lower the cruise climb speed about 1%
per 1000 ft, as was done for the max rate climb.

For the particular airplane in Fig. 6-8, the service and absolute ceilings are
given as 12,000 and 14,000 ft respectively. Note how the indicated
airspeeds for best (or max) angle and best rate of climb speeds converge at
the absolute ceiling. (The same condition would apply if the climb speeds
were drawn in terms of TAS.)

NORMAL CLIMB

1 he normal climb is the best rate of climb possible without overworking
the engine. The manufacturer recom-

MAXIMUM ANGLE CLIMB

This climb usually is not an extended one and seldom continues for more
than a couple of hundred feet altitude. As soon as the plane is firmly
airborne, retract the landing gear and attain and maintain the recommended
max angle climb speed. Keep the engine at full power. You'll need all the
HP you can get, and the short length of time that full power will be used
won't hurt the engine. Leave the flaps alone until the obstacle has been well
cleared. After you have sufficient altitude and the adrenalin has stopped
racing around, raise the flaps (if used), throttle back, and assume a normal
climb. For



Fig. 6-9. Exaggerated comparison of max angle and best rate of climb.

the best angle of climb add '/2% per 1000 ft (about V2 K) to the indicated
airspeed.

The max angle of climb is found at the speed at which the maximum excess
Thrust is found. It will be found at the speed at which the greatest amount
of Thrust component is available to move the airplane upward, compared
with its forward motion. The max rate of climb is a function of time (the
max angle is not) and so is dependent on the excess Thrust horsepower
working to move the airplane upward at a certain rate (Fig. 6-9). Fig. 6-10
shows how the max angle climb speed is found.

Fig. 6-10. The max angle of climb speed is found at the point of greatest
excess Thrust.

The recommended obstacle clearance airspeed may be slightly less than the
extended max angle climb because the airplane is dirty (has more parasite
Drag) with the gear and flaps down.

CLIMB CHARTS

Fig. 6-11 shows the maximum rates of climb and the time, fuel, and
distance needed to climb at max rate for a high-performance four-place
airplane. A is pretty much self-explanatory, but you might look at B briefly.

Suppose that you are taking oif from an airport at 1500 ft

®



MAXIMUM RATE OF CLIMB

CONDITIONS:

Flaps Up

Gear Up

2700 RPM

Full Thronle

Mixture Leaned above 3000 Feet

Cowl Flaps Open

TIME, FUEL AND DISTANCE TO CLIMB

MAXIMUM RATE OF CLIMB

CONDITIONS:

Flaps Up

Gear Up

2700 RPM

Full Thronle

Mixture Leaned above 3000 Feet

Cowl Flaps Open

Standard Temperature

NOTES:

1. Add 1.4 gallons of fuel for engine start, taxi, and takeoff allowance.



2. Increase time, fuel and distance by 10% for each 10°C above standard
temperature.

3. Distances shown are based on zero wind.

Fig.

fuel.

6-11. A. Maximum climb rates, and distance to climb.

B. Time,
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Departure airpon press alt.; 2000 h Departure airport outside air temp.;
27^C Cruise pressure altitude- 8000 ft Cruise outside air temp.-. 1 2°C Fuel
to climb 4 1 3 gal Time to climb 12.5 4 8 5 mm Distance to climb 19-6 = 13
NM

30 20 10 0 10 20 30 40

OUTSIDE AIR TEMPERATURE C

10 20 30 40 BO

FUEL. TIME AND DISTANCE TO CLIMB

Fig. 6-12. A. Climb performance. B. Fuel, time, and distance to climb
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elevation and will level off at 7500 mean sea level (MSL). You would
interpolate between 1000 and 2000 to get (1) a time of 2 min, (2) 0.6 gal
fuel used (in the climb itself), and (3) a distance (no-wind) of 3 mi. To go
from sea level to 7500 (interpolated), it would take 12 min, 3.1 gal, and 18
mi. The difference, or 10 min, 2.5 gal, and 15 mi is required to climb from
1500 ft MSL to 7500 MSL. To get total fuel used until level-oflf you'd add



1.4 gal for engine start, taxi, and takeoff (Fig. 6-11, Notes) for a
requirement of 3.9 gal.

Note that wind will not affect time or gallons used, unless strong winds
result in turbulence and performance loss. The

mileage required to reach a particular altitude depends on the wind during
the climb; you could use an "average" winds aloft if you wanted to work it
out that closely with your computer. The time, fuel, and distance are
increased by 10% for each 10°C above standard temperature, as noted.

Fig. 6-12 is a graphical presentation of climb performance and fuel, time,
and distance to climb. This example shows that, as in Fig. 6-11, the
numbers (fuel, time, and distance) for the pressure altitude and temperature
of takeoff must be subtracted from the cruise pressure altitude and outside
air temperature. Check the example.

i
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Cruise Control-Range and Endurance

CRUISE CONTROL IN GENERAL

Cruise control is an area too often ignored by pilots, and unfortunately the
performance charts that come with the airplane are often classed with the
writing on the walls of a Pharaoh's tomb. This chapter is a general coverage
of cruise control. Specific methods of setting up power will be covered
later.

Fig. 7-1 is a typical TAS versus standard altitude (density-altitude) curve for
a high-performance retractable-gear, four-place airplane. This presentation
is also known as a speed-power chart. Point 1 is the maximum level-flight
speed and, like all airplanes with unsupercharged engines, is found at sea
level where the maximum amount of power is available to allow the
airplane to maintain altitude at such a high speed. The normal cruise
settings usually vary between 55 and 75%, with 65 and 75% being the most



popular. Most engine manufacturers recommend that no continuous power
settings of over 75% be used because of increased fuel consumption and
added engine wear. You remember from Chap. 2 that these percentages of
power are based on normal rated power, or the maximum continuous power
allowed for the engine (brake horsepower).

Looking at Fig. 7-1, note that for the higher cruise power settings true
airspeed (TAS) is gained with altitude, so that if a power setting of 75% is
desired it would be best to fly at an altitude of 7000 ft (point 2) to get the
most knots per HP-assuming outside factors such as ceiling, IFR-assigned
altitude requirements, and winds aloft are not considered. Above 7000 ft,
even full throttle will no longer furnish this airplane the required manifold
pressure to maintain 75% power. If 65% power is used, this setting can be
maintained to about 10,000 ft (point 3); this would be the best altitude for
that setting. As the desired cruise setting decreases, the best altitude
increases, but the loss of time in climbing to the optimum altitude could
offset TAS gains, particularly on shorter trips. Note that as the cruise power
setting decreases from 75% the TAS gam per 1000 ft also decreases until at
40% (point 4), there is no gain shown with altitude increase.

At the higher power settings it can also be expected that because the TAS
increases with altitude for a specific power (and fuel consumption) the
range is also increased with alti-



Fig. 7-1. A true airspeed versus standard altitude chart for a four-place high-
performance airplane.

tude for a fixed percentage of power being used—except for one condition,
that of maximum range, which will be discussed later.

Establishing the Cruise Condition. As the desired altitude is reached there
are three main techniques used by pilots in establishing the cruise: (1) as
soon as the altitude is reached, immediately retarding power from climb to
cruise setting, (2) maintaining climb power after level-oflf until cruise
speed is attained, and (3) climbing past the altitude 200 or so ft and diving
to attain cruise speed and then setting power.

CRUISE CONTROL-RANGE AND ENDURANCE

The first technique is the least effective method of attaining cruise (as far as
time is concerned) and also means the resetting of power after the area of
cruise speed is reached. Because the airplane is slow (at climb speed) when
power is set, the increased airspeed as cruise is approached means that for
the fixed-pitch propeller the rpm will have increased past that desired and,
for the constant-speed type, ram effect may have increased the manifold



pressure above the original setting. Acceleration to cruise speed is
necessarily slow compared with maintaining climb power (the second
technique), assuming a constant altitude.

Climbing past the altitude and diving down to aid in establishing cruise
(technique ?) is sometimes used for cleaner airplanes. It is questionable
whether this method has a perceptible advantage over leaving climb power
on until cruise is reached since any comparison of the methods must include
starting the timing, as the airplane initially passes through the cruise altitude
in the climb-past-and-dive technique.

A phrase used by pilots is "getting the airplane on the step," an idea likely
taken from seaplane operations. Pilots sometimes say, "I wasn't doing too
well at first but as the night progressed 1 began to get on the step." Actually
they had not encountered a mysterious phenomenon but were following
predictable aerodynamic laws.

The step is popularly defined as a condition in normal cruise in which the
pilot, by lowering the nose slightly, is able to get several more knots than
predicted by the manufacturer. Fig. 7-2 shows a power-required versus
airspeed curve for an airplane at sea level. Note that there are two speeds
available for most of the lower power settings but for settings used for
cruise (55 to 75'^'o) the two speeds are far enough apart so there is no
question about the correct airspeed. For instance if you're carrying 55''?o
power and are maintaining, say, 65 K — when the airplane normally cruises
at 140 K at that setting — you'll know that all is not well. However, if you
are carrying 35 to 40% and indicating 80 K when you could be indicating
90 K the problem is not so obvious.

Getting back to the idea of getting on the step as the flight progresses. Fig.
7-3 shows the power required for a particular airplane at gross Weight and
when it is nearly empty of fuel. The airplane will indicate a higher airspeed
at the lighter Weight, and this is expected and predictable. The difference in
airspeeds depends on the ratio of fuel Weight to airplane Weight. Chap. 2
also discusses this idea.
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Fig. 7-2. Brake horsepower versus calibrated airspeed at a constant altitude
for a fictitious high-performance airplane. This would be what the pilot
would obtain by maintaining a constant altitude at various airspeeds, taking
note of the manifold pressure and rpm necessary for each airspeed and later
checking the percentage of power used after landing and referring to a
power-setting chart. For Instance, point C represents the two speeds
available for this airplane, using 55% of normal rated power.

Down in the area of max range and max endurance, at 35 to 45% power, the
speeds are not so far apart and the pilot might be flying at the low speed
when it's possible to cruise several knots faster (Fig. 7-2). The principle is
still the same: the pilot can fly at the higher speed rather than the low but
cannot fly at an even higher speed than the highest airspeed allowed at one
of the intersections of the power-required/ power-available curve. The pilot
cannot, for example, go faster than the greater of the two speeds (shown by
B using 40% power) and still maintain a constant altitude. The pilot's
problem is not being aware of the higher speed available, since both speeds
are likely to be close together; the airplane would be quite happy to
maintain that airspeed and altitude until Weight changes began to have their
effect.

65% power



Initial part of flight-gross Weight-65% power- 143 knots

Nearly empty of fuel-65% power-same altitude -150 knots

60 80 100 120 140 160 180 CALIBRATED AIRSPEED-Knots

Fig. 7-3. Comparison of BHP required and airplane flight speeds at gross
Weight and nearly empty of fuel at the same power setting of 65%.
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3015 lb
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down force - 15 lb

WEIGHT - 3000 lb A

WEIGHT - 3000 lb B

Fig. 7-4. The effects of CG position and resulting Lift (and power) required
for an airplane in cruising flight.

Pilots unaware of the two available speeds may experiment by lowering the
nose and, lo and behold, seem to have gotten "on the step." It might be hard
to convince them they haven't beaten the game but have obtained only what
is obtainable from the laws of aircraft performance.

Another fallacy of cruising flight, one often put forth by those of the "step"
school of thought, is that the airplane should be loaded for a forward center
of gravity (CG). One reason for this theory of loading might be the belief
that with the CG forward the airplane wants to run "downhill." The pilot
doesn't let it lose any altitude, goes the theory, but still benefits in added
speed from this downhill-running tendency. This is close to that old theory
that you don't need an engine in an automobile if the front wheels are
smaller than the rear ones.

Actually, the airplane with the CG as far back as safely possible is usually
faster. When two airplanes of the same model and weight carry the same
power, the one with the more aft CG will cruise slightly faster. The airplane
with the aft CG will also not be as longitudinally stable as the other and will
be more easily disturbed from its trim. This doesn't mean that the airplane
becomes unsafe; flight characteristics could be quite reasonable once the
airplane is in smooth air and trimmed. If you went too far with this idea,
however, serious problems of instability could arise.

Just how can aft loading add to performance? Take a look at an average
high-performance airplane (Fig. 7-4). You'll find it has a tail-down force at
cruise, the result of the CG location for any particular airplane-Weight
combination. The center of Lift is considered to be fixed, as shown by both
planes in Fig. 7-4. This produces a nose-down moment, which must be
balanced by a tail-down moment furnished by the horizontal tail surfaces.



A moment is usually measured in pound-inches (Ib-in.) and is the result of
distance times a force or weight. For this problem, we will measure the
moments around the center of Lift rather than around the CG, as was done
back in Chap. 3.

Airplane A is so loaded that the CG is 10 in. ahead of the center of Lift. The
airplane weighs 3000 lb, so the nose-down moment is 10 in. x 3000 lb or
30,000 Ib-in. The tail-down moment must equal this (or the airplane will be
wanting to do an outside loop), and the center of the tail-down force in this
case is 200 in. behind the center of Lift. This calls for a force of 150 lb (the
30,000 Ib-in. must equal 200 in. times the force, which is 150 lb). When the
moments are equal, the airplane's nose does not tend to pitch either way.
(The other moments covered in Chap. 3 will be ignored for this problem.)

If equilibrium exists and Airplane A is to maintain level flight, the vertical
forces must also be equal; up must equal down in other words. Down forces
are Weight (3000 lb) and the tail-down force (150 lb)-a total of 3150 lb
down. Lift must equal this same value, so 3150 lb of Lift are required to fly
a 3000-lb airplane.

Airplane B has a more aft CG. It is loaded so that the CG is 1 in. ahead of
the center of Lift. The nose-down moment here is 1 in. times the 3000 lb, or
3000 Ib-in. The center of the tail-down force is 200 in. behind the center of
Lift, so that a down force of 15 lb is required (3000 Ib-in. in this case, a
product of 200 in. times the force, which must therefore be 15 lb). To sum
up the vertical forces: 3000 -I- 15 = 3015 lb of Lift required. Airplane B has
to fly at an angle of attack and airspeed to support only 3015 lb.

Both airplanes would weigh 3000 lb if placed on a scale, of course, but
airplane A weighs 5% more as far as the combined angle of attack and
airspeed are concerned. That airplane also requires more power to fly at a
constant altitude, and as both airplanes are carrying the same power setting,
the heavier airplane A would cruise more slowly. To believers riding on
airplane B and noting that it flies faster than airplane A, it might well seem
that their airplane is "on the step," yet all that is happening is that both
airplanes are merely following predictable aerodynamic laws.



Relying solely on airspeed indicators can lead to another oversight:
temperature and its effects.

Say you are flying a certain airplane on a Canadian winter morning at a
pressure altitude of 4000 ft, carrying 65% power; the TAS for that power is
161 K. The outside air temperature (OAT) is - 10°F (-23°C). This gives you
a density-altitude of sea level. As the density-altitude is sea level, the IAS
will be 161 K (assuming no instrument or position error). You could fly to
Florida the next day and start operating there at the same pressure altitude
of 4000 ft and the same Weight at 65%, but at anOATof 75°F(-I-24°C). The
density-altitude is 6000 ft, giving a TAS of 170 K. In getting this TAS of
170, however, you are indicating only 155 K. By just comparing indicated
airspeeds, you would come up with the fact that yesterday-at the same
pressure altitude, power setting, and Weight-you were indicating 6 K more.
Yesterday, it might seem, you were "on the step"; today, you just couldn't
seem to make it. Even once, perhaps, you tried to ease the nose down today
to get on the step but just lost altitude, so you're more convinced than ever
that the "step" is a mysterious thing only found once in a while. Quite
possibly, you might have noted the variation from standard temperature in
setting up your
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manifold pressure, bui fell nevertheless into that oft-repeated trap of
comparing indicated airspeeds only. So forget the "step."

A LOOK AT MAXIMUM RANGE CONDITIONS

It has been established that maximum range, as far as the aerodynamics of
the airplane is concerned, is a function of a particular coefficient of Lift, the
one at which the Lift-to-Drag ratio is at a maximum. This Q (or angle of
attack) is constant for a particular airplane (and configuration) and does not
vary with Weight, as noted in Chap. 1. However, the average airplane does
not have means of measuring C, or angle of attack so the pilot must
decrease the IAS (CAS) as Weight decreases in order to maintain the



required optimum angle of attack. Look at the problem in terms of the
power curve (Fig. 7-5).

efficiency of the engine propeller combination is only SSi^o, or three BHP
is required to get one THP, but at a slightly higher speed the etViciency
jumps up to 85"'o. A compromise would be in order. The same thing applies
to bsfc. Fig. 7-6 illustrates that the bsfc changes with power and this might
also be a factor. Basically, max range would be found at a condition at
which the combination L/D x efficiency/bsfc is a maximum. ^bu may have
to fly at a lower Lift-to-Drag ratio in order to increase efficiency or
decrease bsfc and get an overall greater range than would result from
sticking to the max L/D speed and ignoring low efficiency or high bsfc at
that speed. Manufacturers take this into consideration when they publish
max range figures. In order to show the expected power settings for various
airspeeds for max range and endurance. Figs. 7-5, 7-7, 7-8, and 7-9 are
actually based on BHP as you can see by the shape of the curves.

Fig. 7-5. Power-required curves for a particular airplane at various Weights.
Notice that for maximum range the airspeed must be decreased as Weight
decreases.

A line drawn from the origin (0) tangent to the power-required curve gives
the speed for best range at this altitude for each Weight. Assuming that the
altitude remains constant, the TAS (and IAS) must be constantly decreased
with decreasing Weight in order to get the absolute maximum range. This



means that the power setting (brake horsepower, or BHP) is reduced from,
say, 40 to 35'Vo over the period of the flight.

From an aerodynamic standpoint the tangent line should be drawn on the
Thrust horsepower-required curve. The speed found would be point of
maximum efficiency of the airplane and, in theory at least, would coincide
with the speed for the minimum Drag on the Drag versus airspeed curve for
the airplane (maximum Lift-to-Drag ratio). However, other factors are
involved such as propulsive efficiency (jj) and brake specific fuel
consumption (bsfc, or pounds of fuel used per BHP per hour). For instance,
if your engine-propeller combination happened to have an extremely low
efficiency at the speed found by using the THP-required curve, a
compromise must be found. As an exaggeration, suppose at the speed found
as the aerodynamically ideal one for best range the

Fig. 7-6. Specific fuel consumption curve for a typical reciprocating engine
as is used in light-planes.

^^jL^lO,000 Ft.
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Fig. 7-7. Best range speeds (TAS) for a particular airplane at sea level and
at 10,000 ft.
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Fig. 7-8. Wind effects on best range speed.
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Fig. 7-9. The speed for maximum endurance (from an aerodynamic
standpoint) is found at tfie point where power required is the least.

You can see that the normal cruise speed, which is well above that of the
maximum range speed, is a compromise between speed and economy.
Naturally everybody would like to get from A to B as rapidly as possible,
but this is neither aerodynamically nor economically feasible.

One thing you'll find is that after careful planning for winds and other
factors you may save some time en route — only to lose it at the other end
by a delayed landing or ground transportation troubles. On a 200-NM trip, a
plane that cruises at 150 K takes 16 min less than one that cruises at 125 K,
and these savings can easily be lost at the destination. Of course the longer
the trip the greater the time savings, but more time is lost at airports than is
generally considered.

A study of current general aviation airplanes shows that a rule of thumb
may be used to approximate the maximum range airspeeds for gross
Weight. The following ratios, based on three major airplane types, are the
ratio of the maximum

range speed to the flaps-up, power-off stall speeds (wings level and
calibrated airspeeds). After using the ratio you may convert to IAS by
checking the airspeed calibration chart for your airplane.

1.5 X power-oflF stall speed 1.8 X power-off stall speed 1.7 X power-off
stall speed

Single-engine, fixed-gear Single-engine, retractable-gear Twin-engine,
retractable-gear



Suppose you find in the POH or by rule of thumb that the IAS is 120 K for
max range of gross Weight; how do you take care of the Weight change as
fuel is burned? Looking at the Lift equation and working around to solving
for V: V = V2W7Ci5e- (Assume here for simplicity that Lift equals
Weight.) The coefficient of Lift (CJ is to be held constant as it is the one
found for max L/D, or max range, and the wing area (S) does not change
nor does the density (g) for a constant altitude, so the only variable in the
square root symbol is W, or Weight. (The "2" is also a constant, as always.)
This means that as Weight changes, V must also change as the square root
of the Weight change. Put in simple terms, V must change one-half the
percentage of that of the Weight. If Weight decreases 20%, the V (or
airspeed) must be decreased by 10% to keep the required constant C,,. If the
gross Weight of the airplane is 3000 lb and the required airspeed for max
range is 120 K, the airspeed at 2400 lb (a decrease in Weight of 20%)
should be 108 K (a decrease in airspeed of 10%). This works for the
maximum expected decrease from gross to minimum flyable Weight for
most airplanes. Fig. 1-12 can be used for determining airspeed change
required with Weight change, as was discussed in Chap. 1.

A higher percentage of normal rated power is required to maintain a
required CAS (IAS) at higher altitudes, but the TAS will be increased so
that the ratio of miles per gallon remains essentially the same (Fig. 7-7).
Why do you try to use the same IAS for all altitudes (assuming equal
Weights)? It goes back basically to the Lift equation of earlier chapters, L =
CLS(e/2)V^. The C^ is the fixed one found for max range (or max Lift-to-
Drag ratio). The Weight, or Lift required, is the same for a particular time,
the wing area (S) is the same, hence the final (e/2)V^ must be the same
under all conditions if the Cl is to remain constant. The dynamic pressure q,
or (e/2)V\ is that as measured by the airspeed instrument as IAS.

The ratios given are the approximate CAS (IAS) for maximum range for a
chosen altitude. For most airplanes with unsupercharged engines, the
altitude for best normal cruise is roughly 8000 ft standard altitude (call it
7000 to 10,000). In this altitude range wide open throttle is necessary to get
the 65 to 75% recommended power setting for normal flying. But getting
back to the idea of obtaining max range, once you have the ratio for your
type of airplane and have found the maximum range speed for sea level you



can use this figure as an approximate IAS for your chosen flight level. This
would give you the best range under no-wind conditions for that particular
altitude at gross Weight. This holds true up to the altitude where you are no
longer able to get the necessary power to maintain altitude at the
recommended CAS (IAS). The drawback is that you may burn some fuel
getting up to this altitude, but if the trip is a long one, it might be
worthwhile timewise because of the increased TAS.

For maximum range, you would climb to the chosen altitude and set up an
IAS at the correct max range to stall speed ratio (1.5, 1.7, or 1.8, depending
on your airplane type). You would then set up the power necessary to
maintain altitude at this IAS and would lean the mixture (leaning will be
discussed later).

Fig. 7-7 shows the relationship between the sea level maximum range speed
and that at some altitude expressed in
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terms of TAS. Your project is to maintain the same IAS at higher altitudes.
You are unable to maintain the normal cruise IAS to very high altitudes
with an unsupercharged engine because you start with a high percentage of
power to begin with (65 to 75%) and cannot obtain this above a certain
altitude. If you start at 40 to SS^'o, as is required to maintain the lower
ma.ximum range speed, you will be able to use the required power at a
higher altitude (Fig. 7-10).

Fig. 7-10. Percentage of brake horsepower available at various altitudes,
typical unsupercharged engine.

The average pilot is more interested in saving time than e.xtending range.
There is no question that the ma.\ range speed may be only 60 to 70% of the
normal cruise speed. If you are interested in getting somewhere in a
reasonable length of time, you are willing to operate at a higher, though
costlier, speed.



These ratios are presented for you to remember in case they are needed.
Suppose you are at a point where you have overestimated your range under
normal cruise conditions. It's night and there is some bad country to cross
before getting to a lighted airport. You can extend the remaining range by
pulling the power back and judiciously leaning the mixture until you are
able to maintain altitude at a CAS of 1.5, 1.7, or 1.8 times your power-off,
flaps-up stall (calibrated) airspeed. You can then convert to IAS as —or if—
necessary.

These ratios are not completely accurate hut they do give you an
approximate speed to extend your range if you have to. Propeller and
engine efficiency at lower speeds, specific fuel consumption at various
power settings, and other variables may result in slightly different airspeeds
than given here. Fig. 7-6 shows a specific fuel consumption graph for a
typical lightplane engine.

The maximum range speed at gross Weight will be found at power settings
of approximately 40 to 45%, as given on the power chart in your airplane
(unsupercharged engines). A variation of 5 K from these figures will make
very little difference in max range.

To review: Maximum range conditions depend on the Lifl-to-Drag ratio,
propulsive efficiency, and brake specific fuel consumption. The speed at
which the max L/D is found as far as the aerodynamics of the airplane is
concerned might be one at which the propeller efficiency is low and/or bsfc
is

proportionally higher. So, actually max range is found at the airspeed at
which the value Ci/C,, x prop efficiency/bsfc is greatest. The max range
speed for various aircraft is found by flight testing; the rules of thumb were
taken from data of current airplanes, which take the above-mentioned
variables into consideration.

Wind Effects on Range. There's no doubt that wind affects the range of your
airplane as well as your groundspeed. Obviously, with a taihvind the range
is greater than under no-wind conditions and much greater than under
headwind conditions—the difference depending on the wind. So what's
new?



What's new is that you can compensate for wind effects by varying airspeed
for a particular altitude. Suppose you are in the situation cited previously -
the night is dark and it looks like it'll be touch and go making the next
available airport. After pulling the power back you remember that there is a
10-to I5-K headwind. This hurts, but there's something you can do about it.
You can increase the indicated airspeed about 5% for heavy headwinds. You
will never get as much range with a headwind as under no-wind conditions
but will he doing the best possible in this situation. What you have done is
decreased the time spent in this predicament.

Conversely, if you have a moderate tailwind, you can stretch your range
even farther by subtracting about 5% from the speed given for maximum
range under no-wind conditions (Fig. 7-8).

Summary of Range. The.se ideas are presented to give you a greater safety
factor, not to get you to push the range of the airplane to the limit. You may
never use these points but they could come in handy if you get into a bind
and have to stretch it. It will require a great deal of willpower to throttle
back when you feel like increasing power so as to "get there before you run
outa gas."

The added time required to get to the airport may make you a nervous
wreck, but you'll make it under conditions that wouldn't allow you to
otherwise.

Incidentally, remember that you probably won't need to use max range
techniques if in your preflight planning you adhere to FAR 91 (VFR fuel
requirements), which basically states that no person may begin a flight
under VFR unless (considering wind and forecast weather conditions) there
is enough fuel to fly to the first point of intended landing and, assuming
normal cruising speed (1) during the day, to fly after that for at least 30 min,
or (2) at night, to fly after that for at least 45 min.

But of course, there may be unforecast wind and weather conditions that
may require that you have to fly much farther than originally planned.

ENDURANCE



The maximum endurance of an airplane is seldom needed but when it is, it's
really needed! You should be familiar with the idea of maximum endurance,
particularly if you plan on getting an instrument rating, because under
extreme conditions you may have to hold over a certain fix for 1 or 2 hr and
then discover the destination field has gone below Instrument Flight Rules
minimums and you have to go to an alternate airport. Things could get
tense, particularly if you haven't tried to conserve fuel but have been boring
holes in the soup all this time on full-rich mixture and cruise power settings.

Or take a VFR situation: You're coming into a large airport after a long trip.
It's below VFR minimums but the weather is good enough for you to get a
controlled VFR into the field; however, there's a lot of instrument traffic
(and
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maybe other controlled-VFR pilots like yourself)- The tower orders you to
hold outside the control zone and control areas. The local weather is 1000
overcast and IVi mi —good enough for you to fly underneath "elsewhere"
but not to enter a control zone without clearance, so you hold just outside
the control zone and "await further clearance." Here, too, would be a good
place to use maximum endurance unless you have plenty of fuel.

For reciprocating engines, maximum endurance is found at sea level. Refer
to the power-required versus velocity curve of Fig. 7-9.

You are interested in minimum gas consumption while still maintaining
altitude. The low point of the power curve is where the least power is
required and the point where gas consumption is a minimum if you properly
lean the mixture. For most retractable-gear airplanes (including unsuper-
charged light twins), this will require a power setting of 30 to 35% of max
continuous power. Few power charts go this low. The minimum BHP
required (in percentages) depends on the aerodynamic cleanness and power
loading of the airplane. An aerodynamically dirty, heavy airplane with
comparatively little power might need a minimum of 50 to 55% or more of
its available power to maintain altitude.



After examining Fig. 7-9 you can readily see that contrary to what might be
expected, the maximum endurance speed is not the lowest speed possible
for the airplane to fly without stalling. Many pilots, when confronted with
the need for maximum endurance for the first time, automatically assume
that the lower the speed, the less power required.

Horace Endsdorfer, private pilot, flew around just above a stall for 2 hr one
day when he needed maximum endurance and was worn out keeping the
airplane under control. Needless to say, he was one disgusted pilot when he
learned that he was burning only slightly less gas than cruise —and
working like heck all the time (Fig. 7-11). It should have struck him as
being odd that he had to use so much power to maintain altitude in the
holding pattern.

not know what this speed is and may either fly around at a speed just above
stall or figure to heck with it, and circle around at cruise power. In either
case, like the fellow who had his tombstone carved, "Not dead, only
sleeping," the pilot isn't fooling anybody! If you have an approximate idea
of, say, the ratio between the power-off, flaps-up stall speed and the
maximum endurance speed, you may experiment until you find the exact
speed, power setting, and mixture that will result in the lowest gas
consumption. At any rate, you'll be somewhat better off.

If the information is not available in your POH, the following ratios give an
approximate figure for your type of airplane. For a single-engine with fixed
gear, use a 1.2 ratio of maximum endurance speed to power-off, flaps-up
stall speed (calibrated airspeed given in the POH). As an example, if your
airplane has a stall speed of 60 KCAS (flaps up) given in the POH, the
maximum endurance speed would be 1.2 x 60 = 72 K. For a single-engine
or a twin with retractable gear, use a ratio of 1.3. (These are ratios for gross
Weight.)

The speeds found by this method are calibrated airspeeds and will apply at
all altitudes —although the lower the better for reciprocating engines. This
doesn't mean get down to 20 ft above the ground when you could be at 500
or 1000 ft. It does mean that if you have a choice, an altitude of 1000 ft is
better for maximum endurance than 10,000 ft.



To set up maximum endurance, take the following steps:

1. Throttle back and slow the plane to the recommended airspeed.

2. Retard the prop control (if so equipped) until you get the lowest rpm
possible and still have a reasonably smooth prop operation. In the case of a
constant-speed prop this means no "hunting" by the propeller as it reaches
the lower limits of governor control. Low rpm means low friction losses.

Fig. 7-11.

Manufacturers' recommended figures on speeds for maximum endurance
are not always available. In many cases this is true because of the airplane's
low-speed handling, and the constant-speed propeller governing
characteristics at low rpm. A compromise may be desired, such as a slight
loss of endurance by increasing airspeed to have smoother operation.

A few manufacturers publish the figure and the others leave it up to the
pilot. The only trouble is, the pilot who does not have access to a power-
required chart for the airplane may

3. Set the throttle so that the recommended speed and a constant altitude are
maintained. Trim the airplane.

4. Lean the mixture as much as possible without the possibility of damaging
the engine. You may then have to experiment again with the throttle to



obtain the optimum setting for your particular condition (hot day, cold day,
etc.).

Some of the above steps may not apply, for example, if you are flying a
light trainer that has neither a mixture control nor a variable-pitch prop.
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The point is that you are trying to maintain altitude with the minimum fuel
consumption. This means minimum power (noi minimum speed) and
judicious leaning of the mixture. You'll be using about 30 to 35% power.

If you have to hold or "endure," it's usually over a particular spot, and this
means turns. Keep your turns as shallow as possible, without wandering
o\er into the next county, because steeper turns mean increased back
pressure to maintain altitude —and this is a speed killer. Making steep turns
usually results in constant \ariation of throttle as altitude or speed is lost and
regained at a cost of added power and fuel consumption. Of course, if you
start out high enough, you may just be lucky enough to gel cleared into the
airport before you run out of altitude. However, if you are on Instrument
Flight Rules, it's not considered cricket to go blindly barging down into the
next fellow's holding pattern.

Hind has no effect on endurance, but turbulence decreases it.

You may find the approximate max endurance speed for your airplane by
flying at various airspeeds, maintaining a constant altitude. Fig. 7-12 shows
an actual test of an airplane with a fixed-pitch propeller and fixed gear
(flaps-up, power-off stall speed —56 K), using IAS. (In other words, the
airspeeds required for various power .settings were read directly off the
instrument.)

Indicated Airspeed (knots)

101 96 90 86 78 74 70 65 61 Fig. 7-12. 57



rpni

2700 2600 2500 2400 2300 2200 2150 2075 2250 2300

Notice that 65 K is the indicated airspeed at which minimum power is
required. The ratio of max endurance speed to flaps-up, power-off stall
speed is 65/56 = 1.16, reasonably close to the predicted ratio figure of 1.20
for this type of airplane. (The 1.20 figure assumes a maximum endurance
speed of 1.20 x 56 or 67 K.)

You could find the max endurance speed for an airplane with a constant-
speed propeller by leaving the rpm at the lowest smooth value and making a
table like Fig. 7-12, noting manifold pressure required rather than rpm.
Don't use too high a manifold pressure with low rpm, as the engine could be
damaged. Actually, since the max endurance speed normally falls within
50% of the stall speed, this is the only area that needs to be investigated.
Make a note of the lowest manifold pressure, rpm, and airspeed at this value
for future use. You may find that the airplane doesn't handle well at that
speed and may want to add a few miles per hour. At any rate you'll have an
approximation if needed. If the test is run at less than gross Weight,
remember that the required speed should be slightly higher at gross.

In using the thumb rule multipliers in this and following chapters, if the
airspeed indicator is marked as KIAS (1976 models and after), convert the
bottom of the green arc to CAS. use the multiplier, and then reconvert to
IAS.

More about Ratios-Why Use CAS? Back in Chap. 4

it was noted that airplanes manufactured as 1976 models and later have the
airspeed indicator marked as indicated air-

speeds and in knots (KIAS). Some airplanes have a significant error
between IAS and CAS near the stall and if you used the value of the bottom
of the green arc (which is now IAS) your ratios would be different. For
instance, one fixed-gear-airplane POH shows that at 4000 ft standard
altitude (density-altitude) the calibrated airspeed should be 72 K for
approximate max range conditions at gross Weight. The thumb rule



multiplier for this type of airplane for max range is 1.5, as given earlier in
the chapter. The stall speed is 40 KIAS and 46 KCAS. By using KIAS (the
bottom of the green arc) for the later airplanes, the result would be 1.5 x 40
(IAS) = 60 K, which is too low. The proper procedure would be 1.5 x 46
(CAS) = 69 KCAS, which would be within reason of the book figure of 72
KCAS.

A procedure that would work for all airplanes would be as follows:

Ratio (1.3, 1.5, etc), x calibrated staU speed = thumb rule CAS. You could
then convert this to IAS for your reference to remember if you should later
leave the POH back in the airport office. The airplane just used has an
airspeed calibration table showing a CAS 1 K lower than the IAS in the 70-
K area so you would add 1 K and indicate 70 K instead of the 69 KCAS
obtained with the thumb rule.

Again, the POH figures, if available, are to be used for performance areas in
this book. The thumb rules are basically given to show the airspeed ratios
that different performance areas require.

CRUISE PERFORMANCE CHARTS

Fig. 7-13 is the cruise performance chart for a two-place trainer. You may
have used this one when working on your private certificate, but a couple of
points should be brought out:

Fig. 7-13. Cruise performance chart for trainer.
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1, For a fi.xed-pitch-propeller airplane a rule of thumb for maintaining a
constant power (eSVo, 75%, etc.) is to add 25-rpm per 1000 ft of altitude
gain. As an example, suppose you are at 2000 ft pressure altitude (standard
temperature) and are carrying 75% power (BHP). The chart shows that at
2000 ft 2400 rpm is required for 75%, and at 4000 ft 2450 rpm, a required
50 rpm added for the added 2000 ft. A check of 6000 and 8000 ft at 75%
shows an added 25 rpm per 1000 ft is required to maintain that percentage
of power.



2. Another thumb rule, used for an airplane engine in cruise and properly
leaned, is to multiply the actual BHP being used by 0.075. For most
normally aspirating general aviation engines a bsfc (leaned) is in the
vicinity of 0.45 lb per HP per hour. Talking in terms of 6 lb per gallon, the
0.45 is divided by 6 and the number 0.075 gal per HP per hour is derived.

The engine of Fig. 7-13 is rated at 110 BHP, so at 75% power a total of 0.75
x 110 = 82.5 BHP is being developed. To find the gallons per hour (gph)
consumed, multiply 82.5 by the thumb rule figure of 0.075 to get 6.1875 (or
6.2) gph. This is slightly conservative, as shown by the book figure of 6.1
gph, but is close enough for a general estimate if the POH isn't handy at the
time. Note also in Fig. 7-13 that 75% power has a fuel consumption of 6.1
gph at 2000, 4000, 6000, and 8000 ft (even though the required rpm
increases with altitude), since it's assumed that judicial leaning will be used
in each case.

The cruise performance charts for a higher-performance airplane at pressure
altitudes of 6000 and 10,000 ft are shown in Fig. 7-14. This airplane has a
180-HP engine, and looking at the 6000-ft table you can see that, for
instance, 65% power is available at several rpm-manifold pressure
combinations at the different temperatures given. At 65% at 2300 rpm
(standard temperature) a manifold pressure of 22 in. of mercury is required
and the fuel consumption is 8.8 gph. Using the rule of thumb for finding
fuel consumption at cruise: at 65%, 117 BHP is being used (0.65 x 180 =
117); 117 x 0.075 = 8.775 gph. Things won't always work out so closely,
but you'll have a fair idea of the fuel being used at various power settings
for your engine if the POH isn't handy right then.



Look over Fig. 7-14 and make sure you can use this type of presentation.
You might have to interpolate for both temperature and BHP in some cases,
for example, at 6000 ft at 2400 rpm and 10°C above standard temperature if
you needed the manifold pressure for 70% power.

Fig. 7-15 contains a power setting table and a speed-power graph (see Fig.
7-1 again) for a particular airplane. You decide what power setting you want
to use, set it up using Fig. 7-15A, and check your expected performance at
various altitudes using Fig. 7-15B. This airplane also has a speed-power
graph for the mixture leaned to peak EGT (not included here).

Fig. 7-16 shows the range and endurance profiles of the airplane in Fig. 7-
14. Note that at 45% power the airplane has approximately 18 min more
endurance at sea level than at 11,000 ft. The range profile chart has a note
that the chart "allows for the fuel used for engine start, taxi, takeoff and
climb (etc.)." See Fig. 6-11 for that information.

Fig. 7-14. Cruise performance chart for 6000 and 10,000 ft for a high-
performance general aviation airplane.
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POWER SETTING TABLE - AVCO LYCOMING O-540-J3A5D, 235 HP
@ 2400 RPM

NOI E To maintain ci>n>iant power, correct manifold pressure
approximately 0 17' Hg lor each lO^F \ariation m carburetor air temperature
from standard altitude temperature Add manifold pressure for air
temperatures above standard; subtract lor temperatures below standard

-30 -20 -10 OUTSIDE AIR

0 10 20 30 40 TEMPERATURE C

rTTrrrm-r Example Cruise pressure altitude 8000 ft. Cruise outside air
temperature 12°C Cruise power 66% Cruise true airspeed: 134 Kt*



120 130 140

TRUE AIRSPEED - KNOTS

Fig. 7-15. Power-setting table and speed-power chart for a high-
performance airplane.

RANGE PROFILE

45 MINUTES RESERVE 44 GALLONS USABLE FUEL

CONDITIONS:

2650 Pounds

Recommended Lean Mixture for Cruise

Standard Temperature

Zero Wind

NOTE:



This chart allows for the fuel used for engine start, taxi, takeoff and climb,
and the

distance during a normal climb up to 8000 feet and maximum climb above
8000 feet.

12,000

8000

6000

4000

400

450

600

650

RANGE - NAUTICAL MILES

ENDURANCE PROFILE

45 MINUTES RESERVE 44 GALLONS USABLE FUEL

CONDITIONS:

2650 Pounds

Recommended Lean Mixture for Cruise

Standard Temperature

NOTE:



This chart allows for the fuel used for engine start, taxi, takeoff and climb,
and the

time during a normal climb up to 8000 fe«t and maximum climb above
8000 feet.

12,000

8000

t-

4000 —

2000

S.L.

ENDURANCE ■ HOURS

Fig. 7-16. Range and endurance profiles for a higfi-performance airplane.

Pilots pay comparatively little attention to the airplane's glide characteristics
these days. The trend has been toward power approaches for all airplanes no
matter how light, and pilots sometimes have been caught short by an engine
failure.

For airplanes with higher wing loadings, power approaches are usually
necessary in order to avoid steep angles of approach to landing. If the
approach angle is steep and the airspeed low, you may find that the airplane
will "rotate" for landing but will continue downward at an undiminished (or
even greater) rate of descent, making a large airplane-shaped hole in the



runway (Fig. 8-1). The stall characteristics of the swept wing make it
particularly susceptible to this type of trouble.

Because of this and the fact that most jet engines give poor acceleration
from idle settings, jets generally use comparatively high power during the
landing approach.

This chapter discusses airplane clean glide characteristics. Back in the old
days when engines were not as reliable as they are now, the pilot's
knowledge of the airplane's power-off glide characteristics was of supreme
importance. Nearly all approaches were at engine idle and made so that
should the engine quit at some point during the process the field could still
be reached. Even now, applicants for the commercial certificate are required
to land beyond and within a certain distance from a point on the runway.
They are allowed to use flaps, or slip to hit the spot —in earlier times even
these aids were taboo. Every pilot should make occasional power-off (idle)
approaches to keep in practice in case of engine failure at altitude.

Two glide speeds will be of interest to you: (1) airspeed for minimum rate
of sink and (2) airspeed for farthest glide distance. The two conditions are
not the same, although they might appear to be at first glance. These figures
are arrived at by flight tests. Glide the airplane at various airspeeds and plot
the rates of sink for each airspeed and altitude. The graph for one altitude
and Weight looks like Fig. 8-2.

Fig. 8-2. Rate of sink versus velocity curve; a particular altitude and Weight
for a fictitious airplane in the clean condition.

GLIDES
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Fig. 8-1

THE MINIMUM SINK GLIDE

Point A on Fig. 8-2 represents the velocity at which rate of sink is a
minimum. Point B is that at which the max distance glide is found. You
remember that the rate of climb is a function of excess Thrust horsepower
(THP). The less HP you "require," the less the rate of sink in the power-off
condition. The best velocity for this is at point A for a particular airplane.
(Check Fig. 8-3 also.)

Fig. 8-3. Power-required versus velocity curve (Thrust horsepower).

You remember from Chap. 2 that the power-required curve would be moved
by the effects of Weight or altitude. It can also be affected by a change in
parasite Drag. So while in theory the speeds for the minimum sink and
maximum distance glides should be the same as that for maximum
endurance and maximum range respectively, for propeller airplanes certain
practical factors are involved. When you are flying at the maximum
endurance (or max range) speed you naturally have power on. Power, even
the comparatively small amount used for endurance, normally increases the
efficiency of the airplane by furnishing a slipstream across the wing center
section. The airspeed ratios arrived at in Chap. 7 are based on power-on
configurations. With the power off. Thrust and slipstream effects are
missing. If the propeller is windmilling, parasite Drag increases sharply (a
windmilling prop is like a barn door out front). To maintain the new, lower
Lift-to-Drag ratio the airplane must fly at a slower airspeed in order to get



the best performance in this less-efficient condition. For the light twin the
props should be feathered if the engines are out of action.

Fig. 8-4 is a comparison of the rate of sink curves for an airplane in the
clean condition (prop feathered or removed) and one with the prop
windmilling in low pitch. By looking at the curves you can see the effects
of increased parasite Drag of

the windmilling prop on the rate of sink curves. Points A and B represent
respectively the speeds of minimum sink and max distance glides for the
clean airplane; A' and B' represent the same speeds for the dirty airplane.
Notice that for the dirty condition the airspeed for max distance glide must
be decreased. Parasite Drag varies with airspeed so that a lower speed is
necessary to help keep it to a minimum in the dirty configuration.
Incidenially, all the rate of sink curves in this chapter are exaggerated,
particularly at the lower end of the speed ranges, in order to show the theory
more clearly.

CAS-Knots

Rateof Sink Curve. Dirty

Fig. 8-4. Rate of sink curves for an airplane in the clean and dirty condition
(prop windmilling in low pitch). Both curves are for the same altitude and
Weight.

There's another tie-in between minimum sink and max endurance —you'll
do better at low altitudes for both; the minimum sink rate will be less at



lower altitudes.

The glide is one of the most difficult factors of airplane performance to pin
down for rule of thumb purpo.ses. Minimum sink speed will be in the
vicinity of the speed for maximum endurance but somewhat lower because
of the effects discussed earlier. The glide properties not only vary between
airplanes of the same general classification (single-engine, fixed-gear, etc.)
but also vary for the same airplane, depend-
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ing on propeller blade setting if a variable-pitch prop is used. Here are some
propeller settings and their effects on the glide:

Very bad —prop windmilling, low pitch

Better—prop windmilling, high pitch

Even better—prop stopped

Best - prop feathered (applicable to multiengine only)

Fixed-pitch prop —stopped, but read on . . .

Of course, you can usually stop the propeller by slowing up to about a
flaps-down stall speed (after pulling the mixture to idle cutoff), but you may
not feel like doing stalls with a dead engine at low altitudes.

For most airplanes it's difficult to slow up enough to stop the propeller and
in some cases full flaps and a near-stall condition is required to accomphsh
it. Pilots who've deliberately stopped the prop of a single-engine airplane (at
a high altitude above a very large airport) have noted that (1) the glide ratio
is improved, (2) it is extremely quiet, and (3) there is some worry about
getting the engine started again. Also, some pilots have been known to
forget to move the mixture out of the idle cutoff before trying to start the
engine, using up a considerable amount of perspiration and altitude before
getting things straightened out. It is particularly interesting if, after putting



your total concentration on (not) getting the engine started, you found that
the large airport is now well out of gliding range.

Here are some approximations of the airspeed for minimum sink as a ratio
to the flap-up, power-off stall speed (CAS) at gross Weight.

Single-engine, fixed-gear (flaps up, prop windmilling) l.I Single-engine,
retractable-gear (gear and flaps up, prop

windmilling in high pitch) 1-2

Twin-engine, retractable-gear (gear and flaps up, props

feathered) 1-3

The minimum rate of sink condition will probably be used only in an
emergency situation (you have engine failure at night and don't know the
terrain below). This rate of sink will be low enough so that you will have a
good chance in flat territory where there isn't something solid like a stone
wall to hit. This would be the best approach for an engine failure at night
over water, marsh grass, or snow, where altitude is hard to judge. Notice
that you won't have much safety margin in gusty air.

MAXIMUM DISTANCE GLIDE

Point B on Fig. 8-2 gives the speed for the maximum glide distance (or
maximum forward distance per foot down). This happens to be the airspeed
for the max Lift-to-Drag ratio, which you remember was also the speed for
maximum range. The speed for maximum range was with power; for the
maximum glide distance, power effects are not present. Because of this, the
recommended airspeed is somewhat lower.

This type of glide is used more often, particularly in a single-engine
airplane where engine failure can give some small concern. The more Drag
your airplane has, the less its glide ratio, so naturally the gear should be up
(if possible) and the flaps retracted.



This maximum distance glide speed, in the case of a forced landing, is used
to make sure that you get to the field and the "key point" or "key position
box," after which you set up the familiar approach speed for the final part of
the problem. A possible forced-landing situation might be like this: You are
are on a cross-country in a single-engine plane at 3000 ft AGL when the
engine quits. Carburetor heat, switching tanks, turning on the electric boost
pump, or other corrective measures cannot remedy the situation and you are
faced with landing whether you want to or not. There's a decent-looking
field over to one side that will allow an into-the-wind landing.

The first time this happens (or the tenth, or the hundredth) you are "shook."
The best procedure would be to set up the maximum distance glide speed as
you turn toward the field. This will mean that you will be slowing the
airplane to this speed from cruise, which will be almost automatic as you
unconsciously try to maintain altitude —the trouble is that many pilots tend
to overdo it. In too many cases, though, the pilot keeps the airspeed too
high, losing valuable altitude too soon.

The new POH gives you the airspeed for maximum distance gUde (some
older Owner's Manuals do not). Use the PO//-recommended speed if it is
available. Here are some approximations for max distance glide speeds
(CAS) at gross Weight for various types of airplanes taken from PO/Z-
recom-mended max distance glide speeds:

Single-engine, fixed-gear (flaps up, prop windmilling) 1.3 Single-engine,
retractable-gear (gear and flaps up, prop

windmilling in high pitch) 1.4

Twin-engine, retractable-gear (gear and flaps up, props

feathered) 1-5

Notice that the single-engine, retractable-gear airplane is the most affected
by the windmilling propeller. The max range speed is about 1.8 times the
flaps-up, power-off stall speed, but the max gUde distance speed is only 1.4
times the reference stall speed. The difference is greater for this type as it is



normally cleaner than the other two groups and the windmilling propeller
(parasite Drag) affects it more (Fig. 8-4).

The feathered propellers on the light twin cause its max glide distance
speed to be comparatively closer to the max range speed than the other two
groups because the parasite Drag is not increased so radically due to
windmilling.

So while the maximum Lift-to-Drag ratio for the airplane in its cleanest
condition may be 10:1 or 12:1, with a windmilling propeller the maximum
ratio may be cut down to 8:1 or less. You are trying to maintain the best
airspeed for this new ratio. You have to do the best with what you have.
Remember that cowl flaps cause Drag, also. Fig. 8-5 shows an exaggerated
comparison between a minimum sink and a maximum distance glide.

About "stretching the glide" — there is one indicated airspeed for
maximum distance for your airplane at a given Weight and configuration.
Any deviation from this means less distance per foot of altitude. The
airspeed for maximum glide distance decreases with Weight decrease. The
maximum glide ratio is the maximum Lift-to-Drag ratio for the airplane in
the glide condition and is independent of Weight. This means you can glide
the same distance at gross Weight as at a near empty Weight —but you'll
use different airspeeds for the different Weights (Fig. 8-6). (Also see Fig. 1-
12.)

As the glide ratio is that of the Lift-to-Drag ratio, cleaner airplanes will get
more feet forward per foot of altitude. When a jet trainer or light jet
transport weighing 12,000 lb and a J-3 Cub weighing 1200 lb each passes
through 10,000 ft at its particular max distance glide speed (throttle at idle),
which will glide farther from 10,000 ft? The jet would likely glide about
50% farther than the Cub under the conditions cited —the Weights were
just put in to cloud the issue. The jet would likely have a max Lift-to-Drag
ratio of 15:1 whereas the Cub would likely fall in the area of a max ratio of
about 10:1. A max distance glide speed of 180 K would be reasonable for
some of the earlier light jets while the Cub's best glide speed would likely
be in the neighborhood of 45 K at gross Weight.



The jet's glide angle would be only about two-thirds as steep as that of the
Cub, but it would be moving down the shallower slope 4 times as fast. The
sum total is that the jet would reach the ground long before the Cub —but it
would

Fig. 8-5. Exaggerated view of minimum sink and maximum distance glides.

Fig. 8-6. Airspeed for maximum distance glide versus Weight for a
particular airplane.

end up much farther away. (Fig. 8-5 is an example of these two airplanes,
the Cub naturally being the airplane on the right.)

Take a look at Fig. 8-7, which is the rate of sink versus velocity (IAS) for a
particular airplane. While it might appear that gliding too slowly is better
than gliding too fast, the glide angle for 70 K is the same as that for 160 K.
Fig. 8-7 shows

CAS Knots

60 80 100

Max Glide Distance

10 lolal 100 Knots

(Gross Weight!



Fig. 8-7. Assume IAS = CAS at all speed ranges

for all the graphs shown.

that for the two airspeeds, although the glide angle is the same at 70 and
160 K, there is a great deal of difference in the rates of sink. The lower
airspeed gives a smaller rate of sink, but 05 far as the distance covered is
concerned both speeds would be bad.

Back to stretching the glide —suppose you have an engine failure and are
trying to make a field. You don't know the maximum distance glide speed
for your airplane (which is 100 K —the one used for the graphs) so you use
a speed of 70 K. Fig. 8-7 shows that you are definitely not getting the
maximum distance and you soon see that it will be very close —if you're
going to make the field at all.

So, like a lot of pilots, you try to stretch the glide by pulling the nose up
until you're indicating 60 K. Fig. 8-8 shows that the 10-K slowdown has
resulted in a much steeper glide angle and higher rate of sink —now you
surely won't make it! You'd have been much better off to have added 10 K
and held 80 K.

CAS-Knots

60 80 100 120 140
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Fig. 8-8.

As the graphs show, the closer to the stall you get, the more the glide ratio
and the sink rate are affected by a change in airspeed. Know the max
distance glide speed(s) for your airplane and stick with it —don't try to
stretch the glide.

Altitude Effects on the Glide, it was mentioned earlier that Weight has no
effect on the maximum distance ghde if the condition of maintaining the
max L/D angle of attack is followed. (And with no angle of attack indicator
your only course is to vary the airspeed with Weight change to maintain the
constant angle of attack.)

Fig. 8-9 is the maximum distance glide ratio for a retractable-gear airplane
in the configuration and wind condition indicated. The following is
presented for those interested in the mathematics of the ghde. Assume that
(1) the height above terrain is also height above mean sea level on a
standard day (that is, the heights given are also density-altitude), (2) the
airplane is at a Weight of 2250 lb at the time of the start of the descent, and
(3) KIAS = KCAS at 67 K.

12,000 10,000 8000 6000 4000 2000

5 10 15 20



GROUND DISTANCE - NAUTICAL MILES

Fig. 8-9. Altitude versus maximum distance glide. Note the required
decrease in IAS (CAS) with Weight decrease.

1. What is the glide angle of the airplane as shown on the graph in Fig. 8-9?

2. What is the rate of descent at 67 KCAS at 6000-ft density-altitude at that
glide angle!

The first answer can be found by simply reading the graph. At 6000-ft
density-altitude the glide distance is 10 NM. Apples and oranges again —
convert 10 NM to feet (10 x 6080 = 60,800 ft). This problem requires a
tangent function since you are working with the sides of a triangle and the
tangent of the angle of glide is 6000/60,800 = 0.0987 (rounded off): tan 7 =
A/B', or = 6000/60,800 = 0.0987. Looking this all up in a trig table, using
Fig. 1-8 or a hand calculator, you find that the angle is 5.7° (rounded off a
little). That's working strictly from the information presented. The glide
ratio is a little better than 10:1. Figs. 8-10 and 8-11 show a low-wing
airplane with the same glide characteristics as the airplane in Fig. 8-9.

Fig. 8-10. Solving for glide angle.

Fig. 8-11. Solving for rate of descent.

The second question requires a little more background (look at Fig. 8-11). It
was found that the glide angle was 5.7°; now it becomes a matter of finding
how fast the airplane is descending (side A) as it travels down along the
hypotenuse (side C). You use the same units of speed along the flight path
(C) and descent (A). Since rate of descent (RD) is usually in fpm, the move
should be to convert the true airspeed (which is the true velocity along the
flight path) to fpm. (Break out your computer.) So, 67 KCAS at 6000-ft
density-altitude works out to be 73 KTAS (rounded off). Converting to fpm,



you multiply it by 1.69 to convert to fps and then multiply that by 60 to get
fpm: 1.69 x 73 x 60 = 7400 fpm TAS (rounded off), which is the rate the
airplane is moving down the flight path.

The sine is involved here (opposite side and the hypotenuse-see Fig. 8-11
again); sin 7 = A/C = RD/TAS; 7 = 5.7°; sin 5.7° = 0.0993; RD = TAS x sin
7; RD = 7400 X 0.0993 = 735 fpm at a density-altitude of 6000 ft.

Just out of curiosity, the rate of sink at a density-altitude of sea level would
be TAS = 57/f (CAS = TAS at sea level); TAS (fpm) = 67 X 1.69 X 60 =
6794 (call it 6800); sin 7 (5.7°) = 0.0993; 6800 x 0.0993 = 675 fpm. The
rate of sink is noticeably less at sea level than at 6000 ft. (More about this
later.)

To digress a little, if you're curious about the effects of a windmilling prop,
take a look at Fig. 8-12, which is the maximum distance glide chart for a
twin-engine airplane (clean, with the props feathered). Comparing it with
the airplane in Fig. 8-9, you can see that from 10,000 ft the twin can glide
20
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NM or nearly 3 mi farther than the single with its windmiliing prop.

10 IS 20 ?5 X

GROUND DISTANCE - NAUTICAL MILES

Fig. 8-12. Altitude versus maximum distance glide for a twin (propellers
feathered).

Altitude does not change the maximum distance glide angie if the proper
IAS (or CAS) is maintained for the current Weight. Fig. 8-13 shows a rate
of sink versus true airspeed curve for an airplane at sea level and some
altitude at the same Weight. The curves have been "stretched" apart for
clarity. Notice that the line that represents the maximum distance glide is



tangent to both curves. The difference is that the TAS is greater at altitude-
the airplane, although indicating the same, is moving down the slope at a
greater rate and hence has a greater rate of descent.

Fig. 8-13. Rate of sink versus velocity curves for a particular airplane at two
altitudes (same Weight).

There have been arguments about whether a higher approach speed should
be used for landings at airports of higher elevations. Assuming that the
airplane weighs the same in both instances, it will stall at the same indicated
airspeed (and calibrated airspeed) at altitude as at sea level, but its true
airspeed will be much higher at touchdown; hence it will use more runway
at the airport of higher elevation (but the landing roll is a subject for another
chapter).

Now, it's agreed that the airplane will stall at the same indicated (calibrated)
airspeed at higher altitude so there should be no problem —except that the
rate of descent is greater for that same approach speed (IAS) (Fig. 8-13).

If you are in the habit of crossing the fence at an IAS just above a stall, you
might find that at higher elevations you'd require just a touch more power
than usual to sweeten the landing because of this greater rate of descent.

The chances are good that you wouldn't even notice the difference on
landing except at very high altitudes and, as it's a matter of judgment or
"eyeballing," would handle it with no problem. Adding airspeed would
increase the landing roll (which will be covered in Chap. 9).

A problem could be encountered on a short-field approach at a higher
elevation (and higher density-altitude). If you chop power and start sinking,
the increased sink rate compared with sea level (for the same IAS) might
fool you. Added to this is the fact that there is less HP available (for
unsupercharged engines) to stop the sink rate at the higher altitude. The best
thing would be to exercise care to avoid getting into such a condition at
higher altitudes.

Wind Effects on the Glide, wind affects the glide distance (and angle) for a
particular airspeed —as you've noticed, particularly on power-off



approaches. From a practical standpoint it is unlikely that in an engine-out
emergency you would want to take the time to worry about working out a
new max distance glide speed for a headwind or tailwind. The theoretical
side of the problem is that you would add a few knots of IAS to the best
glide speed for a moderate headwind and subtract airspeed for a moderate
tailwind, basically the same idea as was discussed in Chap. 7 It has been
shown that, for instance, increasing the airspeed to take care of a headwind
(or decreasing for a tailwind) makes only a slight difference in glide
distance in these conditions for normal winds. So you would most likely be
better off in an actual emergency using the no-wind glide speed for
headwind or tailwind conditions rather than further complicating an already
complicated situation. You have other things to do such as picking a landing
spot, trying to locate the trouble in the cockpit, and deciding whether to
land gear-up or down.

Fig. 8-14 shows the effects of a headwind or tailwind on the glide angle for
a particular airspeed.

TASIOO Knots

Fig. 8-14. The effects of a headwind or tailwind on the glide angle of an
airplane at a particular true airspeed.
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You may note the similarity to the wind triangles you did earlier in your
training; here the only difference is that the vectors are in a vertical plane.
The length of the no-wind glide vector represents the TAS, and others
represent the glide angles and "ground speed" for the winds given. The
glide angles have been exaggerated for clarity.



Speed Brakes. One company (see the BibUography) is producing a speed
brake kit for installation on some current general aviation airplanes, the
principle being to provide a

means for a greater rate of descent (and steeper angle) without picking up
airspeed. The speed brakes are usually located fairly well aft on the chord
and are retractable. There may be one or two pairs of brakes, depending on
the airplane, and each pair has an area of 55 in.^ The nearly 0.4 ft^ (per
pair) additional area can make a significant difference.

The glide is a function of the Ci,/Co ratio, and if Co (or Drag) is increased,
the glide will be steeper and the added Drag will keep the airspeed low for
that new angle of descent. (See Fig. 8-4 again.)

APPROACH

The Normal Approach. The rule that a good landing is generally preceded
by a good approach is a true one. If you approach at too high an airspeed
(adding 5 K for the wife and 2 K for each of the kids and maybe a little
because it's Sunday), you'll use more runway than is necessary and won't be
flying the airplane efficiently. Murgatroyd Sump, private pilot, has a
beautiful wife and eleven fine children at home. It is usually necessary to
shoot him down to keep him from using the whole 5000 ft of runway
(Murgatroyd doesn't fly into a field any shorter). He hasn't read his POH for
a recommended approach speed nor does he know that a rule of thumb for
normal approaches is a calibrated airspeed of approximately 1.3 times stall
(CAS) at the flap setting (no flaps) he uses. If he used full flaps, then it
would be 1.3 times the figure given for the stall speed (calibrated) as given
in the POH. With no flaps he would use the POH figure (CAS) for the
flaps-up stall in setting up his approach speed. Also, although his plane has
flaps, Murgatroyd originally trained in an airplane that didn't have flaps and
old habits die hard. Besides, he tried using flaps once and it felt "funny."



THE USE OF FLAPS DURING THE APPROACH. For a normal approach
and landing, use as much flaps as is consistent with the wind conditions.
For strong, gusty winds use less or, perhaps, no flaps. Some airplanes have
steep glide angles with no power and full flaps, and it may be preferable to
use some setting of less than full flaps when planning a power-off approach.

Using flaps will help you maintain the recommended approach speed,
whereas with no flaps you will nearly always be too fast on final and at the
start of the landing. With flaps, you will land at a lower airspeed, using less
runway and making it easier on the tires. This makes a big difference if
you're operating out of an airport with a hard-surfaced runway and they are
your tires.

Have the final flap setting completed on base and do it in one move so that
you can put your attention to using wheel, rudder, and throttle-not the flap
handle. Set your flaps, set up power (if necessary), trim, and fly the
airplane. This means that no matter what flap setting you plan to use on the
landing, from one-fourth to full, this should be completed before you reach
a mid-base-leg position (Fig. 9-1).

Another reason for having the final flap setting completed on base is that
airspeed is easier to control. If you are too fast on final the sudden
application of flaps may result in altitude gain and the possibility of being
too high. Unless you

Fig. 9-1. Recommended flap setting procedure for a llgfit trainer under
normal wind and traffic conditions.

have a very long final (and this is bad) you won't have time to get set up in
attitude and airspeed. Generally the base leg is slightly faster (about 5 to 10
K) than the final. (This is no absolute law —student pilots in training
airplanes should use final approach speed all the way around.)

A major area of disagreement among pilots is when to put the flaps down
on approach. For light trainers (and low-time pilots) it's usually better under
normal conditions to have the final flap setting on base so that you can
direct attention to using ailerons, rudder, and throttle —and to watching the
runway — rather than putting the flaps down in small increments, requiring



retrimming and possible distraction from flying the airplane. In this case, no
matter what flap setting you plan to use, one-fourth to full, this should be
completed by the midbase position (Fig. 9-1).

As you fly heavier and more complex airplanes (particularly twins), you
may not want to commit yourself to full flaps on base but would be likely to
prefer making the last setting on final when you're sure the runway is made.
You could put the flaps down in increments with perhaps half-flaps on base
(or even less depending on the wind or whether you have one propeller
feathered), but Chapter 15 goes into detail on engine-out approaches in the
twin.

If you are making a power-off accuracy approach and landing, for fun or
profit, it would behoove you not to be too hasty in putting down full flaps
too soon in the approach. But in the case above you would put them down
in increments and, if undershooting the spot, might stay at zero or stop at
one-fourth flap deflection, as necessary.

If you have to make a go-around you'll want to clean the airplane up as
expeditiously as possible. Gear and flaps create Drag (and require HP).
There is an argument against raising the flaps too fast in a critical situation
right at the stall, but the average pilot new to their use tends to be too timid
in bringing them up in such a case. For many airplanes the addition of full
power will just about offset the difference in stall speeds between flaps up
and full flaps down. Some POHs
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recommend raising Haps before raising the gear in a go-around. At any rate,
don't be so particular about seeing how slowly and smoothly you can raise
the flaps that you fly into some object ofl" the far end of the runway. When
you check out in a new airplane do some simulated go-arounds at altitude in
the full-dirty condition; pick a "base" altitude for the ground and try
ditTerent techniques (flaps up slowly, then gear; gear up and then flaps
slowly; flaps and gear up immediately, etc.) The check pilot will also have
recommendations for the best technique for that particular airplane. Add



power first in every case to stop or decrease the sink rate and then use the
recommended cleanup procedure.

Traffic Pattern. Nothing looks worse or delays traffic more than a drawn-out
final approach. You'll be operating into some pretty busy airports and traffic
controllers don't appreciate some pilot in a lightplane with an approach
speed of 70 K who happens to be making a 3-mi final. The results are
cumulative. The pilot in the faster airplane will have to make an even
longer final to keep from running over you and the cycle begins; each plane
following must go farther before turning final and YOU are the instigator of
all this.

Fig. 9-2 shows a typical landing procedure for a heavier retractable-pear
plane using flaps

POINT OF lANOiNG

FINAL GEAR CHECK

FINAL FLAP SEITING

^^

GEAR DOWN AND CHECKEOi PREFERRED)

INTERMEDIATE "flAP SETTING NO FASTER THAN FINAL
APPROACH SPt€D«IOK

AIRSPEED eElOW V .

-^

GEAR DOWN AND

ECKEOiABSOLUTELTl

Fig. 9-2. Typical landing pattern.



There'll be times at a busy airport when you'll be rushed (there's a jet back
there that looks as if it'll run into your flippers any minute). It's best to have
the gear down before reaching a point opposite the spot of intended landing.
But always have the gear down before you turn on the base leg. This must
become an ingrained habit. In some cases, in order to expedite the
approach, you may not use flaps and will come in "hot." The runways will
be long enough at these big airports to handle you without flaps but not
without landing gear. If you persist in cluttering up busy runways with
airplanes resting on their bellies, you won't be welcome after a while.

THE LANDING

Landings in General. The goal of any normal landing is to have the airplane
touch down as slowly as possible, consistent with conditions. This is
sometimes forgotten by pilots who fly by themselves for many hours. When
they start practicing for the commercial flight test they find that old habits
are hard to break.

The most prevalent misconception about landings among private pilots,
even among those who learned to fly on tailwheel airplanes, is that the
tricycle-gear requires special technique in landing. Maybe it should be put
the other way —

they think that no technique is required. They may listen to the instructor
during the checkout, but sooner or later they get the habit of landing the
tricycle-gear in a too-nose-low attitude. Some even go so far as to land on
all three wheels at the same time on all occasions and wind conditions. This
means that the airplane is not stalled and lands at a much higher speed than
is necessary.

You can think of the landing distance in terms of kinetic energy that must
be dissipated before the airplane is stopped: Kinetic energy = (M/2)V\
where M = mass of the particular airplane (Weight in pounds divided by
32.2) and V^ = the touchdown velocity (fps), squared.

While your landing distance is directly affected by Weight (double the
Weight and you double the energy to be dissipated), the effect of velocity is



even more pronounced (double the velocity at landing and the energy to be
dissipated is quadrupled).

An approximation for landing roll distance can be obtained: landing roll =
(landing velocity)^/ —2a, where —a is equal to a deceleration of 7 fps, per
second. This is for airplanes on a concrete runway with normal braking.
Converting this to miles per hour, or knots: ground roll (no wind) =
0.225VJ (mph) or 0.3Vf (K). Fig. 9-3 shows some comparative ground roll
figures for various airplanes.

Fig. 9-3.

Weight).

Landing rolls, sea level, no wind (gross

You will notice that the POH figures are usually lower than those arrived at
using the equation. The POH figures come from flight tests by test pilots
who are old pros. Pilot technique can make a lot of difference on takeoff
and landing. Maximum range and endurance airspeeds are precomputed
figures, but even there a pilot who is more skillful in leaning the engine will
get more out of the airplane. Pilot technique shows up the most on takeoffs
or landings. The test pilots can get these published figures for landing, but
can you? Their braking may be greater than you normally use. Airplane
manufacturers are in a highly competitive business and they will get the
best performance possible. The given equation is an approximation —but
don't cut your planning too closely.

Variables Affecting the Landing Roll

ALTITUDE EFFECTS. The landing is not affected as greatly by altitude as
is the takeoff. Engine performance is not a critical factor on the landing, as
it is usually at idle at touchdown, so the altitude eflect generally can be
more easily predicted.

In the ground roll equation, 0.225Vf (mph) or 0.3VJ (K), the Vl (landing
velocity) is the true airspeed. At sea level true airspeed and calibrated
airspeed are the same. Remember that
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the airplane will stall at the same wings-level indicated and calibrated
airspeed at all altitudes (assuming same Weights) but the true airspeed will
increase 2% per 1000 ft. This means that if you stall the airplane at sea level
and then at 10,000 ft the IAS at the "break" will be the same at both
altitudes, but your actual speed with reference to the air at 10,000 ft is 20%
(10 X 2%) faster than at sea level. In calm air this means that you'll also
contact the ground at landing 20% faster—which results in a longer ground
roll. V, goes up 2% per 1000 ft but this figure is squared in the landing
equation so that the effect on landing roll is to add 4% per 1000 ft for
density-altitude effects. For every 1000 ft of density-altitude above sea level
add 4% to the landing roll given for sea level standard conditions in the
POH.

TEMPERATURE. Computing density-altitude and using it directly for
landing computations involves the use of a conversion table. It may be
easier to compute for altitude and temperature effects separately. A rule of
thumb may be of some help.

If you know the pressure altitude, you know the standard temperature for
this altitude (from 59°F subtract 3'/2°F for every 1000 ft of pressure
altitude). For a pressure altitude of 6000 ft the standard temperature should
be 59 - 21 = 38°F. For every I5°F above the standard temperature for this
attitude add 4% to the landing run computed for pressure altitude effects
(subtract 4% for every I5°F below this figure). If you are working with
Celsius the rule is that for every 8.5°C above or below standard, add or
subtract 4% respectively.

Remember that a nonstandard temperature affects the pressure altitude
indication of the altimeter. However, for the thumb rule used here it is
normally ignored.

For example, suppose your airplane uses 800 ft for a landing run at sea level
in no-wind conditions. You are landing at an airport at a 6000-ft pressure
altitude and the last sequence report gives the surface temperature as 48 °F.



The temperature (48°F) is 10° above normal for the field altitude standard
(38°F). The pressure altitude is 6000 ft, which means an increased landing
run of 6 x 4 = 24% for altitude effects: 1.24 x 800 = 992 ft. Added to this
figure is 2%% (call it 3) for the extra 10° of temperature; 0.03 x 800 = 24 ft.
Your landing roll will be 216 ft longer at this airport. The 2%% figure was
arrived at by the ratio 10°F/15°F = x%/4%; X = 2%% (total roll = 1016 ft).

Using an altitude conversion chart you would find that at a pressure altitude
of 6000 ft and a temperature of 48°F (9°C), the density-altitude would be
6800 ft. You would then use straight altitude effects: 6.8 x 4% = 27.2%;
1.272 x 800 = 1018 ft. In either case you are close enough to be in the ball
park (or the airport).

In step 1 above you converted to the correct density-altitude the hard way
by working with pressure altitude and temperature separately. You assumed
the density-altitude to be 6000 ft and then corrected this assumption for
temperature effects.

If you know the field elevation of the destination airport and are able to get
the altimeter setting and temperature from a sequence report, you could
work out your probable landing run on the way in if you think it's going to
be a close squeeze on landing.

Take the same airport discussed earlier, where the pressure altitude was
6000 ft. Here's one way we could have arrived at that figure. The field
elevation is 5700 ft and the latest altimeter setting for the area is 29.62. If
the pressure altitude had been the same, the altimeter setting would have
been 29.92 (remember that setting an altimeter to 29.92 gives the pressure
altitude). But this altimeter setting is 0.30 in. low for the pressure altitude
setting of 29.92. This means that the pressure altitude at the destination is
approximately 300 ft

higher than the field elevation. The pressure altitude is 5700 plus 300, or
6000 ft (another canned problem). If you had ignored the 0.30 in., or 300
feet of pressure altitude, what would have happened? Suppose you call the
field elevation the pressure altitude. The altitude effects would have been
5.7 X 4 = 22.8%; 1.228 x 800 = 982 ft. Correcting for temperature as before
(plus 3%): 24 -I- 982 = 1006 ft, a difference of 12 ft from the first



calculation. If the destination altimeter setting is within 0.50 in. of 29.92 in.
(29.42 to 30.42), use the field elevation for your pressure altitude correction
and then correct for temperature. The altimeter setting is nearly always
within the above stated limits. Even if the corrected altimeter setting was 1
in. off it would only mean a difference of 4% (about 40 ft) in the landing
run in the above problem. You can use up 40 ft or considerably more by
poor pilot technique; so for an approximation of pressure altitude the field
elevation works fine for landing. For simplicity, the effect of temperature on
the landing roll can be ignored unless the temperature is extremely high or
low for the landing altitude. An approximation to correct for altitude and
higher temperature effects calls for adding 5% per 1000 ft of field elevation.
This saves a lot of computing. Actually it's pretty ridiculous to work it out
to the nearest 6 ft (1006 ft) and it was done only to show the arithmetic
involved.

High humidity is much less of a problem for landings than for take offs
because engine power is normally not a factor when landing, as noted
earlier. (Power may be increased on a soft-field landing, just before
touchdown, but any humidity effects there would not be measurable.) The
aerodynamic effects at sea level of 100°F and 100% humidity might
increase the roll slightly less than 2%. On takeoff somt reciprocating
engines could lose up to 12% at full power under the temperature and
moisture conditions just cited, and that would be a factor (see Chap. 5).

AIRPLANE WEIGHT. The effect of Weight on landing roll is generally
considered to be straightforward —increase the airplane Weight 20% and
the landing roll increase is close to this figure. POH figures show that there
is a difference of about 5% between the two figures. That is, if the Weight is
decreased 20%, the landing roll is decreased only about 15%. Or, if the
Weight is increased 20%, the landing roll is increased about 15%. But for
estimation purposes the percentage of Weight change equals the percentage
of approach and/or rolling distance change. Landing roll is directly
proportional to Weight at landing.

Assuming braking is being used, added Weight would increase the
touchdown (stall) speed but would result in better braking (more Weight on
the braking wheels) so it would approximately balance out. However, the



brakes would be hotter at the end of the roll because of the greater energy
that had to be dissipated. Braking effectiveness on dry concrete is usually
considered to be from 0.4 to 0.6; that is, the coefficient of friction, /i, is that
value. A 3000-lb airplane could have a braking retarding force of 0.4 x
3000 = 1200 lb if Lift is not present.

RUNWAY CONDITION. Added rolling resistance in the form of high
grass, soft ground, or snow naturally shortens the landing roll. The effect of
increased rolling resistance on the landing is to help in all cases —unless it
becomes so great as to cause a nose-up. As you will probably be using
brakes in the later part of the roll, no set figures can be given here.

WIND. The wind affects the landing roll exactly as it does the takeoff run,
and a rule of thumb, 90% - wind velocity/ landing speed = percentage of
no-wind runway, can be used. If the wind velocity is 20% of your landing
speed, you'll use 70% of the published figure for no-wind conditions (90% -
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70%). Fig. 5-9 also can be applied.

BRAKING. I or normal landings, use aerodynamic braking by holding ihe
nose wheel off (in the tricycle-gear type) and leaving the flaps down.
Aerodynamic Drag (D) = C„S ((;VV2), a function of the square of the
velocity. As you slow down on the roll to one-half your landing speed, the
aerodynamic Drag is approximately one-fourth that at touchdown.
Aerodynamic Drag is not as important as wheel braking. Use aerodynamic
Drag for what you think is about one-fourth of the expected landing roll,
then lower the nose and use brakes as needed (on dry concrete). In lowering
the nose you increase the rolling resistance by decreasing Lift, remembering
that rolling resistance = ^(Weight — Lift). The less the Lift, the greater the
rolling resistance.

Some pilots start applying brakes as soon as they touch down. The brake
effectiveness is not at its best because the airplane still has some Lift



(though not enough to support the airplane) and this usually results in
skidding and less braking effect.

Once \ou'\e lowered the nose, flaps can still give aerodynamic Drag, so for
normal landings leave ihein down, particularly if you're using full flaps. For
cleaner airplanes, /;/// flaps help more in aerodynamic Drag than they
hinder the braking action b\ lurnishing Lift by being down. Leave 'em down
throughout the roll and save your brakes. For short fields, get the flaps up
shortly after landing, as soon as you feel you've gotten the most Drag out of
them. In this case you are not interested in taking care of the brakes but
want to stop in as short a distance as possible. Hold the wheel full hack as
Mill brake. Do iioi reiiael ihe la/uJiiii; i;ear.

To get the most out of your brakes, you will want to apply them as much as
possible wiihoiit skidding. Not only will skidding result in the possibility of
blown tires, but it will give much less braking action than found under
proper brake usage.

Some of the larger airplanes have antiskid devices so that

if the wheels start to skid the brakes are automatically relaxed, even though
the pilot continues to hold full force against the pedals. If the device is
working properly, this may mean up to twice the braking effectiveness of
braking by "feel." If it isn't working properly one or both tires may lock and
blow out.

In the situation where braking action is poor, such as on frost-covered, wet,
or icy runways, it's best not to count on the brakes. Although skidding
sideways is not as critical for an airplane as for a car (it says here),
improper brake action could result in the airplane's skidding sideways on an
icy runway; if a clear spot of runway is hit, landing gear failure could result.
Also, if you apply full brakes on ice, even headed straight, and suddenly hit
a bare spot of runway, a tire may blow or, in the tailwheel-type airplane, a
nose-up could occur.

The brake effectiveness on ice is a great deal less than that for dry concrete,
so aerodynamic Drag will be the big factor for an icy or wet runway. Plan
on it!



Fig. 9-4 shows some comparison of rolling resistance caused by braking
and aerodynamic Drag for concrete and ice-covered runways for a
particular airplane. Note that the aerodynamic Drag is the same, as it is
assumed that the airplane touches down at the minimum speed and at the
same Weight both times.

Some landing distance charts note that the figures are based on zero wind
and a paved, level, dry runway with factors added for wind and a dry, grass
runway. Fig. 9-13 at the end of this chapter indicates that distances (ground
roll and total over 50 ft) should be increased by 40% of the ground roll
figure if operating on a dry, grass runway. The initial thought is that since a
dry, grass runway would be expected to have a higher coefficient of friction
(see Chap. 5 again) the landing roll would be less than on pavement. You'll
note, however, that the distances are based on short-field techniques with
maximum braking. Dry grass is "slicker" than pavement as far as braking is
concerned, and the airplane will use up more ground roll on dry grass.
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Fig. 9-4. An exaggerated comparison of brake effectiveness on dry concrete
and ice.
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RUNWAY SLOPE EFFECTS. Little Can be said here except that if the
slope is great, it is better to land uphill and downwind (unless the wind is
very strong). As you saw back in Chap. 5, a 2° slope can mean a retarding
component about 3'/2"/o of the Weight, which is approximately 105 lb for a
3000-lb airplane. This factor would be of significance in an oflf-airport
landing on an upslope of 5°. (The retarding component of Weight would
give a respectable 261-lb retarding force on the rollout.)

PILOT TECHNIQUE. As in takeoffs, here is the item that can shoot all
your careful computations. Landing too fast, poor brake usage, and other
goof-ups can cause you to lose all you have gained. The only answer is to



get an occasional check ride in your airplane with an instructor and know
the variables that can affect your landings.

Short-Field Landing. When landing area is critical you want to land as short
as possible without damaging the airplane. You want a safety margin of
speed, but not enough to cause floating, because every foot of runway
counts.

Power is used to control your approach path at the recommended speed. Fly
a wider pattern so you won't be rushed or have to make steep turns at this
near-critical airspeed. The power approach angle will be 1° or 2° shallower
than the normal power-off approach for your airplane and you'll need more
room.

A rule of thumb for short fields uses an approach speed of no more than 1.3
times the power-off, full flaps-down stall speed (calibrated airspeed); you'll
be using full flaps for a short-field landing, and this ratio will give a safety
factor if you should think you'll be too high and suddenly chop the throttle.

For gusty air this speed should be increased by 5 to 10 K, as sudden
changes in wind velocity can affect your airplane and you are interested in
not suddenly finding yourself with a critically low airspeed at a bad time.
One rule used is to add one-half the giist velocity to the approach speed. For
instance, if the wind is 15 K gusting to 25 K, add one-half the difference of
the 10-K gust (5 K) to the approach airspeed.

Obstacle approaches require a steeper angle of descent in that you must
clear the obstacle and still land as short as possible (Fig. 9-5). The danger
here is that you approach at a low airspeed, and after the obstacle is passed,
a steep angle of descent is continued toward the ground. You may possibly
find that there is not enough airspeed to allow you to flare. The airplane is
rotated quickly but stalls. A sudden short burst of power just before
touching can be used to cushion the landing if you get too slow. Don't leave
the power on too long or you'll use too much runway.

1. Start the approach from a slightly wider downwind leg.



2. Have full flaps set and attain recommended short-field approach speed on
base. If you plan a long final, wait until after the final turn to set up your
recommended airspeed.

3. Control the approach angle with throttle after turning on final. Don't be a
throttle jockey; use minor adjustments.

4. Use power as necessary to make the spot. You'll have to use power all the
way to the ground if you get low and slow.

Soft-Field Landing

APPROACH. The approach for the soft-field landing is usually a normal
one —only the actual touchdown is different from other landings. Of
course, in an emergency situation you may be running low on fuel and have
to land in a pasture —which may be both short and soft. This would require
a short-field approach and a soft-field landing. Never make an approach to a
soft field at a higher-than-normal approach speed because the airplane will
float and usually is "put on" at a higher-than-minimum speed (pilots get
impatient, it seems).

If you make a short-field type of approach to a soft field, you can pick the
firmest possible landing spot. There may be parts of a muddy field where
the grass cover is better or the snow is not drifted as deeply on a snow-
covered field.

LANDING. The same principle applies on a soft-field landing for both
tricycle-gear and tailwheel-type airplanes. Touch down as slowly as
possible and with a higher nose attitude than for the normal landing. This
means the use of power during touchdown (Fig. 9-6).

.^^Ji ..



Tricycle gear

Fig. 9-6. The soft-field landing, tailwheel and tricycle-gear airplanes
(attitudes exaggerated).

Fig. 9-5. The obstacle approach.

If you know beforehand that you'll have to land in snow or on a soft field, it
would be a good idea to have the speed fairings removed before the trip.
Speed fairings look good and in most cases help out on speed a little, but
they get clogged up in short order on a muddy field or in snow. (If
conditions are such that they are liable to get clogged up on the landing run
itself, things can get pretty hairy.) The reason speed fairings weren't
mentioned in more detail on the soft-field takeoff is that if the field is really
soft you won't get to the takeoff area anyway.

After touching down, keep the wheel or stick full back. The point is to keep
the tail on the ground with the tailwheel-type, and to keep as much Weight
as possible off the nose-wheel with the tricycle-gear airplane as long as
possible.

You might check into the idea of retracting the flaps after touchdown to
keep down damage from mud, slush, snow, etc. (This is more of a problem
with low-wing airplanes.) For pete's sake don't pull the gear up by mistake.

GUSTY AND CROSSWIND LANDINGS

Approaches in Gusty Wind Conditions, in gusty wind conditions the
approach must be flown 5 to 10 K faster than for a normal approach, as
indicated earlier. Less flaps than normal may be used so that when the



airplane is landed it won't be so apt to be lifted off again by a sudden sharp
gust. If the wind is strong your landing run will be short anyway, so the
higher approach speed and lack of flaps won't particularly hurt the landing
roll. The approach is naturally the same for tricycle-gear or tailwheel-type
airplanes.

Wheel Landings. The wheel landing is the best means of landing the
tailwheel airplane in strong and/or gusty wind conditions in that the plane
contacts the ground at a low angle of attack. You are literally flying the
plane onto the ground. Two-place trainers and other lightplanes of low wing
loading generally do not require power to make the landing; in fact the use
of power makes the problem more knotty. A "power juggler" may use up
more runway than is necessary.

PROCEDURE. Make an approach about 5 K faster than for a normal glide.
The landing transition is made at a lower height for two reasons: (1) the
airplane must touch down at a higher speed and (2) the attitude will be only
slightly tail-low —not three-point. For the lighter planes, power is only
used to control the approach —not to make the landing. Make your path a
curved one tangent to the runway at the touchdown point (Fig. 9-7).

The correct procedure is to land in a slightly tail-low attitude by "rounding
ofP' the glide properly. After the plane has touched, apply slight forward
pressure to keep the tail up —and maintain a low angle of attack. If you are
too hasty in bringing the tail down, the chances are good of becoming
airborne once more —and you will probably have to take it around again.

Impatience will be your biggest problem on the wheel landing, particularly
if you're gliding too fast. The airplane is skimming a few inches above the
runway and you may try to "put it on." This results in some fancy "crow
hopping" and usually means you'll have to open it up and take it around.
Then there are pilots who hold the plane off too long and wind up making a
half-three-point, half-wheels, and all-bouncing type of landing when the
plane settles fast on the front two wheels.

As the plane slows, continue to hold more forward pressure until you run
out of elevator and the tail moves down and then hold the wheel (or stick)
back to keep it on the ground.



Some airplanes have comparatively poor directional control at lower speeds
with the tailwheel off the ground. There just may not be enough rudder
effectiveness to do the job. In these airplanes it's best to maintain the
forward pressure held at touchdown —don't push forward. As the speed
decreases the tail will come down before you lose rudder control; then you
may move the wheel smoothly back to the full aft position. This is a good
technique in a strong crosswind for all types of tailwheel airplanes.

The crosswind correction for a wheel landing is the same as for the three-
point landing. Lower the wing and hold opposite rudder as needed. Land on
one wheel; the other will come down immediately. Hold aileron into the
wind and apply rudder as needed to keep it straight. Remember that your
airplane may be placarded against landing in crosswind components above
a certain value.

COIVIMON ERRORS

1. Too fast an approach —the plane floats.

2. Too slow an approach or leveling off too high —the plane settles fast on
the main gear and bounces.

3. Getting impatient —trying to put it on.

A bounce usually means taking it around, but you can lower the nose, apply
power, and reland if there is enough runway left.

Keep in mind that wheel landings and soft field conditions don't mix very
well.

Gusty Wind Landing for the Tricycle-Gear. The approach in gusty air is the
same for both types of airplanes and the landing technique is very similar
(Fig. 9-8).



You remember that the recommended procedure for normal landings for the
tricycle-gear is to land on the main wheels and hold the nosewheel off
during the initial portion of the landing roll. For strong, gusty wind
conditions, however, holding the nose up may result in a sudden gust lifting
the airplane off again. The best technique for this wind condition is to touch
down in a nearly level flight attitude. If you used flaps get them up
immediately after touchdown to lessen any chance of a gust picking you up.
The objection to picking up the flaps during the landing roll is that in a
retractable-gear airplane you could inadvertently pull up the landing gear.
This would preclude a sudden gust picking you up as you would slow down
very quickly, but it's more expensive than pulling up the flaps.

After you touch down, lower the nose immediately to decrease the angle of
attack, and raise the flaps. If the wind is very strong, you may not want to
use flaps for landings. Check the POH.

COMMON ERRORS

1. Flying the airplane on and "slamming" it on the ground with the
possibility of damaging the nosewheel.

2. Failure to take into consideration the gusty conditions and holding the
nosewheel off after landing.

Crosswind Landings. As in the gusty wind landings, the approach is the
same for the two types of landing gear. You have four choices in making the
approach and landing for either type of landing gear.

1. The wing-down method —This was probably the method taught you as it
is the simplest for light-to-moderate crosswinds. It's easy because you do
not need to raise the wing or kick rudder to straighten the airplane at the last
second. You hold the wing down with aileron and use opposite rudder all
through the final approach and landing as necessary to

NORMAL LANDING



GUSTY WINDS

Fig. 9-8. Landing attitudes.
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Fig. 9-9.

rection.

Wing-down method of crosswind cor-

keep the nose lined up with the runway (Fig. 9-9). With strong crosswind
components the wing may be down to such a degree that the shpping
approach is uncomfortable to the passengers. In extreme cases, the lowered
wing may be in danger of striking the ground, particularly in a low-wing
airplane. Chances are in such conditions you wouldn't land at that airport,
but would find one having a runway more into the wind. If you are low on
fuel and must land, this method may limit your correction for strong
crosswind.

Common errors: Probably the most common error committed by private
pilots in this type of correction is using too much top rudder, yawing the
nose away from the runway. The nose should be lined up with the runway
during the approach and landing. Also, some pilots try to raise the down
wing at the last instant. This isn't necessary.

2. Crab method—This makes for a comfortable approach as the plane is not
slipping, but it has the disadvantage of requiring fine judgment in knowing
when to kick the airplane straight. Also, if the crosswind is strong, the crab
angle will have to be so great as to make it doubtful that you would have
enough rudder effectiveness left to completely straighten the airplane before



it touched —and this makes for a possible ground loop. If the airplane hits
in a crab, you'll have a weathercocking tendency. In the tailwheel-type
airplane, forces will be set up to aggravate the ground loop once it has
started. So, the crab method also is limited to moderate crosswind
components (Fig. 9-10).

Fig. 9-10. Crab method of crosswind correction.

Common errors: Not straightening the airplane at the right time. Gusts may
cause the airplane to float and start drifting after you've kicked it straight, or
you may touch down before you're ready, still in a crab.

3. Combination crab and wing-down. —The limitations of the previous
methods may be overcome by combining the two. If you are able to
comfortably correct for 15 K of crosswind component by either method
outlined above, chances are you'll find the results additive if they are
combined and you will be able to correct for nearly double the crosswind
component (Fig. 9-11).

Fig. 9-11.



methods.

Combination wing-down and crab

You'll be crabbed and lia\c the wing down, which means that the wing is not
uncomfortably low and the crab is not such that the plane cannot be yawed
straight as it touches. The idea is to yaw the plane straight, not to bother
trying to raise the wing. Land on the upwind wheel as was done in the
wing-down method.

Common errors: CIciiing so engrossed in one of the corrections that the
other is neglected. Usually you forget you're in a crab as well as having the
wing down.

4. Crab approach and wing-down landing —This makes a comfortable
approach for light to moderate crosswinds. The crab is used during the final
approach and, as the landing Hare is begun, the nose is straightened and the
wing lowered. From this point on it is the wing-down method. This avoids
the long slipping approach, but it may require a couple of practice periods
to make a smooth transition from the crab to the wing-down attitude.

Common errors: —Poor transition from crab to wing-douii attiludc, with
sonic frantic scrambling around and poor use of controls.

The Ground Roll. Here's where tricycle-gear pays for itself. The CG is
ahead of the main wheels, which tends to straighten the airplane out. The
tailwheel-type reacts just the opposite. The ground roll is ihe toughest part
of the problem in strong crosswinds. Keep that aileron into the wind to help
fight wing-lifting tendencies and to also utilize the down aileron Drag to
help keep you straight. The aileron is more important for the tailwheel
airplane during the ground roll because of the airplane's attitude, but use it
for both types.

Tailwlieel-iype — Kcex> that wheel back (if you made a three-point
landing) because this will allow the tailwheel to get a good grip and help
fight the weathercocking tendency.



Tricycle-gear—East the nosewheel on but don't hold forward pressure; you
may wheelbarrow.

Hydroplaning. As you progress to faster airplanes with their higher-speed
ground rolls and fly in more adverse weather conditions, hydroplaning will
be more of a problem. There are three types of hydroplaning:

CONDITIONS:

Flaps 30°

Power Off

Maximum Braking

Paved, Level, Dry Runway

Zero Wind

LANDING DISTANCE

SHORT FIELD

NOTES:

1. Short field technique as specified in Section 4.

2. Decrease distances 10% for each 9 knots headwind, for each 2 knots.

3. For operation on a dry, grass runway, increase distances by 40% of the
"ground roll" figure.

4. If a landing with flaps up is necessary, increase the approach speed by 9
KIAS and allow for 35% longer distances.

For operation with tailwinds up to 10 knots, increase distances by 10%
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1. Dynamic. In total dynamic hydroplaning, water standing on the runway
exerts pressures between the tires and the runway. The tires arc lilted and
are not in contact v\ith the runway surface. The rolling coefficient of
friction (and also brake effectiveness) is reduced to nearly nothing. This
means also that steering is not effective. A strong crosswind can cause
added problems of control. Dynamic hydroplaning starts at high speeds and
in standing water on the runway.

.\ thumb rule for predicting the minimum dynamic hydroplaning speed
(knots) is 8.6 ^tire pressure, psi. At a tire pressure of 25 lb the expected
minimum dynamic hydroplaning speed is 43 K (8.6 x \25 = 8.6 x 5 = 43).
You could expect problems above this speed. See Fig. 9-12..

2. Viscous hydroplaning. When the runway has painted areas or rubber
deposits that make it smooth, the tire can't

Fig. 9-12. Tire pressure versus minimum hydroplaning speed (72 K at 70
psI).

Fig. 9-13. Landing distance chart (short-field techniques).

fully displace the moisture film. You can feel this effect in driving a car
when your car slips momentarily as you cross an extra thick painted
highway centerline covered with rain or dew. When a large area of the
runway or taxiway is involved, you could lose steering and braking ability.
This can occur at a much lower speed than dynamic hydroplaning.

3. Reverted rubber hydroplaning. Suppose you are touching down on a wet
runway and (wrongly) apply brakes immediately after touchdown. The
airplane starts dynamic hydroplaning because the brakes are locked. The
airplane slows, the dynamic hydroplaning decreases, and the locked tires
heat up because of added friction. A layer of steam occurs between the tires
and the runway and the rubber melts. This prevents water dispersal because
the tire is riding on a layer of steam and molten rubber.

This is the worst of the hydroplaning variations because it can happen down
to zero speed. Locking the brakes for prolonged periods causes reverted
(meltedy rubber hydroplaning.



Some of the newer runways are grooved to cut down on hydroplaning
effects, but you should be ready for it anytime you are taking off or landing
on a wet runway. Think of braking or directional control problems, and
avoid excessive use of the rudder pedals or brakes. You might assume that
the liquid water will have the friction properties of ice (which it will, under
the conditions just mentioned).

References for further reading: (1) ATP. K. T. Boyd, Iowa State University
Press; (2) You vs. Hydroplaning (article), Aerospace Safety. Norton AFB,
Calif.

As was indicated earlier in this chapter, a dry, grass runway doesn't allow as
good braking as pavement (wet grass is even worse) so that the ground roll
and total distances for a given pressure altitude and temperature are to be
increased by 40% of the ground roll figure. Looking at 2000 ft and 10°C in
Fig. 9-13 you'll see that the ground roll is 660 ft with a total distance of
1395 ft required to clear a 50-ft obstacle. When landing on dry grass the
distance required will be 0.40 x 660 = 264 ft. Add 264 ft to both values: 924
ft ground roll and 1659 ft total over the 50-ft obstacle.

Fig. 9-14 is a graphical presentation of two landing performance charts. The
examples show the procedure for using the charts.
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Fig. 9-14. Landing distance charts. A. Distance over 50-ft barrier. B.
Landing ground roll.
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Example: Airport press, alt.: 680 ft. "T

Outside air temp.: 8°C Wind component: 6 kts. headwind Weight: 3107 lbs.
Approach speed: 68 KIAS

Total landing distance: 1200 ft.
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Example: Airport press alt : 680 ft. Outside air temp. 8°C Wind component:
5 kts. headwind • Weight: 3430 lbs Landing ground roll: 480 ft.
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THE THREE AXES

There are three axes around which the airplane moves. These axes pass
through the airplane's center of gravity, or the point where the airplane
Weight is considered to be concentrated (Fig. lO-l).

An airplane that is stable requires little pilot attention after it is trimmed for
a certain airspeed and power setting. Airplanes certificated by the FAA for
use in private and commercial flying must meet certain stability
requirements around all three axes —otherwise the pilot could get into a
dangerous situation because of a momentary lapse of attention. All the
airplanes you have flown to date certificated as "normal" or "utility"
category can be trimmed to maintain prescribed limits within certain
airspeed ranges.

Fig. 10-2. Positive static stability.

Fig. 10-3. Negative static stability.

Neutral static stability can be likened to a steel ball on a perfectly flat
smooth surface. If a force is exerted on it, the ball will move and stop at
some new point after the force is removed (Fig. 10-4).

STABILITY IN GENERAL

Stability, as defined by the dictionary, means "fixedness, steadiness, or
equilibrium." An object that is positively stable resists any displacement.
One that is negatively stable does not resist displacement; indeed, it tends to
displace itself more and more if acted upon by an outside force. An object



that is neutrally stable doesn't particularly care what happens to it. If acted
on by a force it will move, but it does not tend to return to its position or to
move farther after the force is removed.

Static stability. Static (at rest) stability is the initial tendency of a body to
return to its original position after being disturbed. An example of positive
static stability is a steel ball sitting inside a perfectly smooth hubcap (Fig.
10-2). You can see that the ball has an initial tendency to return to its
original position if displaced.

Fig. 10-3 is an example of negative static stability. The ball is carefully
balanced on the peak of the hubcap, and the application of outside force
results in its falling. It does not tend to return to its original position; on the
contrary, it gets farther and farther from the original position as it falls.

ii

Fig. 10-4. Neutral static stability.

Dynamic Stability. The actions a body takes in response to its static stability
properties show its dynamic (active) stability. This dynamic stability
usually is considered to be the time history of a body's response to its
inherent static stability.

Take the example of the steel ball and the hubcap. Fig. 10-2 shows that the
ball when inside tends to stay in the center of the hubcap, it has positive
static stability. It requires force to displace it up the side, and it returns
immediately to its original position.

Now suppose you push the steel ball well up the side of the hubcap and
quickly release it. The ball will roll toward the

I t
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center position, overshoot, and return, keeping this up with ever shortening
oscillations until finally it returns to rest in the center. The ball has positive
sialic stability because it resists your pushing it up the side and has positive
dynamic stability because its actions tend to return it to the original
position. Thai is, ihe oscillaiions aboul its original position become less and
less until it stops at the original point. This is called periodic motion; the
ball makes a complete oscillation in a given interval of time or period.
These periods remain approximately the same length (exactly the same
under theoretical conditions) even though the amplitude (movement) is less
and less.

You can also see periodic motion by suspending a heavy weight on a string,
making a homemade pendulum. The pendulum at rest has positive static
stability —it resists any attempt to displace it. It has positive dynamic
stability in that it finally returns to its original position through a series of
periodic (equal time) oscillations of decreasing amplitude.

The ball in the hubcap could be given the property of aperiodic (nontimed)
positive dynamic stability by filling the hubcap with a heavy liquid such as
oil (Fig. 10-5). The liquid would damp the oscillations to such an extent that
the ball would probably return directly, though more slowly, to the original
position with no overshooting and hence no periodic motion. Through
manipulation of the system (adding oil), you have caused its motions to be
aperiodic.

Fig. 10-5. Aperiodic positive dynamic stability.

Unlike the steel ball inside the hubcap, which is statically stable, resists any
displacement, and has positive dynamic stability, a properly designed
airplane does not necessarily have positive dynamic stability under all
conditions (see the section Longitudinal Dynamic Stability of the Airplane
later in the chapter). And the fact that an airplane sometimes has positive



static stability does not mean that its dynamic stability is also positive.
Outside forces may act on the airplane so that the oscillations stay the same
or even become greater.

Back to the ball inside the hubcap. Suppose you start the ball rolling and
then rock the hubcap with your hand so that the oscillations do not
decrease. Because of the outside force you set up, the ball's oscillations
retain the same amplitude. The system has positive static stability but
neutral dynamic stability —the ball's oscillations continue without change.
The airplane may also be affected by outside (aerodynamic) or inside (pilot-
induced) forces that result in undiminishing oscillations, or neutral dynamic
stability, even though it is properly balanced, or statically stable.

Lateral axis

Now suppose you rock the hubcap even more violently. The ball's
oscillations get greater and greater until it shoots over the side. You
introduced an outside factor that resulted in negative dynamic stability —
the oscillations increasing in size until structural damage occurred (the ball
went over the side).

Thus the system (or airplane) with positive static stability may have
positive, neutral, or negative dynamic stability. A system that is statically
stable will have some form of oscillatory behavior This tendency may be so
heavily damped (the oil in the hubcap) that it is not readily evident. The
oscillations show that the system is statically stable; the ball (or airplane) is
trying to return to the original position. Outside forces may continually
cause it to equally overshoot this position or may be strong enough to cause
the oscillations to increase until structural damage occurs.

For a system that has neutral static stability such as a ball on a smooth flat
plate, there are no oscillations because the ball isn't trying to return to any
particular position. It's displaced and stays displaced.

A system that has negative static stability or is statically unstable (the terms
mean the same thing) will have no oscillations; there will be a steady
divergence. Let's use the ball and hubcap again. This time turn the hubcap



over and balance the ball carefully on the peak (sure you can) and take
another look at the statically unstable system (Fig. 10-6).

Fig. 10-6. A statically unstable system.

If even a small force is applied, the ball rolls down the side of the hubcap.
The ball does not resist any force to offset it from its position —on the
contrary, it wants to leave in the first place and when displaced leaves its
original position at a faster and faster rate. There are no oscillations as there
is no tendency to return at all. The statically unstable system has no
dynamic (oscillatory) characteristics but continually diverges. The action
this system takes in diverging is not always that simple, but that we'll leave
for the slide rule boys. A statically stable system (or airplane) may have
either positive, neutral, or negative dynamic stability characteristics.

How this applies to you as a pilot will be shown shortly.

LONGITUDINAL OR PITCH STABILITY

The elevators control ihe pilch (the movement around the lateral axis) (Fig.
10-7). The pilot's ability to control the airplane about this axis is very
important. In designing an airplane a great deal of effort is spent in making
it stable around all three axes. But longitudinal stability (stability about the
pitch axis) is considered to be the most affected by variables introduced by
the pilot, such as airplane loading.

Fig. 10-7. The elevators control about the lateral axis (pitch).
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Fig. 10-8. Airplane level flight.
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Fig. 10-9. Summation of vertical forces: total up force 3100 lb and total
down force 3100 lb- forces balanced.



Take a look at an airplane in balanced, straight and level flight (Fig. 10-8).
Making calculations from the center of gravity (CG), you find the moment
(force times distance) about the CG caused by the wing's Lift is 5 x 3100 or
15,500 Ib-in. This is a nose-down moment. To maintain straight and level
flight there must be an equal moment in the opposite direction or the
airplane would be attempting to do an outside loop. This opposite moment
is furnished by a down force on the tail. Its moment must be 15,500 Ib-in.
in a tail-down direction. The distance shown from the CG to the center of
tail lift is 155 in.; therefore the down force at the tail must be 100 lb (force
X distance = 100 lb x 155 in.). The tail-down moment is also 15,500 Ib-in.,
which balances the nose-down moment. The airplane is statically balanced.

In order for the airplane to maintain level flight the upward forces must
balance the downward forces, as was covered in Chap. 3 (Fig. 10-9).

The down forces are the airplane's weight (3000 lb) and the tail-down force
(100 lb), which total 3100 lb. In order to balance this, the up force (Lift)
must be 3100 lb. The wing itself contributes some pitching effects, as was
mentioned in Chap. 3.

For airplanes with fixed, or nonadjustable, stabilizers, the stabilizer is set by
the manufacturer at an angle that furnishes the correct down force at the
expected cruising speed and CG position.

The tail-down force is the result of propeller slipstream,

downwash from the wing, and the free stream velocity (airspeed) (Fig. 10-
10).

Fig. 10-10.

force.



Factors contributing to the tail-down

Suppose you're flying straight and level (hands-ofT) at the design cruise
speed and power setting and suddenly close the throttle. The slipstream
force suddenly drops to practically nothing; the airplane starts slowing as
Thrust is no longer equal to Drag, and the free stream velocity also drops.
You've suddenly lost some of the tail-down force. The result is that the nose
drops. This is a healthy situation; the airplane is trying to pick up speed and
reestablish the balance (Fig. 10-11).

LIFT

Tail-down force

WEIGHT

Decreased tail force

WEIGHT

STRAIGHT AND LEVEL CRUISING POWER

THROTTLE CLOSED, p. ^q.,^

AIRPLANE NOSES DOWN
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Of course, as the airplane slows, Lift decreases and the airplane starts to
accelerate downward for a very short time, but this is not so noticeable to
you as the nosing-down action.

We'll disregard the airplane settling and think only in terms of the rotational
movement caused by closing the throttle. One way of looking at it is to
return to the seesaw of your earlier days. When the kid on the other end
suddenly jumped off you set up your own "nose down" (the moments were
no longer balanced).

You set the desired tail force for various airspeeds by either holding fore or
aft wheel pressure or setting the elevator trim. If you are trimmed for
straight and level flight, closing the throttle means more up-elevator trim if
you want to glide hands-off at the recommended glide speed. A propeller-
driven airplane will always require less up-elevator trim for a given
airspeed when using power than when under power-off conditions. You can
see this for yourself the next pretty day when you're out just flying around.
Trim the airplane to fly straight and level at the recommended glide speed
and use whatever power is necessary to maintain altitude. Then close the
throttle and keep your hands off the wheel. You'll find that the airspeed is
greater in the power-off condition —the airplane's nose drops until it picks
up enough free stream velocity to compensate for the loss of slipstream.
This may be up to about cruise speed, depending on the airplane.

The arrangement of having the CG ahead of the center of Lift, and an
aerodynamic tail-down force, results in the airplane always trying to return
to a safe condition. Pull the nose up and the airplane slows and the tail-
down force decreases. The nose will soon drop unless you retrim it or hold
it up with increased back pressure. Push the nose down and it wants to
come back up as the airspeed increases the tail-down force. The stable
airplane wants to remain in its trimmed conditions, and this inherent (built-
in) stability has gotten a lot of pilots out of trouble.

Another arrangement is shown in Fig. 10-12. A lifting tail is necessary on
this airplane in order to maintain balance. From a purely aerodynamic
standpoint the two lifting surfaces (wing and tail) are a good idea; from a
stability standpoint this type of configuration is not so good.



as in the more conventional arrangement in Fig. 10-9. One advantage of the
canard-type is that it is stall and spin resistant if the forward surface is
designed to lose its Lift (and pitch the nose down to decrease the angle of
attack of the main wing before it reaches the critical angle). The canard
arrangement is not new (see photos of the Wright brothers' first powered
flight), but the state of the art has improved so much that the newer designs
are making a strong impact on the industry.

POWER EFFECTS ON STABILITY. Power is considered to be
destabilizing; that is, the addition of power tends to make the nose rise. The
designer may offset this somewhat by having a high thrust line. The line
through the center of the propeller disk passes above the CG so that as
Thrust is increased a moment is produced to counteract slipstream effects
on the tail (Fig. 10-13). Or the designer may offset the thrust line so that it
passes above the CG (Fig. 10-14).

Fig. 10-13. Exaggerated view of a high thrust line as an aid to stability.

Fig. 10-12.

When you throttle back, the tail Lift decreases and the nose tends to go up!
This is not conducive to easy pilot control. The engineers would rather have
a little less aerodynamic efficiency and more stability. So this arrangement
is avoided — although it is not nearly as critical in a jet airplane. Actually,
in some conditions (high CJ, a tail upload may be present, even for the
"standard" airplane that has a tail-down force at cruise.



The canard (horizontal-tail-first) designs have appeared again in the past
few years. Some of these airplanes are quite efficient because both the
wings and horizontal tail are lifting,

Fig. 10-14. Offset thrust line.

A very low thrust line would be bad as it would tend to add to the nose-up
effect of the slipstream on the horizontal tail surfaces (Fig. 10-15).

Fig. 10-15. Low thrust line effects with application of power.

The thrust line of your airplane is fixed and there's nothing you can do
about it; this has been presented only for your interest. All these factors
have been taken into consideration in the certification. No airplane will be
certificated in the normal or utility categories if it has dangerous tendencies.
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HOW LOADING AFFECTS LONGITUDINAL STATIC STABILITY

)ou can affect the longitudinal static stability of your airplane by the way
you load it. If you stay within the loading limitations as given by the POH
you'll always have a statically stable airplane.

The properly loaded airplane is analogous to the steel ball inside the
hubcap. It will tend to stay in the attitude and airspeed at which it was
trimmed (Fig. 10-16). If the CG is

moved aft, the airplane becomes less statically stable and does not have as
strong a tendency to return to its original position. It is as if our hubcap
were made shallower (Fig. 10-17).

The CG can be moved aft to a point where the airplane has no tendency to
return but remains offset if displaced. It is as if the hubcap had been
completely flattened (Fig. 10-18). By moving the CG even farther aft, the
area of negative static stability is encountered (Fig. 10-19). The hubcap has
been turned inside out.



LIFT

WEIGHT

Tail force

Fig. 10-16. The properly loaded airplane-positive static stability (tail force
exaggerated).

LIFT

WEIGHT

Tail force

Fig. 10-17. Effects of the center of gravity being moved rearw^ard-less
positive static stability.

LIFT

Tail force (?)

\ 1 WEIGHT

Fig. 10-18. Neutral static stability.



1 / AIRPLANE PERFORMANCE AND STABILI

Fig. 10-19. Negative static stability.

It would seem at first glance that the more statically stable an airplane is
made, the better its flight characteristics. This is true —up to a point. If an
airplane is so stable that a great deal of force is needed to displace it from a
certain attitude, control problems arise. The pilot may not be able to
maneuver the airplane and make it do its job. This is more of a problem for
fighters than for transports, however.

The problem with neutral static stability is that the plane does not tend to
return to its trimmed state. If you load the airplane to such a condition you
might get into trouble. In a plane with neutral static stability the feel is
changed considerably. After takeoff you may ease the nose up using normal
back pressure and find that the nose attitude has overshot and is too high.
You ease it down and again overshoot because you have been used to
fighting the airplane's natural stability, and in this case it isn't there. This
type of situation causes accidents. Particularly dangerous is the fact that the
airplane could become unstable during the flight as the fuel is burned.
Designers always place the fuel tanks as near to the CG as possible. But in a
neutral stability condition, a rearward movement of the CG could put you
into negative static stability. It's possible that the airplane could become
uncontrollable or at least be in a very dangerous condition.

LONGITUDINAL DYNAMIC STABILITY

Learn your plane's actions (dynamic stability) in response to its static
stability. The next time you are flying cross-coun-



try, ease the nose up until the airspeed is about 20 K below cruise and
slowly release it. The nose will slowly drop past the cruise position and the
airplane will pick up excess speed and slowly rise again. If the airplane has
positive dynamic stability, it may do this several times, each time the nose
moving less distance from the cruise position until finally it is again flying
straight and level at cruise. The same thing would have occurred if you had
eased the nose down (Fig. 10-20). This is like the steel ball in the hubcap as
cited earlier. It was dynamically stable and finally resumed its normal
position.

An airplane that has neutral dynamic stability as a result of some design
factor would react to being offset (Fig. 10-21). This is as if some outside
unknown force were rocking the hubcap, keeping the ball constantly
oscillating.

The airplane with negative dynamic stability would have oscillations of
increasing magnitude (Fig. 10-22). You see that the system (hubcap and
ball) and the airplane are statically stable, but other factors may be
introduced that create neutral or negative dynamic stability. The oscillations
shown in Figs. 10-20, 10-21, and 10-22 are called phugoid or long mode
oscillations. They are long enough that they can be easily controlled by the
pilot and are considered of relatively little importance. The airplane you are
flying may have a neutrally or negatively stable phugoid and still be
completely safe. (So don't be disappointed or worried if, when trying the
experiment at the beginning of this section, you find these slow oscillations
do not decrease in amplitude.) An airplane with neutral or negative dynamic
stability in these long modes can

Fig. 10-20. Flight path of a dynamically stable airplane (hands-off).



Fig. 10-21. Flight path of an airplane with neutral dynamic stability (tiands-
off); no decrease in oscillations.
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Fig. 10-22. Flight path of an airplane with negative dynamic stability
(hands-otf); oscillations

increase in amplitude.

be flown quite safely with little or no effort, as the periods may be many
seconds or even minutes in length.

Of primar\ importance is ihe short mode (rapid) oscillation. The periods of
the short mode may be in fractions of seconds. You can see that if the short
mode is unstable the o.scillations could increase dangerously before the
pilot realizes what is happening. Even if the oscillations are being damped,
it's possible that the pilot, in trying to "help" stop the oscillations, could get
out of phase and reinforce them to the point where g forces could cause
structural failure. Usually such problems are caused by poor elevator design
or balancing, and they are always solved by the manufacturer before the
airplane is certificated. .Airplanes certificated by the FAA have positive
dynamic stability in the short mode. If the plane is offset from its path
abruptly, it will return in a series of rapid, converging oscillations. (You can
see this when flying hands-off on a gusty day.) An airplane that is statically
unstable would have no oscillations at all but would continually diverge
(the hubcap is upside down as in Fig. 10-19).

The point to remember is to keep your airplane statically stable by correct
placement of Weight and you won't have any stability problems.



The dynamic longitudinal stability of an airplane is affected by stick-fixed
or stick-free conditions. This means that the airplane's response is different
if the elevators are "locked" by the pilot (wheel, stick, or elevators fixed) or
are allowed to float free (hands off stick or wheel — or elevators free). As
you probably have already guessed, the elevator-fixed condition is more
stable and the airplane's oscillations would be more likely to dampen (Fig.
10-20). Aerodynamics texts sometimes use pages of calculations to show
why it is so, but it all boils down to common sense. Look at Fig. 10-23,
which shows the elevator free and fixed. In Fig. IO-23A the pilot has pulled
the nose up sharply and immediately released (freed) it. As you can see, the
aerodynamic loads tend to make the elevator position itself parallel to the
air flow instead of staying parallel to the chord line (where it belongs) to
help straighten the airplane out. As the airplane pitches up and down in its
oscillation, the elevator follows the line of least resistance and moves itself
out of the airflow.

In Fig. IO-23B the pilot or autopilot has returned the elevator to the neutral
position and has locked it there so that more surface Is available to stabilize
the situation. You might consider that the elevator-fixed condition is like an
arrow with the proper amount of feather area; the elevator-free one is as if
some of the area was clipped off, allowing the arrow to wobble more in
flight. Aerodynamicists would rightly note that the elevator normally does
not float the full angles shown here, but moves up or down to a lesser
degree.

Fig. 10-24 is an actual trace of an airplane's dynamic stability (phugoid) at
cruise power in the clean condition. Note that the elevator-free condition is
basically neutrally stable while the elevator-fixed oscillations are heavily
damped.

Fig. 10-23. Exaggerated effects of elevator free and fixed on dynamic
longitudinal stability. A. The elevator floats up (or down, as also shown) out
of the airstream, decreasing the damping (stabilizing) effect. B. The
elevator is "locked" (fixed) and presents more stabilizing area to damp the
oscillations. Compare the shaded areas for A and B.
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Fig. 10-24. Elevator-free and fixed oscillation (airspeed versus time) for a
particular airplane in the cruise configuration.

The periods from peak to peak are 30 sec in the elevator-free configuration.
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Fig. 10-25. Pitch attitude versus time for the airplane in Fig. 10-24.

Fig. 10-25 is an analysis of the airplane in Fig. 10-24 showing a trace of the
nose pitch attitude (degrees) versus time. In this case, the exercise started at
107 K (Fig. 10-24) and a nose-up attitude of 8°. Note that in the elevator-
fixed condition the pitch attitude settled down to a value very close to the
original. The dashed line in the elevator-free condition in Fig. 10-25 shows
that the airplane might "some day" settle back down to the original pitch



attitude but, as indicated earlier, the oscillations can be quickly and easily
stopped by the pilot (by "fixing" the elevators), so there's no problem.

Longitudinal Control

ELEVATOR. You are familiar with elevators as a means of longitudinal
control; airplanes also have been designed utilizing a stabilator. You may
have trained on such an airplane. Let's review the stabilizer-elevator system.

You use the elevator to change the camber of the horizontal tail system,
which changes the tail force. For the design cruise airspeed, the elevators
are designed to "float" parallel with the stabilizer. Any change from this
speed and power setting must be compensated for by elevator deflection.
The normal airplane requires that forward pressure be held for speeds above
this, and back pressure held for any speeds below cruise. You rotate the
airplane to the desired attitude by exerting fore or aft pressure on the wheel.
If an airplane is too stable longitudinally, the elevator control may not be
effective enough for good control. One problem that airplane manufacturers
face is the too-stable airplane, although to be truthful, it's not as much of a
problem to them as the unstable type. It has been found through experience
that the total horizontal tail area should be 15 to 20% of the effective wing
area and the elevator should make up about 35 to 45% of the total
horizontal tail surface area. The farther the horizontal tail is from the CG,
the less area is necessary for the required stability (tail moment = distance x
force).

The stabilizer-elevator combination is an airfoil, and you vary the tail force
by positioning the elevators with the wheel or elevator trim.

The properly designed airplane requires forward pressure for airspeed
above the trim speed you have selected, and back pressure for speeds below
the trim speed (this applies whether you trim it for a speed 30% above stall
or at the airplane's

maximum speed). This indicates positive static stability.

You can see that this is what you've been encountering all along in your
flights in FAA-certificated airplanes. A happy medium should be found; the



airplane must be stable but not be too hard to displace, or maneuvering
problems may arise. The more variation in velocity, the more pressure is
required, because the airplane is stable and resists your efforts to vary its
airspeed from trim speed.

As you move the CG aft you may find you can't set any particular speed as
trim speed.

Stick or Wheel Forces. Fig. 10-26 shows the stick (or wheel) force required
to pitch the nose up (or down) at two CG positions at a particular chosen
trim speed. A fictitious airplane is used but the numbers are reasonable tor a
general aviation airplane (clean) trimmed for approach or holding.
Assuming that push or pull forces are zero at the trim speed of 90 K, you'll
notice that the back pressure required to slow it up and hold it at 75 K is 8
lb at forward CG and 4 lb at a more aft CG. The stick or wheel forces will
become even lighter as the CG is moved aft (dashed line) and at some point
could approach zero. (The airplane may pitch up or down without help from
the pilot.) The lines are curved because the dynamic pressure, q, goes up as
the square of the airspeed. With a forward CG the forces required to pull up
or push over are much higher and the airplane would lack maneuverability.
More about forward CG later in the chapter.

Fig. 10-26. Effects of CG position on stick or wheel forces at a particular
trim speed.

Suppose you are indicating 90 K and have the elevator trim tab set at what
you think is the correct position. In the normal airplane this would mean
that if you applied fore or aft pressure on the wheel the pressure necessary
to hold this nose position would increase as the airspeed changed —not so
the neutrally stable airplane. You are fooling yourself by even trying to trim
the airplane.

When you pull the nose up and the speed decreases, the airplane isn't
fighting the back pressure and will continue in this attitude without any help
from you. Wheel pressure is not a function of airspeed in this case and the
airplane could
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Fig. 10-27. Landing (?) a neutrally stable airplane.

continue to a stall, the nose would then drop, and it uould mainiain this
nosc-down attitude. This is, of course, assuming you are flying hands-off.
Naturally you'll be flying the airplane and will ease the nose back down
before the stall occurs. This is not to imply that the airplane is
uncontrollable, but it does mean you'll have to make a conscious effort to
return the nose to the proper position if it is displaced — and on a bumpy
day this could get mighty tiresome. On landing, you will not be fighting the
plane's stability. When you tlare for the landing you will probably overdo it
because of the very light back pressure required, compared with what
you've been used to. You'll probably get the nose too high, then consciously
have to ease it over and may set up a cycle (Fig. 10-27).

If you've trimmed the airplane for a glide, you'll normally expect the
required back pressure to increase as the plane slows during the landing —
that's why you could get into trouble in this situation.

The airplane with negative longitudinal stability will aggravate any
displacement. If the nose is raised in the neutrally stable airplane, it stays at
that attitude until you (or some other force) lower it. The airplane that is
negatively stable tends to get an even more nose-high attitude.

If you load the airplane with too much weight in the rear and get into an
unstable condition, a serious accident is almost certain to occur. Take an
extreme situation: You've loaded the airplane until the CG is much too far
aft. You realize that there's quite a bit of weight back there and set the
elevator tab to what you think is about the right amount of nose-down trim.



You go roaring down the runway, ease the nose up —and it just keeps going
up. This is neither the time, place, or altitude to be practicing stalls. It may
require more down elevator than you have available —and that's that.

STICK FORCE PER G. One measure of an airplane's maneuverability is its
stick-force-per-g factor, which is basically the pounds of pull or push
necessary to change by I g the acceleration acting parallel to the vertical
axis. A fighter or acrobatic airplane should have comparatively light control
forces so that pull-ups, loops, steep turns, and other maneuvers requiring
extended pilot input would not be fatiguing. The stick forces must not be so
light, however, as to easily allow the pilot to overstress the airplane. In WW
II, before hydrauli-cally boosted controls were in wide use, the stick-force-
per-g limits were 3 to 8 lb for fighters and a maximum of 35 lb for
transports. This meant, for instance, that a fighter having a stick force per g
of 5 lb would require 20 lb of stick force to pull an added 4 g's. The pilot on
a transport of that era who wanted to pull those 4 extra g's from cruise could
be required to exert up to 140 lb back pressure, which discouraged an
impulse to do loops in that airplane.

As far as CG position is concerned, the stick-force-per-g

idea follows that of the unaccelerated longitudinal stability reactions. As the
CG is moved aft, the stick forces become lighter and the airplane can have
more g's exerted on it with less effort by the pilot. With a CG near, or at, the
aft limit, what starts out as a 3-g loop pull-up could end up as a 6- or 7-g
"serious situation" as the airplane continues to pitch up with little or no
additional back pressure.

For a given CG position the stick force required to pull, say, 3 g's is higher
in a turn than in a wings-level pull-up. In a wings-level pull-up, the added
Lift being produced by back pressure is acting directly against Weight. The
pilot would not have to exert quite as much control force as in a bank where
the vertical component of Lift is acting directly against Weight.

Altitude reduces the stick force per g. The airplane at a higher altitude, all
other factors equal, will require less push-pull force to get a certain g
loading.



Manufacturers may affect the longitudinal stability and stick (or wheel)
forces of the airplane by adding a weight either ahead of or behind the stick
pivot point. This "bob-weight," if placed ahead of the pivot point, under
normal conditions will tend to move the stick or wheel forward, providing a
nose-down effort to provide more positive stability. With increasing g
forces, the weight becomes "heavier," increasing the back pressure required
to pull more g's. As can be be seen, a bobweight behind the stick or wheel
pivot point would ha\e an opposite effect in both accelerated and
nonaccelerated flight conditions.

LONGITUDINAL TRIM. There are several methods of longitudinal trim
for the airplane. The most familiar is the elevator trim tab, which acts as a
control surface on a control surface and has been put to good use by you for
many flying hours. When you trim "nose-up" the tab goes down and the
force of the relative wind moves the elevator up (Fig. 10-28).

Fig. 10-28. Elevator trim tab. set for nose-up.
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You've found this very handy for nose-heavy conditions and for help during
the glide. You may have found that the tab set this way caused trouble, too.
Some pilots use almost full up-trim for landing, as this makes for light back
pressure during the landing process. If they should suddenly have to take it
around, the application of power may result in a severe tendency for the
nose to rise. The slipstream hits the trim tab and elevator, which are greatly
displaced at the low-speed, power-oflF condition; this is particularly
dangerous if the elevator tab control is geared so that it requires many turns
to get back to a more nose-down setting. If the airplane were not so close to
the ground, it would be amusing to watch the pilot, who can't decide
whether to take one hand off the wheel (pushing forward with both hands)



and make a grab for the trim control, or hold the nose down with both hands
and try to get altitude first. The usual result is that the pilot does both,
frantically moving the right hand from wheel to trim control and gradually
getting things under control. Seen from outside the airplane, the
maneuvering looks like a whale with a severe case of hiccups. This problem
usually is not quite so critical in multiengine planes, as the elevators are not
so much in the slipstream. In any airplane —single, multi, prop, or jet —the
nose is harder to keep down as the speed increases, though the single-
engine, high-powered prop plane gives the most trouble under these
conditions. The airplane with an adjustable stabilizer can give the same
problems, so don't think that the trim tab alone is the culprit.

Another method of elevator trimming is the use of bun-gees. These consist
of springs that tend to hold the elevator in the desired position when you set
the trim control (Fig. 10-29). The spring also acts as a damper for any
forces that might be working through the system. You set the spring tension
with the trim control. Actually you couldn't care less what the spring
tension is —you move the trim handle or wheel until you get the desired
result. It's doubtful that you could tell by "flight feel" that the airplane had a
bungee instead of a trim tab unless you noticed it during the preflight check
(and you should have).

Trim control sets spring tension for nose-up trim

^Cable

vN^

"NOSE-UP"

Fig. 10-29. Bungees as a method of elevator trim.

Another method of longitudinal trimming is the movable or controllable
stabilizer (Fig. 10-30). The cockpit control merely turns a jack screw to
position the stabilizer.

Fig. 10-30. Stabilizer trim, nose-up.



Trim control moved to "nose-up"

Cable

SPECIAL TYPES OF TABS. Link balance lab-lf an airplane is found
during flight tests to have heavy control forces it may require a link balance
tab, which is a tab mechanically linked so that it moves opposite to the
control surface and makes the control forces much lighter. For instance, the
link balance tab on an elevator moves down as the elevator moves up —a
sort of mutual aid society. These tabs, by the way, also can act as trim tabs
when variable length linkage is used. (You vary the linkage length when
you move the trim control in the cockpit. This type of arrangement, called a
lagging lab, is shown in Fig. 10-31.

Elevator

Tab

Stabilizer

Fig. 10-31. Link balance tab, lagging.

In some instances the control forces may be too light — that is, the elevator
or stabilator may move so easily that in extreme conditions the pilot could
inadvertently overstress the airplane. The manufacturer may use a leading
link balance tab (Fig. 10-32) in order to increase the control forces
necessary to displace the control surface.

Tab



Elevator

Stabilizer

Fig. 10-32. Link balance tab, leading.

Servo rail —It'll probably be a long time before you use this system, as only
large planes have them. The control wheel is connected to the tab rather
than to the elevator itself. When the pilot moves the wheel back the tab is
deflected downward. The impact air pressure strikes the tab and the elevator
is deflected upward. The elevator is free floating and moves in accordance
with the tab deflection.

The principle of the trim tab is simple. It uses a small area, long arm, and
greater angular deflection to deflect a control surface of greater area to a
lesser deflection. (Got it?)

STABILATOR. The Stabilator is popular as a means of longitudinal control
for general aviation airplanes. It's, in effect, no more than an airfoil whose
angle of attack is controlled by the control wheel and trim control. The
stabilator is hinged at its aerodynamic center. In computing the tail force
you could use the Lift equation for a wing of the stabilator's airfoil and area.
You would have a C, versus angle of attack curve and could use the
equation L = C, S(e/2)V'; the problem would be complicated by the fact that
the downwash and slipstream effects are hard to predict. But the principle is
exactly the same as that for the wing.

The stabilator was first used as an effective means of control for jets in the
transonic region (Mach 0.8 to 1.2). The elevator system lost effectiveness in
this speed range due to shock wave effects on the stabilizer, and severe
nose-down tendencies were encountered —with little control to offset

AIRPLANE STABILITY AND CONTROL



these forces. In effect, the elevator was "blanketed" behind the shock wave.
It was found that by moving the entire stabilizer-elevator (or stabilator)
system, longitudinal control could be maintained in this critical range.

The stabilator control, when properly balanced, is quite sensitive at low
speeds. (The pilot who has been flying an elevator-equipped airplane
usually tends to slightly overcon-trol in mo\ing the nose up or down for the
first few minutes.) Because the stabilator has more movable area it usually
does not use as much angular travel. Whereas an elevator may have a travel
of 30° up and 20° down, the stabilator may move less than half this amount.
One systein has limits of 18° up and 2° down. The trim tab for the stabilator
works in the same way-impact pressure on the tab holding the stabilator in
the desired position.

FORWARD CG CONSIDERATIONS

It would seem, from the discussion of the aft CG position, that the farther
forward the CG, the better off you are. (Okay now, everybody run to the
front of the airplane.) This is true for longitudinal stability but not from a
control standpoint.

Let's start out with a longitudinally balanced airplane (Fig. 10-8). Note in
Fig. 10-8 that there is no elevator deflection; the airplane is at design cruise
speed and properly balanced weightwise. For our hypothetical situation
suppose that during the Oight Weight is moved forward, so the CG also is
moved forward another 5 in. (Fig. 10-33). In order to maintain balance the
tail force must be increased, and this is done by back pressure or use of the
trim tab.

LIFT

tt

WEIGHT



More up-elevator,or triin,now required at cruise.

Fig. 10-33. Center of gravity moved forward 5 in.

Of course, you don't give a hang for the value of the tail force but would
trim it until the nose stays where it belongs. If you move the CG forward
another 5 in., the required tail force would be further increased and more
up-elevalor would be necessary. By moving the CG forward you would
soon reach a point where full up-elevator would be required. If the throttle
were chopped, the loss in effectiveness of the elevators would result in a
definite nosing dow n of the airplane. You'd be in the unhappy situation of
being unable to slow down because you'd be using full elevator to maintain
level flight and would have none left to ease the nose up. Of course, you
couldn't chop power because control would be lost. In this

In the air, the elevators are still effective near the stall

But . . . up-elevator loses effectiveness because of ground effect
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Fig. 10-34. ness.

Ground effect and elevator effective-

exaggerated situation you'd have a tiger by the tail. The manufacturer sets
forward CG limitations strict enough so that if you comply you'll never get
into a dangerous situation. You have seen that power nearly always results



in a nose-up tendency, so the airplane can have a more forward CG with
power on. A critical condition could exist at very low airspeeds
(approaching a stall) in the power-off condition, where the elevators are
relatively inefficient due to lack of slipstream and airspeed. Such a
condition would limit the most forward CG location in flight. This would
also seem to be the same condition for the landing, but this is not the case.
The ground effect on landing results in a further decrease in elevator control
effectiveness (as can be seen in Fig. 10-34). In fact, it could take up to 15°
more elevator deflection to get the stall (same configuration) in ground
effect as at altitude, depending on the make and model. This, then, is the
most limiting factor in establishing the forward CG of the airplane.

AIRPLANE WEIGHT AND BALANCE

The CG of an airplane must remain within certain limits for stability and
control reasons. These limits are expressed by designers in terms of
percentage of the mean aerodynamic chord (Fig. 10-35).

23% 30%

Most forward allowable C. G.

Most rearward allowable CG.

Fig. 10-35. Allowable center of gravity range, expressed as percentage of
mean aerodynamic chord (average wing chord).

The airplane's Weight and Balance Form usually expresses these limits in
the form of inches from the datum (the point from which the measurements
are taken). This datum is at different points for different airplane makes and
models. Some airplanes use the junction of the leading edge of the wing
with the fuselage as the datum; others use the front face
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of the firewall. The allowable CG range is expressed in inches aft of this
point, such as "allowable center of gravity range — from 13.1 to 17.5 in. aft
of datum" (Fig. 10-36).

Fig. 10-36. Allowable center of gravity range, expressed as inches aft of
datum.

Sometimes the datum is an imaginary point ahead of the airplane. This is
easier to compute, in that all the moment arms are positive. The datum
usually is picked so that it is an even distance ahead of a well-defined
position such as the junction of the wing's leading edge with the fuselage.

Measurements are taken from a reference point and added to or subtracted
from the datum to get the proper arm. In Fig. 10-37 you see that the wing's
leading edge is 70 in. aft of the datum. If object A weighing 10 lb is placed
at a point 10 in. behind the junction of the leading edge of the wing and the
fuselage, its Weight (10 lb) would be multiplied by 70 -I-10, or 80 in. Its
moment would be 800 Ib-in. Object B, also weighing 10 lb, 10 in. ahead of
the leading edge point, would have a moment of 70 — 10, or 60 in. times its
Weight, or 600 Ib-in.

The CG limits for the airplane in Fig. 10-37 are expressed as "CG allowable
range from 80 to 87 in. aft of datum."

Here's how you might run a Weight and Balance for the above-mentioned
airplane: the manufacturer will give its Basic Empty Weight (the Weight at
which the airplane is actually ready to fly except for usable fuel, pilots,
passengers, and baggage —in other words, with full oil and unusable fuel
and not lacking any mechanical parts). Its empty CG position and/or
moment are also given.

To find the empty Weight and CG position for the hypothetical airplane you
would place each of the three wheels on a scale and level the airplane, using



a bubble level on the points (usually protruding screws) on the fuselage
marked

LEVEL. Because you'd want the Basic Empty Weight of a particular
airplane, before putting it on the scales you'd do the following:

1. Be sure that items checked in the equipment list are installed in the
proper location in the airplane.

2. Remove excessive dirt, grease, moisture, and foreign items such as rags,
tools, sleeping passengers, or dead horses from the airplane before
weighing.

3. Defuel the airplane, then open all fuel drains until all remaining fuel is
drained. Operate the engine on each tank until all undrainable fuel is used
and the engine stops. Then add the unusable fuel (given in the POH) to each
tank.

4. Fill with oil to full capacity.

5. Place pilot and copilot seat in fourth (4th) notch aft of the forward
position. (Use the seat placement given in the POH.)

6. Put the flaps in the full-up position and all control surfaces in the neutral
position. The towbar should be in the proper location and all entrance and
baggage doors closed.

7. Weigh the airplane inside a closed building to prevent errors in scale
reading because of wind.

8. Leveling —with the airplane on scales, block the main gear oleo pistons
in the fully extended position and level the airplane by deflating the
nosewheel to center the bubble in the level.

9. With the airplane level and brakes released, record the Weight on each
scale. Deduct the tare Weight, if any, from the scale reading.

The term tare may be new to you; it means any extraneous equipment on
the scale, such as chocks, or in the case of a tailwheel airplane (which must



be weighed in the level flight attitude), the ladder or brace placed under the
tailwheel.

The Weight at the nosewheel would be multiplied by its arm (44 in. in Fig.
10-37) and the two totals of the main wheel weights by their arms (arm =
100 in.); the total moment is divided by the total net Weight to get the Basic
Empty Weight CG.

As an example, after the preparation for weighing is complete the airplane
in Fig. 10-37 has a nosewheel weight of 643 lb and the combined weight of
the main gear is 1157 lb. Computing, the nosewheel weight (643 lb) is
multiplied by the arm of 44 in. to get a moment of 28,292 Ib-in.

The total weight of the main gear is 1157 lb, and this is muhiplied by 100
in. to get a moment of 115,700 Ib-in. Adding the two, a total moment of
143,992 Ib-in. is obtained (round it off to 144,000 for simplicity). Dividing
this total moment by the total Weight of 1800 lb, the Basic Empty

DATUM 20 40 60 80 100 120 140 160 180 200 220 240 260 280

INCHES

Fig. 10-37. Weight and balance diagram.

Fig. 10-38. Weight and balance table with fuel, oil. occupants, and baggage
located.

Fig. 10-39. Weight and balance table for a two-place, sideby-side trainer.
Incidentally, for positions ahead of the datum a minus sign is used, for
positions behind the datum a plus sign.



Weight CG is found to be at 80 in. all of datum (Fig. 10-38).

This airplane is a high-performance, low-wing type that carries four
persons. The basic Empty Weight is 1800 lb and the empty CG position is
80 in. aft of datum. The airplane has an allowable gross Weight of 3000 lb,
leaving a useful load of 1200 lb (fuel, pilot, passengers, baggage). See Fig.
10-38 for the calculations.

The average arm (or CG position) can then be found by dividing the total
moment (258,240 Ib-in.) by the total Weight (3000 lb), getting an answer of
86.1 in., which is within the allowable flying range of 80 to 87 in. Use the
above information to find the CG for various combinations, such as half
fuel, pilot only, pilot and passengers, no baggage, etc. (rounded off to
nearest 0.1 in.).

Following is an example of an airplane that uses the junction of the wing's
leading edge with the fuselage as a datum. The airplane is a two-place side-
by-side trainer with a Basic Empty Weight of 1015 lb and a gross Weight of
1575 lb. The manufacturer has found that the empty moment is 12,640 Ib-
in. The allowable CG travel is from 12 to 16 in. aft of the datum (Fig. 10-
39). Allowable baggage is 100 lb and usable fuel 20 gal.

The CG = +22,860/1575 = + 14.5 in., or 14.5 in. aft of the datum. This is
well within the 12- to 16-in. CG range

limitation. The moment ot 22,860 Ib-in. was found by adding all the
moments. You could call all distances behind the datum negative and those
forward positive and still arrive at the same answer. Your answer would
then be a minus number, meaning that the CG is behind the datum under
your new set of rules for the calculations. Or you could pick a point 10, 20,
or 50 ft behind the tail as a datum and still arrive at a proper answer. The
principle applies to any airplane or datum point: Weight times distance
equals moment. You can use feet or yards for distance, but inches are the
usual measurement so that you get moments in pound-inches. When heavier
components are added to or taken from your airplane (such as radar and
radios) the mechanic will show this on the airplane Major Alteration and
Repair Form.



SOME SAMPLE PROBLEMS. (While in the sample problems that follow
the numbers are rounded off to show the principle more easily, you'll find in
actual conditions you'll be multiplying Weight numbers like 1736 times arm
numbers like 43.95 so a calculator might be useful.)

Figure 10-40 is the loading graph for a four-place, high-performance
airplane. A sample Basic Empty Weight of this airplane is 1670 lb with a
moment of 63,300 Ib-in. Add people, fuel, and baggage.

LOAD MOMENT/1000 (KILOGRAM-MILLIMETERS)

Fig. 10-40. Loading graph.
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Line representing adjustable seats shows the pilot or passenger center of
gravity on adjustable seats positioned for an average occupant. Refer to the
Loading Arrangements diagram for forward and aft limits of occupant CG.
range.
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In Fig. 10-40 the line representing the adjustable seats shows the pilot or
passenger CG with the seat positioned for an average occupant, which is an



arm of 37 in. (Fig. 10-41). (The CG of some people is lower than others,
although this would have comparatively little eifect when they are sitting.)

You might work a problem using the following data (refer to Fig. 10-40):

LOADING ARRANGEMENTS

"Pilot or passenger center of gravity on adjustable seats positioned for
average occupant.

Numbers in parentheses indicate forward and aft limits of occupant center
of gravity range. •Arm measured to the center of the areas shown.

1. The usable fuel CG. arm is located at station 48.0.

2. The rear cabin wall (approximate station 108) or aft baggage wall
(approximate station 124) can be used as convenient interior reference
pomts for determining the location of baggage area fuselage stations

2555

115.5 (115,500 Ib-in.)

Fig. 10-41. Loading arrangements. The notes are self-explanatory. This may
answer some of your questions as to how the arms are derived for
adjustable seats.



Look at Fig. 10-42 to see if the results fall within the moment envelope.
Fig. 10-43 is a CG limit envelope for the same airplane. You would check
to see the CG location on it by dividing the total moment by the total
Weight: 115,500/ 2555 = 45.2 in. aft of datum (which is the front face of the
firewall).

One question you might run into is how much Weight may be added at a
particular station to move the CG rearward a certain distance. For instance,
a question about the problem just worked might be, How much weight can
now be added to baggage area 2 without exceeding the rearward CG limit?
Looking back at Fig. 10-41 you see that the midpoint of baggage area 2 is
115 in. aft of datum. Checking Fig. 10-43 you see that the CG can move
rearward from its present position of 45.2 to the rear CG limit of 46.5 in.,
for a total of 1.3 in. Use this equation:

Fig. 10-42. Center of gravity moment envelope. Note that moments may
also be found by using the metric scale. The dot Indicates that the airplane
in the sample problem in the text is within the envelope.

The added Weight is x (to be solved), the current Weight is 2555 lb, the
change in CG is 1.3 in., the new Weight arm is 115.0 in., and the new CG
position is 46.5 in.: x/2555 = 1.3/ (115.0 - 46.5) = 1.3/68.5. Cross
multiplying you'd get 68.5x = 3321.5, X = 3321.5/68.5 = 48.5 lb (rounded
off). This addition does not exceed the maximum allowed Weight.

Doublechecking and going back lo the original problem, the final figures
there were a Weight of 2555 lb and a moment of 115,500 Ib-in. Add the
Weight and moment of the added baggage: 2555 + 48.5 = 2603.5 lb. The
added moment of the baggage is 48.5 x 115.0 = 5577 Ib-in.; 115,500 + 5577
= 121,077 Ib-in., the new total moment. Divide the new moment (121,077
Ib-in.) by the new total Weight: 121,077/2603.5 = 46.5 in. The aft limit is
46.5 in. and the result just obtained was the result of rounding off some
five- and six-figure numbers during the process. To repeat:

AW _ CG

PW NW.™ - NCG



Here are some more problems: 1. Given:

total Weight-4037 lb

CG location —station 67.8

fuel consumption — 14.7 gph

fuel CG-station 68.0. After 1 hr 45 min flying time the CG would be
located at station

1-67.79 2-68.79

3-69.78

4-70.78 Airplane total moment = 4037 x 67.8 = 273,709 Ib-in. (including
the fuel at the beginning of the problem).

The Weight change in fuel in 1.75 hr (1 hr 45 min) x 14.7 X 6 (pounds per
gallon) = 154 lb (rounded off).

The change in the total moment is the fuel Weight (154 lb) multiplied by the
fuel arm (68.0): 154 x 68.0 = 10,472 Ib-in.

Subtract the fuel Weight and moment from the airplane's "old" Weight and
moment to find the airplane's Weight and moment after 1 hr 45 min of
flying: 273,709 - 10,472 = 263,237 Ib-in; 4037 - 154 = 3883 lb. The new
CG = 263,237/3883 = 67.79 in. (or answer 1).

2. If the total airplane loaded Weight is 8900 lb, how far will the CG shift
forward if a 200-lb passenger moves from a seat at station 210 (in.) lo a seat
at station 168 (in.)?

1-2.1 in.

2-1.4 in.

3-0.9 in.



4-0.4 in. This problem is slightly different from the last one in that the
airplane Weight is not changed, but the general principle is still the same.
The passenger will move forward 42 in.

The relationship between the passenger weight and the airplane Weight and
the passenger's movement and its effect on the airplane's CG change have a
close relationship: 200/ 8900 = CG shift (in.)/passenger shift (in.) =
200/8900 = x/ 42. Cross multiplying: 8900x = 8400, x = 0.944 in. The
airplane CG will move forward 0.944 in.

To check this, assume that the airplane's original CG is at siaiion 100.0
(in.): airplane moment = 8900 x 100.0 = 890,000 Ib-in.

The 200-lb passenger, who is still part of the 8900 lb and has moved
forward 42 in., would subtract from the moment but not from the Weight.
The passenger moment to be sub-
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traded from the total moment is 200 x 42 = 8400 Ib-in. To find tiie new CG,
the new, smaller total moment is divided by the total Weight: new moment
= 890,000 - 8400 = 881,600 ib-in., 881,600/8900 = 99.056. The new
airplane CG is at 99.056 in., or has moved forward by 100.000 - 99.056 =
0.944 in. This is closest to answer 3.

Using an airplane original CG of 80.0 in. as a check: 80.0 X 8900 =
712,000 Ib-in.; 42 x 200 = -8400 Ib-in.; total new moment = 703,600.

The new CG = 703,600/8900 = 79.056 in. The CG has moved/orivoz-c^
0.944 in. (80.000 - 79.056 = 0.944).

3. Your airplane is loaded to a gross Weight of 5000 lb with 3 pieces of
luggage in the rear baggage compartment. The CG is 98 in. aft of datum,
which is 2 in. aft of limits. If you move two pieces of luggage that together
weigh 100 lb from the rear baggage compartment (145 in. aft of datum) to
the front compartment (45 in. aft of datum), what is the new CG (inches aft
of datum)?



1-95.8

2-96.0

3-96.5

4-97.0

The airplane's total moment = 98 x 5000 = 490,000 Ib-in. Subtracting the
moment resulting from the luggage being moved forward: 490,000 - 10,000
= 480,000 Ib-in.; the baggage is moved forward 100 in. (145 - 45 = 100);
100 x 100 = 10,000 Ib-in. Dividing the new moment by the weight:
480,000/5000 = 96.0 in. (answer 2).

The POH of your airplane has an equipment list describing the various
items (engine, propeller, battery, etc.) with their weights and arms from the
datum. Each piece of equipment has a code letter indicating whether it is
required (for certification), optional, or standard installation. You'll find that
in some cases the spinner is required equipment, not because of any weight
and balance factors, but because the airplane's cooling tests were done with
the spinner installed and poor cooling airflow might result without it. By
looking over the equipment list you can get some idea of the weights of
various items; for instance, a heavy-duty battery for a particular light twin
weighs nearly 42 lb and an ammeter hits the scale at 0.5 lb.

The baggage compartment has Weight limitations for two reasons: (1) you
might move the CG too far aft by overloading it and (2) you could cause
structural failure of the compartment floor if you should pull g's during the
flight (Fig. 10-44). For instance, you are flying a four-place airplane and are
the only occupant, and the boss asks you to deliver some anvils to another
town. You figure that there'll be no sweat on the CG and throw 400 lb of
anvils in the 200-lb-limit baggage

compartment. For the sake of the example let's say there is no CG problem
and away you go.

Enroute, you suddenly see another airplane coming head-on and without
thinking, pull up abruptly. You could send 400 pounds of anvils through the



bottom of the airplane down through somebody's greenhouse —or worse
(Fig. 10-45).

Fig. 10-45.

The baggage compartment floor is designed to withstand a certain number
of g's with 200 lb in it. If you pull this number of g's with 400 lb in there,
something will give.

You have a couple of early indications that maybe things are not as they
should be and that maybe a dangerous condition is developing. (1) After
loading a tricycle-gear airplane heavily you will see that the airplane is in
an extremely tail-low position on the ground and that taxiing is very sloppy
because the nosewheel doesn't have enough weight on it for effective
directional control. The nosewheel "bounces" slowly as you taxi —it
doesn't know whether it wants to stay on the ground or not. (2) In the
tailwheel-type airplane the tail may be extremely hard to raise during the
takeoff run, even with a farther-than-normal nose-down trim setting. If this
happens, chop the power before you've gone too far to stop the process.

This is all common sense. Even if you ignore rear baggage compartment
placards and other rear loading limitations, maybe the fact that the airplane
"just doesn't feel right, even taxiing" may give that extra warning. But—
heed those loading limitations and don't depend on "feel" to save your neck.

Fig. 10-44. "I dunno, do you think we might have put too much stuff in the
baggage compartment?"
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'(bu won't always run a Weight and balance calculation on the airplane
every time you ITy it, but this discussion will gi\e you an idea of the
principles involved. Stay within the limitations on passengers and baggage
as given in the POH and you'll have no fear of exceeding the CG limits or
suffering

in performance. Excessive Weight, poorly placed, will result in a dangerous
situation both from a performance and a stability and control standpoint.
Stall and spin recovery becomes more critical as the CG moves aft. (See
Fig. 10-46 for a summary.)
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Fig. 10-46. Summary of longitudinal stability.
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DIRECTIONAL STABILITY

Directional stability, unlike longitudinal stability, is not greatly affected by
the pilot's placement of Weight in the airplane. An airplane is designed with
either good or less than good directional stability. For simplification, let's
consider an airplane with no fin or rudder (Fig. 10-47).

Center of side area

Center of gravity

Fig. 10-47. Center of side area, fuselage only.

You can see that if the center of side area is even with the CG, little or no
directional stability is present. If this airplane were displaced in a yaw by
turbulence it would not tend to return to its original heading. If the
offsetting force were strong enough, the airplane might pivot on around and
fly backward for a while.



The designer must insure positive directional static stability by making sure
that this center of side area is behind the CG. This is done through the
addition of a fin (Fig. 10-48). You can see that a restoring moment is
produced if the airplane is yawed (Fig. 10-49).

Fig. 10-48. Center of side area, fin added.

The fin (like the horizontal stabilizer) acts like the feather on an arrow in
maintaining stable flight. Naturally the farther aft this fin is placed and the
larger its size, the greater the airplane's directional stability.

The rudder, as a part of this area, is furnished to give the pilot control in
yaw. If the fin is too large in comparison with the rudder area and deflection
limits, poor yaw control results. The airplane may be so directionally stable
that the pilot is unable to make forward or sideslips or safe crosswind
landings and takeoffs.

The rudder effectiveness, or "rudder power" as it is called by engineers, is
very important in the event of an engine failure on a multiengine airplane at
low airspeeds. The pilot must be able to offset the asymmetric thrust of the
working engine(s) at full power. For multiengine airplanes this rudder
power governs the minimum controllable speed with one engine out, or in
the case of a four-engine plane, two engines out on the same side. Lateral
control also enters into consideration in establishing the minimum
controllable speed, but this will be covered more thoroughly in Part 2,
Checking Out in Advanced Models.

Rudder deflections usually are held below 30°, as the effectiveness falls off
past this amount. Another factor in rudder design is the requirement for spin
recovery. However, normal category airplanes are restricted against
spinning and also it's very rare these days that deliberate spinning is
required (only on the flight test for the instructor's certificate).

A properly designed airplane requires more and more rudder force to be
exerted as the yaw angle is increased at any given airspeed. You've found
this to be the case when steepening a forward or sideslip to land. You found
that you were limited in steepness of slip by the rudder more than by the
ailerons.



The rudder is considered to be an auxiliary control in flight, and in newer
airplanes is losing even this value. Its primary purpose is to overcome
adverse aileron yaw and correct for torque. With the advent of differential
aileron movement and other means of overcoming adverse yaw, it is
becoming less important for normal coordinated flight. It's still mighty
handy in slipping and other unbalanced conditions, though!

Steerable tailwheels, nosewheels, and separate wheel brakes have even
decreased the rudder's importance for ground control. When airplanes had
tail skids or free-swivel-ing tailwheels, the slipstream and relative wind on
the rudder were the only means of turning on the ground. The rudder is still
of primary importance for tailwheel-type airplanes during takeoffs and
wheel landings —and particularly so in a crosswind!

A swept-back wing contributes to directional stability but very few
lightplanes use this idea any more. However, a wing with double taper does
help, as there is some sweep effect (Fig. 10-50).

Although there are cross effects between lateral and directional stability, for
simplicity's sake sweepback will be discussed here only as it affects
directional stability. Take a look at an airplane in a yaw (Fig. 10-51); the
plane is yawed and you can see that there is a difference in Drag that results
in a restoring moment. Of course the fin area would be helping, too.

It's hard to separate lateral and directional control effects even though we
did it to discuss sweepback. You know yourself that kicking a rudder yaws
the airplane, but it also causes reactions in a roll. You also know that abrupt
application of aileron alone normally results in adverse yaw.

Directional Dynamic Stability. With directional dynamic stability, a
maneuver called Dutch roll may result when a rudder pedal is pushed and
released.

Fig. 10-49. Restoring moment of a properly designed fuselage-fin
combination.

PLANE STABILITY AND CONTROL
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Wing drag areas

DRAG

Resulting moment

Drag

Flight path

Fig. 10-51. Effects of sweepback In a yaw. Sweepback increases dihedral
effect and can decrease roll maneuverability.

Suppose you kick right rudder and quickly release it. The nose of the
airplane yaws to the right initially. This speeds up the left wing (and slows
down the right wing) so that a rolling motion is effected. The airplane,
having dynamic or oscillatory properties (assuming positive static
directional stability), will return and overshoot, speeding up the right wing,
which raises, etc. You get a combination yawing and rolling oscillation



which, putting it mildly, is somewhat disconcerting. An airplane that Dutch
rolls is miserable to fly in choppy air (Fig. 10-52).

Flight path line

^^Resulting oscillations '^ (controls free)

l._ Pilot or gust yaws plane to right

DUTCH ROLL As seen from above and behind

10-50. Swept-back and double-tapered wing.

The manufacturer tries to reach a happy medium between too great and too
little directional stability (called "weathercock stability" in some texts).

Such factors as rudder balance and design have strong etTects on the
dynamic properties of directional stability. An airplane certificated by the
FAA has positive directional stability (both dynamic and static). It's hard to
separate lateral and directional control effects. Dihedral, which helps assure
positive lateral static stability, may result in cross effects and give the
airplane Dutch roll problems.

Because it is better to have a situation known as spiral instability than
Dutch roll, nearly all airplanes are designed this way. You will note in your
own airplane that if a wing lowers (controls free) and a spiral is allowed to
develop, the bank increases and the spiral tightens if no effort is made by
the pilot to stop it. However, the rate of increase of bank is normally slow
and causes no problem in VFR conditions. This is the lesser of two evils,
compared with the annoyance of Dutch roll. In situations where visual



references are lost by the pilot who is not instrument qualified and/or
doesn't have proper instrumentation, the tendency of the airplane is to get
into a spiral of increasing tightness. (Check it sometime under VFR
conditions —at a safe altitude and in an area clear of other airplanes, of
course.)

SUMMARY OF DIRECTIONAL STABILITY

STATIC STABILITY

DYNAMIC PROPERTIES

Fig. 10-52. Dutch roll
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LATERAL STABILITY

Dihedral. The most common design factor for insuringpo5/-tive static
lateral stability is dihedral. Dihedral is considered to be positive when the
wing tips are higher than the roots (Fig. 10-53). The effect of dihedral is to
produce a rolling moment tending to return the airplane to a balanced flight
condition if sideslip occurs.



Fig. 10-54 shows what forces are at work in a sideslip. You can see that a
rolling moment is produced, which tends to correct the unbalanced
condition.

A high-wing airplane, even though it may actually have zero dihedral, has a
tendency to return to balanced condition because of its wing position. A
low-wing airplane with zero dihedral will generally have negative lateral
stability because of its CG position. A midwing airplane with zero dihedral
usually exhibits neutral stability (Fig. 10-55).

Understanding this idea, you can see that two airplanes of simijar design in
all other respects, but one having a high wing and the other a low wing, will
have different dihedral angles for the same lateral stability requirements
(Fig. 10-56).

Fig. 10-54. Dihedral effect in a sideslip.

Excessive dihedral makes for poor rolling qualities. The airplane is so
stable laterally that it is fighting any rolling motion where slipping might be
introduced (such as in a slow roll). For this reason, airplanes requiring fast
roll characteristics usually have less dihedral than a less-maneuverable
airplane. A fighter pilot doesn't go around doing slow rolls in

Fig. 10-53. Dihedral.

Positive

W



Zero dihedral

Negative

*i

Fig. 10-55. The effects of various wing positions on lateral stability; zero
dihedral in each case.

Fig. 10-56. Dihedral requirements for a high- and a low-wing airplane to
obtain equivalent lateral stability.

Both rolling and yawing moments are created by the relative wind striking
the fin and rudder

Fig. 10-57. Fin effects in a slip.
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combai but does need lo have a high rate of roll in order to turn quickly-and
sometimes in the heat of the moment may not coordinate perfectly. If the
airplane has a great deal of dihedral, it may be hard to maneuver laterally,
particularly if sideslipping is a factor in the roll.

Lateral and directional stability are hard to separate. For instance, the fin,
which is primarily designed to aid in directional stability, may contribute to



lateral stability as well. Fig. 10-57 shows that the fin and rudder contribute
a rolling moment as well as a yawing moment in a sideslip. In a slipping
turn the effect of the fin is to stop the slip and balance the turn, which it
does through yaw and roll effects.

Power Effects on Lateral Stability. Power is destabilizing in a sideslip tor a
propeller-dri\en airplane; that is, it may tend to counteract the effects of
dihedral (Fig. 10-58).

Fig. 10-58. Slipstream effects on lateral stability in a left slip with power.
Note that the slipstream tends to Increase the Lift of the higfiwing.

You can visualize that in an accidental slip the slipstream will tend to make
the bank steeper, whereas the dihedral effect is to recover from the
unnatural position. This effect is aggravated in the fiaps-down condition.

Loading Effects. Usually the airplane loading has no effect on lateral static
stability, as the fuselage is too narrow to allow offset loads. However,
planes with wing tanks may present slight wing-down tendencies with
asymmetric fuel load, but usually the only result is a tired arm, if there's no
aileron trim.

Lateral Dynamic Stability. Dynamic stability is not a major concern in
lateral stability. You recall that control surface balancing and other design
factors introduced aerodynamic effects that furnished the outside force
acting on the system, and the principles apply in the same way. The
ailerons, if mass balanced (balanced around the hinge line by Weight) and if
comparatively free in movement, usually assure that the pure lateral
movements are heavily damped. However, cross effects of yaw



displacement may result in lateral oscillations, and also Dutch roll (Fig. 10-
59).

Lateral Control. The aileron is the most widely known form of lateral
control, although spoiler-type controls have been used to some extent.

A problem with ailerons is that they introduce cross effects between lateral
and directional movement. You were

Fig. 10-59. Apparent movement of a point on the wing tip during Dutch roll
(damped oscillations). The pilot pressed left rudder pedal and released it.

taught from the beginning that aileron and rudder go together 99.99% of the
time in the air. You were also shown that the ailerons are the principal
banking control, with rudder used as an auxiliary to overcome adverse yaw
(Fig. 10-60). Well, everybody's been busy trying to decrease aileron yaw
and no doubt you've flown airplanes with Frise ailerons (Fig. 10-61) and
ailerons with differential movement (Fig. 10-62).

Fig. 10-60. Adverse yaw.



Induced Drag

Parasite (form) Drag

Fig. 10-61. Frise-type ailerons.

The reason for this adverse yaw is simple. You remember from Chap. 2 that
induced Drag is caused by Lift. When you deflect the ailerons, the down
aileron causes a higher Cl and higher induced Drag, which results in yaw.

You can see in Fig. 10-61 that the up aileron has some area hanging down,
which causes Drag —and helps overcome the Drag of the down aileron.
The design also helps the pilot—as soon as the aileron is deflected up,
aerodynamic forces help deflect it so that the pilot's stick force is small. A
disadvantage of the Frise-type aileron can be seen in the burbling and
separation (Fig. 10-61). Another disadvantage is that at high speeds the
aileron may tend to overbalance. The pilot's stick force may become too
light and the ailerons don't tend to return to neutral, but, if deflected, tend to
deflect to the stop. You can imagine the discomfiture of your passengers
when you start a nice turn and suddenly do a couple of aileron rolls. The
Frise aileron usually is modified to get rid of overbalance or aileron buffet
by rounding off the leading edge or making other minor shape changes.

DIFFERENTIAL AILERON MOVEMENT This is the most popular
method today of overcoming adverse yaw, and though the control system is
slightly more complicated, there are not as many aerodynamic problems to
cope with. The principle involved is to balance induced Drag with flat plate
or form Drag (Fig. 10-62).
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Form Drag

Fig. 10.62. Exaggerated view of differential aileron movement.

SPOILER-TYPE CONTROL. This method of control has been used on
some jets and heavier prop planes but at present is not on any lightplanes.
The resulting force lowers the wing as well as adding Drag to that side-a
desired combination. These spoilers usually are hydraulically actuated for
use at high speeds (Fig. 10-63).

AILERON REVERSAL. This is presented more for interest than anything
else, as you won't be affected by it in the airplane you are flying. But earher
it was a problem for high-speed airplanes with thin wings and hydraulic (or
irreversible) control systems. If an aileron is deflected by hydraulic power,
the aileron may act as a trim tab and the wing will be twisted the opposite
direction by aerodynamic forces (Fig. 10-64). The application of right stick
could result in a roll to the left!

Wing twists

Right stick is applied but the airplane rolls to the left

Relative wind



Fig. 10-64. Aileron reversal for a high-speed airplane with Irreversible
controls.

Another use of the term aileron reversal applies to some planes-the reaction
of the airplane to the sudden sharp apph-cation of ailerons near the stall.
The down aileron causes added induced Drag that results in that wing
slowing and dropping —which further increases its angle of attack and
stalls it. Aileron application in this case also results in the opposite effect
desired. This problem will be covered more thoroughly in Chap. 21.

Fig. 10-65 shows a plot of rate of roll versus calibrated airspeed for a
fictitious airplane. Assuming full deflection of the ailerons, the rate of roll
increases in a straight line until the point at which aerodynamic forces are
such that the pilot's strength is no longer sufficient to maintain full
deflection. There must be some standard of comparison between airplanes,
so the FARs establish a maximum force (with a wheel control) of 50 lb
"exerted on opposite sides of the wheel and in opposite directions." Note in
Fig. 10-65 that the max rate of roll is 90° per second at 130 K and drops
above that speed because the forces required for full aileron deflection
exceed the 50-lb maximum. The rate of roll at the probable approach speed
of 80 K is only slightly greater than one-half the maximum rate, something
of interest if wing tip vortices are encountered there and you need to
recover from an induced roll.

Fig. 10-63. Spoiler type of lateral control.

Fig. 10-65. Rate of roll versus velocity for a fictitious airplane. {Flight
Instructor's Manual)
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FLUTTER

Control surfaces (and other components of the airplane) have natural
frequencies that are a function of mass and stiffness. Aerodynamic forces of
certain vahics may act on the structure so as to excite or negatively damp



those natural modes and allow flutter. Basically, a particular control surface
has a natural frequency and the designer must keep it damped in the normal
flight envelope or construct it so as to have a flutter mode well above the
design dive speed (V,,).

The control surface must be acrodynamically and mass balanced or
restricted so that the chances of inducing flutter are negligible (or belter,
impossible) in the operating range. The rigidity of the control surface may
be increased to a\oid riutier tendencies. Generally speaking, damping of
control-surface tlutter increases with increase in airspeed —at lower ranges.
(That makes sense —the increasing dynamic pressure tends to keep the
control surface in line.) The problem is that at a particular higher airspeed
the damping decreases rapidly. At the point of critical flutter speed lor a
particular airplane, the resulting oscillation maintains itself with a steady
amplitude. (For a much longer period of steady oscillation of a whole
airplane, check the elevator-free condition in Fig. 10-24.) It's possible that
the airplane might ease up past the critical flutter speed without damage at
the edge of flutter, but accidental disturbances, such as turbulence or other
factors, could trigger full-scale destructive flutter. In many cases, the onset
of ITutter happens so fast that damage (or destruction) occurs before the
pilot can take action.

The surface, including wing or tail, can be subject to both flexing and
torsional moments and this can start or add to the aileron, elevator, or
rudder flutter (Fig. 10-66). Fig. 10-67 shows what can occur when three
factors in flutter are working on a wing. (It can get as busy as an after-
Christmas sale.)

Fig. 10-66. Flexure and torsion (twist) of a wing. These will not be In phase
with each other, which is one cause for onset of flutter.



An elevator or stabilator trim tab can be an instigator of flutter, and as part
of your preOight check you should check the tab for excessive play,
particularly the nut and bolt attaching the actuating rod to the tab arm.
Some mention has been made of a maximum play of '/« in. at the trailing
edge of the tab (relative to the main surface). The point is that after a period
of time the aerodynamic forces working on the tab can cause the hinge pin
or other components to wear and flutter could occur at airspeeds well down
in the cruise area —or below.

Control Surfaces, it was noted earlier that a control surface (aileron, rudder,
and elevator) must be mass balanced or have some other method to avoid
flutter in the operating range. It depends on the airplane and control surface
design, but generally a surface should not have its chordwise CG behind the
hinge line (Fig. 10-68 is an example).

No

B. Yes

Fig. 10-68. Centers of gravity for a control surface. A. The CG is at a bad
position. B. A better arrangement.

Look at a particular elevator designed with the CG behind the hinge line
(Figure 10-69). If a gust or disturbance accelerates the tail of the airplane
downward, inertia of the CG of the surface causes it to move upward in



relation to the fixed surfaces. The same type of reaction would result if the
airplane tail moved upward due to a gust; the inertia of the CG of the
surface would cause it to move downward in relation to the fixed surfaces.

Fig. 10-69. A, The CG of the elevators is behind the hinge line. B. A gust or
disturbance moves the airplane's tail down. Because of the inertia effects of
the elevators', CG, it stays "up" relative to the rest of the tail and increases
the tail-down motion. C. The elevator may then tend to "catch up" and
overshoot, exaggerating any recovery pitch motions (overrebound).

If the CG is ahead of the hinge line such problems will tend to be damped.
If the CG is on the hinge line, no inertia effects will be noted. This idea can
be used for the rudder and ailerons as well.

There have been incidents of ice creating a mass imbal-

Fig. 10-67. Three forces working on a wing in flutter
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ance of control surfaces (ailerons) when water worked its way into the
interior and froze there. The pilots were extremely surprised when flutter
(and wing loss) occurred right after takeoff at a speed where flutter
problems aren't supposed to exist.

Another factor, sometimes overlooked, is that excess coats of paint (applied
when a control surface has been repainted) may throw off the mass balance
to such a degree that flutter could occur in the normal flight regime. Owners
who have refurbished airplanes have discovered this.



The mass overhang or "horn" balance is one way of keeping the control
surface CG at or ahead of the hinge line and can act as a surface to decrease
control forces since the surface area ahead of the hinge line is pressed on by
aerodynamic forces (Fig. 10-70). You may have seen some older type
airplanes that used the balance system shown in Fig. 10-71. This is an
external balance weight for a control surface.

The cross-section shape of the control surface also has an effect on flutter
possibilities. The surfaces should be concave or flat, not convex (Fig. 10-
72). The curvature of the convex surface may allow flow past the trailing
edge, setting up vortices that induce flutter. Control surfaces must be built
strong enough to retain the flat or concave cross section in aerodynamic
forces. This is very important to the owner of a home-built airplane (Fig.
10-73).

As Built

Under Aerodynamic Loads

Fig. 10-70.

balancing.

Horn-type mass and aerodynamic

Fig. 10-73. Control-surface contours may be deformed under aerodynamic
loading.



If a control surface lacks torsional stiffness or does not have enough hinges,
it may not be rigid enough along its span and flutter may be induced as it
"bows" up and down.

In some cases, ice may be more of a problem on stabila-tors than on the
stabilizer-elevator system. Fig. 10-74 shows a stabilator system, both clean
and with ice.

It's important that you be aware of possible flutter problems and during the
preflight check to take an extra look at the control surfaces, balance
weights, and trim systems for wear plus ice accumulation after a rain and
freeze. You may be doing some charter work under some bad weather
conditions and should be aware of these factors. It's very tempting on those
extra-cold days to make only a cursory inspection. The main idea is for you
to be alert to possible control problems if the airplane has picked up a load
of ice and you are making an instrument approach when you're tired and
pushing minimums.

Fig. 10-71. A type of control-surface balance that was normally used on
older, slower airplanes because the parasite Drag would be very high at
higher speeds.

Fig. 10-72. Cross sections of control surfaces should be flat or concave, not
convex.

SUMMARY OF THE CHAPTER

Static stability is the measure of the initial tendency of a body to return to
its original position. This initial tendency to return may further be broken



down into positive, neutral, or negative static stability.

Dynamic stability is the action of a body caused by its static stability
properties. To have oscillations, the system must have positive static
stability. A system that has neutral static stability has no initial tendency to
return and therefore has no oscillatory properties. Likewise, a system that
has negative static stability diverges —it tends to leave the original position
at a faster and faster rate —it cannot have oscillatory properties but diverges
if offset.

The ball inside the hubcap is statically stable, but outside forces may act on
the system so that it may have neutral or negative dynamic stability. This
outside force can be compared to aerodynamic forces set up by improper
control balance or design, even though the airplane itself is properly loaded
and the overall design is good.

Longitudinal stability is the most important, as it is most affected by
airplane loading. If the airplane is loaded properly, as recommended by the
POH, it will fall well within safe limits for longitudinal static stability.

Entire texts have been written on both airplane stability and flutter; this
chapter merely hits the high points. For more thorough coverage you are
referred to the references at the end of this book.

Hinge Line

Counlerweighi



Fig. 10-74. A. The clean stabilator is balanced on the hinge line and has no
over- or undershooting tendencies if the airplane's tail is deflected up or
down by gusts. B. The added weight of ice may move the CG of the system
ahead of the hinge line, which is stabilizing for outside forces such as gusts
but could cause overshoots of the stabilator position when pilot-induced
forces are involved (the CG wants to "keep going"). C. In some cases, the
ice could decrease the critical angle of attack (stall angle) so that, for
example, when the pilot tries to raise the nose (move the tail down) as on an
approach, a too-abrupt movement causes the stabilator to stall (1) and
causes the tail down force to decrease radically (2) so a nose pitch-down
results (3).
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Airplane Stress and Limits of Operation

When you run into turbulent air in VFR conditions, you slow the airplane
down and probably also change altitude to try to find smoother air. In
extreme conditions (such as over mountainous terrain), you might also
decide to make a 180° turn. If you're on an instrument flight plan and
actually on instruments, you don't have this immediate freedom of choice.
You'll have to slow the airplane down to the recommended speed and notify
ATC that your true airspeed has changed. Changing altitude or making a
180° turn has to be cleared with ATC, and you could be in turbulent
conditions for some time without relief.



Interestingly, most pilots tend to overrate the amount of stress put on the
airplane in rough air. A bump that is just about to tear the airplane apart (it
seems) may register a miserable 2 g's on an accelerometer. Anyway, this is
sort of like locking the barn after the horse is gone, and checking an
accelerometer after the fact could result in notification by that instrument (if
you had one) that you had just pulled 9 g's and the wings (or other parts)
have departed your airplane.

LOAD FACTORS-A REVIEW

Befoe getting too deeply into the subject of stress, the idea of g's might be
reviewed. A g is a unit of acceleration. Your body, as you read this, has 1 g
acting on it (that is, if you're just sitting motionless somewhere —if you are
reading this while on a carnival ride, doing loops, etc., then this statement
doesn't apply).

For an airplane, the usual measure of g (or G) forces is the Lift-to-Weight
ratio. In straight and level flight. Lift is considered to equal Weight, or more
properly, the up forces equal the down forces, and the airplane (and the
occupants) have I positive g working on them. In any steady-state maneuver
(climb, descent, straight and level) this is the case, except in the turn. In the
turn you make Lift greater, to have its vertical component equal to the
Weight of the airplane (Fig. Il-I). (You might also review Chaps. I and 3.)

LIFT 3000 lbs

Vertical component 1500 lbs

Horizontal

component

2600 lbs



WEIGHT 3000 lbs

Vertical component 3000 lbs

Horizontal / component 5200 lbs

WEIGHT 3000 lbs

Fig. 11-1. A review of the forces in the turn.

Fig. 11-2. Load factors and their effects on stall speed at various bank
angles. The dashed line is the load factor, the solid line the stall speed
multiplier. At a 70° bank the load factor is 2.92, the stall speed multiplier
1.71. (Old stall speed 60 K, stall speed in 70° bank = 1.71 x 60, or 103 K.)
Notice the sharp increase in both load factor and stall speed at higher bank
angles. This applies to all airplanes and airspeeds.

As shown in Fig. 11-1, the Lift vector is broken down into horizontal and
vertical components. The horizontal component balances the centrifugal
force created by the turn, and the vertical component balances the
component of Weight.

In a 30° banked, balanced, level turn, the Lift required for a 3000-lb
airplane is 3460 lb, or the Lift-to-Weight ratio is approximately 1.15 (the
airplane is pulling about 1.15 g's). At a 60° bank (Fig. 11-1), the Lift



required (6000 lb) is twice the weight, and the airplane is pulling 2 g's. The
stall speed increases as the square root of the load factor (or g's pulled). The
square root of 2, 1.414, is the multiple of the stall speed existing in 1-g
flight. If the plane stalls at 60 K at gross Weight in wings-level 1-g flight, it
will stall at 1.414 x 60, or 85 K, in a 60°-banked, constant-altitude turn. Fig.
11-2 indicates the effects of bank on stall speed and also shows the number
of g's (positive) being pulled in a level turn at a particular angle of bank.

You can check the effects of positive g's on stall speed, or if you prefer,
check in terms of bank angle. The effects of load factor on stall speed are
the same for a straight pull-up as for turning flight. If you are pulling out of
a dive and have a load factor of 4, your stall speed is twice normal (Fig. 11-
2). Or if you try to pull 4 g's in straight and level flight at 115 K (normal
stall speed is 60 K at the Weight in question), the airplane will stall first.
Why? Because the stall speed is doubled at 4 g's: 2 X 60 K = 120 K. The
speed of 120 K is the minimum

to judge, however, without an accelerometer.

The point to remember is that the airplane always stalls at a certain angle of
attack for a given flap setting (from 0° to full), regardless of Weight,
dynamic pressure, or bank angle, and that's why the stall airspeeds and load
factors vary.

Negative g's would result if the stick or wheel were shoved briskly forward.
If you ease forward on the wheel, you approach or reach the zero-g
condition. Pencils, maps, and other objects may float, and you and your
passengers feel light or tend to leave the seat.

Increased forward pressure could result in the aircraft and occupants having
negative g's acting on them. Cockpit equipment, such as computers and map
cases, slam to the ceiling, and the occupants are forced against the seat
belts. There is a sudden awareness among the group of that chili and hot
dog lunch of an hour or so ago. The airplane is designed to take less
negative-g than positive-g forces.

The average healthy human usually "greys out" (loses vision) at a positive 4
g's and "blacks out" (loses consciousness) above 6 g's. These average



reactions are based on load factors sustained over a period of several
seconds; the length of time has a lot to do with the effects. Negative
acceleration (or negative g's), as mentioned earlier, is harder on the pilot,
and the average person gets pretty uncomfortable at — 2g's.

The physical symptoms of excessive negative acceleration (minus g) are
called "red out." The blood rushes to the head and small blood vessels in the
eyes may hemorrhage, leaving the eyes looking like road maps for several
days after the occurrence.

The pilot's positive-g tolerance may be raised by wearing a g-suit, a tight-
fitting flight suit with air bladders at the stomach and thighs. The suit is
plugged into a pressure source in the airplane and the bladders are
automatically inflated when positive-g forces are encountered.

The problem of raising the negative-g tolerance remains unsolved. Of
course, an automatic tourniquet around the pi-
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ot's neck might slop the flow of blood to the head but this would result in a
high turnover of pilots, to say the least.

The airplane, because of the physical limitations of the pilots, is designed to
withstand a higher positive than negative load factor.

AIRPLANE CATEGORIES

Just how much stress is your airplane able to take, anyway? This depends
on the category in which it is certificated. The normal category airplane is
restricted from aerobatics (acrobatics) and spins. The utility category may
do limited aerobatics, and spins. The acrobatic category may do full
aerobatics, and spins. The airplane categories you'll be working with during
your instrument training are most likely to be normal and utility. An
acrobatic category airplane normally is not used in straight VFR flying or
instrument work but will be mentioned here as a comparison with the



others. The FAA minimum limit load factor requirements for lighter
airplanes (gross Weights below 12,500 lb) are as follows:

Airplane Category

Positive g's Required

Normal 2.5 to 3.8

Utility Acrobatic

4.4 6.0

Negative g's Required

40% of the positive g's or - 1.0 to

-1.52 40% of the positive g's or - 1.76 50% of the positive g's or -3.0

Notice under the normal category that the minimum positive required g's
are 2.5 to 3.8. .Actually, the requirement states that the positive limit
maneuvering load factor shall not be less than 2.5 g's and need not be higher
than 3.8 g's. Most manufacturers design for the 3.8 figure (it actually
depends on the gross Weight of the model). This means that the pilot can
pull up to 3.8 positive g's without causing permanent deformation or
structural damage to the airplane. In addition to this, a safety factor of 1.5 is
built in.

A typical normal category airplane might be designed for the following load
factors:

/.//;);7/ouf//acVor (no deformation): 4-3.8 g's and —1.52 g's.

Ultimate load factor (1.5 safety factor): -1-5.7 g's and — 2.28 g's. When the
limit is reached, primary structure (wings, engines, etc.) will start to leave
the airplane. The secondary structures will have long gone. In other words,
if you exceed the limit load factor, you can expect some damage to occur to
the airplane. Just how much damage will depend on how far you exceed it.



If the airplane has been damaged previously, you don't have even a 1.5
safety factor any more.

MORE ABOUT LIMIT AND ULTIMATE LOAD FACTORS

Take a look at Fig. 11-3 and the limit and ultimate load factors.

Permanenf

Deformalion

PILOT A —

PILOT B —

PILOT C —

FAILURE

ONE WAY

5.7 g', Ullimale Load Factor



Fig. 11-3. Limit and ultimate load factors for the Zephyr Six as ■tested" by
three pilots.
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Pilot A. Fig. 11-3 is for the Zephyr Six, a four-place, high-performance,
low-wing airplane certificated in the normal category. Suppose that Pilot A
decides to try a loop. He's not supposed to do aerobatics in a normal
category airplane, but he figures he's so skillful that he won't pull over 3.8
g's.

He dives to what he thinks is a good speed for a loop and pul-1-l-ls very
carefully up. His route along the g trail starts at point 1. As the loop
continues, he sees that the wings are wrinkled. He immediately starts easing
off the back pressure. (The loop goes to pot and the airplane sort of falls out
of it, but that's not his worry right now.) The airplane is at point 2 as he
relaxes back pressure and the airplane moves back to the 1-g (normal) flight
situation at point 3. He notices that the wrinkles disappear as the g forces
are relaxed. The plane has no accelerometer and he didn't know that he had
gone close to the limit load factor. It wasn't exceeded, so no permanent
deformation occured (the wrinkles disappeared). Whew!

Several days later in a hangar-flying session, his equanimity regained, he
advises that in doing a loop in the Zephyr Six, "you can expect to see
wrinkles during the loop, and you're only in trouble if they're still there after
the loop is finished-ha ha." Nearly everyone is impressed.

Pilot B. Pilot B, who has visions of being an international acrobatic
champion, didn't hear the last sentence of A's discussion, or it made no
impression. Anyway, at the first opportunity, remembering A's description
of the loop ("dive to .v K and pull"), B does a loop in the Zephyr Six,
starting at point 4 in Fig. 11-3. Since he knows that the aircraft owner
wouldn't approve of aerobatics in his normal category, favorite charter
airplane, he flies well out to the far edge of the practice area before doing
the loop.

He dives to x K (well, x + 15 K, because Pilot A did mention that he'd sorta
fallen out of it, being in the process of watching the wings wrinkle and all,



so maybe an extra 15 K would be better) and pulls back on the wheel with a
goodly tug.

Yep, the wings start wrinkling, just like A said. (A also said that he'd heard
somewhere that engineers required that they wrinkle or the wing would
break off at the root.) Pilot B continues his mighty tugging and the airplane
continues the loop. He doesn't know it, but he went as far as point 5. He
eases the back pressure off and figures that the wrinkles ought to disappear
as he comes back to point 6. They don't, and he realizes as he comes back to
point 7 that, as the engineers would put it, "permanent deformation has
occurred." With a large knot in his stomach he flies carefully back to the
airport thinking of how to explain this to the owner. Maybe he could say he
hit an air pocket, or something. The airplane has aged considerably in the
last few minutes.

Pilot C. Sometime after the airplane has been repaired. Pilot C, having
heard Pilot A's talk about the loop and wings wrinkling but not knowing of
B's problems, also decides to do aerobatics in it. He thinks he's read
somewhere that parachutes are required for aerobatics (he also should have
read that he shouldn't do aerobatics in this airplane). So he gets one, and
goes out to practice for the demonstration he promised the local citizens for
July Fourth. He also decides to do his practicing at a high altitude for
"safety's sake."

C starts out at point 8 and decides to do a square loop as a starter. He starts
his dive and pull-up (yes, the wings start wrinkling as expected). This first
pull-up will have to be sharp, if the corner is going to be square. To make a
long story short, C exceeds the ultimate load factor and is fortunate enough
to have both a parachute and altitude. He can't fly back in the airplane to
explain. But he telephones home base as soon as he is on the ground and
has the parachute gathered up.

Obviously, these three stooges were lucky—no one got hurt. (Things were
rounded off a bit here to avoid complications and maybe stretched a mite to
make a point.) The airplane may have been previously damaged, and
components would fail before reaching the ultimate load factor. Also, the
airplane might not get permanent deformation at exactly 3.8001 g's. But the
point is, if you suspect that you may have exceeded the limit load factor



(not having an accelerometer on board), ease back to the airport and have a
mechanic look things over. It would be very bad to find out later that some
other pilot and his family were killed in an airplane you possibly
overstressed but kept quiet about.

AIRSPEED INDICATOR MARKINGS AND IMPORTANT AIRSPEEDS

In Chap. 4, it was noted that the airspeed markings gave clues to important
speeds. You may have wondered just how the speeds were arrived at and
why a gust could affect the airplane above or below certain speeds.

You won't need to memorize the following speeds, but they are listed for
reference for your information or for ammunition in a hangar argument and
are all termed equivalent airspeed (HAS). You remember from Chap. 4 that
indicated airspeed (IAS) is that registered by the airspeed indicator-and it
could be a far-out reading. Calibrated airspeed (CAS) is the dynamic
pressure or "real" indicated airspeed (with the instrument and system error
corrected). At lower airspeeds and altitudes, the CAS is an actual measure
of the dynamic pressure acting on the airplane, but at higher speeds and/or
altitudes where the airplane might be nudging into compressibility effects,
certain corrections must be made. This results in EAS, or CAS corrected for
compressibility effects on the airspeed system.

So, to repeat a little: If the airspeed system of your airplane were perfect the
indicated and calibrated airspeeds would be the same at all times. Assume
that your airplane is capable of flying at speeds and altitudes where
compressibility is encountered. The effect is of "packing" in the pitot tube-
the static pressure within the pitot tube and airspeed diaphragm is increased
above normal, but the static pressure outside the diaphragm (in the
instrument case) remains "normal," and therefore, the two static pressures
do not cancel out. The result is an airspeed that shows a higher reading than
is a measure of the actual dynamic pressure working on the airplane
structure. The FAA requirements are based on EAS, which covers all areas
of flight and indicates the real forces working on the airplane. CAS is good
enough for slower, lower-flying airplanes and is to be considered the same
as EAS in this book.



While we're on the subject, the stresses imposed on the airplane are a
fimction of the dynamic pressure acting on it, so the stress envelopes are
based on indicated (or calibrated or equivalent, as applicable) airspeeds,
which are measurements of q (eVV2) working on the structure. True
airspeed or groundspeed doesn't enter the picture. (For instance, a satellite
in orbit has a "true airspeed" of approximately 15,200 K, but because of the
extremely low density, the combination of eVV2, or dynamic pressure, is
not enough to make a flag move.)

Don't be like the private pilot who, while flying in an easterly direction at
normal cruise (indicating in the green airspeed range), checked the progress
with a computer and found that because of an exceptionally strong tailwind,
the groundspeed was well over the red hne speed given in the POH,
throttled back, and landed immediately, thankful for the escape. Although
you shouldn't exceed the red line speed, red line speed is indicated or
calibrated (depending on the age of the airplane) airspeed, not true airspeed
or groundspeed.
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The airspeed indicator hand tells you il you're in trouble in this sort of
situation.

Here are some of the design airspeeds (CAS or EAS) that are important in
this chapter:

1. V, -Design cruising speed. In designing an airplane, I he manufacturer
must plan for the following minimum V, speeds in knots of at least:

a. 33vW7S for normal and utility category airplanes. The term W/S is the
wing loading (gross Weight divided by area), so that an airplane with a
wing loading of 16 lb per square foot (psf) would have a V, of 33 x \ 16 =
33 x 4 = 132 k.

b. 36n W/S for acrobatic category airplanes. A manufacturer wanting to
make a plane with a wing loading of 16 psf in the acrobatic category would



have to make sure the airplane meets certain strength requirements at
36\W/S = 36 x v'l^ = 36 X 4 = 144 K.

2. V^„-Maximum struciural cruising speed. This is the limit of the green
arc, w here the green and yellow arcs meet. It must be no less than the
minimum value of V, just discussed. For the purpose of this book, it is
shown to be the exaci value of V, in the markings and requirements of the
figures shown.

3. W„ —Design dive speed. The manufacturer must prove that the airplane
is capable of diving to certain speeds without coming unglued. The
minimums are

a. 1.40 V, (niin) for normal category airplanes. This means that the airplane
of 16-psf wing loading (V, = 132 K) would have a minimum V„ of 1.40 x
132 = 185 K.

b. An airplane of the same wing loading, if in the utility category, would
ha\e a minimum V„ of 1.50 x 132 = 198 K.

4. W.,, — ,\'ever exceed speed. This is the red line on the airspeed indicator
and is not more than 0.9 of the V„ speed. A lest pilot flying up to the V„
speed wears a parachute, in an airplane with a quick-jettison door. If you
exceed the red line

(V^,) and search for V,„ you may discover a vital need for such equipment.
Do not exceed the red line.

5. \^-The maneuvering speed. This is the maximum speed at a particular
Weight at which the controls may be fully deflected without overstressing
the airplane. This one will be covered in more detail in sections following.

THE MANEUVER ENVELOPE

For the normal category airplane, the maneuver envelope basically shows
the limits of load factor and airspeed allowed for that airplane at a particular
Weight. Fig. 11-4 is for a fictitious normal category airplane at its
maximum certificated Weight. Maneuver (and gust) envelopes are made up



for Weights down to the inininuim design Height, which is defined as the
empty Weight of the airplane with standard equipment, plus crew, plus fuel
of no more than the quantity necessary to operate for V: hr at max
continuous power, plus a full load of oil. Fig. 11-4 matches some airspeeds
with the maneuver envelope. The maneuver envelope for flaps-extended
flight is drawn in with hatched lines. (The maneuver envelope is considered
to cover the limits of pilot-induced load factors at various speeds.)

FAR 23 covers the strength requirements tor normal and utility (and
acrobatic) category airplanes, and the requirements are reasonable enough:
you are not to exceed the limit load factors of 4-3.8 g's or - 1.52 g's for the
normal category airplane at any time. When flying between W^ (the
maneuvering speed) and V^t (the red line speed), just make sure that your
handling of the elevators does not break this rule. Note in Fig. 11-4 that
above V^„ the negative g's are further restricted in this range.

V^, the maneuvering speed, is the dividing line between exceeding the limit
load factor and stalling the airplane before
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Fig. 11-4. The maneuver envelope for a particular normal category airplane
at max certificated Weight. The envelope for flight with the flaps extended
(white arc on the airspeed indicator) is shown.
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getting into such a problem. Looking back a little earlier in the chapter, if
you wanted to pull 4 g's in flight (and no more) with the plane that normally
stalls at 60 K, you would stall the airplane at 120 K-and no faster. By
pulling back abruptly at any speed less than 120 K, you'll never pull 4 g's. If
you pull back abruptly at 90 K, you'll put 2.25 positive g's on the airplane
(and occupants). It's the old story of squaring the ratio of stall speeds:
(accelerated stall speed/normal stall speed)^ = (90/60)^ = 1.5^ = 2.25 g's.
That's how the curved line running from the normal stall at 1 g (60 K) up to
the maneuvering speed was developed. The stall speeds at various load
factors were worked out. However, instead of 4 g's, the positive limit load
factor for this normal category airplane is 3.8 g's, so the maneuvering speed
is V378 x 60 K = 1.95 x 60 = 117 K. If you are at the maximum certificated
Weight, you'd slow down to this airspeed (or below) in rough air so that a



sharp-edged vertical gust would result in a stall rather than exceeding the
limit load factor. Vertical gusts will be covered later.

So, it's agreed that at the max certificated Weight (3000 lb in this example),
the example airplane will stall before running into stress problems if the
airspeed is kept below 117 K.

The stress imposed is a function of the Lift-to-Weight ratio. The amount of
Lift an airplane can suddenly produce depends on the coefficient of Lift
(proportional to angle of attack), wing area, air density, and TAS (L =
C,S(e/2)V'). Since the wing area is constant for a particular airplane and its
wing can only develop a certain maximum coefficient of Lift before
stalling, the amount of Lift available varies with the square of the airspeed.
Since the maneuvering speed for this fictitious airplane is established as 117
K at a gross Weight of 3000 lb, it would be able to develop a maximum of
11,400 lb of Lift at 117 K without stalling or pulling over 3.8 g's (3.8 x
3000 = 11,400 lb). Check back to Fig. 2-8 and note that the C, drops rapidly
after the angle of attack for stall so that a peak Lift is made available by
suddenly increasing the angle of attack at a specific airspeed. The peak Lift
at 117 K for this airplane is 11,400 lb, which gives a load factor of 3.8,
resulting from the combination of Ctmax, wing area (S), air density (e), and
TAS squared (V^). The Cl used here will be CLma, (clean) since this is the
factor at the stall. (You might review the section on Lift in Chap. 2 if this is
hazy right now.) The load factor as checked by the engineers is 11,400
(Lift)/3000 (Weight) = 3.8 g's if the airplane is stalled at 117 K. So this is
the maneuvering speed-or is it? It's the maneuvering speed for the gross
Weight of 3000 lb but not for lower Weights. The maneuvering speed must
decrease with the square root of the Weight decrease, as introduced in Chap.
1.

Take the airplane at a near empty Weight of 1500 lb. Admittedly, it's
unusual for an airplane to be able to fly at a Weight one-half its gross
Weight, but there are some models capable of this ratio and it makes for
easier figuring.

Assume again that the airplane is abruptly stalled at 117 K at the light
Weight of 1500 lb. Since the maximum Lift developed depends only on the
Lift factors just mentioned and has no bearing on the Weight of the airplane,



11,400 lb will be developed as before. The positive load factor will be
11,400/1500 = 7.6 g's. The first impression is that the occupants will have
7.6 g's working on them and will probably black out (it depends on the
length of time they are subjected to the load factor; this abrupt movement
would result in only a very short period of 7.6 g's before the stall occurs, so
let's forget them).

Okay, you say, the wings have the same load as before (11,400), so what's
the problem except for a brief discomfort on the part of the pilot and
passengers? The wings are all right, but there are "fixed-Weight
components," such as the engine(s), baggage, retracted landing gear, etc.
The airplane's limit load factor here of 3.8 g's is based on an overall
analysis

of the aircraft components. The engine has gotten no lighter during the
flight, and it is, as mentioned, a fixed-Weight component. Because of the
lighter overall Weight of the airplane, the engine and other fixed-Weight
components are subjected to greater acceleration forces. The engine mounts
may not be able to support an engine and accessories that weigh nearly 8
times normal, and the same thing might be said about retracted landing
gear, batteries, and baggage. You recall from Chap. 10 that the baggage
compartment is placarded for max Weight for two reasons: (1) the CG could
be moved to a dangerous position and (2) the baggage compartment floor is
only stressed to take a certain number of g's with the placarded Weight. For
instance, the example airplane, which has a limit load factor of 3.8 positive
g's, has a limit of 200 lb Weight in the baggage compartment and could
have a total force up to 3.8 x 200 lb, or 760 lb acting on the floor without
structural damage. The pilot who stalled the airplane at the light Weight at
the 117-K speed has caused a force of 7.6 x 200 lb, or 1520 lb, to be exerted
on the floor. Fig. 11-5 shows that the lighter Weight at the old maneuvering
speed results in load factors that can cause problems for the fixed-Weight
components.



Fig. 11-5. Using the maneuvering speed for max certificated Weight at
lighter Weights can put extra stress on the fixed-Weight components.

If you put 400 lb in the baggage compartment and pulled the legal 3.8 g's,
the result would also be illegal, immoral, and disappointing: 1520 lb
(temporarily) acting on a compartment floor that is stressed for 760 lb. An
effort of this nature probably will allow the taking of aerial photographs
through the hole where the bottom of the compartment used to be. This is a
separate matter from the problem of the maneuvering speed change but is a
factor to be watched also.

A new maneuvering speed is necessary for the lighter Weight. Since the
overall limit for this fictitious airplane is 3.8 g's, the maneuvering speed
must be such that that load factor cannot be exceeded-the airplane will stall
first. Again, since the load factor is the Lift-to-Weight ratio, the airplane at
the Weight of 1500 lb must be flown at such an airspeed that the limit load
factor will not be exceeded by suddenly increasing the angle of attack to the
maximum. The maximum allowable Lift with this lighter Weight is 5700 lb
because 5700/1500 = 3.8 g's. The variable is airspeed, and since airspeed is
a squared function, the new airspeed (Vj) can be found: L, =
CL„axS(e/2)Vf, U = CLnax S(e/2)Vi If L, = 11,4001b, L, = 5700 lb, and V,
= 117 K, V^ = ?.

The maximum Cl attainable is fixed, as is the wing area.
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Fig. 11-6. The maneuver envelope for two aircraft Weights shovidng the
two nnaneuvering speeds. The dashed lines show how the maneuver
envelope is extended back to lower speeds as the Weight decreases. (See
also Fig. 11-13 at the end of the chapter for Weight effects on V> for a
particular airplane.)



so what it boils down to is tiiat tiie ratio of the two maneuvering speeds is
proportional to the square root of the ratio of Weights (because the two
fi.xed factors of wing area and air density cancel each other): V^/Vf =
L^/L,; Vj/V, = VLV/L.; V,/V, = V5700/11,400 = sfG^S = 0.7, or V, =i 0.7V,.

The second (lighter Weight) maneuvering speed is seven-tenths of the
original. As the original was 117 K, the new one (at 1500 lb) is 82 K. Fig.
11-6 compares the maneuvering envelopes at both Weights. Notice that the
only changes occur at the lower end of the speed range; the red line speed is
the same, and the limit load factors have not changed.

The e.xtension of the dashed curved line shows that if the airplane is
abruptly stalled at the higher maneuvering speed of 117 K, a load factor of
7.6 g's will result —which is another way of looking at the comparison just
discussed (Fig. 11-6).

In-Flight Failures. .Mrplanes are still being flown into IFR conditions b\
pilots who aren't qualified, and witnesses still report hearing an "explosion"
in the clouds and seeing parts of an airplane falling out of the bases to the
ground. Or, in VFR conditions, the pilot may let the airplane get into an
area of airspeed and/or g's beyond its design limits. Many times witnesses
hear —and see —the break-up and the noise and breakup convince them
that an internal explosion did occur and they may even convince themselves
there was a fiery blast with accompanying smoke. This may throw off
accident investigators for a while until a check of the wreckage shows no
scorching.

Taking a hypothetical situation, assume that a normally configured airplane
is in a high-speed, uncontrolled spiral. The pilot is pulling back on the
wheel to pull the nose up (not realizing that the wings should be leveled
first) and is increasing the download on the horizontal tail.

In this case, the wings have a very high upload, while the tail is being
overstressed by the added download induced by the pilot's attempt to bring
the nose up. If the tail fails first (it will break ofi" "downward"), the nose
will pitch down immediately and the wings, which were probably about to
break off upward (and may have already been permanently bent in that
direction), are now subjected to an instantaneous force in the opposite



direction and fail downward. It's possible, too, that a wing (or both wings)
could fail first, taking the tail with it.

The accident investigator doesn't take anything for granted but a wings-
downward failure usually means that the horizontal tail went first and a
wing-upward failing usually means that that item failed first. In the earlier
scenario, where the wings had high positive loads during the pull-up and
then failed downward the instant the tail failed, the spars may have been
deformed by the high positive (up) load before they failed downward and
this might be the first clue seen, it's fairly unusual for both wings to fail
simultaneously but it has happened.

The current retractable-gear airplanes are very clean and can build up
excess speed very quickly. Keep it in mind.

THE GUST ENVELOPE

The maneuver envelope is very interesting, you say, but who's going to fly
around yanking back on the wheel and putting load factors on the airplane?
Probably nobody, but vertical gusts can do just about the same thing. Fig.
11-7 shows the effects of a sharp-edged gust on the airplane. The term
sharp-edged means that the transition from smooth air to the gust is
instantaneous —this is a safer approach in computing stress, rather than
thinking in terms of a more gradual transition during which the airspeed and
aircraft structure would "adjust" to the stress.

LIFT = WEIGHT

LIFT

Relative wind

30 fps gust



In Fig. 11-7A, ihe airplane is flying straight and level at crtiise, and 1 g is
acting upon it. Suddenly, a vertical gust is encountered (Fig. 11-7B), which
increases the angle of attack (and C,) and results in much added Lift-and
load factor. The wing doesn't know the difference between your control
handling and a natural phenomenon, so the effect on it is the same. Again,
looking back to Fig. 2-8, you will note that the increase in the C, is a
straight line with increase of angle of attack. The sudden increase in load
factor is because the other factors (air density, wing area, and airspeed)
remain the same for an instantaneous action.

Normal and utility category airplanes must be able to withstand vertical
gusts of 30 fps at the maximum structural cruising speed (the junction of the
green and yellow arcs on the airspeed) and 15-fps sharp-edged vertical
gusts up to the design dive speed (models certificated under FAR 3).

New criteria have been established in FAR 23 concerning the effects of
gusts on the airplane. The gusts in the design specifications are stronger but
the requirements include a "gust alleviation" factor that brings the result
back pretty close to the 15- and 30-fps sharp-edged gusts. The idea of an
instant change is easier to see in an example, so it is used here. Fig. 11-8
shows a gust envelope for the fictitious airplane discussed earlier (at max
certificated Weight). Assume the airplane is flying straight and level in 1-g
flight at a CAS of 140

Fig. 11-7. Theeffectsof a vertical (upward) gust.

K (Fig. 11-8, point 1). li suddenly encounters a 15-fps upward gust and is
moved up to point 2 and has 2 g's imposed on it. The conditions would be
such that the airplane would return to its original 1-g flight, but the load
factor would have already worked on the airframe.

Suppose the airplane is flying straight and level in slow flight at 70 K at 1 g
(point 3). (The pilot is expecting turbulence and has slowed down to take



care of it.) A 30-fps upward gust is encountered, and the airplane is
suddenly at point 4-or it should be said that the airplane moves toward point
4 but enters the stall area. As another example, the airplane is flying at the
red line when the 30-fps gust is encountered at point 5, it will be out of the
envelope (point 6). While a stall is better than losing part of the airplane, it
could still cause a problem when you are on the gages.

The idea is that you want to fly in an area of airspeeds where there is no
danger of stall or overstress, and for operating in situations where 30-fps
gusts are expected, the airplane should be flown at a speed between 117 K
and the maximum structural cruising speed of 165 K (Fig. 11-8). (This is
for the airplane at max certificated Weight.)

The effects of gusts, like the earlier example of sudden full-elevator
deflection, are increased at lighter Weights so that the lines representing the
gusts are "spread apart," and a 30-fps gust may actually result in stresses
greater than that
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Fig. 11-8. The gust envelope for the example airplane at max certificated
Weight. The maneuver envelope is indicated by the dashed line.
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LIMIT MANEUVER ENVELOPE

LIMIT GUST ENVELOPE



LIMIT COMBINED ENVELOPE-

Fig. 11-9. The gust envelope for the example airplane at a near-empty
Weight.

indicated by the maneuvering envelope (Fig. 11-9).

The 30-fps gust has put the load factor up to 4.5 g's, but this has been
justified by the manufacturer, as sjiown by the solid line, which indicates
the limit combined envelope boundary. Just a minute, you say-back in the
section discussing the maneuvering envelope, it was noted that the pilot was
not to handle the elevators in such a way that the airplane could exceed the
limit load factor (in this case 3.8 g's); now, all of a sudden, the airplane can
hit a 30-fps gust and exceed 3.8 g's, and it's okay. The answer is that the
elevators must not be fully deflected above the maneuvering speed (it may
not require full deflection at the higher speed to get the 4.5 g's). The
manufacturer assumes that the airplane is tlying straight and level with
fixed elevators, and a vertical gust changes the angle of attack of the wings
without elevator deflection. To get the same load factor by elevator
deflection, strong twisting moments are introduced, and the horizontal tail
could be the first part to leave your company. The manufacturer plays it safe
as far as elevator usage is concerned.

Notice the range of airspeeds between exceeding the maneuvering limit
load factor of 3.8 g's and stalling (even at the lower stall speed). The effect
is moving the "safe" speed range back and narrowing it as the Weight
decreases. Some manufacturers list the recommended flight speed ranges
for gross and minimum Weights at various expected gust velocities in the
POH.

Fig. 11-10 shows the "safe speed range" (no stall or over-stress) for the
fictitious airplane discussed earlier at Weights of 3000 and 1500 lb. Assume
for simplicity that the manufacturer wants to give the pilot information for
flying in areas where 30-fps vertical gusts are expected and wants to make
sure that the airplane does not (1) exceed the limit load factor

Max structural
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Fig. 11-10. The range of operations (airspeed) for 30-fps gusts at gross
Weight of 3000 lb (A) and 1500 lb (B). A 45-fps gust would cut the safe
area even thinner.
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of 3.8 g's or (2) stall at these Weights. (Disregard the earlier comment that
the manufacturer justified the 4.5-g load factor at the lighter weight of 1500
lb for this example.)



In Fig. 11-lOA the 30-fps gust would cause the airplane, at a Weight of
3000 lbs, to exceed the limit load factor at speeds above 185 K. The gust
would cause a stall at a speed of 100 K (or less). The extreme range of safe
operation here is 85 K.

In Fig. 11-lOB, at a lighter Weight of 1500 lb, the 30-fps gust would cause
the airplane to exceed the 3.8-g load factor at 130 K and cause it to stall at a
speed of 70 K (or less). The spread of airspeed would be 60 K.

At 3000 lb, your best operating speed in expected 30-fps vertical gust
conditions would be 142.5 K. (Sure, you could maintain this exactly) For
the light Weight condition the midpoint speed would be 100 K, which is the
lowest safe speed for the airplane at the max certificated Weight of 3000 lb
(Fig. 11-lOA).

The manufacturer may show graphs of several gust values and airplane
Weights and may also take into consideration any justifications of stress
required in certification of the air-

plane. Also, the graph may have a certain (center) area of the safe airspeeds
shown in green, with yellow caution areas at each end (and red lines to
show the stall and overstress points).

Fig. 11-11 shows a turbulent air penetration graph for an airplane at a
particular Weight when encountering 30- and 45-fps gusts. You might
sketch in an estimated 45-fps gust line in Figs. 11-8 and 11-9 to see how
much leeway in airspeed you'd have at each Weight. You'd have maybe 3 to
5 K at the heavy Weight of 3000 lb as the line cuts across the V^ corner but
might miss the maneuver envelope altogether at the lighter Weight. You
could make a graph like that in Fig. 11-11 by using various airspeeds
(marking them in yellow for caution etc.).

Another factor in stress on the airplane is how the load is distributed. Fig.
11-12 shows the effects of a vertical gust on airplanes of different wing load
distributions. You can see that full tip tanks might give a better lateral
Weight distribution effect in gusts.



You can consider that 30-fps gusts are found in the vicinity of
thunderstorms, 45-fps gusts are found near thunder-

TVnBULENT AMR PENETRATION

Fig. 11-11. Turbulent air penetration graph. (You could make up such a
chart using the gust and maneuver envelopes of the fictitious airplane of
Figs. 11-8, 9, and 10.) (FAA-T-8080-2.)
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Fig. 11-12. The effects of lateral Weight distribution on gust- or pilot-
induced stress.



storms, and inside a cell these values can be exceeded by a wide margin.

The up gusts were discussed first because gusts actmg m this direction are
more readily understood. But the down-acting gusts are more
uncomfortable on the pilot and airframe. A vector system of the type
illustrated in Fig. !l-7 could be drawn for the down-acting gust, and the
result would be a sharp decrease in angle of attack (and Lift), accompanied
by the sound of seat belts being stretched and heads contacting the head
liner.

Summary

1. Don't exceed the limit load factors-positive or negative.

2. In moderately turbulent air keep the airspeed in the green arc. You don't
know when you may encounter severe turbulence. Stay out of the yellow
arc when it's bumpy.

3. In severe turbulence slow the airplane below the maneuvering speed. Use
1.5 times the flaps-up, power-off stall speed (CAS) as a rule of thumb for
all Weights.

4. If you want to do aerobatics, rent an aerobatic airplane (chandelles and
lazy eights are not considered to be acrobatics, or aerobatics).

5. Read your POH. It may have recommendations for turbulent air
penetration.

6. Check the placards on the instrument panel, and keep the airspeed within
reason for the conditions under which you are flying (Fig. 11-13).

PART

CHECKING OUT IN ADVANCED - MODELS AND



TYPES

Fig. 11-13. Change of V, with Weight decrease for a particular airplane,
developed from Fig. 1-12. Yours may have the airspeeds in tabular form for
several lighter Weights.
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Airplanes with

Constant-Speed

Propellers

THE CHECKOUT

When you first check out in an airplane with a constant-speed propeller
things can be pretty hectic. In the first place, it's a new airplane to you and
the addition of the propeller control further complicates matters. After all,
it's only one more control you say to yourself, but juggling the throttle and
prop to get the right combination of power may cause some consternation
for the first few tries. The check pilot who's sitting so calmly in the right
segt once had the same problem. If he's grinning at your workout, it's



probably because he's remembering his first struggle with throttle and prop
controls.

The constant-speed prop allows you to get more eflfi-ciency out of the
engine-propeller combination in all speed ranges. That extra control is not
just put there to complicate matters, although it does impress the nonpilot to
see you making adjustments with those mysterious knobs. One of the major
factors is the ability to get max power on takeoff without compromising
other performance.

The discussion of throttle and propeller controls in this chapter will cover
their use with the unsupercharged or normally aspirated engine.
Superchargers will be covered in Chap. 19.

The HP developed by a particular engine depends on the manifold pressure
and rpm. For instance, 65% power, often used for cruise, may be set up in
several combinations of manifold pressure (mp) and rpm. The manufacturer
furnishes a power setting table that allows the pilot to establish the desired
HP for a particular altitude (Fig. 12-1).

Another thing you might look at in Fig. 12-1-the mp required at a particular
rpm becomes less as altitude increases. At sea level, at 2200 rpm, 23.3 in. of
mp are required to develop 65%. At 5000 ft, only 22 in. are required for
65% power at 2200 rpm. There are two main reasons for this apparent
inconsistency. (1) The exhaust gases have less outside pressure (back
pressure) to fight at higher altitudes. Remember that the "explosion" in the
cylinder is sealed, and power is

Fig. 12-1.

used to expel the waste gases. Less back pressure means less power used to
eliminate this waste (there's better scavenging)-power that can be used in
making the airplane go. (2) The air is cooler at higher altitudes. If you use
the same mp as you carried at sea level, the mixture density and the HP
developed would be greater (lower temperature means greater density if the
pressure remains the same). Therefore, in order to maintain the same power,
less mp is used for a given rpm with altitude increase, as Fig. 12-1 shows.



The figures given in the table are for standard pressure altitudes. The
footnote shows how to correct for deviations from standard temperature,
though in actual practice this is seldom done as the mp gage can't be read
that closely.

While we're on the subject of the power table, notice that you are unable to
maintain the various percentages of power above certain altitudes. Naturally
you won't be able to hold 75% power at as high an altitude as you could
hold 65% -the engine can't maintain the required mp.

For a given rpm the higher the mp, the more power developed. Of course
you can ruin an engine very quickly by thinking that this is the way it
should be operated. At low rpm and high mp the engine could suffer
damage, which is an expensive as well as a dangerous problem.
Manufacturers generally do not recommend power settings of over 75% for
cruise for reciprocating engines, as the fuel consumption and extra engine
wear preclude use above this value.

USING THE THROTTLE AND PROPELLER CONTROLS

The mp gage tells you of the potential power going to the engine; the
tachometer tells how much is being used. With the proper throttle and prop
setting you have ideal potential and use of the power.

A part of the measure of an engine's power output is bmep (brake mean
effective pressure) in the cylinders at the instant of combustion. If this
internal pressure is too great the engine can be damaged.

The engine can efficiently use a maximum amount of fuel-air mixture at a
certain rpm. A high mp means that a lot of fuel and air is available for the
engine. When this higher compressed charge is shoved into the cylinders,
more power should be produced. But if the prop control is set at too low an
rpm, it's like putting the powder load for a cannon into a shotgun (well,
maybe not quite).

If you have trouble remembering which goes first in a
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Fig. 12-2. "I guess I should have eased the prop control forward before
opening the throttle." (Improper use of the throttle and prop control can
cause engine indigestion.)

power change-throttle or prop —remember this. Keep the propeller comrol
forward more than the throttle. If you're increasing power, the propeller
control is moved forward first; m decreasing power the propeller control is
moved back last. In normal usage, if it were timed, the propeller control
would be forward more than the throttle (by seconds). Don't slam (he
throttle or prop control-the engine and propeller have inertia to overcome in
changing speeds and if you get too hasty you could damage the engine this
way, too. Abrupt opening of the throttle ai low speeds can cause detonation
(Chap. 13). Rapid throttle changes in heavy engines may cause overstress.

The propeller control may be thought of as similar to an automobile
(manual) gearshift. However, whereas the car just has a few set positions,
you can set any "gear" combination sou want with the prop control. Flat
pitch, or high rpm, is comparable to low gear in a car. You set it before
takeoff' (prop control full forward) and "step on the gas" (open the throttle
all the way). After getting o& the ground you throttle back to the climb mp
setting and then pull the prop control back to the recommended rpm setting
(a slightly higher pitch) for climb.

About decreasing power: if you pull the prop control back before the
throttle, the mp will increase because the engine isn't taking the mixture as
fast any more - you're giving it more bmep than it can efficiently use, which
can be bad if the difference becomes too great.



There are some geared (unsupercharged)-engine-equipped airplanes that
require the pilot to reduce the rpm after takeoff and continue to use full
throttle. (Pulling the throttle back with this engine would lean the mixture, a
condition not conducive to long engine life in a climb.) Since the original
takeoff rpm is 3400 and the METO (maximum except take-off^ rpm was
(is) 3000, the normally aspirated engine was not overboosted (28-29 in. mp
and 3000 rpm). The example engine is geared at a 120:77 ratio, or the
engine turns 120 rpm to the propeller's 77 rpm. (This was mentioned so that
you know that such procedures may be required for a few models of
airplanes. But you'll find that in most cases the power-changing procedures
are as mentioned earlier. In any event, use the manufacturer's recommended
procedure.)

To increase power, the order of engine control use is

(1) Richcn mixture

(2) Propeller control forward

(3) Increase manifold pressure-throttle forward

To reduce power (say, to level off from a climb to assume cruising flight):

(1) Throttle back

(2) Decrease rpm (retard the prop control)

(3) Set mixture as necessary

Sometimes there's confusion concerning the prop setting.

For takeoff you'd set the prop control forward for low pitch-high rpm. For
cruise, the setting would be high pitch-low rpm. This confusion most often
occurs on an FAA written test where you know which is which but misread
the question.

Some Items about Takeoff. Your first takeoff in the new airplane almost can
be predicted. You take off, feeling strange and maybe a little tense as you
want to be sure to do a good job. You have the prop full forward in high



rpm and the throttle wide open. Fine. The airplane lifts off and you're
naturally pietly busy. Watching the runway and the area ahead you prepare
to throttle back. Glancing at the mp gage you see it hasn't moved so you
pull the power back some more. There's a power loss felt but the mp gage
hasn't moved. Is it broken? The screams of the check pilot (and maybe a
groan or two from the engine) direct your attention to the tachometer. Oops
—it's back below cruising rpm. You pulled the prop control back first,
instead of the throttle. You hastily shove it back up-the prop overspeeds for
a couple of seconds-and you have to start the power reduction process anew
for the climbout, this time pulling the throttle back first and then the prop
control, as it should be. You'll feel about 6 in. high. Well, welcome to the
club; you've joined a group of several hundred thousand other pilots who've
done the same thing (and this includes the one in the right seat over there,
who's hollering so loudly).

However, just because you didn't mean to do it doesn't lessen punishment to
the engine in a deal like this. The proper procedure will come with practice.

Some pilots use their knowledge of this fact —at a constant throttle position
the mp will increase if the rpm decreases-to save themselves the extra
manipulation of the prop and throttle on takeoff. Suppose your airplane uses
28 in. and 2700 rpm for takeoff at sea level, and the manufacturer
recommends 24 in. and 2400 rpm for climbout. The old pro will throttle
back to about 23 in. Then when the prop is pulled back to 2400 rpm
(moving the prop into higher pitch), the mp will be up to 24 in. and no
further adjustment will be required. If the throttle had been set to 24 in., it
would have eased up to, say, 25 in. when the prop was pulled back, which
would require resetting the mp. You will soon note the rise in mp with
decrease in rpm after takeoff' for your airplane and will do this
automatically. The 1-in. rise used here is an illustration; the exact rise will
depend on the difference between takeoff and climb rpm for your engine.

The Climb. You've set the power to the recommended value of 24 in. and
2400 rpm (or whatever is set up for your particular airplane) and now feel
you can relax a little. On your first flight in the new airplane you'll want to
get some altitude and just get used to it before doing anything exotic like
takeoffs and landings.



As you climb it seems that after 2000 or 3000 ft the airplane has lost quite a
bit of its go and if the check pilot hasn't already brought it to your attention,
a glance at the mp gage shows that the mp has dropped 2 (or 3) in. A
creeping throttle? No, the atmospheric pressure drops about I in. of mercury
per 1000 ft at lower altitudes, and the engine just isn't able to get the same
amount of mp at the old throttle setting. You'll have to open the throttle of
the unsupercharged engine as altitude is gained.

At the beginning of the chapter, it was mentioned that the engine of the
example needed about 'A in. less mp per 1000 ft to maintain the same
percentage of power. The mp drops 1 in. so this puts you about 'A in. in the
hole for each 1000 ft. Some engine manufacturers recommend a constant
mp for a particular engine for the climb at all altitudes (if you can maintain
it), while for engines having limits of continuous power they furnish tables
for recommended maximum mp at various aiti-
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tudes. Maintaining a constant mp to higher altitudes does mean that more
power is being developed up there; this power may exceed the
manufacturer's recommendation for longtime use for some engines.

Cruise. On leveling off leave the power at climb setting until the expected
cruising speed is reached. This is done for two reasons: (I) the transition
from climb to cruise is shorter and (2) you'll only have to set cruise power
once. If you throttle back and set the power to, say, 23 in. and 2300 rpm for
cruise (or whatever the power setting chart recommends for your altitude
and chosen power) immediately upon reaching the altitude, you'll find that
as the airspeed picks up from climb to cruise the mp may also increase due
to "ram effect" (increased dynamic pressure of the air entering the intake).
You'll have to reset the mp, then lean the mixture.

Assume that you have set the prop control to maintain, for example, 2400
rpm; if you open the throttle the initial tendency will be for the rpm to
increase (as would be the case for a fixed-pitch propeller). The propeller
governor senses this and makes the pitch angle greater (higher pitch), and
the added drag stops the rpm increase. Conversely, pulling the throttle back
will tend to decrease the rpm, so the governor flattens the pitch as necessary



so the lesser blade drag will allow the rpm to be maintained. As will be
discussed shortly, if the throttle is closed the blades reach the low pitch
limit and cannot maintain the preset rpm.

Landing Notes. Another problem you may have the first few times is
remembering to move the prop control forward to a high rpm (low pitch)
during the approach to prepare for the possibility of a go-around. Some
POHs recommend that the rpm be set to high cruise or climb rpm rather
than for takeoff in this case, as there is a possibility of engine over-speed if
throttle is suddenly applied. Others may recommend a full-high rpm setting
for the landing approach.

For airplanes in which a high cruise or climb rpm is recommended for an
approach, this is best done on the downwind leg when you have cruise
power on. Even the constant-speed prop cannot maintain the preset rpm
when you've throttled back for landing. If you have it set for 2400 rpm at
cruise, when you close or nearly close the throttle, the rpm may drop down
to 2000, or well below, when you slow up. Of course, as soon as you open
the throttle past a certain mp, the rpm will increase and hold your preset
value. Actually what happens when you throttle back to idle is this: the prop
tries to maintain the preset rpm, and as you throttle back the blade angle
(pitch) decreases — trying to maintain the required rpm. Finally you
throttle back so far that the blades are as flat as they can go but can't keep
up the rpm. Moving the prop controls forward won't help —you'll have to
increase power (mp pressure) before getting a reaction.

On the other hand, if the recommendation for your airplane is to set the
prop to full-high rpm for the approach, don't do it on the downwind leg
where you are developing power in the engine. The result would be a
probable rpm overshoot and, at best, a noisy announcement of your
presence in the area. The usual practice is to move the prop control (or
controls) forward on base or after turning on final, when you're not using a
lot of power. Of the four main items for landing (gear, flaps, mixture, and
prop) the propeller is normally set last if a full-high-rpm setting is
recommended for landing.

At any rate, you haven't been setting a propeller for landing before now and
may have to be reminded by the check pilot a couple of times. Remember



this: If you have to go around, you may need full power quickly and will be
in bad shape if you shove the throttle wide open with the prop control back
in a low-cruise setting.

Prop Controls. The prop control is somewhat similar to the throttle. It works
the same way and may resemble the throttle, although the handle itself is
usually a different shape for quick recognition by feel. The prop control for
the single-engine airplane usually projects out of the instrument panel,
whereas the multiengine airplane throttles, prop controls, and mixtures are
on a quadrant. The single-engine airplane prop control usually can be
moved either of two ways: (I) by pressing a manual release (lock) button
and moving the control in or out in the same manner as for the throttle or
(2) by using the vernier adjustment, screwing the control in (clockwise) to
increase rpm and turning it counterclockwise to decrease rpm. The vernier
method allows for a finer setting and is used for making adjustments when
the engine is developing power, such as after takeoff, cruise, or setting rpm
on the downwind leg. The button lock push-pull method is good for quickly
setting full-high rpm when the engine is not developing a great deal of
power (before opening the throttle for takeoff or on final). See Fig. 12-3.

The end result is the same. Naturally, it will take longer, for instance, to go
to full-high rpm using the vernier, but many pilots prefer it and never use
the button release. The throttles for some airplanes also may use a
combination vernier and button release. One thing to remember, the prop
control moves the same way as the throttle—for more power (rpm) it's
forward, for less power (rpm) it's back.

Throttles for some fixed-pitch propeller planes are also of the vernier type.

MORE BACKGROUND ABOUT PROPELLER OPERATION

In Chap. 2, operating theory of constant-speed propellers was covered
briefly. Following is more information that will be of direct interest to you
as a pilot.

There are three main types of constant-speed propellers in use today. You
will probably get to fly all three types (including some featherable
variations) as you progress to more complex airplanes.



If you know what type of propeller you're using on your airplane you will
be better able to analyze problems, both in flight and on the ground. Also,
you should know that the constant-speed propeller needs overhauls, as does
the engine. (The suggested overhaul period for some props is 1500 hr of
operation or 4 yr in-service time, but more about that later.) In some cases,
the prop overhaul coincides with the engine overhaul, and if it's your
responsibility you should get a factory-approved shop to do the job.

The Oil-Counterweight Propeller. This type uses oil

pressure from the engine, passed through a governor to move the propeller
into low pitch. Centrifugal force acting on the counterweight attached to the
inner portion of each blade tends to cause the blade to twist in the hub to a
higher angle of attack (higher pitch). When you select a specific rpm setting
with the prop control you're balancing oil pressure (acting on the prop
piston-cylinder assembly in the hub, which moves actuating arms to "twist"
the blades) against the centrifugal force acting on the prop counterweights.
A loss of oil pressure in this system would have the propeller tending to
increase pitch.

The Governor. The job of the governor is to make sure that the selected rpm
is maintained, and without going into detail about the many parts involved
in its construction, you might take a look at Fig. 12-4. The governor is
normally mounted on the front of, and geared to, the engine. The flyweights
in the governor are in a constant rpm position (Fig. 12-4A); the rpm is
steady.
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Fig. 12-3. 1. Using the lock button for large rpm adjustments. 2. Using the
vernier for smoother, mmor adjustments. The propeller control is being
turned to obtain higher rpm in the illustration.
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Fig. 12-4. A schematic diagram of the prop governor for an oil-
counterweight propeller. The flyweights are connected to the valve and
shaft and are rotated by the engine through gearing. Assume that the rpm
has been set to, for instance, 2200 rpm by the prop control (which isn't
moved during the sequence shown-A, B. and C). By setting the prop control
the pilot has set the compression of the speeder spring and the
counterweights (trying to increase the pitch or moving it to a /ow-rpm
position) are balanced by the oil pressure (acting to decrease pitch or
increase rpm), and as you will note in A, nothing is happening.

B. The airplane is dived, the prop gets windmilling effect, and the engine
(and flyweight) rpm increases. The valve, which was doing very well earlier
(in A, having shut off oil to or from the prop), is now raised as the
flyweights are moved out by centrifugal force. Oil now moves from the
prop hub and the counterweights (on the prop) move the prop toward a
higher pitch to increase drag and knock off the excess rpm, until
equilibrium is again established at 2200 rpm.

C. If the airplane is slowed, the engine (and flyweight) rpm decreases and
the valve is lowered so that engine oil (boosted by the governor pump) goes
to the hub piston assembly to decrease pitch and increase rpm back to the
preset 2200 figure.

For clarity, the governor pump is shown well down out of the way of the
lines and valve, but it's actually boosting the engine oil pressure to the prop



in (C). Also, numerous springs, valves, and other esoteria are not shown,
probably causing prop engineers seeing this diagram to have a sharp rise in
blood pressure; but maybe this approach will help you as a pilot to
remember what's happening.

After you've read the section on noncounterweight props, you can see in the
simplified diagram here that by reversing the sump and engine oil pressure
lines to the governor the actions in B and C could be reversed.
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The governor has its own gear-type pump, which, like the flywheel, is
geared to and driven by the engine. The governor pump boosts the oil
pressure at the prop to give quick and positive response by the propeller.
One type of governor pump, for e.xample, boosts the engine oil pressure of
60 psi to 275 psi.

Possible indications of governor trouble are seen by a constant hunting for
the prechosen rpm or difficulty in setting a specific rpm. The governor
controls the propeller through a particular upper range of rpm (say, 2000 to
2600 rpm).

Some governors may be set up for single-acting operation in either
direction, or double action. Governor oil pressure can be used either to
increase or decrease pitch, or both. In looking at the counterweight-
equipped propeller the governor oil pressure was used to decrease, or
flatten, the pitch. In the noncounterweight type it would be used to increase
the pitch. This type of system is now used on featherabte propellers (not on
single-engine airplanes); further results of a loss of oil pressure will be
covered in that section.

Noncounterweight Propellers. This is a system with no

counterweights in which oil pressure, working through the prop governor
(and into the piston-cylinder system), moves the actuator arms to increase
the pitch, opposing (1) the natural "down" pitching moment of the airfoil
(blade) and (2) a spring, to maintain a prechosen rpm set by you.



So what, you ask. What can I do about it in the air anyway, if something
goes wrong? If you have an idea beforehand of what a certain type of prop
will do (if, for instance, all governor oil pressure was lost), you'd be able to
figure how it would affect your flight now and in the immediate future. In
this type of propeller, sudden and complete loss of oil pressure in the prop
hub system at cruise would mean that the blades would go to low pitch and
you'd have a noisy, high-rpm situation. You'd have no control over the
propeller but the high-rpm condition would be very handy if a go-around
during that approach to the airport was required. So, the point about
reviewing the system is that if the rpm suddenly goes to astounding
numbers you will know what's happening and won't hit the panic button but
instead make moves to correct the situation and plan for an approach (and
landing) at the nearest reasonable airport. (Assume for discussion purposes
that the lack-of-oil problem is in the prop alone and the engine itself is still
getting plenty of oil.) What could be done to help the situation as you head
for the airport? One thing you could do is called "putting a load on the
prop," or pulling the nose up to slow the airplane up (plus throttling back to
decrease the power input). Basically in this condition (over-speed) you are
flying a fixed-pitch prop and it would be as if the throttle on that (very low)
fixed-pitch-prop airplane were locked full open at a high airspeed. How
could you get the rpm back down to a reasonable, low figure in that case?
You'd have to slow the airplane up since you couldn't throttle back to get the
rpm to decrease.

Feathering Propellers

OIL-COUNTERWEIGHT TYPE. There are a couple of types of feathering
propellers, and you'll have more practical interest in them when you start
flying twins (Chap. 15). But the theory and operation of the system will be
covered here with the other types of constant-speed props.

One type of feathering propeller has the counterweights and spring
discussed earlier. You recall that in that type, oil pressure is used to put the
prop into low pitch, and the counterweights (and a spring) work to increase
the pitch. In the older, nonfeathering types, when the prop control was
pulled back to the full-aft position, oil was let out of the hub cylinder and
the pitch increased to the high-pitch limit stop, as the



counterweights and spring were then in command. The high pitch was still
in a "normal flying regime" but rpm was low in this setting.

The feathering prop uses the same idea only more so. (The prop, when
feathered, goes to a very high pitch —going from, say, 15° to 80° to the
plane of rotation.) The normal high- and low-pitch limits still stand as long
as the propeller control is being moved in the normal range. But when you
move the control into the feathering detent a mechanical linkage overrides
the flyweights and speeder spring. In the feather setting, the governor lever
and shaft are turned beyond the normal high pitch and the pilot valve is
lifted. Oil flows out of the propeller, oil pressure is lost, and it moves to
feather pitch.

To unfeather (without an accumulator system) the prop control is moved to
the full-forward position and the starter engaged. When the engine is
turning over, oil pressure will come up to bring the prop blades out of
feather. The accumulator, which stores oil pressure for unfeathering, will be
discussed in Chap. 15.

The question arises as to why the feathering props don't feather every time
the engine is shut down (and the oil pressure goes to zero). The props would
feather except that a spring-loaded centrifugal latch is inside each propeller
hub system. The latch is held out of engagement by centrifugal force. When
the engine is shut down in the air, the windmill-ing prop holds the latch out
and the prop can be moved into feather pitch. When the prop is shut down
on the ground the propellers are in low pitch and after shutdown there is no
windmilling. As soon as the propeller slows down to about 600 rpm, the
spring pulls the latch into engagement before oil pressure is lost. The latch
holds the blades at an angle a few degrees above low pitch so that there will
be no problems with the next start.

AIR-OIL TYPE. One type of feathering propeller uses governor oil
pressure and the twisting movement of the blade to move the prop into low
pitch (high rpm); these factors are opposed by compressed air or nitrogen
trapped between the cylinder head and the piston. The compressed air takes
the place of the counterweights on other types and furnishes the force for
feathering when the control is moved into the feather detent.



For one air-oil propeller, the air chamber is charged with dry air or dry
nitrogen gas at 175 psi at 70°F and the pressure is decreased '/i psi for each
TF reduction in temperature. (A placard giving charge pressure versus
temperature is attached to the propeller cylinder.) The main reason for using
dry air or nitrogen is that excessive moisture could cause the piston to
freeze in place in very cold weather.

You can see that if the air pressure is lost or not kept up, the propeller could
tend to go to and stay in flat pitch and feathering could be difficult or
impossible. This type of propeller, because no counterweights are required,
saves a significant amount of Weight.

With the air-oil feathering type, if engine oil pressure is lost the propeller
will automatically feather. This would be better for twin performance than
to have the prop going into full//a? pitch in that situation.

With a feathering propeller with an air system and counterweights or
springs, a loss of air charge may result in

1. The pretakeoff feathering check being sluggish or slow

2. Rpm control being sluggish in flight, particularly when moved in the
direction of reduced rpm.

3. A slight overspeed (or poor synchronization) in mul-tiengine airplanes at
the upper end of the prop speed range

4. The prop overspeeding when the throttle is opened rapidly, accompanied
with poor rpm recovery

Your job, when you become a commercial pilot (or a
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private pilot flying more complex airplanes), will be lo keep up with what is
required in checking or service of the constant-speed prop. The fixed-pitch
type you've been using only required checking for nicks and security and



safetying of the nuts holding it on. Now you'll also look for oil or grease
leaks at the hub area and ensure that the air pressure, if your plane has that
type of prop, is kept up. The spinner will cover more of the mechanism than
you'd like for easy preflight inspection, but centrifugal force will move oil
or grease leaks out along the blades where they can be seen.

To sum up some ideas for keeping the prop in good shape, a leading
propeller manufacturer suggests the following as a guide for service
instructions:

1. Propeller core— Be careful about where you run up the engine; loose
stones and cinders can be sucked up into the prop. When starting a takeoff
on an area having loose gravel or stones, allow the airplane to build up
speed before you open the throttle fully. A nick in the leading edge of the
propeller can be a stress raiser. Cracks can start, with the possibility of
losing a tip and big problems to follow. The critical area is 5 to 9 in. from
the tip where the highest vibratory stresses are found. The mechanic can file
(round out) the nicks and polish the surface with fine emery cloth to assure
that stresses wouldn't be concentrated at the point of the nick. Steel hub
parts shouldn't be allowed to rust; use aluminum paint to touch them up as
necessary, or they may be replated during the prop overhaul.

2. Daily inspection —ChecV. the blade, spinner, and visible hub parts for
damage or cracks. Check for grease or oil leakage.

3. 100-hr />(5pet7/o« —Generally the following is to be done on the 100-hr
and/or annual inspection:

a. Remove spinner

b. Check for nicks and cracks in the blades. Remove leading edge nicks.

c. Inspect the hub parts for cracks and all visible parts for wear and safety.

d. Check for oil and grease leaks.

e. Check the air pressure in the cylinder of air-oil feathering propellers. Use
manufacturer's recommended figure for pressure and use dry nitrogen gas if



available.

4. 1000- or 1500-hr inspection (this is normally coincided with the engine
overhaul and is done at an authorized repair station) —The following steps
are listed:

a. Remove prop and completely disassemble.

b. Magnetic inspect all steel parts. Inspect aluminum parts by the dye
penetrate method.

c. Inspect and refinish blades and if eroded or nicked, anodize.

d. Inspect all pans for wear. Replace worn parts and replace steel parts if
necessary. After plating, bake parts in oven at 375° for 3 hr.

e. Reassemble the prop and grease and balance it.

Talk to the local mechanics and read the Propeller Owner's Manual for a
specific guide to the care of your pro-peller(s).

Pretakeoff Check of Controllable-Pitch-Propeller

Airplane. .Maybe this seems to be a little late in the chapter to discuss the
preflight check of the propeller since the takeoff, cruise, and landing
procedures have been covered, but you should have an idea of its use so you
know what to look for during the check.

It's best not to check the magnetos of a constant-speed-prop-equipped
airplane when the rpm setting is in the constant-speed operating range. If
you switch to a bad magneto and the rpm starts to drop, the governor will
sense it and automatically flatten pitch to keep the tachometer hand at its

old reading. The constant-speed prop will, because of its inherent design,
tend to mask fouled plugs, bad mags, etc. You will check the magnetos
before takeoff below the governor operating range to get a true picture.
Usually this is done somewhere between 1700 and 2000 rpm with the prop
control full forward (high rpm).



You will want to check the propeller operation before takeoff. Run the prop
control through its range, starting with the prop in full-high rpm and at the
tachometer reading recommended by the manufacturer (usually around
2000 rpm). Pull the prop control aft to reduce rpm. Don't leave it back too
long as the mp will be too high for the rpm. Most pilots pull the prop
control back and immediately move it forward before the rpm drops off too
far. With practice you can check the response of the propeller the instant the
control is moved aft.

In really cold weather you won't get a good response the first time or two
you cycle the prop. The oil that's been sitting in the hub overnight, or
longer, will be thick and will need to be replaced by the warm engine oil as
you cycle it. If you don't get good workable oil in the prop system there
may be problems with "hunting" (the prop not holding the preset rpm) or
poor response to prop-control-setting changes. This also could be a problem
if you are flying a long time in very cold weather at a constant-prop control
setting. The prop wants to hunt because the oil in the hub has thickened in
the cold. Periodically changing rpm (up and down) within allowed mp and
rpm combination limits can help this problem. (Using multiviscosity oil or
special lubricants makes matters much better in this regard.)

SUMMARY

When you decide to check out in the airplane with a controllable-pitch prop
and manifold pressure gage, give yourself a few days. Sit in the cockpit and
become familiar with the new controls. Go over in your mind the various
steps for takeoff, climb, cruise, and landing. Ask questions. It's hard to jump
cold into a new airplane and do a good job the first time. The professional
pilots realize this and spend time in the cockpit before actually flying a new
type or model. You might also review Chaps. 2 and 4 concerning
controllable-pitch propellers and the mp gage if you plan on checking out in
an airplane so equipped.

Review the POH, Engine Manual, and Propeller Manual so that you'll be
familiar with possible problems. As always, you'll want to keep surprises to
a minimum.

13



New and Advanced Fuel Systems

The information given here, of course, is general. For specifics, consult the
POH for the airplane you are flying.

THE FUEL BOOST PUMP

Maybe most of your flying to date has been done in high-wing airplanes
using one or at most two fuel tanks and a gravity fuel system. When you
start flying low-wing airplanes with wing tanks, the need for an engine-
driven fuel pump will become evident. Very few cases of airplane engine-
driven fuel pump failures are on record. But it could happen, so means are
furnished to provide fuel pressure in the event of a failure. High-wing
airplanes having fuel-injected engines (and also some using carburetors)
require an engine-driven (constantly operating) fuel pump because of the
high fuel pressure requirements, which will be discussed shortly.

In earlier days backup was provided by a "wobble pump," a mechanical
lever used to pump up fuel pressure for starting and in flight if necessary.
The handle usually was placed so that maximum muscle strain was needed
to work it. After a long siege of pumping, the pilot "wobbled" when leaving
the cockpit. (Actually the name is derived from the movement of the
handle.) In older multiengine airplanes equipped with a wobble pump, the
copilot stood by to use it should one of the engine-driven pumps fail on
takeoff.

People being what they are —lazy —the electric boost pump came into use.
It is turned on to aid in starting and again turned on to standby during the
takeoff when a loss of fuel pressure is most serious. Of course, it could
always be turned on should the engine-driven pump fail, but the delay
during takeoff could cause serious problems. The boost pump also is turned
on before landing, as it would be most embarrassing to lose the engine-
driven pump if you were too low to make the runway without power. Your
big problem for the first few flights will be remembering to turn it on or off
at the right times.

After takeoff, turn the boost pump off as soon as a safe altitude has been
reached —a lot of pilots use 500 ft as a minimum; your check pilot may



have recommendations. Always look at the fuel pressure gage as you turn
the boost pump off after takeoff. If the pressure starts going down to zero,
better get the boost pump back on and get back to the airport because the
indications are that the engine-driven pump has failed and the boost pump
has been carrying the load. Don't just automatically flick the switch off
without looking, as that way the first warning you'll have will be the engine
stopping — and it may be hard to get going, even with the boost pump on
again.

Assuming you use the boost for starting, turn it off temporarily sometime
between starting and takeoff to see if the engine-driven pump is operating.
In some airplanes with carburetors it's hard to tell the difference in fuel
pressure with the boost pump on or off with the engine running; that is, its
pressure is not noticeably additive to the engine-driven pump pressure. On
others, it's noticeable right away. Check the operation of the boost pump (or
pumps) for the carburetor-type engine before the engine is started, after
turning the master battery switch and boost pump on. The boost pump
should give a pressure reading in the normal operation range

for the engine-driven pumps. This prestart check is not recommended for
fuel injection engines as it will likely cause flooding if the engine is hot.

Some boost pumps have three-position switches: ON, OFF, and PRIME.
The PRIME position is a low-pressure position for priming and starting.
The ON position also runs the pumps at low speed as long as the engine-
driven pump is running. If the engine-driven pump fails with the boost
pump switch ON, the boost pump will automatically switch to highspeed
operation. This system, because of its complexity, normally is used on
multiengine airplanes.

The POHs for some airplanes require the use of boost pumps throughout the
start. Others recommended their use to build up pressure before the start
and turning them off during the actual starting process. Still others don't
suggest using boost pumps for starting.

Some boost pumps are located in the fuel line system; others are
"submerged." The submerged boost pumps are normally only in the main



fuel tanks. This is one reason why takeoffs and landings are made on the
main tanks for most airplanes.

The boost pump may seem to be an additional problem to cope with, but if
you remember its purpose —to furnish fuel pressure when the engine isn't
running (before the start) or when the engine-driven pump has failed, or
may fail— you'll have no problem with its use. Remember, it is a starting
aid or a safety standby.

TANK SYSTEMS AND FUEL MANAGEMENT

The airplane may have both main and auxiliary tanks. Naturally the
manufacturer would prefer to have all the fuel in one tank as this would
simplify the fuel system. Unfortunately, this is not possible from either a
structural or a space standpoint for larger airplanes.

When you first look at the fuel system diagram of the new airplane you'll
wonder how you'll ever learn which tank should be used at what time (Fig.
13-1). It may not be clear until you have actually used the tank system.
After the check pilot has described the fuel management and you have
flown the airplane, go back to the POH again —it'll be a lot clearer. Ask
yourself WHY certain tanks are used at certain times and not at others.

Fig. 13-1. Sometimes the fuel system seems a little complicated at first
glance.
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Fig. 13-3. Fuel schematic.

Fig. 13-2. Fuel schematic.

Fuel Systems. Figs. 13-2 through 13-8 show some representative types of
fuel systems, in a generally ascending order of comple.xity.

Fig. 13-2, the simplest type of system, uses gravity to feed the carburetor
simultaneously from both tanks. The selector (or fuel shutoff valve) in this
case has two positions, ON and OFF. Note that a vent system is needed,
basically for the same reason that you punch that extra hole in a can of oil
to expedite the flow. (No vent would mean no fuel flow after a while.) In
this case the tanks are vented together with the outlet at the left strut wing
junction.

Fig. 13-3 is the next step in complexity. In this high-wing, gravity-fed
carburetor system, the pilot has BOTH, LEFT, RIGHT, and OFF selections



available. The POH advises that the selector be on BOTH for takeoff and
landing. The two tanks in this system are vented together here (as in Fig.
13-2). (Note the one-way vent valves for the two airplanes.) The individual
tank selections allow the pilot to compensate for unequal flow and lateral
trim on longer flights.

Fig. 13-4 is the fuel system for a carbureted high-wing airplane equipped
with an engine-driven pump and an auxiliary (boost) pump. Fuel from each
wing tank flows through the selector valve small reservoir and a fuel shutoff
valve to the fuel strainer. From there it's routed to the engine-driven pump,
which delivers fuel under pressure to the carburetor. The electric aux pump,
which parallels the engine-driven pump, is used when the fuel pressure
drops below 2 psi. It's not necessary to have the auxiliary pump operating
during normal takeoff and landing since gravity feed supplies adequate fuel
flow to the carburetor with the engine-driven pump inoperative. However,
this airplane has a comparatively low "high wing," and gravity flow is
considerably reduced at maximum performance takeoff and climb attitudes.
The aux fuel

FUEL SYSTEM
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Fig. 13-4. Fuel system. Note the separate fuel shut-off valve.
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pump would be needed if the engine-driven pump should fail during those
maneuvers.

Fig. 13-5 shows the system for a popular low-wing trainer (carburetor). The
fuel selector has three settings, LEFT, RIGHT, and OFF. The vast majority
of low-wing airplanes (fuel injected or carburetor) and some high-wing
airplanes with fuel injection don't have a BOTH selection. The fuller tank is
used for takeoff and landing, and the selector is switched as necessary in
cruise for lateral trim.

The electric fuel pump in this system is used as a standby for takeoff and
landing and whenever the engine-driven pump fails.
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Fig. 13-5. Fuel system.

Fig. 13-6 is the system for a high-wing airplane (fuel injected) with two
wing tanks. It looks complicated but a close study shows that everything
makes sense. This is the first system shown with two reservoir tanks. This
system is one method of assuring constant fuel flow for a predetermined
time in fairly radical pitch or bank (sHp) conditions where one of the main
tank outlets might be exposed and fuel is not getting to the hne when the
fuel level is low.

This airplane is cross-vented (and the reservoir tanks are also vented to the
system). The size of the vents in any fuel system depends on the fuel flow
requirement for the engine. This is a fuel injection-equipped engine
{Lycoming lO-360A1B6D —more about the designation later in the
chapter) and has a fuel control unit rather than a carburetor. Basically, in
any system, you'll have a tank drain for each tank (this equipment should
not be, but often is, optional) and a drain at the fuel strainer

Fig. 13-7 is a schematic for a high-wing airplane using a different fuel
injection system from the one just discussed. This system design furnishes
more fuel to the fuel control unit than needed and has a return line for vapor
and excess fuel.

FUEL SYSTEM schematic
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Fig. 13-6. Fuel system.
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Fig. 13-8. Fuel injection and carburetor fuel systems.

(The system in Fig. 13-6 is a demand-type system; it furnishes fuel as
needed to mix with the air and does not require a return line. This type will
be covered later in the chapter.) The returned fuel goes to the reservoir tank
of the tank selected (left or right), which means that the engine is really
only taking a predictable amount of fuel since what isn't used is put back
into the same tank. Some earlier makes and models of single-engine
airplanes returned excess fuel to the left (main) tank only.

The fuel system represented by Fig. 13-8 shows two options for fuel
distribution. The tanks are the same, but you'll note that following the fuel
strainer a carburetor or fuel injection system may be used. Compare Figs.
13-5, -6, -7, and -8. Note that the fuel pressure is taken from a point
between the fuel pump(s) and the carburetor for the carburetor-equipped
engine, and at the fuel manifold (or fuel distributor, depending on the
manufacturer's term for it) for the fuel-injected engine. In effect, the gage
measures the pressure available to the carburetor (which is normally a
constant for all power settings, say, 3 to 5 lb) for the that type. In the
injected engine the gage measures the relative amount of fuel going through
the flow distributor and so varies with mixture and power being used. The
electric fuel pump on a carburetor engine may be energized indefinitely
with the engine not running (with the fuel ON and mixture rich) without
flooding (loading up) the engine. Turn on the electric fuel pump in a fuel
injection engine under the conditions just cited and you'll pump fuel out on
the ground.

The systems just covered include some on airplanes that are no longer in
production as well as current types. In Chap. 15, the fuel systems of twins
will be covered.



Fuel management includes the use of crossfeed for multi-engine airplanes
as well. The use of the crossfeed control will be covered in that chapter.

Some airplanes have an amber LOW FUEL warning light

(or two lights, as required) on the annunciator panel in full view of the pilot.
These are usually set to illuminate at a reasonably low fuel quantity but
with enough warning for you to make other plans, such as finding a nearby
convenient airport instead of completing the last thousand miles of your
trip.

LEANING

As an all-around figure, gasoline engine mixtures for combustion are about
1:15, that is, about 1 lb fuel to every 15 lb air—or about 7% fuel and 93%
air by weight. For richer mixtures an 8 to 10% fuel-air ratio is found.

For takeoff, a mixture setting of "full rich" is used. This setting assures the
best combination of power and cooling. The full-rich setting will be slightly
richer than best power, but as engine cooling also depends on a richer
mixture a compromise must be made.

With the mixture in the full-rich position you'll be using a predetermined
mixture of fuel and air. As you climb, naturally the air becomes less dense
(weighs less per unit volume). On the full-rich setting your carburetor is
putting out about the same amount of fuel but there's less air to mix with it,
so the mixture gets richer and richer. In fact, you may climb so high in full-
rich that the engine will start to run rough; the fuel-air ratio is too great for
smooth operation. So, you not only are losing power but are using fuel like
there's no tomorrow (compared with what you should be consuming). After
reaching the desired cruise altitude, you'll level off, set cruise power, and
lean the mixture. Your job with the mixture control is to establish the
optimum fuel-air ratio for all conditions.

Fig. 13-9 takes a general look at the effects of mixture on power, specific
fuel consumption (pounds per horsepower per hour), and exhaust gas and
cylinder head temperatures.
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Fig. 13-9. Effect of leaning on cylinder head temperature, exhaust gas
temperature (EGT), engine power, and specific fuel consumption at a
constant engine rpm and manifold pressure. (Amco Lycoming Flyer)

Mixture Control with Carburetor. There will be times

when handhng the mixture control will be very important. In Chap. 7 you
learned that proper leaning of the mixture is vital for both best range and
max endurance. There are nearly as many techniques for leaning as there
are pilots. A couple of the less complicated ones will be discussed here.

First, it is assumed that you have neither a fuel mixture indicator (very
likely you won't), a cylinder head temperature gage, or an EGT gage. In
other words, you'll be leaning the mixture more or less by feel.

After leveling off and establishing the desired power setting, ease the
mixture control back until the engine begins to roughen slightly. Ease it
forward just until the engine smooths. This is the system most used for
airplanes not equipped with an excess of gages for engine information.



A variation of the above technique is to lean the mixture with the engine
operating on one magneto, as a too-lean mixture will show up more quickly
than it would on BOTH. (Of course, as soon as you've set the mixture you'll
go back to BOTH mags.) Most pilots don't bother to do this, and it's
doubtful if a noticeable advantage is gained by using this technique.

If a cylinder head temperature gage is available, many pilots prefer to use it
in leaning the mixture, particularly with a constant-speed propeller. The
first method above will work with a constant-speed propeller but sometimes
requires more experience because the actions of the governor tend to mask
the roughness caused by the too-lean mixture.

Here is a typical method of leaning a carburetor engine using the cylinder
head temperature. Set power at desired rpm and manifold pressure for
cruise. Leave the mixture rich and allow the cylinder head temperature to
stabilize. Begin leaning in increments, observing the cylinder head
temperature. When the cylinder head temperature peaks, this is your final
mixture setting for that altitude. Don't permit the cylinder head temperature
to exceed the limit given in the POH or Engine Manual. If a sudden
temperature rise should occur during the process, move the mixture control
back to the position before the temperature increase. (You overdid it a
little.) Let the engine stabilize for at least 5 min before leaning the mixture
for a further cylinder head temperature reading. If the cylinder head
temperature lead is on a lean cylinder, you may get a drop in temperature as
you lean it out (you are decreasing power at that cylinder and decreasing the
temperature for the engine as indicated by the gage).

The exhaust gas temperature gage (EGT) is an excellent aid in properly
setting the mixture. The system is composed of an instrument on the panel
connected to a probe in the exhaust stack(s) so that the EGT may be taken
and indicated. Since excess fuel or excess air in the mixture produces a
cooling effect (lowering the exhaust temperature), the EGT gage may be
used to find the optimum for cruise and other conditions.

As an example for one engine, to set up a cruise-leaned situation (at 75%
power or less) using one of these instruments, lean the mixture until the
EGT needle peaks. Then richen the mixture until the needle shows at least a
25°F temperature drop (this puts the mixture on the rich side of the highest



EGT). The 25°F drop is best for fuel economy. A drop of 100°F (on the rich
side) is in the area for best power. If your airplane has one of these systems
you should read the accompanying literature and talk with pilots who've
used it before using it on your own. The POH for a particular airplane is the
ultimate guide for EGT use.

A common erroneous idea is that an engine should not be leaned under
5000 ft under any circumstances. One engine manufacturer notes that their
normally aspirated, direct-drive engines with a manual mixture control
should be leaned at cruise powers of 75% or less at any altitude while
cruising. The 5000-ft rule is only for chmbing. In other words, in the chmb
use full rich to 5000 MSL, then lean for added power and smoothness.
Other airplanes have a lower limit of 3000 ft for lean in the climb. If you're
flying the type of engine(s) just described at, say, 1500 ft MSL at 74%
power at cruise, go ahead and lean; there's no need to burn fuel you could
use later. As will be noted in Chap. 19, turbocharged and other more
complex engines have specified operating procedures.

To lean the carburetor-type engine at cruise, a leading engine manufacturer
suggests the following:

1. Fixed-pitch prop —Lean to a maximum increase in rpm, or just before
engine roughness.

2. Controllable prop —Lean until roughness is encountered, then richen
slightly to eliminate roughness for smooth operation.

Suppose you are taking off from a field at high altitude and/or temperature
(you are at a high density-altitude). It is likely that with the mixture control
in the full-rich setting the weight of fuel going into the engine is too great
for the weight of the air mixed with it; that is, the mixture at that setting and
altitude is so rich that the engine is not developing full power (Fig. 13-10).

Under these conditions, particularly if the field is short and power is needed
badly, some pilots run the engine up to some point just below prop-
governor operating speed and move the mixture control back until there is a
definite pickup of rpm. The peak indicates the best power mixture setting
for the density-altitude. The mixture control should be moved
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Fig. 13-10. A high density-altitude and a full rich setting mean a power
loss.

slightly forward of this maximum power point so the mixture will be a little
on the rich side to ensure proper cooling. The mixture is normally preset to
be slightly richer than best power for this reason when in the full-rich
position, even at sea level conditions. It is better to be slightly on the rich
side to avoid possible engine damage —even if it means a small deviation
from best power. The density-altitude has to be fairly high before leaning
has very much effect in increasing takeoff power.



A common error made by the pilot new to the mixture control is, after
setting the mixture for best cruise at some fairly high altitude, starting the
descent to the destination airport and forgetting about the mixture. During
descent, the air density increases but the carburetor is still putting out the
same amount of fuel that worked so well at the higher altitude. Finally the
comparable amount of fuel-air becomes so lean that the engine starts
running rough and gives every sign of quitting any second. The simple
remedy is to richen the mixture and all is well again. You actually have two
choices in the matter of the descent. (1) You can push the mixture control
all the way forward to full rich and not have to worry about it, or (2) you
can richen the mixture in increments by guess as you go down. In (1) if you
are very high the engine operation may roughen slightly (it's assumed that
you plan on using cruise power during the descent) but will soon smooth
out as you lose altitude and you won't be as apt to forget to move it into full
rich for landing.

VAPORIZATION. It would seem that, all other things being equal, the
colder the air entering the carburetor, the denser it is and the more power
would be developed. However, fuel particles do not mix as well with cold
air, and fuel may be wasted.

For best vaporization a carburetor air inlet temperature of 90° to 100°F is
ideal. This could mean using carburetor heat. If you are interested in
maximum economy, after setting power, use carburetor heat to establish this
temperature and then lean the mixture in one of the ways mentioned earlier.
Your airplane may not have a carburetor inlet temperature gage (measuring
the air temperature just before it goes into the carburetor), so another
technique may be used.

In order to find the probable best heat setting for vaporization, lean the
engine until it just starts to run rough —then apply enough carburetor heat
to smooth it out (the less-dense warm air will result in a comparatively
richer mixture, hence the smoothness). This is the probable heat control
setting for best vaporization. The addition of carburetor heat usually means
higher engine temperatures and could be overdone in

warmer weather, perhaps leading to detonation at high power settings.



There's some confusion between detonation and surface ignition or
preignition (people sometimes say one when they mean the other):

Detonation —As noted by FA A AC 65-9 Airframe and Powerplanr
Mechanics General Handbook, in an engine operating in a normal manner,
the flame front in the cylinder traverses the charge at a steady velocity of
about 100 ft per second. When detonation occurs, the first portion of the
charge burns in a normal manner but the last portion burns almost
instantaneously, creating an excessive momentary pressure imbalance in the
combustion chamber. The cylinder head temperature will rise, engine
efficiency decreases, and structural damage occurs to the piston or cylinder
head. You can hear the "knock" in an automobile engine but other sounds
cover it in an aircraft engine, so you'll have to depend on the instruments for
indications. Normal burning or detonation might be compared with
smoothly pushing the piston down with your hand or hitting the piston with
a hammer to move it down.

If you suspect that detonation is occurring, throttle back, make sure the
mixture is rich, open cowl flaps, and ease the nose down to assure that good
cooling can occur.

Surface ignition or preignition —This is caused by hot spots or surfaces in
the chamber igniting the fuel-air mixture. If this happens before the spark
plugs get the chance to do their thing, it's called preignition. Power loss and
roughness occur. It's generally attributed to overheating of spark plug
electrodes (glow plugs in model airplane engines use this principle for
normal ignition) and exhaust valves and to carbon deposits. In the days
before idle shutoff systems were used for trainers, preignition was
sometimes a problem and the engine would continue to run after the
ignition switch was turned off. Usually opening the throttle as the switch
was cut helped cool off matters, but in extreme cases the fuel had to be shut
off to stop the engine.

Some mixture controls have AUTO LEAN setting positions. The more
complex carburetor has an automatic altitude compensator. It contains a
bellows that senses the incoming air pressure and controls the fuel metering
accordingly. If you set the mixture at best economy at 5000 ft and climb to
10,000 ft, the mixture will also be at best lean at the higher altitude — even



though you haven't touched the mixture control. It is assumed here that you
used a cruise climb and didn't need to increase the richness for the climb.

FUEL INJECTION

The big advantage of fuel injection is that carburetor icing is no longer
present. The fuel is injected into the intake manifold just before going into
the cylinder; hence there is no temperature drop in the carburetor due to
vaporization. The air temperature drops in the carburetor for two reasons:
(1) vaporization and (2) the lowered pressure caused by the ven-turi effect
—these two effects being additive.

Of course, you can get impact icing in freezing rain, etc., in either type of
fuel system, but this is not the kind caused by invisible moisture.

A particular advantage of fuel injection lies in the pilot's ability to lean the
mixture accurately by use of the fuel pressure gage. This gage measures
metered fuel pressure or the pressure of the fuel going to the spray nozzles
—this being a direct measure of fuel flow. The gage usually is marked with
proper fuel pressures for various power settings and/or altitudes. The lower
pressure range is for various cruise power settings (45, 55, 65, or 75%). The
altitude is automatically compensated for by a bellows or diaphragm within
the control unit that regulates the fuel flow from the nozzles in propor-

tion to the air pressure (volume) passing through the unit.

In addition, the gage may be marlced for best power for takeoff and climb
for various altitudes (this will be in the higher pressure range). Whereas the
fuel pressure gage in the carburetor-equipped airplane remains constant at
all power settings (it measures the pressure of the fuel from the pumps to
the carburetor), the pressure gage for fuel injection varies with mixture
setting. To lean this engine you merely move the mixture control until the
fuel pressure or fuel flow indicates that you have the correct mixture for the
power setting and/or altitude.

Another advantage of fuel injection is that it theoretically gives a better
fuel-air distribution to the cylinders. This does not always occur but should
if the system is properly operating, because the fuel-air is mixed in a



carburetor at one place for all cylinders. By the time this mixture reaches
each cylinder some variation in mixture may occur among cylinders. This is
not apt to occur in the fuel injection engine because the mixing is done just
before entering each cylinder.

Disadvantages of fuel injection are

1. At low power settings on hot days (such as during prolonged taxiing)
vapor lock may occur and the engine may quit.

2. A hot fuel-injected engine is often very hard to start.

3. It normally takes longer for the fuel-injected engine to get power back if
a tank is run dry (more about this in Chap. 16).

Leaning the Mixture, if you've leaned a carburetor-type engine, you've
noticed that when the mixture is overleaned the engine will start to get
rough. This is because of the initial difference in mixtures in each of the
cylinders. You are leaning them all the same rate, but some cylinders were
leaner to begin with and will be too lean, while the other cylinders are still
operating smoothly. Naturally the engine will run rough if only part of the
cylinders are getting enough fuel. This is the idea you used in manual
leaning of the carburetor.

The fuel injection system, having better fuel distribution, will not react this
way. As all the cylinders are getting an equal amount of fuel (theoretically),
when you lean the mixture excessively there will be no initial roughness but
the engine will quietly and smoothly die. Therefore it is a great deal harder
to set the mixture by "feel" so a pressure gage or fuel flow gage is helpful.

Fig. 13-11 is a fuel flow indicator used on a current four-place airplane.
Most indicators are of this type. The outside numbers on the meter indicate
the fuel flow in gallons per hour. The following procedures are used:

STARTING. This is the starting procedure for this particular airplane
(cold):

1. Set fuel selector on the proper tank.



2. Open the throttle approximately '/2 in.

3. Turn on the master switch and electric auxihary fuel pump.

4. Move the mixture control to full rich until an indication of 4 to 6 gph is
indicated on the flow meter; then turn the pump off (the engine is primed).

5. Move the mixture control to idle cutoff.

6. Switch ignition ON and engage starter.

7. When the engine fires, move the mixture control to full rich.

For starting hot or flooded engines the flow meter is not used, but the
engine is started with the mixture in idle cutoff and fuel pump off. (The
throttle is cracked '/2 in. or open respectively.) When the engine fires, move
the mixture control to full rich (and retard the throttle as necessary).

TAKEOFF. For this fuel-injected airplane during a normal take-

fUBL HOW INVICATOR

Fig. 13-11. Fuel flow indicator for a single-engine, fuel-injected airplane.

off with full-rich mixture the pointer on the fuel flow meter will stabilize
between the sea level mark and the red line (Fig. 13-11). This is slightly
rich to aid in fuel cooling and is recommended for normal takeoffs at sea
level.



When taking off from a high-altitude field (say 4000 ft density-altitude), the
mixture should be leaned to maximum power during the pretakeoff check.
Full throttle is applied and the mixture control is moved toward the lean
position until the pointer has stabihzed at the 4000-ft mark (between the
19.5- and 20.0-gph marks). The takeoff is made with this mixture. The same
technique can be used for obtaining maximum power at sea level, using the
sea level mark. (Don't overheat the engine with prolonged climbs; richen it
again after clearing any obstacles.)

CRUISE. The flow meter is a good aid in setting up a cruise mixture. The
example of 65% power in Fig. 13-11 indicates that the two widest
variations are 14.5 gph (best power) and 12.6 gph (best economy); settings
should be between these limits. As you can see, 55 and 75% settings also
have a range of possible settings. The EOT gage is a more precise method
of leaning, however.

To engine

I

Ice may form

Idle jet—

Lowered temperature because of vaporization

Lowered temperature because of venturi

Moist air "

Fig. 13-12. Float carburetor, showing how ice



can form.
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Impact air

Fuel pump

Throttle valve
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/ y» V jl^Z Intake air

Fig. 13-13. A simplified view of one type of fuel injection system.

APPROACH AND LANDING. Set the mixture to full rich. (No reference
to fuel flow meter for a precise setting.) The POH may have some
suggestions on mi.xture settings for approaches to high-elevation (high-
density-altitude) airports.

Figs. 13-12 and 13-13 show the basic differences between the three fuel-
metering systems just discussed. .

FUEL AND OIL FACTS

FueL Never use fuel rated below the minimum octane or performance
numbers. You may go above the rating as a temporary arrangement, but
even then try to stay as close to the recommended octane as you can. Using
a lower-than-recom-mended-rate fuel can result in high operating (oil and
cylinder head) temperatures. If your engine normally uses 100/130 octane
and only 80/87 and 115/145 fuel are available, use 115/ 145.

The numbers are the antiknock quality of the fuel —the higher the number,
the better the antiknock qualities. Take, for instance, 100/130 fuel; the first
number (100) is the minimum antiknock quality of the fuel in a lean
mixture, the last (130) the minimum antiknock quality in a rich mixture.

The American Society for Testing and Materials has recommended that the
double figure (80/87, 100/130, etc.) be dropped for puposes of
simplification and the term grade be substituted for the octane or



performance numbers. The ratings (100 for lean and 130 for rich mixtures)
still stand however.

The various octanes and performance numbered fuels are dyed different
colors for easy identification.

The grade lOOLL is used as a common fuel for airplanes requiring 80 or
the 100 (higher-leaded) grade minimums. Grade 80 fuel is becoming more
difficult to find in the United

States.

OiL A chapter on fuel systems may seem a rather strange place to talk
about oil, but you usually check the oil when you check the fuel and should
have some information on it.

The viscosity of the oil may be given in one of three ways. You are
probably the most familiar with the SAE (Society of Automotive
Engineers) number.

Notice that in every case except one, the commercial aviation number is
exactly twice the SAE "weight." A rule of thumb to get the SAE equivalent
is to divide the aviation number by two and go to the nearest number
divisible by 10: 65/2 = 32'/2, or 30 (the nearest number divisible by 10);
80/2 = 40 (which is the nearest number divisible by 10, etc.).

There are two main types of aviation oil in use today for reciprocating
engines:

!. Straight mineral oil—This oil is without any disper-sant additives. It is a
more or less inert lubricating medium.

2. Ashless dispersant oils —This type of detergent or compound oils (with
additive) keep the foreign particles in solution without the disadvantages of
ash-forming detergent additives.

Engine manufacturers generally recommend that new or newly overhauled
engines should be operated on straight mineral oil during the first 50 hr of



operation, or until oil consumption has stabilized. If an additive oil is used
in these engines, high oil consumption might result, since the antifriction
additive of some of these oils will retard the break-in of piston rings and
cylinder walls.

Okay, what if you've been using straight mineral oil for several hundred
hours and decide that it's to your advantage to start using a compounded
oil? The least you'd better do is

the following, according to one major engine manufacturer (making sure
the compounded oil is approved for your engine):

1. Don't add the additive oil to straight mineral oil. Drain the straight
mineral oil and then fill with additive oil.

2. Don't operate the engine longer than 5 hr before the first oil change.

3. Check all oil screens for evidence of sludge or plugging. Change oil
every 10 hr if sludge conditions are evident. Resume normal oil drain
periods after the sludge conditions improve.

If you are fairly close to overhaul you might not want to go to all that
trouble. The real point is that putting additive oils in an engine that has been
using straight mineral oil for several hundred hours can cause problems
unless you are careful.

Along these same lines, don't put special "antifriction" additives in the oil;
the manufacturer's warranty could be voided. Don't use automotive oil in an
airplane engine. In short, follow the engine manufacturer's
recommendations or make a phone call to check, if you're not sure. A
couple of bucks for the call sure beats damaging an engine (and maybe
damaging you and your passengers).

Since you are an "advanced pilot" and will be flying more powerful and
complex engines, you should know exactly the type of fuel and oil to be
used during servicing. A crew member should be available to oversee the
fuel and oil servicing. Jet fuel has been mistakenly put in the tanks of
airplanes with piston engines —with fatal accidents resulting in some cases.



SOME ADDED POINTS

You will have more responsibility and authority as an advanced pilot, and
will have to know more things about the airplane and its maintenance
requirements. This seems like a good place to follow on with some general
information (courtesy of Avco Lycoming Flyer), particularly in the area of
engine operations.

To most private pilots, the letters and numbers that describe the engine they
are using are meaningless, but you can learn a lot about your engine by
looking at the model code. Fig. 13-14 shows designations used.

Definitions of Engine IVIaintenance and Repair. You

may later need to oversee the maintenance and repair of engine(s) in the
airplane you're flying and so should know the types of repair or replacement
services available.

NEW ENGINE. As defined by Avco Lycoming, a new engine is the original
product with all new parts and accessories, meeting all production test
specifications, quality control tests, and regulations for a production
certificate issued by the FAA. By the time the ultimate purchaser gets the
airplane, the engine will have had the airframe manufacturer's production
test time plus ferry time. The engine will have a new engine warranty and
will be accompanied by an Engine Logbook.

REMANUFACTURE. The factory remanufactured engine gives the
benefits of a new engine at a price savings. The definition of a factory
remanufactured engine is one originally designed and manufactured by a
company and disassembled, repaired or altered, and inspected in accordance
with that company's service bulletins, mandatory engineering changes, and
any airworthiness directives (more about ADs later).

DESCRIPTION OF ENGINE MODEL CODE

E.XAMPLE:

TIO



t

PREFIX

541

t

DISPLACEMENT

E1B4

t SUFFIX

L—Lcfthand Engine Rotation 000° A—Power Section & Rating

Cubic in.

1—Nose Section

•NOTE: (GDI) •■I" indicates integral accessory drive.

T—Turbocharged

\'—Vertical Helicopter

H—Horizontal Helicopter

A—Acrobatic

1—Fuel Injected

G—Geared Nose Section

S—Supercharged

O—Opposed Cylinder

NOTE; The letter "L" in the model prefix denotes the reverse rotation of the
basic model. Example: Model TIO-540-F2BD has clockwise rotation of the



crankshaft. Therefore, the LTIO-540-F2BD has counterclockwise rotation.
Likewise, the rotation of the accessorv drives of the LTIO-540-F2BD are
opposite those of the basic model.

The letter "D" used as the 4th or

A—Accessory Section

■5—Counterweight Application

Subsequent changes to

Models are reflected

in this Section,

5th character in the model suffix means that the basic model configuration
has been altered by the use of dual magnetos housed in a single housing.
Example: basic model IO-540-K1A5 becomes lO-540-K1A5D.

Operational aspects of engines are the same and performance data and
specifications for the basic model will apply.

Fig. 13-14.

Flyer)

Engine model code. (Avco Lycoming

To summarize, the factory-remanufactured engine is a zero-time power
plant with the same warranty as a new one. It's remanufactured at the same
place and by the same personnel who worked on it originally.

MAJOR OVERHAUL. An engine may have a major overhaul done on it by
an approved repair agency, as noted in FAR 43. Without going into details
here, this FAR goes basically into the who, what, and how of major
overhaul responsibilities. A major overhaul consists of the complete
disassembly of the engine and its repair, reassembly, and testing to ensure
proper operation. Engines are overhauled in the field and not by the



manufacturer. One disadvantage of overhauling an engine is that the
airplane is grounded during the process unless there's a spare available.
Many owners trade in a run-out engine for a new or remanufactured one
(getting credit for the old engine), thus saving a lot of downtime.

TOP OVERHAUL. A top overhaul is defined as repair or overhaul of parts
on the outside of the crankcase without completely disassembling the
engine. It includes the removal of the cylinders and deglazing the cyhnder
walls; inspections of pistons, valve operating mechanisms, and valve
guides; and replacing of piston rings. This is done in the field; engines in
earlier days had one or more top overhauls between majors.

NITRIDED AND CHROME CYLINDERS. The engine cylinders get quite
a workout and the walls have to withstand friction plus the heat of
combustion, and the harder the surface, the less the wear.

In 1960 Lycoming started the nitriding process to combat wear problems.
This process consists of introducing an ammonia gas (NHj) atmosphere to
the practically finished part. This is done in special heat-treating, airtight
furnaces at 975°F for a period of 25 to 80 hr, depending on what's required.
The ammonia gas is broken down into elements of nitrogen and hydrogen.
The nitrogen joins the steel and makes a very hard, wear-resistant surface.
(All crankshafts and some gears are nitrided by Lycoming.) Nitrided
cylinder walls increase piston ring life, giving better sealing and increased
fatigue strength, compared with regular steel barrels. You can tell if your
engine has nitrided barrels by (1) reading the engine manual or (2) checking
for an azure painted band around the cylinder base (if they are painted
black) or on the edges of the top cylinder head fins between the two valve
push rod tubes (if the engine is painted all gray).

Some barrel walls may be chrome plated instead of nitrided (also for longer
wear); the color code is orange at the places mentioned in the last
paragraph.

Repair or Maintenance Notifications. The faa states

that whenever an aircraft or engine manufacturer determines through
service e.xperience that a modification is needed to extend the life of the



product or for safety purposes, the manufacturer may let the owners know
of impending problems or needed (or suggested) repairs. Suppose you, an
owner or operator of an airplane, get a service letter — do you have to
ground the airplane immediately? There are different levels of notifications
by the manufacturer, and these may apply to the airplane and/or the engine.

SERVICE LETTER. A service letter is product information that is optional
for the owner/operator, who may decide that the changes would be nice but
would be too expensive.

SERVICE INFORMATION. This is product information that the
manufacturer definitely recommends compliance with. While it isn't
mandatory, you'd be very wise to take advantage of the manufacturer's
knowledge gained by inputs from the field.

SERVICE BULLETIN. A service letter or service instruction may be
followed by a service bulletin. The bulletin outlines the trouble and tells
how to remedy it. A service bulletin is technically not mandatory unless
there is a time limit requirement, in which case it becomes virtually
mandatory.

AIRWORTHINESS DIRECTIVE (AD NOTE). If an unsafe condition
arises for an airframe or engine, the FAA issues an AD note, which
specifies the component found to be unsafe and any conditions, limitations,
or inspections under which the aircraft may continue to be operated. It's the
aircraft owner/ operator's mandatory responsibility to assure compliance
with all AD notes. Some ADs are recurrent or repetitive, requiring certain
inspections, say, every 100 hr. This must be done and recorded in the
logbook each time, with the signature and certificate number of the
mechanic or repair agency involved. An AD note may have a date of
effectiveness and a flight time limit for compliance. For instance, as well as
giving the serial numbers of the aircraft/engines involved and referring to a
service bulletin for repair procedures, the AD may basically state that
"within 25 flight hours [such and such] must be done, this AD becoming
effective July 10, 19 "

Know your airplane.
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Retractable-Gear Airplanes

BACKGROUND

The biggest single step forward in decreasing airplane Drag was the
improved design of retractable landing gear. At first the retracting systems
were so complex and heavy that only large airplanes could use them. Now,
through the use of electrical motors or very light hydraulic systems, nearly
all high-performance, single-engine airplanes and all the light twins have
retractable gear.

The advantages in speed and economy are obvious. You have no doubt
already figured out the main disadvantage — the landing gear is sometimes
retracted at what might be termed an "inopportune moment." Pilots also
forget to put the landing gear down at the opportune moment. You usually
can get away with forgetting to shove the prop control forward or forgetting
to use flaps (you can take care of the prop on the sly as you taxi in), but you
won't get away with forgetting to put the gear down. Three things are
certain about gear-up landings: (1) they are definitely more noisy than the
gear-down type; (2) the airplane does not "roll" as far; and (3) expenses are
somewhat higher.



At some time in your flying career you will come close to landing gear-up
—and you may go all the way if you aren't careful. The purpose of this
chapter is to help keep you from going all the way.

So here's a general look at retractable-gear airplanes.

Pilot Stress. Believe it or not, the danger period for the pilot of a
retractable-gear plane normally is not the first few hours after checkout. If
you are like most new checkouts, you'll spoil the enjoyment of the first few
flights by muttering to yourself over and over, "Mustn't forget to put the
gear down, mustn't forget the gear, mustn't.. .etc." After a while you'll
consider yourself an old pro and the gear check will be important but not
the only item on the checklist as it seemed to be at first.

Back to the idea of stress: One day you'll be going into Chicago O'Hare or
Atlanta Hartsfield or some other busy airport. There'll be a lot of traffic and
the tower will be giving instructions at a machine gun rate. Suppose you
aren't able to finish the approach because of conflicting traffic and are
advised by the tower to "take it around." You pull the gear up and try to
work back into the downwind leg. The traffic is heavy and the pressure is
on. The tower people may seem unsympathetic but their job is to expedite
traffic flow with safety. You are cleared to land again and are very busy,
looking for other airplanes and setting up the pattern. In this stress situation
you could forget to put the gear down again. In the daytime the tower
operators will probably catch you before you land gear-up. Many a pilot has
been saved from a dangerous or embarrassing situation by an alert tower
controller. But don't count on their doing a job that is rightfully yours.
They're very busy.

At night you don't even have the possibility of a tower controller spotting
the results of your memory lapse. The shower of sparks when you land will
reveal your problem.

Always have the gear down before turning on base leg under normal
conditions. If the tower clears you to enter base leg, have the gear down and
locked before starting the descent on base. Always check the gear indicators
again after turning
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on final. Some pilots point to the gear indicators so that they're sure their
attention is directed there. Of course, it's possible to point to a gear-up light
absentmindedly.

Checklist. The checklist is a valuable aid if used correctly. The trouble is
that after a while you'll "know" it so thoroughly that using it becomes just a
ritual done at certain times. Some pilots glance at it and don't read it. It's
very easy to skip an item this way. A checklist is a liability if not used
correctly —a quick glance at it may lead you to believe you've done what's
necessary, giving a false sense of security. On the other hand, if you use the
checklist religiously and always put the gear down at the same point, habit
may save you embarrassment some time when your conscious mind is out
to lunch.

GUMP (gas, undercarriage, mixture, prop) is a good back-up check, too, for
landing.

Remember—just because you went through the motions and moved the
right lever doesn't mean the gear is down. CHECK IT! Mechanical devices
have their off-days too.

Landing Gear Systems. Fig. 14-1 is a schematic for a landing gear system
that uses an electric pump to provide pressure for the hydraulic system. The
system normally operates at pressures from 1000 to 1500 psi. The electrical
portion of the power pack is protected by a 35-amp puil-off-type circuit
breaker switch (labeled GEAR PUMP) on the left switch and control panel.
(See Fig. 4-70, Chap. 4.) This CB may be pulled if the pump continues to
run longer than 1 min (the

usual time for a cycle —up or down —is 5 to 7 sec) so as to avoid pump
overheating.

Fig. 14-2 is a landing gear system for a twin that has an engine-driven
hydraulic pump on each engine. Note that a hand pump is provided in
addition to the two engine-driven pumps. Usually a hydraulic system uses a
standpipe in the fluid reservoir to prevent the engine —or electric pumps —



from pumping all the fluid overboard in the event of a leak. The remaining
fluid may be utilized by the hand pump (Fig. 14-3).

An added point: when you first go out to the airplane to start the preflight
check, confirm that the gear handle or switch is DOWN and then turn on
the master switch to check for down indications.

EIVIERGENCY PROCEDURES

Next to the fear that you'll forget to put the gear down will be the thought,
"What if it just won't come down?" The newspapers, movies, and television
have probably milked more drama out of this situation than any other phase
of flying. If it won't come down, you'll probably bend the prop and scrape
some paint off the belly. But the cases of pilots of general aviation planes
being physically unable to lower the gear by any means are extremely rare.
Manufacturers frown on people belly-landing their products. This makes
their airplanes look bad, and they try to arrange it so gear-up landings aren't
necessary. Actuating arms and other mechanical parts
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CONDITION AIRPLANE ON GROUND ENGINE AND ELECTRICAL
POWER OFF

Fig. 14-1. Electrical-hydraulic landing gear system. Note the emergency
hand pump for lowering the gear The POH Emergency Procedures section
and the checklist detail the procedures.

Fig. 14-2. Landing gear system for a twin. Note the engine-driven hydraulic
punnps on each side. This airplane has electrically operated flaps.

1 LEFT MAIN GEAR ACTUATING CYLINDER

2 LEFT HYDRAULIC PUMP FILTER

3 LEFT HYDRAULIC PUMP

4 LEFT GEAR DOOR ACTUATING CYLINDER



5 EMERGENCY HAND PUMP

6 POWER PACK ASSEMBLY

7 RIGHT GEAR DOOR ACTUATING CYLINDER

8 CHECK VALVES

9 RIGHT MAIN GEAR ACTUATING CYLINDERS

10 RIGHT HYDRAULIC PUMP FILTER

11 RIGHT HYDRAULIC PUMP

To Electric or Engine-driven Pump

To Electric or Engine-driven Pump-^

Fig. 14-3. A simplified look at a standpipe principle. A. Under normal
conditions (plenty of hydraulic fluid), the standpipe is the route of the fluid
to the pump(s) and system. The hand pump line is essentially closed off. B.
When a \ea\<. occurs the engine-driven or electric pump(s) may pump the
fluid overboard until it gets dov*/n to the top of the standpipe. The
remaining fluid is available for use when the hand pump system is used.
The hand pump is considered a carefully planned one-shot operation (gear-
down only) because the leak may be at a point such that much or all of the
remaining fluid could be lost during the hand pumping process.
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have been known to fail, but the majority of the belly landings made by
general aviation planes are due to pilot oversight, not structural failure.

While in flight suppose you put the gear handle or switch down and can see
no green light? You probably got in, started the airplane, and went about
your business —overlooking the fact that there was no down-light when
you taxied out and not noticing that there was no up-light after you pulled
the gear up. Here's where the ball is dropped at the beginning of the flight.
As soon as you gel in the airplane, check the position of the gear handle or



switch. When the master switch is turned on for start, check for a down-
light. Somebody might have tinkered around in the cockpit and moved the
control to the up position. If the safety lock isn't working, the plane could
slowly sink to the ground as you start to taxi. This is unUkely, but there's no
need to take a chance.

In some airplanes, when the navigation hghts are on, the landing gear
indicator lights are dimmed because the bright lights are disconcerting at
night. If the navigation lights are on in the daytime, the gear indicator lights
may be so dim as to appear to be off. There have been many cases of newly
checked-out pilots calling on Unicom to state that the gear isn't down. One
of the first things old pilots in the airport office ask is, "Are your navigation
lights off?" This usually is answered by a long pause and a rather weak,
"Uh, Roger." The embarrassed pilot comes in and lands, the gear having
been down all the time but the lights dimmed.

The new pilot has a red face, but this is far better than taking a chance on
bellying it in. In cases like this, new pilots have been known to use the
normal and emergency means of lowering the gear and still not seeing a
down indication (naturally).

Some airplanes with electrically operated landing gear have a three-position
switch (UP, OFF, and DOWN), and it's possible to stop in the middle or
OFF position instead of DOWN.

Suppose you've put the gear switch or handle down and instead of three
green lights (nose and both main gears down and locked) you see that there
is no green light for the left main gear (the other two greens are bright and
clear). Should you put passengers on the right side of the airplane and
prepare for a two-wheel landing? Get the runway foamed? Recycle the gear
several times to try to get the left main gear extended? Not yet. It could be a
bulb problem (the gear is down but the left gear light bulb isn't working). In
a four-bulb setup (three green for down and one amber for all up), you
should first take out the amber up-bulb and use it to replace the left main
bulb. It would be foolish to get everybody in a dither when a bulb worth a
few cents is the cause of your concern. (A pilot in this situation could
decide, since the left main wasn't "down," to get them all back up and make



a belly landing, only to discover afterward that everything had been fine
except for a burned-out bulb.)

You might think, "Why not transfer one of the other green bulbs to the left
main indicator?" You know each of the others had been showing green, but
it's better to be able to confirm just before landing that all three show a
down indication than to assume the blank bulb socket would still be
showing a green light if the bulb was in it.

If you have landing gear problems in flight, get yourself some altitude
where you can think—get out of the traffic pattern.

The FAA requires that the POH or its equivalent be in the airplane at all
times —and this is one of the main reasons why. It's funny how blank a
usually sharp mind can get sometimes. You no doubt learned the emergency
gear-down procedures until you could say them in your sleep, but now the
steps have eluded you. Take your time. Get the POH out and read the
emergency procedures if you have to. Some airplanes have the

step-by-step instructions printed near or on the cover plate of the emergency
gear handle or switch. Follow them carefully.

Slowing the airplane down makes the landing gear extension a lot easier.
Don't fly it around just above stall, but have the airspeed well below
maximum gear-down speed.

In most airplanes with hydraulically actuated gear, the emergency
procedure requires the gear handle to be placed in the down position before
going on to the extension of the gear. Pilots have forgotten this and, when
using a CO2 bottle emergency extender, have wasted their one shot by
having the gear handle up. They got in a hurry and didn't bother to follow
the step-by-step procedure, or thought they knew the emergency procedure
and didn't need to reread it. The recommendations for the emergency
extension of electrically operated landing gear call for the switch to be in
the DOWN position.

Getting out of the traffic pattern allows you to analyze the situation. It may
be just a popped CB for electrical gear or a problem requiring a little hand



pumping for hydraulic gear.

Don't use the emergency procedure until you are ready to land. This sounds
like a rather inane statement but what it means is that the emergency gear
extension is usually a oneway affair. Once the gear is put down by
emergency means you have to leave it there.

There's the case of the curious private pilot who suspected after takeoff
from a strange field that he might have trouble getting the gear down by
normal means because it didn't act right coming up —so he did everything
wrong. Home field with a good repair station for his airplane was only 1 hr
away (gear up) and he had 5 hr of fuel. On the way home he started
thinking "Will it go down?" until he couldn't stand the suspense any longer
and used the emergency procedure. Of course, the gear came down but he
had a mighty slow trip and almost got an overheated engine.

Then there was the private pilot who did the same thing, but, being heavily
loaded over mountainous terrain, decided that he had to get the gear back
up. By clean Hving and hard work he managed to get the gear started back
up (where it stuck halfway, naturally) and did a fine job of messing up his
new Zephyr SLx when he landed.

If you have trouble getting the gear up after takeoff, don't force the issue —
leave it down. Make sure it's down, return, and land, unless it would be
wiser to fly (gear down) to a nearby airport where the trouble can be more
easily fixed after you land.

Gear-up Landing, if the emergency procedure doesn't work (you forgot to
have the gear handle down when you pulled the CO2 bottle as a last resort),
or there has been a mechanical failure or damage that won't allow the gear
to come down by any means, you might remember a few points on gear-up
landings. In the majority of belly landings, (1) comparatively little damage
will be done and (2) the plane's occupants won't even be shaken up
(physically, that is). A quick summary of your probable procedure:

1. Tighten seat belt and shoulder harness.

2. Make a normal approach; then after the field is made —



3. Battery and alternators OFF.

4. Chop the power and turn off all fuel system switches.

5. Ignition switch(es) OFF.

6. Make a normal landing.

If the runway is long enough, don't extend the flaps on the low-wing
airplane. This will save a few more dollars, as extended flaps can be
damaged. If the terrain is rough it would be better, though, to extend the
flaps to further decrease the touchdown speed.

Figure on the prop being damaged. It will still be wind-milling when you
touch if you cut off the engine after the field
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is made. If you have any idea of icilling the engine at altitude, slowing the
plane up until the prop stops, and making it horizontal with the starter,
forget it unless the runway is extremely long (say, 10,000 or 12,000 ft). This
is no time to be practicing dead stick landings. A bent prop is a small price
to pay for assurance that the field is made.

Your POH will cover the procedures lor \arious gear problems, but here's an
item you might consider if you have a flat nosewheel lire or the nosewheel
remains up (and the main gear is down and locked). At'ler touchdown, as
you're holding the nosewheel off as long as possible, if it's not distracting
you might roll in nose down trim to help keep the nose up to as slow an
airspeed as possible. (Logical reasoning would assume that the elevator-
stabilator trim should be rolled to a nof,e-up setting but if you check the
positions for nose-up or nose-down trim you'll see that for most airplanes
more area is available in the latter condition.)

Summary of Emergency Procedures. (The exact emergency procedures
vary, as some airplanes use electrical power for gear actuation and others



use hydraulic means.)

1. Take your time and analyze.

2. Know your emergency procedures.

3. Keep the POH handy to help you remember each step.

4. Again, lake your lime.

SOME MORE POINTS ABOUT RETRACTABLE GEAR. Some pilots get
Ihc idea thai the sooner ihe\ gel ihe gear up on takeotf the belter they look
to the airport crowd. 'Tain't sol

The landing gear has a safety switch (electric gear) or a by-pass valve
(hydraulically actuated gear) on one of the oleos to ensure against
inadvertent retraction on the ground. As long as the weight is on this gear
(the oleo is compressed), the landing gear can't be retracted (oh yeah?).
Don't depend on this safety switch —it might not be working that day.
Curiosity can cost money, so don't test the antireiraclion safety features.

Even if the safely mechanism is working normally, don't get any ideas of
putting the gear handle up during the takeotT run to "look sharp," because a
gust might lift the plane enough temporarily to extend the oleo and the gear
would start up before you're ready. Don't raise the gear before you are
definitely airborne and no longer land gear-down on the runway should the
engine quit.

Apply the brakes after takeoff before retracting the gear. Otherwise the
wheels will be spinning at a good clip when they enter Ihe wheel wells and
can burn rubber that you might

want to use later. Most manufacturers have butfer blocks on strips iti the
main wheel wells to slop the spinning, but you might as well save the tires
as much as possible. Of course there's nothing you can do about a
nosewheel. For larger airplanes with high takeofl" speeds, this braking is
frowned upon, as the rapidly spinning heavy wheel has a great deal of



inertia and the sudden slopping of the wheel may cause the tire to slip
around the rim.

Know your maximum gear extension speed (Fig. 14-4).

Fig. 14-4.

If you're taking off through puddles or slush and the temperature is near
freezing, leave the gear down for a while after takeofl' to allow the airflow
to dry the landing gear. You may want to cycle the gear a time or two to
clear it before leaving it up. If the landing gear has a lot of water on it and
this freezes, it might cause problems in extending the gear later.

Some retractable-gear airplanes have "automatic" gear-lowering systems
designed to help the pilot who inadvertently forgets to put the wheels down
where they belong. These systems are not intended to replace good
headwork. The pilot who nies airplanes so equipped and automatically
relies on the systems, could be unpleasantly surprised sometime when
landing the usual type ol retractable-gear airplane.
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Checking Out in the Light Twin

If you're like many single-engine pilots, you may have sold yourself on the
idea that twin-engine flying is strictly for people with thousands of hours
and skills seldom found in lesser mortals.



Remember when you first started flying and you sometimes wondered if
you'd ever really solo? (Particularly after one of those flights where
everything went wrong.) Also, maybe there for a while it looked as though
you'd never get the private certificate because you had to take the written
again, and then had checkitis for days before the flight test. That's all
behind, and now you've found a new subject to worry about—whether
you'll be able to fly one of those light twins you've been drooling over.

Under normal conditions the airplane is flown exactly as if it were a single-
engine airplane. Many new pilots don't believe this even after being told by
the check pilot. It looks more complicated than the single-engine airplane,
so they convince themselves that they'll be working a lot harder all the time.

Although there are two of each of the engine controls (throttle, prop, and
mixture), think of each pair of controls as one handle —at least at the
beginning. The check pilot will allow you to get well familiarized with the
airplane before starting into engine-out procedures. You'll find that after a
while you'll be using the controls separately as needed without any trouble.

Before flying, you and the check pilot will discuss the

airplane and its systems in detail, and you'll spend a great deal of time with
the POH.

This chapter takes a general look at the factors involved in checking out in
the light twin; it is not intended to replace the information given by the
POH and/or your instructor for a particular airplane.

PREFLIGHT CHECK

3.

4.

Ignition and master switches OFF (Fig. 15-1). Check that the landing gear
selector and the other controls are in their proper positions. Check for
external damage or operational interference to the control surfaces, wings,
or fuselage. Check for snow, ice, or frost on the wings or control surfaces.



Visually check fuel supply.

Check fuel cell caps and covers for security (adjust caps to maintain tight
seal). Fuel system vents open.

Landing gear shock struts properly inflated (approximately 3 in. of piston
exposed). Tires satisfactorily inflated and not excessively worn.

Fuel strainers and lines drained, d. Cowling, landing gear doors, and
inspection covers properly attached and secured. Propellers free of
detrimental nicks. No obvious fuel or oil leaks. Engine oil at the proper
level. Windshield clean and free of defects. Tow bar and control locks
detached and properly stowed; baggage doors secured. Upon entering the
airplane, all control operation checked.

Landing gear selector and the other controls in their proper position.
Required papers in order and in the airplane.

b.

Fig. 15-1. Preflight check route.
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CHECK BEFORE STARTING ENGINES:

1. Baggage secured.

2. Weight and CG computed.

3. Performance computed.

4. Aircraft papers in order.

5. Maps and charts checked.

6. Cabin door locked.

7. Seat belts secured.

8. Crew seats adjusted.

9. Parking brake set.

10. Altimeter set.

11. Control response checked.

12. Oxygen pressure checked for adequate supply.

13. Fuel valves ON.

14. Circuit breakers checked.

15. Switches (radio, etc.) OFF. Except: Main voltage regulator ON.

Alternators ON.

The check pilot may give you a ground briefing several days before flying
to give you a chance to learn the various control locations and their use.
Spend some time in the cockpit by yourself after the ground check, using



the POH to mentally review the steps for starting, takeoff, etc. This
generally makes the first flight a little easier for both you and the check
pilot.

In addition to checking the POH for operating procedures, you should also
become familiar with the various system schematics. Samples will be
included as they come up for discussion in this chapter.

STARTING

Normally the left (number one) engine is started first in the light twins
(originally because many of the earlier light twins had a generator only on
the left engine, and it could then be working to help start the right engine).
Many light twin airplane manufacturers now recommend starting the left
engine first because the cable from the battery to that engine is shorter,
permitting more electrical power to be available. Check the boost pumps
before starting, as was discussed back in Chap. 13 (carburetor engines).

Safety is still the big item in starting. Make sure that the areas around the
props are clear before engaging the starter. The tendency for new pilots is to
be so busy with procedures that they sometimes forget to shout "Clear!" and
get an acknowledgment before starting the engine.

After one engine has started, run it at a high enough rpm to ensure that the
alternator has cut in to aid in starting the other engine. It's sometimes more
than a weak battery can do to start two engines in close succession. If it's
wintertime you may not want to run the engine at higher rpm right away. If
this is the case, don't be in too big a hurry to start the second engine. A short
wait will allow the battery to build up again — plus the fact that you can
soon run the operating engine up until it's helping.

If the engine you are starting first is cantankerous, you'd better forget it and
start the other one. The alternator of the second engine can help gi\c the
boost needed to start the laggard one.

Leave all unnecessary electrical equipment OFF. This goes for starting any
airplane (single- or multiengine) with an electrical system. The sudden
surge of power required for starting may damage avionics equipment. Pilot



heat also causes very strong current drain and, unlike the radios and other
electrically powered equipment, is less noticeable when on. Unless you
happen to check the switch directly or notice the ammeter gasping at the
lower end of the discharge range, the fact that the pilot heat is on may be
overlooked.

If you really want to give the battery (or batteries) the supreme test, turn on
the landing lights also. With the pitot heat, radios, and landing lights on, the
chances of the engine getting started are very slim indeed (Fig. 15-2).

.^'?

4 ^'

Fig. 15-2. Joshua Barnslogger, private pilot, sometimes seems to have
trouble getting the prop to turn over for starting (lousy electrical system
design, he figures).

A lot of people are awed by the idea of starting a twin-engine airplane. One
way of looking at it is that you are starting a single-engine airplane twice.

Following is a checklist for starting one type of twin (fuel injected):

1. Master switch ON.

Cowl flaps open to proper position. Throttle controls open Vi in. Propeller
controls forward. Electric fuel pumps ON.

Mixture controls set at rich until indication on fuel flow gage, then at idle
cutoff. Magneto switches ON. Propellers clear. Engage starters. Check oil
pressure. If engine does not fire within 5 to 10 sec, disengage starter and
reprime.



9. 10.

Starting engine when hot:

1. Master switch ON.

2. Magneto switches ON.

3. Electric fuel pump OFF.

4. Throttle opened '/: in.

5. Mixture in idle cutoff.

6. Engage starter.

7. Mixture at full rich when engine fires.

8. Oil pressure checked.

Starting engine when flooded:

1. Master switch ON.

2. Magneto switches ON.

3. Electric fuel pump OFF.

4. Throttle full open.

5. Mixture in idle cutoff.

6. Engage starter.

7. Retard throttle and advance mixture when engine fires.
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Cranking periods should be limited to 30 sec with a 2-min interval between.
Longer cranking periods shorten the life of the starter.



Remember that for twins as for the single-engine airplanes, after each
engine has started, check for proper oil pressures within 30 sec (it will take
longer if outside temperatures are 10°F or lower) and make sure the flight
instruments are working and the radios are on as needed.

If you have to use an auxiliary power unit (APU) to start the engine, be sure
that the avionics switches are OFF and the master switch is ON or OFF
during APU use (as indicated by the POH). Don't assume because the
airplanes you flew earlier required the master switch to be OFF during
APU-assisted starts that this is the case for any twin you are checking out
in. Of two current twins examined in writing this chapter, one required the
master ON for APU use and the other required it OFF. In the latter case,
after removal of APU plug, you'd make sure that the master switch is ON.

TAXIING

Before taxiing, check your radios for proper functioning (this goes for
single- or multiengine airplanes).

In earlier times, when nearly all multiengine airplanes had tailwheels, one
of the biggest problems was learning to taxi. The new pilot was taught that
the use of asymmetric power was helpful in steering the airplane. This is
true, but it was sometimes overemphasized to the extent that both the check
pilot and the pilot checking out became discouraged. It always started about
like this: the new pilot starts taxiing and maybe the plane begins to turn to
the left a little; overdoing a touch of power on the left engine to help
straighten matters out, of course, then requires use of right engine power.
This seesaw usually goes on until the airplane is thundering down the
taxiway at ever increasing speed and in sharper and sharper S-turns. The
check pilot finally has to take over and slow the airplane down, the new
pilot is given back the controls, and the same procedure occurs again.

Taxi the airplane as if it were a single-engine type. It's very likely that the
twin you are checking out in has a nosewheel, and the separate use of
throttles will have much less effect. However, you'll soon be subconsciously
using extra power on one engine whenever it's needed to make a sharper
turn, so don't worry about using it right away as it only complicates matters.
One good thing about tricycle-gear and nosewheel steering —as was stated



above, if you do overuse either of the throttles, the plane isn't as apt to get
away from you.

Check the brakes as the airplane starts to move; you don't need any
surprises when taxiing at a normal speed toward that other expensive twin
(or the hangar, etc.).

PRETAKEOFF CHECK

A good checklist pays off. The same checks that applied to an advanced
single-engine airplane apply here. You'll run the engines at a setting that
allows the alternators to be charg-.ing well and, in the airplane with
augmenter cooling, gives efficient exhaust venturi action (usually 1200 to
1400 rpm). Check for freedom and proper movement of controls, and check
the instruments and other items as required by the checkHst.

Following are some general checklist items concerning light twins:

1. Controls free—This is nothing new to you. Make sure the ailerons,
elevators, and rudder(s) move in the right direction (it's hard to check
rudder movement in some nosewheel airplanes when they're sitting still, but
you can check the rudder pedal and nosewheel action while taxiing).

2. Fuel on proper (main) tank or tanks—Always, repeat, always make your
run-up on the tanks you plan to use on takeoff. This gives you a chance to
discover if they are furnishing fuel properly. If you make a run-up on one
set of tanks and just before takeoff switch to another set, you may find that
the last tank or tanks selected are not working properly. This discovery
usually occurs at the most inconvenient point shortly after takeoff. It's an
old aviation truism that after unknowingly switching to a dry or bad tank,
there'll be just enough fuel in the fuel lines to get you into a compromising
position during takeoff. Always run the engines for at least a minute at
moderate (1400 to 1600) rpm before takeoff if you see the need for
changing tanks during or after the runup.

3. Electric fuel pumps OFF temporarily—J\as is to check the action of the
engine-driven pumps. After the check make sure they are both ON for the
takeoff.



4. Crossfeed checked and then OFF for takeoff—Hurt's a new control for
you. Normally each engine will use fuel from the tanks in its own wing.
However, in the event of an engine failure there would be a great deal of
unusable fuel on the dead engine side, limiting single-engine range as well
as causing lateral trim problems as fuel is used from the operating-engine
side. The crossfeed valve allows the working engine to draw fuel from the
dead engine's tanks. Fig. 15-3 shows a simplified schematic of the normal
operation of a typical light twin fuel system.

Fig. 15-3. Schematic of fuel system under normal conditions, cross-feed
OFF.

Some airplanes do not have a separate valve for crossfeed but have a
selector position on each of the two main fuel valves. If you needed to shut
down the right engine in flight, for instance, you would "secure it" by
throttling back, feathering it, pulling the mixture back to idle cutoff, turning
off ignition switches, and putting the fuel selector to the OFF position. If
you begin to run low on left-wing fuel for the good engine, you can select
the crossfeed setting to allow the good engine to draw fuel from the
opposite tank (Fig. 15-4).

FEATHERED

Fig. 15-4. The use



of crossfeed.
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Fig. 15-5. Fuel system schematic.

Other manufacturers have a setup whereby the pilot merely selects the tank
to use fuel from —and no particular mention is made of crossfeed —which
results in a great deal less confusion.

You could, under normal conditions on some airplanes, run (he left engine
from the right tank and vice versa. This is frowned upon, on general
principles, as it could cause confusion at a time when instantaneous
selection is necessary. The setup on most airplanes is that each engine uses
its own fuel and only turning off the fuel valve and selecting crossfeed
allows you to operate an engine from an opposite tank (both engines
running from the same wing tank). There are several combinations, and you
will learn your airplane's particular fuel system.

You might especially check which tanks the crossfeed can be operated on.
The crossfeed on some airplanes works only for the main fuel tanks —
au.xiliary fuel in one wing cannot be used by the other engine. No matter
how complicated it sounds, remember that the only purpose for crossfeed is



to enable you to use fuel that would otherwise be dead weight and/or cause
lateral trim problems.

lig. 15-.^ sho\vs a fuel system schematic, mcluding the crossfeed system.
This is a next step in the fuel systems discussed in Chap. 13. Inboard or
outboard tanks may be used for crossfeeding. In effect, all four tanks are
"main" tanks for this airplane. The crossfeed system shown is a pressure
cross-feed, which means the fuel is "pushed" from the dead-engine side.
Since ihc cngiiie-dri\en fuel pump isn't working with the engine stopped
and the prop feathered, the electric boost pump on that engine must be ON
to push the fuel over (the rifihl engine electric pump in the situation shown
in Tig. 15-4).

Fig. 15-6 is another light twin fuel system with a close-up of its fuel
selector panel.

5. Tabs set —\ou may have aileron tabs to contend with (the airplane will
certainly have elevator and rudder trim controls). Make sure there's no wild
setting on any of the trim controls.

6. Flap operation checked—K flaps are required for takeoff, or if you plan
on using them, it might be better to wait until after the engine run-up before
putting them down. The props, being run at high rpm on the ground, may
pick up gravel and bat it into the flaps. You might find that for your
particular airplane you would prefer setting the flaps just before taxiing
onto the runway.

7. All instruments checked—You've been doing this for the single-engine
airplane but now have two of each of the engine instruments to check. Be
sure that oil and fuel pressures, cylinder head temperatures, and other gages
are operating normally.

8. Engine run-up —Mai,e sure the mixtures are full rich and the propellers
are full forward (low-pitch, high-rpm). Run each engine up individually.
The required rpm for prop and mag check varies with each airplane.

a. Check the mai;neios—Here's the place where you'll realize thai there are
two engines instead of your usual one. It seems that checking the four mags



is a good day's work. In fact, single-engine pilots have been known to have
gotten writer's cramp, or its aeronautical equivalent, checking the mags of a
mullicngiiic airplane that first lime. The usLial maximum allowable drop
for some light twins is 150 rpm, but you might check to confirm this for
your airplane. The usual maximum allowed difference in drop between the
two magnetos is 50 rpm.

b. Exercise the propellers —This goes for either air-oil or oil-counterweight
types. At a recommended rpm move the propeller controls through the
range from high rpm to low rpm several limes (Chap. 12).

c. Check the propeller feathering — Multiengine airplanes have featherable
propellers because it was discovered that turning the propeller blades of a
dead engine edgewise to the airflow means much better engine-out
performance. Naturally you'll be interested in making sure that you can
feather a prop if necessary. A windmilling propeller on a dead engine cuts
performance to such a degree thai a critical condition could

Fig. 15-6. Light twin fuel system with fuel selected for normal operation.
Note the system of selecting crossfeed.
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result. Most multiengine pilots would almost as soon skip checking the
mags as not check the feather system. As the check pilot will tell you, don't
let the prop stay in the feathered setting too long; the comparatively high
manifold pressure and low rpm are not good for the engine. (One twin POH
recommends a maximum drop of 500 rpm during the feather check.)

d. Carburetor heat (carburetor engines) —Use the carburetor air
temperature gage if available, or check for a drop in manifold pressure (mp)
as heat is applied. You remember that with the fixed-pitch-prop airplane
you checked for an rpm drop when the carburetor heat was applied. A drop
in



rpm showed that the warmer, less-dense air was going into the engine, proof
that the carburetor heat was working normally. The constant-speed
propeller, when in its operating range, will tend to cover any rpm drop. So
lacking a carburetor air temperature gage, the mp is the most positive
indication that the system is working. In fact, the mp gives an immediate
indication, whereas the carburetor air temperature gage needs a short period
to indicate temperature. The mp gage is the primary indicator of the
presence of carburetor ice, as you can no longer rely on rpm drop as a
warning with a constant-speed propeller. You may be able to notice a very
brief rpm drop, but it will immediately recover if the rpm indication is
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in the constant-speed-prop operating range. Remember linat you'll be
getting unfiltered air, and some manufacturers frown on using carburetor
heal or alternate air systems during the ground run-up.

If you apply the carburetor heat with the rpm below the constant-speed
operating range, you'll get an mp and an rpni drop that remains as long as
the heat is on. The mp drop with application of full carburetor heat is not as
great as you might think from the power loss involved, in some cases being
about 1^ in.

Most light twins in use today have fuel-injected engines so carburetor heat,
as such, isn't part of those installations. But you should know how to use
alternate air systems (see Chap. 16) for your airplane.

Alternate air or carburetor heat OFF for takeotY.

e. Electrical system —\ look at the diagram of the electrical system that first
time can be pretty discouraging.

Current twins have two things going for them electrically, compared with
the first light twins manufactured:



(1) Alternators, not generators, are used. As you are probably aware from
your other living, alternators produce voltage at lower engine rpm than do
generators. (You may have never flown an airplane with a generator.)

(2) Two alternators, one for each engine, are used on nearly all twins these
days. Back in the old days, the left engine had the only generator. Losing
that one could mean that electrical problems would be added to your other
obvious problem. In most cases, loss of one of the alternators means
husbanding your electrical equipment, but you'll normally have enough
voltage produced for the fundamentals. Before takeoff, check that each
alternator is working properly, using the procedure suggested by the POH
and your instructor.

f. Suction or pressure systems —Check both sources to see that the engine-
driven pumps are properly operating and providing the correct suction, or
pressure, in inches of mercury. It's likely that the single-engine airplanes
you've been flying have been using a vacuum system; that is, the engine-
driven vacuum pump pulls the air past the vanes on the gyro wheels in the
attitude and heading indicators and you check the suction gage for the
proper reading. Many twins use a pressure or pneumatic pump (which in
effect means that the air is pushed past the gyro wheels from the opposite
direction). This system can be used also for de-icer boots, autopilots and
cabin pressurization (see Chap. 19).

TAKEOFF AND CLIMB

See the takeoff chart in Fig. 15-7. There is very little diU'erence in the
takeoff of a single- or multiengine airplane because the throttles are
normally treated as one control. However, if there is a strong crosswind you
may increase the power on the upwind engine first and carry inore power on
that side during the initial part of the run to help offset weathercocking
tendencies (Fig. 15-8). As the airspeed picks up and steering improves,
increase to full power on both engines. This is helpful even for airplanes
with a steerable nosewheel.

You'll have to watch your throttle handling if the engines are supercharged
—you might overboost them —and the check pilot will remind you to
check the mp gage as power is applied. Most instructors recommend



keeping the airplane on the ground until you reach a speed of V„, (single-
engine minimum controllable speed) -(- 5 K.

Shortly after takeoff the fun begins. You raise the landing gear and set
climb power (throttles back first, then props!). One of your most frustrating
experiences will be trying to synchronize the propellers when you are busy
getting set up for the climb. (Wait until you have 500-ft altitude before
reducing power.)

I I :—I—^—I—I—
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1 PLOT TEMPERATURE AND PRESSURE ALTITUDE AT A

2 TRANSFER TO B ON 5200 CROSS WEIGHT LINE "J TRANSFER
PARALLEL TO REFERENCE LINE TOC AT

PROPER GROSS WEIGHT 1 TRANSFER TO D ON 0 WIND LINE -S
TRANSFER PARALLEL TO REFERENCE LINE TO E AT

PROPER WIND 6 READ TAKEOFF DISTANCE AT F



2600

2200

20 40 60 to 100 5200 4800 4400 4000 3600 0

10 IS

TEMPERATURE "F

GROSS WEIGHT LBS

HEADWINDMPN

Fig. 15-7. Takeoff distance chart.



Fig. 15-8. The use of asymmetric power during the beginning of a
crosswind takeofif.

One tip for synchronization is to u.se sound as much as possible. After
throttling back to the climb mp, move the propeller controls back to the
proper rpm setting. Some twins use a single tachometer with two hands,
which makes the problem a little easier. In addition there may be a
"synchronizing wheel," or indicator, which tells if one engine is turning
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faster than the other. Other twins use two separate tachometers. When
moving the prop controls back, try to keep them in the same relative
position to each other (don't worry —you won't the first few times). Use
one tachometer hand as a "master" and note the relative position of the
other. If the other hand is at a higher rpm, ease its prop control back until
the "throb" sound has disappeared. This throb is your indication of degree
of synchronization —the faster the pulse, the greater the difference between
the rpm of the two props. Use common sense, of course; you could pull one
prop so far back that it is in feather and would have no pulsating noise at all
— performance would suffer though. You'll soon be able to smooth out the
props with a flick of the wrist (Fig. 15-9).

Fig. 15-9. Sometimes poor prop synchronization can drive a check pilot to
distraction.

An expression for the maximum climbing power, or maximum continuous
power, is METO (maximum except takeoff). Many engines are limited in
time for full-power operations; this is given in the POH and Engine Manual.



Some of the engines in this class have unlimited time allowed for full-
power operation. The engine manufacturer usually states that while there is
no danger of failure or immediate damage the overhaul period may be made
shorter by abuse of this privilege.

Know the max rate and max angle climb speeds for your airplane —both
multiengine and engine-out.

The airplane will be cleaned up and power set for proper climb, using the
recommended best rate of climb speed. After reaching a safe altitude the
flaps will be retracted, if used, and shortly afterward the boost pumps will
be turned OFF. Check the fuel pressure as you turn off each pump
individually.

Here is a sample checklist for takeoff and climb:

1. 2. 3. 4. 5. 6. 7. 8. 9. 10.

11.

Parking brake OFF.

Mixture controls forward.

Propeller controls forward.

Throttle controls forward.

Accelerate to 80 K (prior to climb).

Retract landing gean

Accelerate to best rate of climb speed.

Climb power set at approximately 400 AGL.

Electric fuel pumps OFF (one at a time)

Cowl flaps set (maintain cylinder head temperature



at or below maximum).

Oxygen ON (above 10,000 ft or lower, as required).

CRUISE AND AIRWORK

After reaching the practice altitude, the check pilot will show you the
proper cruise power setting and leaning procedure. You may have a little
trouble with synchronization again, but this is to be expected. A good
procedure for leveling is to ease the nose over to cruise attitude, using trim
as

necessary and leaving the power at climb setting to help acceleration. As
the cruise airspeed is approached, throttle back to cruise mp and set the
props. After getting the airplane trimmed to your satisfaction, switch tanks
and lean the mixtures using the technique(s) described in Chap. 13 or those
recommended by the check pilot, who may have a method particularly
effective for your airplane.

The check pilot will have you do shallow, medium, and steep turns (up to
45° bank) to get the feel of the airplane. You will stall the airplane in
various combinations: gear-up or -down, flaps at various settings, and at
different power settings. The check pilot will probably demonstrate the
effects of the loss of an engine when you are making a power-on stall. The
best thing is to pull the power back on the other engine and lower the nose
to pick up V„c before reapplying full power.

The check pilot will throttle back or feather one engine and have you
continue to slow up the airplane to V^j so that you will have a graphic
demonstration of the required rudder force and what can happen when you
get too slow on one engine.

Single-Engine IVIinimum Controllable Speed. FAR

23 gives the requirements for V„,^ as follows:

23.149 Minimum control speed.



(a) Vmc; is the calibrated airspeed, at which, when the critical engine is
suddenly made inoperative, it is possible to recover control of the airplane
with that engine still inoperative, and maintain straight flight either with
zero yaw or, at the option of the applicant, with an angle of bank of not
more than five degrees. The method used to simulate critical engine failure
must represent the most critical mode of powerplant failure with respect to
controllability expected in service.

(b) For reciprocating engine-powered airplanes, V„, may not exceed 1.2 V.,,
(where V.,, is determined at the maximum takeoff weight) with —

(1) Takeoff or maximum available power on the engines;

(2) The most unfavorable center of gravity;

(3) The airplane trimmed for takeoff;

(4) The maximum sea level takeoff weight (or any lesser weight necessary
to show Vj,J;

(5) Flaps in the takeoff position;

(6) Landing gear retracted;

(7) Cowl flaps in the normal takeoff position;

(8) The propeller of the inoperative engine —

(i) Windmilling;

(ii) In the most probable position for the specific design of the propeller
control; or

(iii) Feathered, if the airplane has an automatic feathering device; and

(9) The airplane airborne and the ground effect negligible.

You will normally want to attain this speed before taking off so that should
an engine fail you'll have directional control. V„j is marked as a red radial



line on the airspeed indicator.

Later you will have a chance to feather and unfeather a propeller and to fly
around on one engine to check the performance. If possible, you should fly
the airplane at gross Weight and, at a safe altitude, simulate or actually
feather a propeller to see what effect Weight has on performance.

There have been cases where a plane was damaged or destroyed because
commonsense rules weren't followed during a simulated engine failure. It
would be mighty embarrassing to clamber from the wreckage and try to
explain to an irate operator/owner that you "were just practicing single-
engine flight so as to avoid damaging the airplane should the real thing
occur."

CHECKING OUT IN THE LIGHT TWIN
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You'll probably practice slow flight and will slow the airplane to about 10 K
above the stall warning or buffeting point for the configuration used, at a
constant altitude. You will also fly at landing configuration to demonstrate
your ability to fly the airplane safely, niainiaining altitude, speed, and a
constant direction through proper use of power and the flight controls.
You'll fly it long enough in each configuration to demonstrate the
acceleration and deceleration characteristics of your airplane. You'll do
straight and level flight, level flight turns, and climbing and gliding turns ai
slow flight speeds. The check pilot will be particularly interested in your
transitions to and from slow flight. You will a\oid accidental stalls, of
course.

In general, this phase of your transition to multiengine flying is quite
similar to the checkout in an advanced single-engine airplane (except for
the engine-out demonstration). You'll be finding out how the airplane reacts
under normal conditions. The full treatment on engine-out procedures
comes later.

The procedures for leaning at cruise, rough air penetration, and use of the
prop and throttle controls have been covered in earlier chapters. You might



have a little problem with prop synchroni/alion at cruise but will soon work
it out. You should be able to do a good job of synchronization manually
before using the automatic synchronizer installed in some airplanes.

APPROACH AND LANDING

\'ou"ll ha\c a few more items to check than you've been used to and should
use the checklist religiously, pointing to each item as you check it.
Everything mentioned about mixtures, boost pumps, gear, flaps, and props
for the advanced single-engine airplane still applies except that you'll have
two of some of the controls to move. But, again, under normal conditions
the two controls can be handled as one. (Use the main tanks for landing
unless the manufacturer recommends differently.)

Note the gear- and flap-down speed and give yourself plenty of time and
room on the downwind leg and approach, particularly the first few landings.
Check the gear again on final.

The approach and landing will be just like a single-engine airplane except
that you must keep in mind one thing: It's best to maintain an approach
speed above the single-engine minimum controllable speed (V„,). As the
airplane has a comparatively high wing loading, you will be making the
majority of your approaches with some power. This means that should you
have a complete power failure (both engines) you probably wouldn't make
the runway. The chances of both engines quitting are practically nonexistent
(although it's not impossible), but one engine could quit on you. Suppose
you get low and slow (below V„,) and are dragging it in from way back. An
engine fails, and as the plane starts sinking you apply full power on the
operating engine. You'll find that you made a bad mistake by being too slow
—because the directional control is nil with full power on the good engine.
You are too low to nose over and pick up V„, (and then go to best single-
engine climb speed). You might also find that the only thing to do is to chop
the other throttle, turn all the switches off, and hit something soft and cheap.
You can get caught in a trap of your own making.

Even if you are at or slightly above V„,, you'll have to accelerate to best
single-engine climb speed, so take this into consideration on the approach.
Avoid dragged out finals (this goes for any airplane).



Many POHs suggest an approach speed above best single-engine climb
speed (V>„,). More about this later.

For short fields you still should have no reason to get

below V^„, as thai speed is usually low enough to assure that you won't
float before touching down. Again, dragging it around close to or below V„,
is taking a calculated risk, as with the short-field takeoff.

You'll be given plenty of chances to shoot normal and short-field takeoffs
and landings before making single-engine approaches or go-arounds.

The landing roll, taxi, and shutdown procedures of the light twin follow
closely those of advanced single-engine airplanes. The check pilot will
cover any peculiarities of the checkout airplane.

Following is a landing checklist for a fictitious twin:

1. Oxygen OFF (below 10,000 ft).

2. Seat belts fastened.

3. Electric fuel pumps ON.

4. Mixture controls forward.

5. Fuel valves ON, fullest cells.

6. Landing gear (under 150 K) extended, check green.

7. Propellers set.

8. Cowl (laps as required.

9. Flaps set:

Full flap-125 K (max) Vz flap-140 K (max) '/4 flap-160 K (max) 10. Heater
(if used) fan ON. And a postlanding checklist:



1. Wing flaps retracted.

2. Cowl flaps open.

3. Electric fuel pump OFF.

4. Prop controls forward.

5. When completely stopped in a parking spot, check the following items
for shutdown:

a. Radio and electrical equipment OFF.

b. Heater (if used) fan OFF.

c. Mixture controls at idle cutoff.

d. Magneto switches OFF.

e. Master switch OFF.

f. Parking brake OFF.

g. Main volt regulator OFF h. Alternators OFF.

If control locks are not available and the airplane is to be left for more than
a few minutes, secure the control wheel with the safety belt strap. Chock the
wheels and secure tie-downs at appropriate places.

Figs. 15-10 and 15-11 (on the next page) are typical landing distance charts.
Fig. 15-11 is a graphical presentation using niph. The light twin you'll be
flying will use basically the same types of pert'orinance charts as were
covered in earlier chapters and you should be able to use them with little
trouble. Later in this chapter are a couple of figures for twins only
(accelerate and stop disiancc chari and area of decision-go or no go).

EMERGENCY PROCEDURES



The nonpilot may feel that loss of an engine on a multiengine airplane is
either a terrifying disaster or nothing to be concerned about. Experienced
pilots know that the multiengine airplane, if properly flown with an engine
out, has a strong safety factor. They also know that at certain times the
airplane must be flown precisely, and in some cases it is safer to chop the
other engine(s) than to try to continue. New pilots have been killed by the
loss of an engine on takeoff or approach when they believed they could go
around. Ironically enough, they might have survived had the engine quit at
the same place in a single-engine airplane. They would have landed straight
ahead in the single-engine airplane but instead attempted the impossible
because of overconfidence in or ignorance of the single-engine performance
of their twin.

Fig. 15-10. A tabular presentation of a landing distance chart for a light
tw/in.
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Fig. 15-11. Landing distance chart.

Here's where you'll start running into the age-old problem of decisions. You
may end up like the orange sorter who finally went berserk because
"although the work was easy, the decisions finally got me down." As a
single-engine pilot noted, one advantage to the plane with just one fan is
that when the engine quits you don't have to make the decision whether to
go around or not.



So, although multiengine flight is safer—you'll feel more comfortable
flying over rough terrain and at night —you must realize that you earn this
increased safety by learning what to do in an emergency.

One of the first things you'll find is that a windmilling prop can cause a
great reduction in performance, and that gear and flaps cause a problem on
a single-engine go-around.

Another point: Because you've lost half your power with one engine out
doesn't mean that you'll have half the performance. You'll have considerably
less than half the performance and must take this into consideration. For
instance, you remember that the rate of climb is dependent on excess HP.
When you cut power being produced you'll be losing nearly all that excess
HP—what you'll have left will be enough to fly the airplane plus some
small amount of excess power. So, the excess HP is what suffers.
(Unfortunately, there is no way for you to lose the power required to fly the
airplane and keep the excess HP.)

A study of 11 current reciprocating-engine light twins comparing multi- and
single-engine cUmb rates at sea level has reported differences in rate of 10
to 22%. That is, the worst performance was a rate of climb on one engine
only 10% of that with both engines running; the best single-engine
performer had a rate of climb 22% of that with both engines running. The
others fell in between, with the average single-engine climb rate for the
group about 16.5% of the multiengine rate.

CHECKING OUT IN THE LIGHT TWIN
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Your enroute performance will not suffer nearly as much as the climb or
acceleration characteristics, but all phases will be affected. The single-
engine rate of climb is based on a clean airplane with the inoperative prop
in the minimum Drag position—feathered if possible, or in high pitch (low
rpm). Fig. 15-12 is a Thrust horsepower available and required versus
airspeed curve for the light twin in Fig. 2-50, with both engines operating
and with one feathered at gross Weight and sea level. Notice that even with



a prop feathered the THP required is greater than normal because of control
deflection, loss of efficiency, etc.
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Fig. 15-12. Thrust horsepower available and required versus airspeed for a
light twin in both twin and single-engine flight. Gross Weight at sea level.



Looking at the excess HP in Fig. 15-12, you can see that with both engines
operating there is about 240 THP in excess of that required at the best rate
of climb speed of 100 K. Using the equation for rate of climb and assuming
an airplane Weight of 5000 lb, the rate of climb = (EHP x 33,000)/ Weight
= (240 x 33,000)/5000 = 1584 fpm.

DEAD ENGINE

RUDDER LIFT

Checking the single-engine situation in Fig. 15-12, you can see that about
45 excess THP is available at the speed for max rate of climb (90 K) in that
condition: (45 x 33,000)/ 5000 = 297 fpm.

You can climb 297 fpm in this airplane at gross Weight at sea level under
ideal conditions. (Turbulent air and/or a higher density-altitude can wreak
havoc.) This gives a single-engine rate of climb of 18.75% of the rate with
both engines operating. You can imagine what percentage of normal rate of
climb you'd have at gross Weight on a hot day with an engine out, the gear
and Raps down, and a windmilling prop. You would likely end up with a
negative rate of climb.

The lighter llic airplane's load, the better the single-engine performance.
Bui even an airplane at light weight doesn't have much get-up-and-go with
a lot of garbage hanging out in the slipstream.

SINGLE-ENGINE CONTROL

More about V^„ . single-engine minimum control speed means just that;
V„, has to do with control, not performance. Pilots new to twins sometimes



think that as long as they maintain V„, the airplane will have climb
performance. As will be shown shortly, holding the published V„, does not
always mean thai cotiirol is maintained, either.

First, take a look at a situation where an airplane is clean and loses an
engine. The pilot is determined to maintain control with the wings level (it
seems more orderly that way) and Fig. 15-13 shows some of the yawing
forces and moments involved.

Looking at A in Fig. 15-13, you see that the airplane yaws around its CG.
The moment created by the thrust of the operating engine must be balanced
by the moment the pilot created by (fully?) deflecting the rudder. In B,
when the CG is moved aft, the arm is shortened and the airspeed required
for directional control increases. (V„, gets higher with a rearward
movement of CG.) The rudder is producing sidewise "Lift" when deflected,
and the shorter arm requires a higher rudder "Lift" (more airspeed) to
maintain the same moment.

Fig. 15-14 shows that banking the airplane about 5° into the operating
engine results in a slip. This has the relative wind hitting the fin and rudder
at a greater angle, increasing the control effectiveness.

Note that earlier in the chapter, in the FAR 23 requirements, the
manufacturer had the option of banking not more than 5° when establishing
V„,. .Since the manufacturer would like a low V,„, you can pretty well be
assured that the test pilot used a bank in establishing that figure.

DEAD ENGINE

RUDDER LIFT



Fig. 15-13. A. Yawing moments in wings-level flight. B. Note that moving
the CG rearward hurts directional control (raises the minimum control
speed).

TURNING

I

WEIGHT
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Fig. 15-14. Banking into the good engine about 5° can increase control
effectiveness (lower V„c)-a simplified look at what happens. (Bank and slip
effects exaggerated.)

When the airplane is banked, the slip occurs because a component of
Weight is acting along the wing (similar to the idea of a wing-down cross
wind approach). The heavier an airplane, for a given angle of bank, the
greater the Weight effect and the lower the V^,c- You'd figure that the
lighter you fly the airplane, the lower the V„,, but it doesn't work that way.
Of course, the discussion here is about control; added Weight would hurt
performance.



Figure 15-15 shows an exaggerated example of the effects of added Weight
on V„(.. As far as the 5° bank is concerned, the greater the Weight, the
larger the component of Weight acting toward the operating engine and the
greater the sideslip (and more eftective rudder and fin to help fight the
turning into the dead engine). The added Weight shown helps control but
performance will suffer. Best control and best performance are separate
items requiring different banks. (After the airplane is under control, you'll
shallow the bank as necessary to maintain a zero sideslip, but more about
that later.)

Increased altitude lowers V^c- This makes sense because the
nonsupercharged engine loses power (and Thrust) with altitude, and the
moment created by that operating engine is less. If you deflect the rudder
fully you'll need less dynamic pressure (lower airspeed) to counter the
yawing moment created by the less-powerful engine. This, however, can be
a trap. Fig. 15-16 shows that while V„c (IAS) decreases with altitude, the
single-engine stall speed (IAS) stays the same for a given Weight. The
airplane will stall at the same IAS at 10,000 ft density-altitude as at sea
level (see Chap. 4).

The decreasing V„j soon meets and crosses the power-on stall line. You
may find that at some higher altitudes (usually 3000 to 4000 ft MSL) the
airplane will stall before getting to V„(. When you and the instructor are up
there with one feath-

ered, and are slowing the airplane up looking for V„c, you could get a stall
with very bad rolling tendencies. Fatal accidents have occurred on training
flights when people got surprised. The main thing to do is get the power off
that operating engine and use rudder opposite to the roll and also brisk
forward wheel.

Accidents have also been caused by mishandling the operating engine. Such
an instance is when full power is being used on



Fig. 15-15. The effect of increased Weight in lowering V™ (constant bank).
(A) The spanwise component of Weight and sideslip effect is greater at
5000 pounds (Y) than at 3000 pounds (y). (B) The angle of sideslip is
greater at the higher Weight. (Angles of bank and sideslip exaggerated.)
Note that the added Weight hurts performance as does too much (or any)
sideslip. {The Flight Instructor's Manual)

Fig. 15-16. Single-engine stall speed and V„, (IAS) versus density-altitude
for a fictitious twin.

that engine to get to the airport, and after the runway is made, you suddenly
jerk the throttle back. You could be holding hard rudder and aileron as
necessary to keep the airplane under control, and if the throttle of the
operating engine is abruptly closed, the prop fiat-tens out and radically
increases Drag on that side. Now you have a strong yawing force in the
same direction in which you are holding rudder! You can see that the
contrast would be greater if the propeller of the inoperative engine were
feathered, or at its lowest Drag condition, compared with having that engine
carrying some power

VssE. The manufacturers have established an "intentional one-engine
inoperative speed, Vsje," which can be remembered as a safe single-engine
speed. V^^^ is several knots above V^^ and is listed in the POH. Different
twins have different safety margins for Vsst (one twin uses 12 K and
another uses 6 K above Vmc. so you should check the POH for each
airplane). Your instructor will limit deliberate engine cuts to V^jt and
above, when demonstrating V„c- ^sx continuous power will be set on the
operating engine, reducing the airspeed at about 1 K per second until
directional control starts being lost or a stall nibble occurs.



Roll Factors. Fig. 15-17 shows the approximate Lift distribution across a
twin with an engine windmilling and max continuous power on the other.
Induced flow from the operating engine adds to the freestream velocity. A
windmilling propeller can disturb the airflow over the wing behind it.

Okay, so you'll use aileron (with rudder) to counteract the roll and also to
establish the 5° bank into the good engine, as

Fig. 15-17. Lift distribution of a fictitious light twin with a windmilling
right engine.

noted earlier. This may take a fair amount of aileron deflection, and you get
the problem of adverse yaw. This tends to turn the airplane into the dead
engine, requiring more rudder. But banking into the operating engine
certainly helps in maintaining directional control. It's possible, though, to
get a bank so steep, with a resulting increased angle of flow, that the rudder
and fin "stall" and you'd lose control that way. Dihedral effect also will
work against the bank.

Another factor working against the bank you set up is the fin and rudder
above the centerline of the fuselage. You then have the airflow "striking"
the side of those surfaces, tending to roll the airplane out in the opposite
direction (see Fig. 10-57).

SINGLE-ENGINE PERFORMANCE

Performance. Performance will suffer from the directional and lateral
control requirements because asymmetrical flight, such as the sideslip used
for best control, greatly increases Drag and hurts climb performance.

The bank required for best performance (climb) may be approximately half
of the 5° example used for control, depending on the airplane. (Remember,



get the bank in immediately to maintain control when that engine fails,
because if you lose control, there won't be a need for performance.) After
lateral/directional control is established, the bank is shallowed as necessary
to get a zero sideslip for performance.

Your instructor might demonstrate the following at a safe altitude. Put a
yaw string on center of the nose where you both can see it. (It's best to do
this on the ground before the flight.) Feather or set zero thrust on one of the
engines. After looking around for other airplanes, set up a climb at the
single-engine best rate of climb speed (Vvse)> starting about 200 ft below
your chosen altitude of, say, 4000 ft MSL. Use max continuous power on
the operating engine. The extra 200 ft allow the climb to stabilize, so that as
you reach the reference altitude you can start timing with a stopwatch or a
sweep second hand. Keep the ball centered and the wings level if possible.
Don't pay any attention to the yaw string. Maintain Vysf, and after 200 ft of
climb or 3 minutes, whichever you prefer, check the rate of climb.

Descend back to 200 ft below the starting altitude used before and start the
climb sequence. Use Vyst, and time the same climb segment, only this time
set up a bank about one-half ball width into the operating engine and keep
the yaw string centered. The immediate reaction of the ball in the turn and
slip, or turn coordinator, is to move away from the dead engine as the yaw
starts, and you'll be fighting this. The chances are that this second time
you'll see a measurable improvement in the single-engine rate of climb.
With the zero sideslip, you have set up a cleaner condition, so that Drag
(and required HP) is at a minimum for existing conditions.

Engine Failure Enroute. This is usually the least critical place for engine
failure (except during taxiing or warm-up) but can lead to trouble if things
are allowed to progress too far.

The check pilot will usually pull an in-flight emergency on you after you've
had a chance to get the feel of the airplane. The procedure to follow in the
event of an engine failure will be demonstrated and, after you have had a
chance to run through it several times, the check pilot may quietly turn the
fuel off on one engine in order to catch you by surprise. This is not done to
see how badly you can foul up but, like the primary instructor who used to
give simulated emergencies at unexpected times, it's realistic training. It's a



lot different to watch the check pilot pull back one of the throttles (you'll
know immediately which engine is going to be "bad") than suddenly to
have one of the engines quit (which one?). You'll
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find that no matter how hard you've practiced or memorized the procedure,
you'll be all thumbs and feet in the cockpit the first time one stops when you
aren't ready for it.

Some instructors, however, argue against turning ofiF the fuel because of
possible restarting problems. They say that the check pilot can cover the
power control quadrant with a chart and pull one of the mixtures.

The biggest problem at first is knowing which engine is out. In flight you'll
have more time to judge and make a decision. If you feather the wrong prop
on the check ride — well, you can always take the flight test again. What is
needed is caution with some speed of action, but make sure that the
decision is a good one. Better to be a little slow and be right, than to be fast
but wrong.

To go through a typical case: an engine fails. You can't tell which one
immediately by looking at the tachometers. Remember the constant-speed
prop will tend to flatten pitch and maintain the chosen rpm. As long as the
prop is windmill-ing the engine is still acting as a pump and the mp will
tend to stay at the former indication. Although a slight change may
immediately occur, it's hard to tell at a quick glance just which mp hand did
the moving. However, as the airplane begins to slow down, the constant-
speed propeller of the dead engine can no longer maintain rpm. (The
governor continually flattens the blades to maintain rpm, but the low pitch
Hmit is finally reached.) Because the dead engine is still "making the
motions," movement of that throttle will still result in mp change but no feel
of power variation as would normally be expected. One visual indicator is
the ball in the turn and slip or turn coordinator. The ball, because things are
amiss, will tend to move away from the engine that's causing the problem.
But to be on the safe side, you should take the following steps before
feathering.



Advance the engine controls for both engines in this order: mixtures, props,
throttles. You will be needing more power on the good engine and, as you
have not definitely ascertained which is good or bad, will move all engine
controls forward. Some engines are limited in the time allowed for full
power, and you will not want to leave the power up too long. But get in the
habit of increasing power on both engines (of course, you will actually only
be increasing the power of one engine but you'll be sure this way).

Now the problem becomes one of definitely isolating the bad engine.

So, an engine has quit. Remember, working foot — working engine.

This means that the airplane will yaw when power is lost on one engine.
You will consciously or unconsciously try to hold it straight, which requires
the use of rudder—and that foot is the working foot. Therefore, that engine
is working okay. You can use this idea: loafing foot — loafing engine. This
is a better memory aid because it automatically directs your attention to the
engine that will be needing the procedures.

For instance, let's say it requires right rudder to keep the airplane straight (it
wants to yaw to the left). Your left foot and the left engine are not working.
Do you feather the left prop as soon as you can get your grubby little hand
on the control? You do not! First, you pull the left throttle back. If the left
engine is dead as you figured, nothing will happen — no change in power
effects or sound or feel of the airplane. If somehow you made an error in
feel of the rudder and the left engine is the working engine, you'll feel and
see the loss of power and discover the mistake before feathering the good
engine.

FEATHERING. The Order of engine control usage for feathering varies
among airplanes but may generally be given as this: (1) throttle back to idle,
(2) mixture at idle cutoff, (3) prop control into the feather detent.

In an actual engine failure at cruise, don't be in too big a hurry to feather.
After you've discovered which engine is the

culprit, you might turn on the boost pump for that engine (or better still,
turn on the boost pumps for both engines to make sure). You can also



switch tanks and check for other problems (carburetor or ram icing will
generally hit both engines more or less equally). You richened the mixture
when the engine controls were moved forward.

Okay, so you've checked everything, but the problem still exists and it looks
like you'll have to feather it. If you make a thorough check during the
simulated failure you might discover that the check pilot has turned the fuel
off, but you'll go ahead with the feathering procedure for practice.

The oil-counterweight propeller must be rotating in order to be feathered. If
the engine "freezes up" before the prop is feathered, you'll have some flat
blades out there giving lots of Drag and there won't be anything you can do
about it. If, under actual conditions, the oil pressure is dropping or has gone
to zero and the oil and cylinder head temperatures are going up out of sight,
you'd better feather while you can.

After the prop has stopped, trim the airplane, secure the dead engine mag
and boost pump switches, and turn off the fuel to that engine.

Under actual conditions you will want to land at the nearest airport that will
safely take your plane. This is no time to be landing at an extremely short
field with poor approaches to the runway. On the other hand, don't figure on
finishing the last 400 mi of your trip either.

CARE OF THE OPERATING ENGINE. Now that you have feathered the
propeller, you are once again a single-engine pilot. You are interested in
taking care of the operating engine —you don't want to be the pilot in
command of the only twin-engine glider in the area.

There are two ways to combat possible engine abuse: airflow and richer
mixture. If you throttle back and slow down, you're decreasing the airflow
and in some light twins, throttling back automatically leans the mixture as
well.

Watch the cylinder head temperature (if available) and the oil temperature
carefully. It's a lot easier to keep the engine temperature within limits than
to cool it after things have gone too far. Open the cowl flaps on the
operating engine as necessary.



If you are above the single-engine ceiling, you will lose altitude after the
failure of one engine. If the engine gets too hot, you also may have to ease
some power and make a slight dive to get increased airflow if altitude
permits. Manufacturers check their engines for cooling at gross Weight, best
rate of climb speed, full power, and full rich, so unless you really get wild
with the good engine, you'll have no problem with it.

LANDING WITH ONE ENGINE (ACTUAL EMERGENCY). A twin-
engine airplane with an engine out is an airplane in distress, no matter how
glowingly the manufacturer describes its single-engine performance. You'll
certainly let the tower know your status. They may see it as you enter the
pattern but give them a little advance notice so they can do some traffic
planning. You'll certainly have the right-of-way —unless somebody else has
both engines out. At an uncontrolled field you might let Unicom know that
you have one out — other pilots in the pattern on that frequency will give
you plenty of room. It's a sad fact that many pilots would literally rather die
than let anybody know that they may have a problem. There have been
many cases of serious or fatal accidents being caused purely by
stubbornness. Don't be afraid of being joshed by fellow pilots for asking for
precedence or preference in an unusual situation. Your passengers have
more or less blindly entrusted their lives to YOU and you have no right to
risk them to save your pride. The pros will congratulate you for recognizing
an unusual situation; the amateurs are the ones who scoff.

Enough of the philosophizing. You are interested in landing on t\\t first
approach. Don't fly in such a manner that you get low and slow and have to
apply full power to get to the

f CHECKING OUT IN THE LIGHT TWIN

189

runway. You might find that it will take tnore power than you have
available to drag the airplane up to the landing area — which brings up
another point: don't lower the gear and flaps until you are pretty well
assured you'll make the field.



Some older light twins that use hydraulic pressure for actuating the gear and
flaps may have only one engine-driven hydraulic pump (usually on the left
engine). Should this engine be the one that is secured, you'll have to
remember to hand pump the gear and flaps down. This may take some time,
so give yourself plenty of leeway on final. Forgetting to do this is one of the
most common errors of the new twin pilot during simulated engine-out
maneuvers at altitude. You make a good pattern and use good headwork
until the time comes to lower the gear and flaps. You've got a good final, so
you push the gear lever down but forget about the necessity for hand
pumping. Valuable seconds go by before your realize that in an actual
approach you would have to start pumping —and pronto! Many a new pilot,
making a simulated approach at altitude with the propeller feathered on the
engine-driven hydraulic pump side has "landed gear-up" at 3,000 ft. This
could cause certain inconveniences in an actual landing —so do it right the
first time to avoid a potentially dangerous situation.

Keep your approach speed above the single-engine minimum controllable
speed (Vmc) until landing is assured. You can get yourself into "coffin
corner" by slowing it up too soon below V„,; if full power is needed for any
reason, you may lose control of the airplane. Most twin-engine instructors
and POHs recommend that the approach be made at least Vy^ffor best
chances of a successful go-around if needed. (Not too fast, though.)

A good single-engine approach is one that requires gradual throttling back
of the good engine as you approach the field. As you throttle back, take care
of the rudder trim so that when the power is off the airplane will be in
trimmed flight. Some pilots neutralize the rudder trim on final and hold the
required rudder pressure with one foot. This is good except that if a sudden
go-around is required things could get complicated, as the pilot will get no
help at all on the rudder and must quickly trim the airplane while executing
the required steps.

Another common mistake for the new twin pilot is being much too high on
a single-engine approach. If you overdo the idea of not being low, you can
be .so high and fast that when the flaps are extended you balloon to new
heights of glory and have to take it around —o/j one engine. (This makes
for problems!)



The perfect single-engine approach is one that allows the pilot plenty of
time to correct for crosswinds and to get the airplane in the landing
configuration. So, an approach that requires a slight amount of power (with
gradual reduction) all the way around is much better than a high, hot, and
overshot one. You'll do better if the pattern is close to normal (gear down on
downwind leg), but flying a slightly closer pattern and delaying flap
extension as compared to a two-engine approach. No radical maneuvering!

This is a time when the checklist is most important. The good engine should
be taken care of, so make sure that the mixture is rich, boost pump on, and
fuel on best tank. A double check of the gear is important. In the stress of
the moment you may overlook it if the checklist isn't used. Make sure the
prop is in high rpm (low pitch) in case you should have to go around.

As noted earlier in the chapter, abrupt throttle closing on the operating
engine could cause loss of control in an unexpected direction. Figure 15-18
shows what could happen with a feathered propeller. The airplane is heavily
loaded and has lost an engine. The pilot is carrying full power on the
operating (right) engine and is holding full rudder and/or trim to cope with
the problem (Fig. 15-18A). The pilot makes the approach and sees that the
plane is too high and jerks the operating engine abruptly to idle. The right
propeller goes to the flat-pitch limit in an attempt to maintain the earlier
rpm, and now the Drag on that side is very high. The sudden high Drag plus
the rudder or trim being to the right (probably/w// right) can cause an
instantaneous and uncontrollable roll to the right, opposite to the earlier
tendency. The chances of recovery in this situation would be very slim
indeed.

TAKING IT AROUND ON ONE ENGINE. It may be that after careful
planning on your part somebody taxis out on the runway just

THROTUE URUPTir CLOSED - HO* FUll LOW PITCH-



Fig. 15-18. A. Full power is being carried on the operating engine. B. When
the throttle is abruptly closed the prop flattens into full low pitch and the
Drag situation is as shown. This could set up an uncontrollable roll to the
right with fatal results.
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as you are on final, or for some other reason you must go around. Once
you've decided to make the big move —the sooner the better! The sooner
that power is applied on final, the more airspeed and altitude you'll have.

Don't ram the throttle open, as this will cause directional trim problems.
Ease it open and retract the landing gear (you may have to pump it up).
Flaps up gradually. Don't try to climb too soon — remember that you must
attain and maintain the best single-engine climb speed. If you start the go-
around early on final, you may use a small amount of altitude — after
opening the throttle and cleaning it up —to help attain the best single-
engine climb speed if you've dropped below that number. Remember that
flaps require the use of vital HP, so don't be too slow about getting them up.
The makers of several light twins recommend that the flaps be retracted
before the gear in a go-around. Check the recommended sequence of
cleaning up for your airplane. One-engine go-arounds are extremely risky,
no matter what light twin you are flying. Obstructions ahead might make it
better to land anyway, even if you did forget to lower the gear (and realize it
at the last second).

One POH notes the following approximate penalties in rate of climb:



Landing gear extended —350 fpm

Flaps extended 10° —50 fpm

Flaps extended fully —450 fpm

Inoperative engine propeller windmilling — 250 fpm You can see that with
gear and full flaps extended and a wind-miUing propeller the penalty can be
1050 fpm.

Engine Failure on Tal<eoff. You may wonder why we've waited so long to
be talking about engine failures on takeoff. It might seem more logical to
talk about this first and then go into the in-flight emergencies. The fact is
that you won't cover takeoff engine-out procedures until you've had plenty
of practice in the air and have a good idea of the principles of single-engine
flight.

There's no doubt about it, during takeoff is the most critical time to lose an
engine. The plane is at its heaviest and the airspeed and altitude are low.
This is the time for cautious haste. You won't have a great deal of time but
will have enough to make a decision.

Lower the good-engine wing as soon as possible to maintain control (Fig.
15-14). Control is first, performance next. In fact, if you had a yaw string
on the nose, a 15° sideslip into the good engine (the string deflected about
15° from center, toward the inoperative engine) results in best control— but
not best performance — for some light twins. When things are under
control, then set up zero sideslip (your string straight and ball deflected
approximately one-half width toward the good engine) for best
performance, as in the single-engine climb experiment discussed earlier.

The check pilot will give you a single-engine emergency on takeoff by
throttling one engine back to zero Thrust and you will go through the
necessary recovery actions. You will probably be given simulated takeoff
emergencies and engine-out approaches at altitude, where you can actually
feather a prop, before simulating one close to the ground with zero Thrust.



Always pick up the best single-engine climb speed as soon as possible after
lift-off and then assume the best twin-engine climb speed. Don't accelerate
above the twin-engine climb speed; altitude is much more valuable than
added airspeed.

VvsE. the best single-engine climb speed, is a blue radial line on the
airspeed indicator for airplanes type-certificated earlier. Future certificated
airplanes may require a blue sector showing an IAS for Vvse at sea level
and extending to the IAS for Vvse at 5000 ft density-altitude or higher, as
required by FAR 23. VxsE, the best single-engine angle of climb speed, is
not marked on the airspeed indicator. You'd use this until obstacles were
cleared and then assume VysE.

One thing is sometimes overlooked — if an engine quits on takeoff you do
not always take it around. Most new pilots have drilled themselves so
thoroughly on what to do that they forget that there are things not to do,
also:

1. If an engine quits before leaving the ground, close the throttle on the
good one, taxi back to the hangar, and complain.

2. If an engine quits after you become airborne and there is enough runway
left (and your gear is still down), always close the throttle on the good
engine, land, go back to the hangar, and complain. Light twins on a standard
sea level day at gross Weight need 2000 to 4000 ft of runway (depending on
the make and model) to accelerate to a particular airspeed and stop. Check
your POH for the accelerate and stop distance information. If you are taking
off from a 2000-ft strip and your airplane requires 3000 ft to accelerate to a
predetermined engine failure speed and then stop, you are pretty well
committed to go around after getting much above that speed. Remember
too, that the accelerate and stop distance will increase with an increase in
temperature and/or altitude (higher density-altitude) and wet runways (Fig.
15-19).

Also included in some POHs is accelerate and go information for the
airplane, if an engine is lost during takeoff. Like the accelerate and stop
chart, data is given for various Weights, engine failure speeds, pressure
altitudes, and temperatures. The numbers given note the total distance (feet)



to clear a 50-ft obstacle under the various combinations. For instance, one
twin, taking off at a particular Weight, at a 6000-ft pressure altitude, at a
temperature of 50°F (10°C) with an engine failure at 100 K, will take nearly
16,000 ft (3 mi) to clear a 50-ft obstacle. At sea level standard pressure and
temperature, this airplane requires approximately 1 mi to clear 50 ft. It's
likely that there will be obstacles 50 ft (or higher) within a mile of any
decision point —think about it.

3. If you have lifted off above V„c but have not attained best single-engine
climb speed and the runway is rapidly disappearing—

a. Use aileron and rudder to maintain a bank of 5° against the initial roll and
yaw.

b. Clean the airplane up.

c. Keep the nose down, keep all engine controls forward, and accelerate to
best single-engine climb speed as soon as possible.

d. Remember, loafing foot —loafing engine.

e. Throttle back to check, and after making sure which engine is the culprit,
feather that prop.

f. Maintain the recommended best single-engine climb speed and return and
land (no low, tight patterns).

Covering all possibilities for an engine failure on takeoff would take a set of
encyclopedias. For instance, rough terrain or obstructions well off the end
of the runway might mean it's better to belly it in, even though you have
best single-engine climb speed.

Pilots have been killed when they overrated their ability and their airplanes'
single-engine performance — and forgot about such things as temperature,
turbulence, and altitude effects.

Fig. 15-20 is a simphfied look at the accelerate-stop versus accelerate-go
decision. The POH for the twin you are using may have a diagram like this



with specific airspeeds noted.

One thing overlooked in light twin flight training is that you don't always
immediately feather an engine that has lost power on takeoff. You may need
any power it's still producing for obstacle clearance. To exaggerate, if that
sick engine is producing one THP, that's one more than would be working if
the prop was feathered. You may decide that even though the engine is
giving you some power, the sounds coming from it indicate imminent total
failure and problems in feathering later and it's best to feather right away
and get on with the traffic pattern. The main things are to (1) maintain
control,

ACCELERATE-STOP DISTANCE

CONDITIONS

Flaps 10°

2400 RPM, 32.5 Inches Hg and

Mixtures Set at 160 PPH Prior to Brake Release Cowl Flaps Open

Throttles Closed at Engine Failure Maximum Braking During Deceleration
Paued, Level, Dry Runway Zero Wind

Fig. 15-19. Accelerate-stop distance table. At a Weight of 4800 lb at a
pressure altitude of 4000 ft and 10°C, the airplane will require 3340 ft to
accelerate to 74 K and then stop.

NOTE

Decrease distances 10% for each 11 knots headwind. For operation with
tailwinds

up to 10 knots, increase distances by 10% for each 2.5 knots

(2) clear any immediate obstacles, and (3) set up the best configurations for
a pattern and landing.



UNFEATHERING IN FLIGHT Generally, if an engine is so rough that it
must be shut down, it should remain so. Sometimes restarting an engine
that's cutting up is asking for a fire or a situation where the prop can not be
feathered again. However, for practice purpo.ses, it would be wise to try as
much actual feathering and unfeathering as possible. Again, this will be
done with the check pilot and at a safe altitude. Although you may be leery
of the whole idea at first, you'll find that your confidence in single-engine
flight will be immeasurably raised if you feather and unfeather the propeller
several times and do a considerable amount of flying on one engine.

The method of unfeathering varies between models. Some use normal
starting procedures (turning it over with the starter, the oil pressure
unfeathering the prop as the engine starts) while others have an accumulator
that stores oil or nitrogen pressure for unfeathering.

Whatever method used (which will be outlined in detail in the POH),
remember that the secured engine will be cold because of the airstream
passing over it. If properly primed, the engine will make an easier start in
the air than on the ground because engine oil pressure will start to build up
as the

propeller starts turning, and the prop will move farther and farther out of
feather and start windmilling.

You should take it easy in getting full power back on the engine that was
shut down, particularly if you've been flying in cold conditions. Don't
immediately add full power after getting it started.

After you've read the procedure and done it yourself several times it will be
quite clear.

THE CRITICAL ENGINE. You may hear the term critical engine

and will probably be asked about it when you take the check ride for the
multiengine rating. First, in light twins that have both propellers turning
clockwise as seen from the cockpit (which pretty well covers the U.S. light
twins) the left engine is the critical one. This is because of "asymmetric disk
loading" (see Chap. 2). Fig. 15-21 shows that the yawing force is greater



when the left engine is out, and therefore directional control is more critical
with the loss of that engine. Remember that asymmetric disk loading is
popularly called the P-faclor.

Don't be like some pilots who, when asked by the check pilot why the left
engine is the critical one, answer, "It's because the hydraulic pump is on that
engine on some light twins."

Some light twins have counterrotating propellers, a de-
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Fig. 15-20. The rotation for lift-off is usually done at V„c + 5 K. The area
of decision is between lift-off speed and V^se (and height) and your actions
in that area depend on the runway length and heights of obstacles ahead.



sign that eliminates the problem of a critical engine. (This does not mean
that there is no longer a yaw when an engine quits but that single-engine
performance is the same for either engine.) When both engines are
operating normally (and equally), the "torque" forces are cancelled, with no
need for rudder trim change for climbs, cruise, or dives.

Learning the Systems and Procedures. So far in this chapter attention has
been directed only to items directly concerned with flying the airplane on
local flights with you and the checkout pilot and a light load of fuel. When
you go up for the multiengine flight test and later when you get out on your
own, you'll have to know about the electrical, hydraulic, and de-icing
systems as avionics of your airplane, plus be able to run an accurate weight
and balance, cope with electrical fires, and know engine fire control
procedures. Also, the heating and ventilation system is more complicated
than for the singles you've been flying. You might even find yourself unable
to start the cabin gasoline heater some cold morning when you and your
passengers are turning blue.

Also, you should again take some time to really cope with flying the
airplane and to start expanding your knowledge of the avionics and other
systems. You might sit down in the airplane with the POH and identify
various items that you've been too busy to look at closely. "Fly" a flight
from start to finish in your mind, using normal procedures (but not moving
any controls). Simulate start, taxi, pretakeoff check, takeoff, power change
to climb, level-off with power setting and leaning, descents, patterns,
approaches, landings, post-landing procedures, taxi, and shutdown. You can
later (again not moving any controls) simulate an engine failure on takeoff
and during climb and cruise, and go through feathering and restart
procedures, plus single-engine approaches and landings. It will help you to
feel at ease in the airplane if you can sit in it and make these "dry runs." (If
no one is listening, you might want to make engine noises.)

If you're planning to go on and fly with the military or try for the airlines,
you can set up some good attitudes about learning these more complicated
systems. A light twin hydraulic system no doubt looks very complicated at
this point but, compared with that of a 767, it's simple. But you can, by
studying your system (and maybe reading a little on hydraulics and asking



questions of the local mechanics), get information that can be used later.
This is not to say that you'll have to memorize all the parts and know
exactly where each line goes in order to be a good pilot (since you probably
couldn't do a repair job in flight anyway), but you might have some
alternate ideas for system use should a problem arise.

SOURCES

Thanks to Mr. Les Berven, engineer and test pilot, for his permission to use
notes from his lecture on multiengine aero-

dynamics at the University of Tennessee Space Institute in June 1978.

Also, thanks are extended to Capt. M. R. Byington, Jr. (USN, retired), of
Embry-Riddle Aeronautical University, Daytona Beach, Florida, whose
report. Optimized Engine Out Procedures for Multi Engine Airplanes, has
helped revise downward earlier estimates of the angles of bank required for
zero sideslip (and best climb performance). His flight tests of the single-
engine performances of a Cessna Crusader, Piper Seminole, and Beech
Baron 58 at various banks have shed much light on a subject that needs to
be resolved for all multi-engine airplanes.
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Fig. 15-21. An exaggerated comparison of forces showing that from a
control standpoint it's worse to lose the left engine.
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Problems

and

Emergencies

When you became a private pilot you were "on your own" — no more
check rides or sweating out sessions with an instructor. You became free to
establish as many bad habits as you pleased —and like most of us, probably
set about it very soon. If you fly your own airplane and keep up the
minimum take-offs and landings in the required period, you may legally fly
for 24 mo and hundreds of hours without benefit of dual. Your passengers
have blind faith in your ability; they don't know whether you've been up
recently with an instructor or that you haven't had a check ride since your
Curtis Robin was new way back when. If everything goes normally there's
no sweat, but if it doesn't, you may have a hard time finding passengers to
share the expenses on your trips. If your flying is shaky enough, even the
uninitiated will begin to suspect that all is not well. Gone are the days when
pilots boasted of the number of planes they'd damaged during their careers.

Sure, you've been shooting landings every chance you get, and this is
particularly enjoyable in the late afternoon when the air is calm. Takeoffs
and landings are fun, and you can learn a lot in a good session. But there are
other phases of flying, too. For instance, when was the last time you made a



power-off approach? Do you have a good idea of the airplane's approximate
glide ratio, clean and dirty?

Every once in a while you should drag out the POH and go over the
emergency procedures again. You'll be surprised how much you have
forgotten since the last time you reviewed them.

This chapter will bring up a few points on both low- and high-altitude
emergencies and enroute problems.

ROUGH OPERATION OR LOSS OF POWER

The rough running discussed here is not the "automatic rough" that the
engine always jumps into when you're flying over water or rough terrain.

Okay, so the engine really starts to run rough —now what? It's a
complicated piece of machinery and the trouble could be caused by any one
of a thousand things —but a large percentage of problems are caused by a
very few items — namely, carburetion, fuel management, and ignition.
You'll want to analyze the problem and, if possible, correct it.

Carburetion. This term covers the fuel-air mixture delivered to the engine
cylinders —whether using a carburetor or fuel injection.

CARBURETOR ICE. One of the most common problems for carburetors is
plain old-fashioned ice. However, if you've let icing go so far as to cause
the engine to start running rough, you've really been asleep. You know that
carburetor ice gives warning by (I) a decrease in manifold pressure (mp) in
an airplane with a constant-speed prop or (2) a decrease in rpm for the
fixed-pitch prop. It's quite possible that carburetor icing in a light trainer
can progress to a point that full carburetor heat won't undo the damage. It's
a vicious cycle: the heat capacity naturally depends on the engine, but the
engine is sick because of the ice and the carburetor heat suffers. The engine
may quit and there you sit with a windmilling propeller. So you fell asleep
and now must pick a field. Leave the carburetor heat full on as you try for
the field. There may be
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enough residual heat getting into the carburetor to clear out the ice before
you have to land. You pulled it on and nothing happened right away, so
what may be needed is a little time. This doesn't mean that you won't be
picking a field and preparing for an unscheduled landing —because the
residual heat may not do the trick. Don't count on it and sit up there with
your head up and locked.

One thing of importance about carburetor ice if you don't have a carburetor
air temperature gage —when you discover you have ice, use full carburetor
heat to get the garbage cleaned out. It's suggested by a major engine
manufacturer that if the airplane doesn't have any sort of induction air
temperature gage (and carburetor ice is suspected) you'd best use either full
heat or none, since you don't know the temperature you're setting up for the
carburetor. Icing can be induced at low temperatures where moisture in the
air is in crystalline form. These particles would pass on through the
carburetor without problems except that partial heat melts them and they
refreeze on the cold metal of the throttle plate. At temperatures of I4°F and
below, any moisture in the outside air is frozen and heat shouldn't be used.

On some of the older higher-performance lightplanes the carburetor or
manifold heat is very effective, and the air going into the carburetor may be
raised up to 200°F by application of full heat. The use of full heat will cause
a power loss and could cause detonation at high power settings.

Remember that the ice will collect around the butterfly and jets of the float
carburetor.

Your job will be to use carburetor heat and open the throttle if it looks as
though the ice is getting ahead. When you open the throttle you've made
sure that the butterfly valve is opened so that the fuel-air mixture has a



better chance of getting through to the engine. Icing can give you more
trouble at part- or closed-throttle operation —it will take less ice to cut off
the fuel-air mixture from the engine. You remember this from your student
pilot days when you used carburetor heat before closing the throttle for a
glide. More power means more carburetor heat available for use.

Normally, though, you'll apply heat as needed and won't increase the power.
With a constant-speed propeller you don't want to just ram the throttle wide
open without thinking you might overboost the engine.

As you know, carburetor ice is not as much a function of low temperature as
it is of high humidity. If the outside air temperature is quite low the air will
be so dry that carburetor ice will be a lesser problem.

Anytime you are more or less smoothly losing mp or rpm, use carburetor
heat or alternate air (assuming you don't have a creeping throttle). Here's
the typical situation: You notice that the mp is lower than it should be, you
haven't climbed, and it looks as though you might have ice. Suppose that
you were carrying 24 in. of mercury for cruise, but it has dropped to 22 in.
You apply heat and the mp drops to 21 in. because of the less-dense air
introduced. After a few seconds the mp picks up the 2 in. it lost so that the
gage registers 23 in. When you push the heat off it will again be up to 24 in.
But if it iced once it will do it again; you'll have to experiment to get the
right setting. (It may be full heat if there's no CAT gages.)

When you use full carburetor heat and send the warm, less-dense air
through the engine, the mixture will be richer. At cruise you'll lean the
mixture to smooth out operations. (Don't use heat for takeoff or climb
except in Arctic operations. You'd be checked out about the proper
procedure if you were flying in that area.) After you ease the heat off, you
readjust the mixture to a richer setting, as the denser cold air starts coming
through again.

Some trainers' POHs suggest the use of carburetor heat throughout the
approach and landing. You know by now that a go-around with full heat
cuts down noticeably on perform-



ance. It's possible, too, that detonation could occur on a climb with full heat,
so get heat off as full power is being applied.

If a carburetor air or induction air temperature gage is available,
maintaining a minimum of 90°F CAT at cruise or letdown is seen as one
way to prevent icing.

IMPACT ICING. The fuel injection system has the advantage of doing
away with carburetor ice, but both types of systems may suffer from impact
icing.

Saturated air is the culprit here. Whenever you're flying in rain, clouds, or
fog, and the outside air is near freezing, impact icing may occur. As the air
enters the induction system it may be condensed and cooled to the point that
ice will form at the 90° bend where the air scoop turns to enter the
carburetor or fuel injection control.

Another problem is structural icing on the air intake screen. You may run
into this when flying instruments later. Structural icing on the airplane may
not be serious but could cause a power loss. Fig. 16-1 shows a simple
method of taking care of this problem. When the intake is iced over, the
engine suction will open the spring-loaded trap door and the warm air from
around the engine is drawn into the intake system. Naturally some power
will be lost, as the warmer air is less dense than the cold outside air. But
better to lose some power than all of it.

Carburetor or fuel injection control

Fig. 16-1. An alternate air source.



Freezing rain or drizzle may glaze over the intake also, but you will be busy
trying to see through a glazed windshield and keep a logy airplane flying
and won't have any time to appreciate the automatic features of your
airplane.

Very heavy (nonfreezing) rain may close off the air intake screen so that the
engine loses partial or complete power. If this is encountered, carburetor
heat or alternate air will get most of the power back. (Reset the mixture as
necessary for efficient operation after using carb heat.)

MIXTURE. Occasionally an engine runs rough because pilots abuse the
mixture control —but usually they're aware of this misdemeanor. The two
main problems are (1) a too-rich mixture at altitude and (2) descending with
the mixture set for a high-altitude cruise. Occasionally there will be those
who descend and try to apply full power when in the best economy setting.

You might check to see that the primer is in and locked. This is an often-
overlooked cause of rough running, particu-
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larly at lower power settings. Notice in the fuel system schematics
(carburetors) in Chap. 13 that the primer furnishes fuel to the engine ai a
ditTereni point. The primer fuel doesn't go through the carburetor but goes
directly to the engine at the intake manifold. If the primer control (or primer
pump as it's sometimes called) is not locked, the engine may pull fuel from
this source in addition to that furnished by the carburetor. The engine will
run rich even though the mi.xture control is set properly. In rare cases, such
as overenthusiastically pulling back on the mi.xture control and finding it
pulling out in your hand (and the engine in idle cutotT at 5000 ft AGL), the
primer may be used to stretch the glide, if somewhat erratically. You lease
the throttle at cruise or slightly less, pull the primer out, and give "shots" to
the engine. The power will increase with each shot and decrease to a
windmilling condition when you're pulling the control out for the next try.
Such power surging could be pretty rough on some engines. This technique
shouldn't be used for fun, but it might give you a few hundred (or thousand)



feet of distance needed to make it to an airport in a jam. Check on the
schematic of your airplane fuel system to see the tie-in.

If you have carburetor ice, it is not advisable to richen the mixture.
Carburetor ice tends to cause a richer mixture. You may be heaping coals on
the engine's head if you move the mi.xture control to full rich and throw on
full carburetor heat (which further tends to richen the mixture because the
warm air has less weight per unit volume). There for a split second, you
have the richest mixture in town —and the engine may not like it.

For all other occasions of engine roughness, moving the mixture control
forward is a good idea. A richer mixture means cooler running and more
power, particularly at lower altitudes. You may have overleaned the engine.

Fuel Management

Breathes there a soul so dead.

Who has not shook his head and said,

"Cripes, I forgot to switch tanks!"

There's one thing about running a tank dry —you won't get 5 min of frantic
warning beforehand. In fact, if you haven't been watching the fuel pressure,
your first warning will be a hiccup from the engine —followed by a loud
silence. There is a no more active group than four pilots in a four-place
airplane when a tank unexpectedly runs dry. The front-seat occupants are
both scrambling for the tank selector (getting in each other's way and
tripling the required time to switch tanks) while the back-seat occupants are
shouting advice and maybe trying to get iheir hands into the act. Running a
tank dry is a particularly effective attention getter if the three pilot-
passengers are dozing when it happens. Funny as it may seem, nonpilots are
not as affected by such a practice — they just sit back and quietly tremble.
It's best to throttle back to prevent overspeeding of the engine when the tank
change is made.

Keep up with the flying time on each tank —gages can be wrong. If the
engine quits abruptly or starts losing power, you may have had a leak or



perhaps a stoppage. Don't get the idea because the tank(s) started at full and
the consumption time isn't up that it won't do any good to switch tanks —
it's worth a try. There have been too many accident reports stating, "In the
wreckage it was found that the fuel selector was on an empty tank —the
other tank was full." (Admittedly, it's hard to imagine a tank remaining full
after the solid impact of a crash, but it has happened.)

FAR 23 states, "If a reciprocating engine can be supplied with fuel from
more than one tank, it must be possible, in level flight, to regain full power
and fuel pressure to that

engine in not more than 10 seconds (for single-engine airplanes) or 20
seconds (for multiengine airplanes) after switching to any fuel tank after
engine malfunctioning due to fuel depletion becomes apparent w hile the
engine is being supplied from any other lank."

Some POHi advise that should it be necessary to run a tank dry, it's best to
switch at the first indication of fuel flow fluctuation or power loss and give
steps for best recovery of power (fuel boost ON, etc.). Other POHs, may
suggest that running a tank dry be avoided. Refer to your specific handbook
for suggestions as to whether a tank should be run dry and the procedures
involved.

It has been found that several carburetor-equipped single-engine airplanes
start I to 2 sec after the fuel selector is switched from an empty to a full
tank. Fuel-injected engines of the same general-type airplane took 6 to 8 sec
after the new tank was selected. While the time variance seems small, a
pilot who is used to the carburetor-type reaction could decide that the fuel-
injected engine won't regain power again, start switching back and forth,
and get out of phase with the fuel system; 8 sec can seem a long time —
particularly if the engine has lost power and you delay analyzing the
problem. The point is, the single-engine airplane must regain power within
10 sec in either type of fuel-metering system. In the case of simply running
out of fuel on one tank, you'd use the POH procedure (which may call for
throttling back, turning on the boost pump, and richening the mixture) and
give it a chance to work.

Ignition Problems



PLUG FOULING. The most common ignition problem on the ground and
at very low power settings in the air (extended glides, etc.) is plug fouling.
This often occurs when using a fuel of higher lead content than
recommended. The bottom plugs on a horizontally opposed engine may
tend to be fouled after starting, especially if the plane has been sitting for
several days. Your indication is an excessive rpm drop during a mag check.
This usually can be corrected by leaning the mixture at a fairly high power
setting (1500 to 2000 rpm). Move the mixture back until the first signs of
roughness appear and leave it there for 30 to 60 sec. You are raising the
cylinder head temperature to such an extent that the illegal oil or lead on the
plug tip is burned otT. Naturally it doesn't do the engine any good to be run
on the ground in this way, but it's simpler than going back and getting the
plugs cleaned. Normally, fouled plugs will clean themselves out with
operation, but it may be in the magneto and you just think it's in the plugs.
If the treatment just described doesn't work, don't abuse the engine; richen
the mixture and taxi back to the hangar to find out what's up.

This chapter is about in-flight problems. For plugs to suddenly start fouling
in flight is unusual. In-flight fouling may mean serious piston ring problems
and it's best to land at the nearest airport.

MAGNETO PROBLEMS. If you Start getting a bum mag when you're
right over the center of Gitchygoomy Swamp, there's little you can do in the
way of repairs. Plug or mag problems usually are characterized by almost
instantaneous rough running (or not running). The engine may run smoothly
and then abruptly cut in and out. Unfortunately this instantaneous change is
sometimes a characteristic of certain carburetion, as well as governor,
problems. Generally speaking though, the ignition, by its very principle of
operation, is more apt to cause immediate changes in engine characteristics.

If the engine starts running rough and you are unable to clear up the
problem, start a shallow climb and head for the nearest cleared area or
airport —altitude is very comforting on these occasions.
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Sometimes the engine will start raising a fuss because the rotor in one of the
mags has broken down and is allowing the spark plugs for that mag to fire



at random. This is bad because in a sense there is a continual spark and
every time the fuel-air is injected into the cylinders it gets fired —ready or
not. In effect, the timing has broken down. There's a time for everything
and this ain't it, as the young lady said when discouraging an ardent admirer
during church services.

In this situation (talking about the magneto again), it would be better to turn
off the one mag completely and run on one —that's why you have two
magnetos. If the engine really sounds bad, check the mags to see if this is
the problem.

Loss of Oil Pressure. The average pilot tends to neglect scanning the engine
instruments during flight, looking at them before takeoff and then checking
them once an hour, if that often. It's quite a jarring experience to look
casually at the oil pressure and find that it's gone —the hand is nestled up
against ZERO and you don't know how long it's been there. Well, take
heart; for every instance of actual oil pressure loss, there are several cases
where the instrument is the culprit. There's one way of telling if you're in
trouble: watch the oil temperature gage (and cylinder head temperature if
available). Usually a couple of minutes will tell the tale. If the temperature
doesn't start up it's just the instrument and you can relax —a little. In other
words, just because you have low (or no) oil pressure doesn't mean that all
is lost. But if the temperature starts a rapid rise into the red, you'd better
look for a field in a single-engine plane or start feathering that engine in a
twin. No oil means engine seizure in a very short while.

FIRE IN FLIGHT

The smell of "unauthorized" smoke in the cockpit (no one is smoking) can
get your attention even more quickly than a rough engine. You'll be checked
on your knowledge of what to do in such a case on the commercial or
multiengine flight tests, but you should review the procedures for your own
benefit, even if you plan to stay a private pilot for the next 50 yr. When a
real emergency happens you won't have time to set up a procedure —it
should be already laid out in your mind.

Electrical Fires. You're climbing out of the local airport with a full load of
passengers and baggage. Suddenly you smell insulation burning and/or see



smoke in the instrument panel area. Some pilots panic in this situation.
Airplane control is pretty much forgotten and screaming steep turns are
made back to the airport with gear-up landings following —all because
maybe 20 cents worth of insulation burned. The first requirement is to
maintain control of the airplane. Stalling and spinning at low altitudes is no
way to resolve the problem.

Turn off the master switch in the case of an electrical fire for most
airplanes. Then turn off all electrical and avionics equipment. If you've just
lifted from an uncontrolled airport, return and land, watching for other
aircraft. (Before turning off the master switch you might make a quick call
to local traffic or Unicom to let your intentions be known.) At a busy,
controlled field you'd want to leave the Master and one transceiver on until
off the active runway. Otherwise you'd be gambling the possibility of
expanding the fire against a possible midair collision because no one knows
your intentions.

Enroute, you'd turn the master switch off, turn avionics and other electrical
switches off, and check circuit breakers to see if one popped as the fire
started (leave the CB out). Turn the master switch back on and (if no CB
had been popped) turn on items one by one with a short pause each time.

There are two schools of thought on opening the cabin ventilators:

1. Keep the cabin ventilators closed to avoid fanning the flames. Open them
only after the fire is burned out and the system isolated.

2. Open the ventilators immediately to clear out possible toxic fumes and
also to get the smoke out to expedite the isolation of the culprit. (For
instance, if you turn on transceiver number two and smoke comes back,
there's your problem.)

There are good arguments for both procedures; it depends on the amount of
smoke and whether it is beginning to get to you. The main thing is to have
considered some alternatives beforehand.

Engine Fires. Probabh one of the worst situations you could encounter
would be a full-fledged engine fire while on solid IFR over mountainous



terrain in a single-engine airplane. One manufacturer recommends some
steps in the event of an engine fire:

1. Turn mixture control to idle cutoff.

2. Turn fuel selector OFF.

3. Turn master switch OFF.

4. Establish the best glide distance airspeed.

5. Close cabin heat and cabin air controls. (Open overhead adjustable
ventilators or cabin windows to get ventilation.)

6. Select a field suitable for a forced landing.

7. If the fire is not extinguished, increase the glide speed to try to find a
speed at which combustion cannot occur. The usual recommendation is not
to restart the engine. If one engine of a twin catches on fire you'd naturally
go through the feathering procedure. Fortunately, engine fires are extremely
rare, but that doesn't help when it happens to you. Review the POH.

HIGH-ALTITUDE FORCED LANDINGS

Picking a Field. Here's where you wish you'd practiced more power-off
approaches. Set up the max distance glide speed, use carburetor heat, switch
tanks, and go through the other steps previously mentioned.

Naturally you'll pick the best field available and land into the wind if
possible. Maneuver so that you have a "Key Position" at a point opposite
the point of intended landing, similar to the spot on the downwind leg
where you've been starting the 180° side approaches at the airport. You are
trying to turn an unusual situation into a more familiar one. The Key
Position altitude should be somewhat higher above the ground than the
traffic altitude you've been flying. You can S-turn or spiral to reach this
position, but don't give yourself such a high margin of altitude that you
overshoot —you may be so high that flaps and/or slipping won't be enough.
Establish an imaginary box at the Key Position; the bottom of the box will



be at least traffic pattern altitude and the top no more than 300 ft higher.
The center of the Key Position box should be at approximately the abeam
position on the downwind leg (Fig. 16-2).

You may have been shooting power-on approaches throughout your recent
flying career—this means that your downwind and base legs may have been
much farther from the field than could be allowed for a power-off approach.
This, and the fact that a windmilling or stopped prop gives more drag than
you may have counted on, could result in undershooting. If you have a
controllable-pitch prop, pull the propeller control full back to high pitch
(low rpm).

If the wind is strong the downwind leg or Key Position box should be
moved in slightly, as you would do for any power-off approach.

After you've hit the Key Position, the rest is pretty well
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Fig. 16-2. The Key Position box.

up to you. Hitting a spot is a matter of experience and practice, and there
are no printed "cribs" or "gouges" to help you. Your judgment is especially



important the last 90° of turn into the field. If you are low on base, naturally
you'll "cut across"; if high, you may S-turn past the wind line (Fig. 16-3).

"■ P '/,

?^9.^fea

Too high at base point

Wind

/ \ Too low at ,/"/ I base point

line

Base point

KEY POSITION BOX

Fig. 16-3. Playing the final turn.

\N'hai you definitely do not want to do is get the airplane slow and wrapped
up. That's the best possible way to get into serious trouble. It's a lot better to
fly into something (a rougher field or bushes) with the plane under some
semblance of control than to spin at a low altitude. Many fatal accidents
have occurred when a pilot, under the pressure of an actual emergency, got
slow and tried to rack the plane around. Some

of the higher-performance planes you'll be flying are not as forgiving as the
trainer you flew earlier.



There'll be times when a righthand pattern will be better.

If you don't have shoulder harnesses, have your front seat passenger hold a
map case or a folded coat in front of his or her face, with the feet back —
just in case. Seals locked. Some POHi recommend cracking the door(s)
before touchdown so that they don't jam shut on impact.

Gear and Flaps. With a fixed-gear airplane there is no decision to be made
as to whether the gear should be up or down. It's down and you can like it
or lump it.

For the retractable-gear airplane, you'll have to decide whether it'll be gear-
up or -down on the forced landing. There's a story that some years ago at a
large military training base the cadets were admonished always to land
gear-up in the event of an engine failure —unless they could land on a
"designated military field." This rule was to ensure that the cadets did not
try to land gear-down in pastures or the short civilian fields in the area;
there would be less over-all damage done by landing gear-up. One day on a
cross-country a cadet had an engine failure right over a busy civilian field
(with 8000-ft runways). You guessed it —he made a perfect approach and
landed gear-up in the middle of the busiest runway. Needless to say, the
runway wasn't of much use until the airplane was dragged ofT. The cadet's
story? "But sir, the rules —this wasn't a designated miliiary field." This left
a very frustrated accident board chewing their nails and trying to broaden
the regulations.

You won't have any hard-and-fast rules to go by. If the surface is either firm
and smooth or extremely rough (large rocks, stumps, etc.) you'd probably
be better ofl' to put the gear down. If there are stumps and large rocks, the
down gear will take a large amount of the shock before being torn off. You
remember that the kinetic energy of your airplane is (M/2)V', or one-half
the mass (Weight divided by 32.2) times the square of the velocity. The
longer you take to stop, the better off you are, even if it's a matter of a split
second's difference. If you land gear-up on the rocky or stump-strewn field,
it's possible that the obstacles may start ripping through

the belly while you're at a high speed. In such a situation forget the rest of
the airplane —you'll be wanting to keep the cabin intact, so leave the gear



down. As has been stated about jumping off a roof, "It's not the fall that
hurts, it's the sudden stop."

The following table gives examples of impact speed versus approximate
stopping distance and the longitudinal deceleration forces (g's) resulting
(with g's rounded off to the nearest one-halQ- The stopping (skid) distance
is 20 ft in each case:

Impact Speed (K)

g's

In another example, the stopping distance (skid) is 40 ft in each case:

Impact Speed (K)

g's

Doubling the distance to stop cuts down on the deceleration forces by about
one-half. (An airplane impacting at 100 K and stopping in 1 ft would be the
victim of over 400 g's.) The old idea in a forced landing, hitting the softest,
cheapest object in the area as slowly as possible, still stands.

If you think the chosen field will be soft, generally it's a good idea to keep
the gear up. And naturally for a water landing (ditching) the gear should be
up.

Your decision for gear-up or -down will be based on what you see at the
time. If in doubt about the firmness of a field the usual decision is to leave
the gear up. If it is soft and the wheels sink in, high deceleration forces will
result.

All these considerations, of course, depend on whether you are able to get
the gear down. You should have enough residual hydraulic pressure or
electric power for one cycle anyway (and you may change your mind on the
way down).

FLAPS. Proper use of flaps can mean the difference between success or
failure. A common error in practice emergencies is for the pilot to put down



the gear and use full flaps right away—resulting in an undershoot. Taking
off some of the flaps when undershooting may be too late to do any good —
plus the fact that the sudden upping of flaps causes a temporarily increased
sink rate, especially at low airspeeds.

Use the flaps in this situation in increments; put a little down as you feel
they are needed. If it looks as though the flaps will have to be put down by
emergency means because of the no-power condition, you might be better
off forgetting about them —this is no time to be fumbling around in the
cockpit.

SLIPS. For airplanes without flaps, the slip is the big aid in hitting the field.
If you are on a close base leg and are high, waiting until after turning final
to slip may be too late —you may miss the field because the final leg will
be too short to give you time to get set for a shp.

If it looks as though you'll be crowded, a slipping turn comes in handy. It's a
good way to lose altitude in the turn without picking up excessive airspeed.
You're holding a touch of top rudder and a little aileron into the turn. Don't
hold so much top rudder that the turn is stopped —you still want to land in
the field you picked originally (Fig. 16-4).

Fig. 16-4. The slipping turn.

Flaps and slips don't always mix well. Some airplanes are unforgiving this
way, as the flaps may blanket the tail surfaces in a slip. You might go to



altitude and try the reaction of your airplane to a flaps-down slip and also
talk with some of the local pros. Check your POH, too.

Ditching. Plan your approach into the wind if the wind is high and seas are
heavy. If the swells are heavy but the wind is light, land parallel to the
swells. If you are uncertain of wind direction, remember that the white caps
appear to move into the wind. Land the way the white caps are moving
(unless the swells are heavy).

Obviously the best ditching can be made with landing gear up. A fixed-gear
airplane is not good for ditching, but it is too late to switch airplanes. In this
case you can make the impact as light as possible under the conditions by
the following steps:

1. Use full flaps. It has been suggested that for low-wing airplanes an
intermediate flap setting be used to avoid digging in. The digging-in
characteristics depend on the airplane. The POH may give some advice on
this.

2. Set up a minimum descent glide (power-on or -off as your situation
dictates).

3. Unlatch the door so that it doesn't jam on impact.

4. Don't try to second-guess and flare when you think it's time. You may
level off too high and drop in at a nose-down attitude —this will generally
ensure an unsuccessful ditching. Also if the tail is too low on impact, the
result may be a pitching forward and digging in. It is very hard to judge
altitude over water, particularly in a slick sea.

5. Make sure all the passengers' seat belts are snug (and yours too). If the
airplane is equipped with shoulder harnesses, so much the better. It would
be wise to have your front-seat passenger cover his or her face with a folded
coat if there are no shoulder harnesses available — and you might do the
same at the last second.

Expect more than one impact shock. The airplane may skip once or more
before the final hard shock. You will swear that the airplane has gone



straight to the bottom as nothing but spray will be visible for several
seconds. In witnessing a ditching from the air, the airplane may be
completely hidden in spray for a few seconds (you, of course, won't be
particularly interested in how it looks from the air at this time).

As soon as all forward motion has stopped, leave the
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airplane (ic is assumed that you planned on flying over water and have
flotation gear —or that you are a strong swimmer). The length of time the
airplane will float depends on how empty the tanks are and how much the
airplane is damaged.

It's important to have the wings level when you hit the water—this is no
time to be cartwheeling.

It is very important that you get on the radio as soon as you know you'll
have to ditch. Broadcast "Mayday" and your position on the Emergency
frequency (121.5 MHz). You might also transmit on regular
communications frequencies because you seldom transmit on 121.5 MHz
and don't know if it's working or not. This is definitely an emergency, so
your transponder should be on 7700. Since the transponder depends on line
of sight for pickup, the higher you are when 7700 is initiated, the better the
chance of being seen. Then get back to flying the airplane. A wise move, if
you plan on Hying an e.xtended overwaier trip, is to make sure that the
Emergency and other important transmitter frequencies are working, and
above all—///e a flight plan.

AIM—Basic Flight Information and ATC Procedures has a very good
section on ditching, with illustrations of swell and wind combinations, and
you should read it thoroughly before making that long overwater flight. The
best time to consider emergency procedures is before the flight.



PRECAUTIONARY LANDINGS

In the event of imminent fuel exhaustion, fast-deteriorating weather, or
engine problems, it may be necessary to make an off-airport landing. It's
always best, naturally, to be able to pick your spot while the picking is
good. You should know what to do when you have to land in the
hinterlands; the technique of "dragging the area" is valuable for this
situation.

Basically, this technique consists of picking a field that appears to be able to
take your airplane (gear-down, if possible) and flying a normal pattern and
approach to the area of the field on which you plan to land. Add power and
level off at about 100-ft altitude on final and fly to the right side and
parallel to the landing area. Look over the landing area for holes, ditches,
field condition (high grass, soft,.etc.), and in general look for items that
couldn't have been seen from altitude. If everything looks okay, open the
throttle, climb out, and make a pattern with a short-field approach and
landing. If you see that the field isn't for you on the first pass, repeat this
technique at another one.

During the approach and pass, watch for wires or other obstructions of that
nature. You can't always see the wires but if there are poles check which
way they are running. In the case of wires, look for other poles well to both
sides of the pole line; there may be other wires that would cause you trouble
if you were landing parallel to the known wires.

Your decision whether to land gear-up or -down depends on the points
mentioned earlier in the chapter. You'll have to decide whether things have
gone so far that you may be better off to belly it in to a fairly bad field
rather than take the time to find another one (if you have only a couple of
minutes of fuel left, or if it looks as if the weather will soon go to zero-zero
and you're practically at rock bottom altitude).

If you're not going to be able to make it to an airport, it's better to land at a
field oiyour choice. After you're down, get to a telephone and let the proper
offices or people know of your plight.

LOW-ALTITUDE PROBLEMS



Engine Failure on Takeoff (Single-Engine Airplane). One thing that has
been discussed in many ways throughout this book and during your flying
career is worth repeating: Keep the airplane under control! You can make a

minor turn but keep it shallow. If you have time, cut the mixture, ignition,
and fuel. Turn off the master switch after you've used flaps (electric). Have
the airplane as slow as possible when you touch down. If you are going into
trees, don't stall it out above them but fly into them at the lowest possible
speed, still with control.

If the engine starts running rough after passing the airport boundary (or any
point where it's too late to try to land again), fly straight ahead (if the terrain
and populated area allow) and try to gain altitude without getting too slow.
The engine may quit at any time and at least you'll be headed more or less
into the wind. Ease your way back to the airport. Maintain a safe airspeed.

Open Door. A door opening suddenly during takeoff or in

flight is quite an experience. There is a loud bang as it opens, and the noise
of the air moving past the crack is enough to set up a good case of combat
fatigue in a short while. In addition to the sundry noises associated with
such a problem, the airplane may have tail buffeting or the wing on that side
may tend to drop because of the disturbed airflow.

The usual situation is that the pilot has forgotten to lock the door (it should
be on the checklist) and no problem occurs until the airspeed is such that
the drop in pressure caused by the air moving past the door is enough to
pull it from the latching mechanism —then the fun begins. It seems that the
airspeed required for this is reached just after lift-oft'; the usual setting for a
door opening episide is on a short runway, in turbulent air, with obstacles
ahead, the airplane at gross Weight, and your nervous maiden aunt sitting
by the door.

If the door opens on the takeoff run and there is room to stop, naturally this
is the thing to do. If it opens after lift-off and there isn't room left to land,
keep full power on climb at the normal climb airspeed. In most cases
performance will suffer but the airplane can be flown. Fly a normal pattern
(don't wrack it around), make your approach at a slightly faster airspeed,



and carry the airplane closer to the ground before starting the transition —
more or less fly it on. As was mentioned, the wing on that side may tend to
drop out early. It would help if your passenger would hold the door as
closely shut as possible to minimize the effects.

Your biggest problem will be plain old-fashioned fear. It's a nerve-
shattering occurrence and between the noise and the buffeting, plus
occasional screams from distraught passengers, you could be fatally
distracted. Fatalities have occurred in airplanes that were perfectly capable
of flying with the door open, when the pilot tried to cut corners and spun in.

If you're at altitude and your Aunt Minerva catches her knitting bag on the
handle and suddenly presents you with fresh air in copious quantities, you
may be able to shut the door in flight. Generally, the procedure is to throttle
back to idle, slow and trim the airplane to a speed just above the stall, open
the small storm window on the pilot's side to help equalize the pressure, and
shut the door —and lock it. On some airplanes the storm window can be
held open with your left elbow while holding the control wheel with your
left hand. You can reach over and shut the door with your right hand if
you're by yourself. Needless to say, these gymnastics could be hairy at
lower altitudes.

You may have to land the airplane with the door ajar and should expect
some buffeting during the approach and landing. Usually, of its own accord,
the door will settle on a position of 3 to 6 in. open. If there isn't a pas.senger
available to hold it shut add 5 to 10 K to the approach speed using a normal
approach pattern.

There may be different techniques for your airplane; the main idea is to
bring this possible problem to your attention. Check on your airplane with
other pilots and/or your POH and go over in your mind what to do in such
an event. Better
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to set up a plan now than to have to work something out in all that noise and
confusion.



Seat Belt and Shoulder Harness. There may be a time when you lift off and
are committed (the runway is behind you) and you suddenly hear what
sounds like the engine destroying itself. There is a bang, bang, bang, and
you're sure that a complete power loss is imminent. Check the engine
instruments and maintain control of the airplane as you gain altitude and
decide what might be the problem.

There have been instances of pilots chopping power at the end of the
runway and landing in bad terrain (damaging their airplanes and injuring
themselves) when the only problem was the right seat belt or shoulder
harness hanging out the door and whacking against the fuselage. Such
noises could be engine problems, of course, but you want to maintain
control of the airplane while you check things. When you are flying solo,
fasten that empty seat belt and harness so that this can't happen. (If you
have passengers you should certainly oversee fastening their belts and
harnesses.)

The sound of a rampaging seat belt or harness is usually a steady banging
that may sound like an engine problem but is isolated as to its general
position. Sure, the straps will probably cause minor paint or fabric damage,
but you'd be a lot better flying a normal pattern and landing rather than
opening the door and pulling the straps and/or belt in. The main point,
anyway, is to remind you that control of the airplane is primary in case you
hear such sounds.

Gusty Air, Turbulence, and Gradient Winds, wind

velocities and directions vary with altitude —this is expected — but what's
not always expected is the fact that the wind may change velocity and/or
direction with only a small altitude change. On a gusty day the wind
velocity may change almost instantly; you might be in a tight spot if you're
flying the airplane too close to the stall.

A problem to watch closely is the effect on the wind of obstacles such as
trees or buildings on the windward side of the runway (Fig. 16-5).

Even if the wind is steady and you've been holding the



same crosswind correction all the way down on final, things can go to pot
pretty fast when you get close to the ground. Not only obstacles cause
trouble —but the wind itself could change velocity abruptly. The airplane
feels as if the bottom were dropping out and the air may be extremely
choppy. Adding power (fast!) usually keeps things under control.

There may be a time when you are racing a thunderstorm to the field.
Remember something here, too —the wind may shift abruptly; it can be
very strong one way and when you get all set up for landing, you find that
you are now trying to land cross-downwind. Keep a close eye on the wind
indicator on final when there are thunderstorms in the vicinity or a cold
front passage is expected momentarily.

Wake Turbulence. You may not have had the dubious pleasure of
encountering wake turbulence, but chances are good that sometime you
will.

Naturally, the most critical place to fly into wake turbulence is at a low
altitude and the most likely place for trouble is on takeoff or landing. Give
the big planes plenty of room. Take it around again or ask for another
runway if you think there might be wake turbulence hanging around; the
turbulence may be around for several minutes after the instigator has made
its getaway.

If there is a crosswind, always take off or land on the upwind side of the
runway. After taking off, stay off to one side of the big airplane that's
causing the problem. One hazard in a light crosswind condition (3 to 7 K) is
that one of the vortices is kept over the same position relative to the runway.
(The downwind vortex will be moved even faster laterally.) One vortex may
move over to a parallel runway and cause mischief over there.

If the wind is straight down the runway or calm and you miisl take off, the
following steps are best: (1) don't lift the airplane off until you have plenty
of flying speed — hold it on a little longer than usual but plan to get off
before the point of the big plane's lift-off, since its vortices will begin at the
point of rotation for lift-off and (2) after lifting off make a shallow turn to
one side and then turn back to parallel the runway (Fig. 16-6).



Fig. 16-5. The effects of obstacles on the wind.

Fig. 16-6. Clearing wake turbulence on takeoff.
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Even clearing the runway will be dangerous it' you lake otT directly behind
the other plane with no waiting time. Though you uill gel out of the way as
soon as possible there may be a period when you will be in the turbulence.
Whether you'll have airspeed enough to get through it safely is a matter for
conjecture —so it's best to wait.



It' you are landing behind another plane and the wind is directly down the
runway or calm, you'd be better off to land past the spot it touched down,
making a slightly sleeper approach than usual. Of course, if it overshoots
and lands so far down the runway that reversible thrust was the only thing
that saved it, you'd better take your airplane around rather than land long.

The best thing is to avoid wake turbulence, but you may be caught
unprepared. Again, the most exciting place to get caught is during takeoff or
landing; you're low and slow and don't have ideal control response.



WAKE TURBULENCE ON TAKEOFF OR LANDING. You've jUSt lifted

off and suddenly turbulence makes the airplane go berserk; it rolls violently,
and opposite aileron and rudder have little effect in stopping it. In addition
to the roll the turbulence may try to pick the airplane up or slarri it back on
the ground.

Keep full power on and do not try to climb up through it. Keep the nose
down. You need airspeed. If you are slow when hitting the disturbance
you'll make more trouble by hauling back on the wheel. Don't let it put you
into the ground (if you can help it), but don't get to thinking that you can
pop up through it either —you might end up on your back at 20 ft and get
socked with a violation of Federal Aviation Regulations for putting on an
airshow without permission. Besides, you wouldn't want to land this way as
there are no wheels on the top of the airplane.

When the airplane rolls, try to stop the bank from becoming too steep but
don't attempt to level the wings completely. A turn is needed right now, and
some bank will help you get out of the choppy area. Turn in the direction
that the turbulence tends to roll you.

You may cut some fancy capers at a low altitude and end up flying 45° from
your takeoff heading for a few seconds but you want to get into smooth air
—and stay there. After doing all sorts of graceful and not so graceful rolling
and maneuvering right off the ground because of wake turbulence one day,
a private pilot was asked by the tower if he were in trouble. His answer
became a classic in radio communication, although it resulted in an FCC
violation for "improper language over the air." Tower operators realize that
wake turbulence is a definite menace to lightplanes and warn pilots if there
is a chance of it during lakeoft' or landing.

On takeoff or landing, airspeed is insurance when wake turbulence is
encountered. You may have to deliberately fly a few feet off the ground for
a few seconds until clear of the disturbance.

Wake turbulence is unpredictable; the airplane's reaction will depend on
how you fly into it. Seen from behind, its motion is rotational, but you may



fly into only one side of the vorte.x.

If turbulence is encountered on approach, the best answer is full power.
Keep the nose down, turn out of the area, and go around.

If you suspect there will be wake turbulence during an approach and
landing, keep your airspeed up and literally fly the airplane on. Better yel, if
you suspect that there'll be turbulence on approach or landing, take it
around —always. When you take off or land into a known area of
turbulence you're betting a large repair bill against a couple of minutes
saved. Anytime you think there may be wake turbulence on landing you can
request another runway— a crosswind usually is much easier to cope with.

Wingtip vortices have a direct lie-in with induced Drag. You remember that
induced Drag was a function of a high coelTicient of lift. This means that
induced Drag is greatest at low airspeeds (high angles of attack). Wingtip
vortices are the worst for an airplane with a high span loading (pounds of
weight per foot of span) and at low speeds with flaps up.

Avoid flying into wake turbulence at high speeds — enough stress may be
imposed on the airplane to cause structural failure. Avoid crossing directly
behind a large airplane. If you should encounter wake turbulence at altitude,
don't pull up sharply to climb out of it. Throttle back but don't try to slow
up too quickly, as you will be adding stress lo the airplane. The most
aggressive maneuver you should try is a shallow climbing turn. If you are
crossing the turbulence at a 90° angle, you'll probably be through it before
you have a chance to do anything.

You can see that at altitude the greatest danger is at high speeds where the
sudden encountering of turbulence results in overstressing the airplane. On
takeoff and landing the problem is that the airspeed is low and control may
be marginal.

If you must cross directly behind a large airplane, go above it if possible
(this is assuming that you have time to make up your mind) because (1) the
downwash of the wings tends to carry the disturbances downward and (2)
you'll be slowing up as you start to climb (Fig. 16-7). There's no need to



add further stress on the airplane by sharp pull-ups or other radical
maneuvers.

Fig. 16-7. If you have time to decide, when crossing behind a large airplane
always go above it.

Wake turbulence moves downward (and outward as it gets close to the
ground). You may encounter downward flows of several hundred feet per
minute. Here's an e.xcerpt from the AIM on the subject:

Ain/I-BASIC FLIGHT INFORf/IATION AND ATC PROCEDURES -
VORTEX AVOIDANCE PROCEDURES

a. Under certain conditions, airport traffic controllers apply procedures for
separating aircraft from heavy jet aircraft. The controllers will also provide
VFR aircraft, with whom they are in communication and which in the
to\\er's opinion may be adversely afl'ected by wake turbulence from a large
aircraft, the position, altitude and direction of flight of the

large aircraft followed by the phrase "CAUTION-WAKE TURBULENCE."
WHETHER OR NOT A WARNING HAS BEEN GIVEN, HOWEVER,
THE PILOT IS EXPECTED TO ADJUST HIS OPERATIONS AND
FLIGHT PATH AS NECESSARY TO PRECLUDE SERIOUS WAKE
ENCOUNTERS.

b. the following VORTEX avoidance procedures are recommended for the
various situations:



(1) Landing behind a large aircraft —same runway: Stay at or above the
large aircraft's final approach flight path — note his touchdown point —
land beyond it.

(2) Landing behind a large aircraft —when parallel runway is closer than
2,500 feet: Consider possible drift to your runway. Stay at or above the
large aircraft's final approach flight path —note his touchdown point.

(3) Landing behind a large aircraft — crossing runway: Cross above the
large aircraft's flight path.

(4) Landing behind a departing large aircraft — same runway: Note the
large aircraft's rotation point —land well prior to rotation point.

(5) Landing behind a departing large aircraft — crossing runway: Note the
large aircraft's rotation point —if past the intersection — continue the
approach — land prior to the intersection. If the large aircraft rotates prior
to the intersection, avoid flight below the large aircraft's flight path.
Abandon the approach unless a landing is assured well before reaching the
intersection.

(6) Departing behind a large aircraft: Note the large aircraft's rotation point
— rotate prior to large aircraft's rotation point —continue climb above and
stay upwind of the large aircraft's chmb path until turning clear of his wake.
Avoid subsequent headings which will cross below and behind a large
aircraft. Be alert for any critical takeoff situation which could lead to a
VORTEX encounter.

(7) Intersection takeoffs —same runway: Be alert to adjacent large aircraft
operations particularly upwind of your runway. If intersection takeoff
clearance is received, avoid subsequent heading which will cross below a
large aircraft's path.

(8) Departing or landing after a large aircraft executing a low approach,
missed approach or touch-and-go landing: Because vortices settle and move
laterally near the ground, the VORTEX hazard may exist along the runway
and in your flight path after a large aircraft has executed a low approach,
missed approach or a touch-and-go landing, particularly in light quartering



wind conditions. You should assure that an interval of at least 2 minutes has
elapsed before your takeoff or landing.

(9) En route VFR (thousand-foot altitude plus 500 feet): Avoid flight below
and behind a large aircraft's path. If a large aircraft is observed above on the
same track (meeting or overtaking) adjust your position laterally, preferably
upwind.

The FAA is continually updating information on wake turbulence; Advisory
Circular AC 90-23D (or 23E or 23F by the time you read this) covers the
actions of wake turbulence and suggests the best ways of avoiding it. Order
a copy (it's free). The Basic Flight Information and ATC Procedures Manual
has a full section on wake turbulence, also.

Wake turbulence can be a menace to your health.

SUMMARY

Every so often break out the POH of the airplane(s) you are flying, and look
through Section 3, Emergency Procedures, to review the steps to take in the
event of various problems. You'll be surprised how procedures may have
slipped a bit in your mind. You're on the way to becoming a professional
pilot and need to be able to make the right moves when needed.
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Advanced Navigation

A REVIEW

You may have been flying cross-country primarily by use of nav-aids since
getting the private certificate (and some pilots carry nothing but IFR
enroute low altitude charts on VFR cross-countries —which could pose a
problem if the avionics fail), but as an aspiring advanced or professional
pilot you should have more than just the bare bones of VFR navigation.
This chapter discusses some points that will help with the commercial
certificate written test as well as some techniques to use in actual
operations.



It's assumed here that you remember the factors of variation (East is Least
and West is Best) and can still read a compass deviation card, but you might
get your computer and review a couple of wind triangle problems. For
instance,

GIVEN:

True course (TC)-150°

True airspeed (TAS)-120 K

Wind-340° at 15 K (winds aloft are given in knots and true

directions.) Find the true heading and groundspeed: True heading (THj-
MQ" Groundspeed (GS)-135 K

The wind is about 10° from being directly on the tail and, remembering the
trigonometry from Chap. 1, you can see that the tailwind component is
98.5% (the cosine of 10°) of the wind's value, or 14.77 K (call it 15 K).

Here's another problem:

GIVEN:

True course —276°

True airspeed—157 K

Wind-from 170° at 20 K

Find the true heading and groundspeed:

True heading—269°

Groundspeed—161 K

When you're working a wind triangle try to visualize the situation. The true
course is 276° and the wind is from 170° (true), giving about a 16°
advantage behind the wing (Fig. 17-1).



The wind triangle is three legs (naturally), consisting of (1) the E-W (earth-
wind) line (the wind's path in relation to the earth), the (2) E-P (earth-plane)
line, or the true course and groundspeed (what the airplane is doing in
relation to the earth), and (3) the W-P (wind-plane) line, or the true airspeed
and true heading (what the airplane is doing in relation to the air mass it is
flying through). If you know the values of two of the lines, the third may be
found (Fig. 17-2).

The usual navigation problem is like the two just worked: given the true
course and wind, you have to find the true heading and groundspeed. As
you'll see, in some problems you may be required to work backward to find
the wind.

Finding the Wind. For instance, you are on a cross-country and, having no
knowledge of the wind, keep the heading indicator (corrected to the
compass) exactly on the selected TC of 083°. The TAS at your altitude is
148 K and after exactly 1 hr of flight you find yourself over a town 20
nautical miles (NM) north of the course line at a distance of 156 NM from
the point of departure. The wind can be found as shown in Fig. 17-3.

PART
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Fig. 17-1. Visualizing the problem just cited, you'll note ttiat you'll have a
slight tallwind component and will have to correct to the left. The computer
can find the details.



Wind 170° 20K

Fig. 17-2. The wind triangle. The TAS value (157 K) is swung down to
intersect the TC line to get theTH and GS.

Fig. 17-3. Finding the wind-the graphical solution. The implication here is
that you've been sitting with your head in the cockpit and haven't lool<ed
out since departing an hour ago, but for Pete's sal<e, it's only an example.
TS means True South.



Fig. 17-4. Finding the wind speed and direction on ttie Satetecii E-6B,
model FDF-57-B. A. Set up the true course (075°) and groundspeed (156
K) and then draw in the lines representing the drift correction (8° right, 1)
and true airspeed (148 K, 2). Their intersection (the cross) is the wind's
origin. B. You are "filling out" the third side of the triangle when the wind
is inserted. C. Turn the compass rose until the intersection is lined up with
the TRUE INDEX to read the wind speed and direction (190° at 23 K).

Naturally, you can use your electronic computer, or E-6B computer to find
the wind; here is how the problem might look on the written test:

(Question) 01. GIVEN:

True course (track) 075°

Groundspeed 156 knots

True heading - 083°

True airspeed 148 knots

Determine the approximate wind direction and speed: 1-240° at 25 knots. 2-
140° at 12 knots. 3-190° at 23 knots. 4-320° at 22 knots.



You will note that the TH is 8° to the right of the true course, or track, and
the GS is 8 K greater than the TAS, so the wind is from the right and
slightly behind the airplane. This would eliminate answers 2 and 4
immediately, but the best way to get the answer is to work the problem (Fig.
17-4).

You would set up the GS and TC using the permanent-etched circle on the
E-6B. To more easily remember: The permanent circle on the wind side of
the computer always has to do with the factors that apply to the (solid)
ground, such as TC and GS. You draw in the penciled circle for the more
nebulous air factors such as TAS and TH. The TH is 8° more (right) than
the true course, so somewhere along line 1 will be the wind's origin. Also,
the TAS is 148 K and where value 2 intersects the drift line is the origin of
the wind. Looking at both the drift correction angle and TAS you can keep
the length of the intersecting lines to a minimum. The arrow drawn in
represents the relative bearing and wind velocity.

Rotate the compass rose until the line intersections are lined up with the
TRUE INDEX and slide the grommet to an

even number (150 K in Fig. 17-4C) to be able to read the wind speed more
easily. The result is 190° at 23 K (answer 3).

In any navigation problems be sure the various factors use the same criteria
(knots with nautical miles; true headings with other true directions, etc.).

Looking at another problem:

02. GIVEN:

True course 155°

Groundspeed 174 knots

True heading ., 163°

True airspeed 182 knots



Determine the approximate wind direction and speed: 1-050° at 20 knots. 2-
080° at 24 knots. 3-230° at 26 knots. 4-260° at 28 knots.

The TC is 155° and the TH is 8° farther right (163°). The GS is 8 K less
than the TAS so that a headwind component exists (Fig. 17-5).

*\

Headwind Component

Crosswind Component

Fig. 17-5. A quick sketch shows that the wind Is probably from the
southwest (around 230°).
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It' you are sharp ai trigonometry you could probably figure out a rough
answer before using the computer. For instance, an airplane's GS is 174 K
and it has to correct 8° for wind. The ratio between the correction angle (8°)
and 60° is the same as the relationship between the GS and the component
of wind acting perpendicular to the flight path.

For a rule of thumb in finding angles, use the "rule of 60"—for every mile
the airplane is off course at 60 mi, it will be 1° off the course line. (Or for
every degree off course at 60 mi, it will be a 1-mi distance from the
cenierline.) Fig. 17-6 shows the idea. (Your navigation problems don't
usually come out in even 60s but the relationship still stands.) (See Fig. 17-
5 again: 8°/60 (the correction in degrees) = x/174 K, or, cross-multiplying,
the component is 60x = 8 x 174; 60.\ = 1392; .\ = 23.2 K (call it 23 K).



Fig. 17-6. The rule of 60: the angle = (10/60) x 60 = 10°, 10° = (10/60) X
60: for 30 miles, 10° = (5/30) X 60 (the angle is exaggerated).

The headwind component is the difference between the TAS and GS, as
given, or 8 K. You could solve for the hypotenuse (the wind speed) in the
manner shown back in Fig. 1-3 —squaring the two sides, adding the results,
and then taking the square root of that: (23)' -I- (8)' = (wind speed)'; 529 -I-
64 = 593; wind speed = v593 = 24-1- K. As far as the wind speed is
concerned it splits answers 2 and 3, but only 3 requires a correction to the
right.

The tangent of the angle is 8/23.2 = 0.3448. Fig. 1-8 or a trig table would
give an answer, but you can use the rule of 60 again and approximate the
small angle (a): a = 0.3448 x 60 = 20.7° (call it 21°). The large angle (/J) is
90 - a = 90 - 21 = 69°. The wind is from approximately 69° to the right, or
based on the thumb rule, 155° (TC) + 69° = 224°. The triangle shown in
Fig. 17-5 is a right triangle (one of the angles is 90°), and since any triangle
has interior angles totaling 180°, the two other angles must add up to 90^.
One angle («) is 21°, so the other angle (fi) must be 69° (rounded off).

The answer by the rule of thumb is wind from 224° at 24+ K, which is
closest to answer 3. The rule of thumb becomes less and less accurate as an
angle of 30° is approached, but works well for smaller angles as a quick
estimate.

Of course, this method is for background purposes and too long and
involved for working in a practical situation, but as will be shown later in
the chapter, the rule of 60 may be used to quickly find the time required to
fly inbound to a VOR or NDB and solve off-course correction problems.
Using a computer to solve the problem just discussed. Fig. 17-7 shows the
steps to take.
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Fig. 17-7. Solving for wind. A. The TC (155°) and GS (174 K) are set under
the grommet and the lines representing an 8° right correction (1) and a TAS
of 182 K (2) are drawn in. B. The compass rose is rotated to center the cross
on the TRUE INDEX to get a wind from 231° at 26 K, which is closest to
answer 3. (Safetech. Inc.)
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Solving another problem for finding the wind:

03. GIVEN:

True course 027°

Groundspeed 138 knots

True heading 018°

True airspeed 146 knots



Find the approximate wind direction and speed: 1-040° at 22 knots. 2-100°
at 24 knots. 3-150° at 22 knots. 4-312° at 24 knots.

An analysis shows that the TH (018°) is less than the TC (027°), so that a
left correction for wind is required. This would eliminate the first three
answers since in each of those choices the wind is from the right of the TC.

Also, since the GS is less than the TAS a headwind component exists,
which could be either 1 or 4. Since the wind of 040° is too close on the nose
to require 9° correction (and it's on the wrong side to require a left
correction), the answer must be 4.

Sketch and then work the following problems. Answers to all the numbered
problems are at the end of this chapter.

04. GIVEN:

TC 230°

GS 168 knots

TH 221°

TAS 162 knots

Determine the approximate wind direction and speed: 1-100° at 28 knots. 2-
123° at 27 knots. 3-135° at 24 knots. 4-335° at 28 knots.

05. GIVEN:

TC 335°

GS 144 knots

TH 324°

TAS 158 knots



The wind is from approximately 1-190° at 36 knots. 2-220° at 30 knots. 3-
280° at 34 knots. 4-265° at 32 knots.

06. GIVEN:

TC 295°

GS 174 knots

TH 308°

TAS 164 knots

Determine the approximate wind direction and speed: 1-046° at 40 knots. 2-
150° at 35 knots. 3-185° at 40 knots. 4-350° at 35 knots.

RADIUS OF ACTION (FIXED BASE)

The problem is basically to determine the time to turn back to the point of
departure after flying outbound as far as possible, as might be done on a
search or intercept mission. The simplest problem is that of a no-wind
situation: an airplane cruising at 150 K TAS (and GS) with a fuel supply for
4

hr (plus reserve) can fly how far out before turning back? The simple
answer is that the airplane can fly out for 2 hr (300 NM) and fly back the
same distance. Of course, the wind complicates the matter somewhat.

The point is that the airplane must fly the same ground distance out and
back (it's still the same distance from "here" to "there" as it is from "there"
to "here"). The relationship is that of GS out to distance out and GS back to
distance back; for the times required outbound and back (without hitting the
details), the formula turns out to be

TO =

TT X GSB GSO + GSB



(TO = time out, TT = total time, GSO = groundspeed out, GSB =
groundspeed back, TB = time back, which equals TT minus TO).

In the following example, the wind, TAS, and total fuel (or total time) are
given. The GS is solved for both legs, and the problem is set up:

TT—4 hr of fuel (not including reserves)

GSO-146 K

GSB-166 K

Departure time— 1107Z

Problem: Find the time to turn back toward the departure point (home base)
and the distance of that point from the base: TO = (TT x GSB)/(GSO +
GSB) = (240 min x 166)/ (146 -I- 166) = 39840/312 = 127.7 min (call it
128 min). The time to turn back is 2 hr and 8 min (2:08) after takeofif, or
1315Z.

You might prefer to work the problem using hours and tenths of hours: TO
= (4.0 x 166)/312 = 664/312 = 2.128 hr, = 2 hr and 8 min (rounded off).
You would fly out for 2.128 hr at 146 K (GSO) for a distance of 311 NM.
Since the distance back should be the same, a check would be as follows:
4.0 hr (TT) - 2.128 hr = 1.872 hr back at 166 K = 311 NM. (The out and
back distances don't always come out exactly because of rounding off.)

If you use hours and tenths of hours for time, instead of minutes, be sure to
convert the decimal to minutes. One of the following questions has a
departure time of 1440 and an answer of 2.27 hr (rounded off) for time
outbound. One of the choices is 1707Z (2 hr and 27 min later). The 2.27 hr
should be converted to 2:16 (0.27 x 60 = 16.2 min) for an answer of 1656Z.

07. GIVEN:

TC out 065°

TAS 180 knots



Fuel available 3 hours plus reserve

Wind velocity 290° at 30 knots

Takeoff time 1021Z

Determine the time to turn back toward the departure point:

1-1128Z.

2-1140Z.

3-1152Z.

4-1216Z.

Fig. 17-8 shows the procedure: TO = (TT x GSB)/(GSO + GSB) = (180 min
x 158)/(200 -I- 158) = 28440/358 = 79.44 min (call it 79 min, or 1 hr and 19
min). Departing at 102IZ, the turn should be made at 1140Z (answer 2). As
a double check see that the distances out and back are the same: time out =
79 min at 200 K = 263 NM; time back = 3:00 - 1:19 = 1:41 min at 158 K =
265 NM. The slight difference is caused by rounding off to the nearest
minute earlier, but you can tell that the answer is correct.
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Fig. 17-8. Radius of action from a fixed base. A, Set up ttie wind (290° at
30 K). B. The wind triangle is solved for tfie outbound leg (065° TC).
getting a TH of 058° and a GS of 200 K. C. Ttie return leg, the reciprocal of
the outbound leg. is 245°, The TH back is 252° and the GS 158 K.

One more example:

08. GIVEN:

TC out 300°

TAS 150 knots

Fuel available 4 hours plus reserve

Wind velocity 250° at 30 knots

Takeoff time 1323Z

Determine the time to turn back toward the departure point:

1-1453Z.

2-1507Z.



3-1539Z.

4-1545Z.

Fig. 17-9 illustrates the solution: The GS is found to be 129 K outbound and
168 K inbound. Solving: TO = (TT x GSB)/ (GSO + GSB) = 40320/297 =
135.76 min (rounded off to 136 min). Takeoff time = 1323 + 2:16 = 1539Z
(answer 3). A double check on distances: distance out = 2 hours 16 minutes
(or 2.27 hours) at 129 K = 293 mi; distance back = 1:44 at 168 K = 291 mi.
Again, the slight difference is caused by rounding off to the nearest minute.

09. GIVEN:

TC out 215°

TAS 190 knots

Fuel available 4 hours 30 minutes plus reserve

Wind velocity 130° at 20 knots

Tkkeoff time 1440Z

Determine the time to turn back toward the departure point:

1-1549Z.

2-1618Z.

3-1656Z.

4-1707Z.

10. GIVEN:

TC out 155°

TAS 200 knots



Fuel available 3 hours 30 minutes plus reserve

Wind velocity 100° at 15 knots

Takeoff time 0940Z

Determine the time to turn back toward the departure point:

1-1129Z.

2-I159Z.

3-12I7Z.

4-1243Z.

Fig. 17-9. Solving for time to turn bacl< toward tlie departure point. Ttie
wind of 250° at 30 K has already been set in. A. The groundspeed out
(GSO) is 129 K. B. The groundspeed back is 240 X 168

168 K. TO 40320.

297

129 + 168 TO = 136 minutes

(rounded off); TO = 2 hours and 16 minutes.
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Correcting for True and Absolute Altitude. Using the circular slide rule side
of the E-6B you can solve for true and absolute altitudes (true altitude =
height above sea level; absolute altitude = height above terrain).

Several problems follow (indicated altitude equals calibrated altitude for
these problems).

1 1. GIVEN:

Pressure altitude 12,000 feet

Indicated altitude 11,500 feet



Free air temperature (OAT) - 10°C

Terrain elevation 10,500 feet

From the conditions given, determine the approximate absolute altitude: 1-
500 feet. 2-950 feet. 3-1000 feet. 4-1500 feet.

Refer to Fig. 17-10:

1. Set up the pressure altitude (12,000 ft) opposite the OAT(-10°C).

2. Read the true altitude (11,450 ft) on the outer scale opposite the indicated
(calibrated) altitude of 11,500 ft on the inner scale.

3. Subtract the terrain elevation (10,500 ft) from the true altitude (11,450 ft)
to get 950 absolute altitude (answer 2).

Another problem of the same type:

Fig. 17-10. Finding the true and absolute altitudes. [Safetech, Inc.)
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1 2. GIVEN:

Pressure altitude 10,000 feet

Indicated (and calibrated) altitude 8500 feet

Free air temperature (OAT) + 20°C

Terrain cicsaiion 6500 feet

Determine the approximate absolute altitude: I-1500 leet. 2-2795 feet. 3-
3150 feet. 4-3375 feet.

Refer to Fig. 17-11:



1. Set up the pressure altitude (10,000 ft) opposite the OAT ( + 20°C).

2. Rciiii ihc Hue aliunde of 9300 ll (outer sc;ilc) opposite the indicated
(calibrated) allilude ol 8500 ft.

3. Subtract the terrain ele\ation (6500 ft) from the true altitude (9300 ft) to
gel 2800 ft (answer 2). You could read the true altitude closer (9295 ft) to
come up with the exact answer.

1 3. GIVEN:

Pressure altitude 11,000 feet

Indicated (calibrated) altitude 9500 feet

Free air temperature (OAT) - 15°C

Terrain elevation 8300 feet

Determine the absolute altitude: 1-920 feet. 2-1200 feet. 3-1500 feet. 4-
2700 feet.

1 4. GIVEN:

Pressure altitude 13,000 feet

Indicated (calibrated) altitude 11,500 feet

Free air temperature (OAT) -25°C

Terrain elevation 9600 feet

Determine the absolute altitude: 1-970 feet. 2-1300 feet. 3-2600 feet. 4-
3400 feet.

Off-Course Problems. The rule of 60 is a good aid for solving this type of
problem in its simplest form. For instance, consider a situation as follows:

15. GIVEN:



An airplane is 15 NM off course from the 125-NM enroute course position.
The distance from that original enroute position to the destination is 200
NM. Determine the approximate heading change necessary lo fly to the
destination (look at Fig. 17-12).

1 —5° correction.

2 — 7° correction.

3— 12° correction.

4— 14° correction.

DEPARIUIIE

ORIGINAl COURSE

OESTINAtlON

Fig. 17-12. An off-course correction problem. The airplane is 15 NM off
course from the 125-Nlvl course position (drawing not to scale).

6B C(MPUTEff

Fig. 17-11. Another true altitude problem. (Sa/e-

tech. Inc.)



Using the rule of 60, the angle at which the airplane has departed the
original course line can be found. Remember that at 60 NM, 1° = 1 NM
(and vice versa), and though the numbers here are not even factors of 60,
the rule applies. There-lore, if the airplane was 15 NM off the course line at
60 NM, the angle would be 15°, or a = (15/60) x 60 = 15°. However, it's off
15 NM in 125 NM, so the equation would be (15/ 125) X 60 = 7.2°. This
makes sense because if it were off 15 NM at the 120-NM point the angle
would be 7.5°, or (15/120) X 60 = 7.5°. The airplane is off 15 NM at 125
NM so the angle would be slightly less ihan 7.5°, or in this case 7.2°. The
airplane would have to turn this amount toward the course to parallel it. To
return to the course at the destination (or fly direct to the destination), the
airplane would have to turn another angle in addition to the 7.2° (Fig. 17-
13).

Fig. 17-13. Angle «, is the off-course angle. Angle a,, the change in heading
required to parallel the original course, equals <«,. Angle J, is the additional
change in heading to fly to the destination (angles exaggerated and not to
scale), ji, = (ii-

4 / ADVANCED NAVIGATIOI

To find a, (ai and oz are equal in Fig. 17-13 so you can work backward from
012 if you prefer), the same rule of 60 procedure is applied. Angle /3, is a
function of the ratio of the distance off course (15 NM) to the distance to
the destination (200 NM) times 60: /3, = (15/200) x 60 = 4.5°. The total
heading change required is Qfz + /3i = 7.2 + 4.5 = 11.7°. The correct
answer from the four choices listed earlier would be 3.

FOR MATH BUFFS ONLY. You could work it out trigonometrically using
a calculator and/or trig table: tan ai = 15/125 = 0.12 = 6.8427734°; tan /3, =
15/200, /3, = 4.2891534°; total change = 11.131927°. You would, of course,
change the airplane's heading by this exact amount. The answer is closest to
choice 3.

At small angles the sine and tangent are very close and the argument might
be that, because of the way the question is stated (leg x is 125 NM), the
other leg distance should be found by using the sine of the angle: sin a, =
15/125, a, = 6.8921026°; sin 13, = 15/200, (5, = 4.301224°; total heading



change = 11.193325°, which is still the closest answer to choice 3. Okay,
fun's fun —but let's get back to the practical side.

USING THE NAVIGATION COMPUTER. You can set up the off-

course problem on the circular slide rule side of the computer (Fig. 17-14):

Fig. 17-14. Setting up an off-course problem: Set up the distance (134, on
the inner scale) opposite the off-course value (13, on the outer scale); then
read the degrees (5.8) at the 60 Index.

1 6. GIVEN:

At the point where you should be 134 NM along the true course line you
find that you are 13 NM off course.

1. How many degrees correction are required to parallel the course?

2. If the destination is 104 mi farther, what additional correction is required
to fly to the destination?

Set up the problem with the distance (134 NM) on the inner scale opposite
the distance off course (13 NM) on the outer scale. The answer, which is
read at the 60 index, is approximately 5.8°. How do you know that the



answer shouldn't be 58° or 580° or 0.58°? The answer can be approximated
by the rule of 60. The 13 NM is slightly less than one-tenth of 134 NM so
the angle should be 60/10, or roughly 6° (slightly less). Doing the same for
the remaining distance of 104 NM, you find that the angle is 7.5°, for a total
of 13.3° heading change to fly to the destination.

Checking it with the rule of 60: (13/134) x 60 = 5.8° and (13/104) x 60 =
7.5°; 5.8 + 7.5 = 13.3°. It's not likely that you'll fly this close an angle.

One last off-course problem:

17. GIVEN:

Distance flown 160 NM

Distance off course 20 NM

Distance to destination 220 NM

Determine the total heading correction necessary to fly to the destination:

1 —5° correction.

2 — 8° correction. 3—13° correction. 4— 17° correction.

Using the rule of 60: to parallel the course, (20/160) x 60 = 7.5°; additional
heading change required, (20/220) x 60 = 5.5°; total heading change, 7.5 -I-
5.5 = 13° (answer 3).

A variation on this is the computation of wind correction required to fly
from the point off course to the destination. For instance (a simple
approach):

TC from A to B is 090°, TAS is 120 K, total distance (straight line) from A
to B is 230 NM.

The wind was predicted to be calm at the (lower) altitude of cruise. After
carefully holding the compass heading required to maintain the TH and TC
of 090° you find 55 min after takeoff that you are over the town of Shiloh,



which is 10 mi south of course and a straight line distance of 90 NM from
the departure point A (Fig. 17-15).

Fig. 17-15. Off-course wind correction problem.

Using the rule of 60 you can estimate that the ground track flown is angled
south of the TC by a certain number of degrees. First solve for the GS
(using the circular slide rule: In 55 min the airplane has traveled 90 NM, for
a GS of 98 K.

Next solve for the track or "new" TC you flew, which will be added (in this
problem) to the original TC: degrees off course = (10/90) x 60 = 6.67° (call
it 7°). The track or TC was 090 + 7° = 097°. You can solve for the heading
required to get to B (no-wind) by using the same method used earlier.
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The distance Iroin ihe correction point is 230 - 90 = 140 NM to go. The
added angle would be (10/140) x 60 = 4.3°. The new TC to get to B is 90° -
4.3° = 86° (rounded off). In real lite, with a sectional chart you could draw a
new TC from Shiloh to B, measure it as 086°, and go on from there.

First solve for the wind as was done earlier in this chapter. You have the
following information:

GS = 98 K, TC = 097°, TAS = 120 K, TH = 090°. Putting this into your
computer, you find that the wind is from 062° at 26 K.

The next problem is compute the TH and GS to the destination (B). If you
were over Shiloh at 1107Z, at what time should you be over the destination?
Putting the wind of 062° at 26 K into the computer, using a TC of 086° and
a TAS of I20K, you find the TH and GS in flying to B: TH = 081°, GS = 96
K.



At what time, assuming no change in TAS, should you be over B? The
straight-line distance from Shiloh to B is 140 NM. (Working out the
trigonometry you'd find that it's really 140.35 mi from Shiloh to B; the
angle from the original course is so shallow that the new distance is
practically the same.)

The time required at 96 K to travel 140 NM is 88 min, or 1:28; 1107Z -I-
1:28 = 1235Z. You'd be over B at 1235Z.

You can see that over- or undercorrecting for wind could be worked out the
same way.

Summing it all up, look at Fig. 17-16. If the off-course angle is 10° or less,
for practical purposes assume that leg 1 and leg 2 are equal —and the same
applies for legs 3 and 4. In the problem just worked, the angles are 7° and
4° respectively (rule of thumb) so the assumption could be used. (The
computer would give closer tolerances than these estimates.)

10 OR LESS

10 OR LESS

Fig. 17-16. Legs 1 and 2 are considered equal here, as are legs 3 and 4.

Computing Climb and Descent Factors

THE CLIMB. There's nothing complicated about computing climb factors
(time, fuel, miles covered, TH, GS, magnetic heading, compass heading).
Climbs were discussed in Chap. 5, and the Student Pilot's Flight Manual,
Chap. 24, covers just such a problem as follows:

18. GIVEN:

An airplane departs an airport under the following conditions:

Airport elevation 900 feet



Cruise altitude 8500 feet

Rate of climb 500 fpm

Average TAS (during climb) 130 knots

True course 220°

Average wind velocity 300° at 30 knots

Variation 3°W

Deviation - 2°

Average fuel consumption during climb 14 gallons/hour

Determine the approximate time, compass heading, distance, and fuel
consumption during the climb: 1-15 minutes, 242% 31 NM, 3.5 gallons. 2-
15 minutes, 234°, 31 NM, 3.5 gallons.

3-15 minutes, 234°, 26 NM, 3.9 gallons. 4-12 minutes, 234°, 31 NM, 4.2
gallons.

First, start at the beginning (always a good idea, if slightly overstated here).
The time required to climb from 900 ft to 8500 ft at 500 fpm is (8500 -
900)/500 = 7600/500 = 15.2 min. Let that sit for a while.

Work the wind triangle with the known facts and find the TH and GS. The
computer finds that TH = 233° and GS = 121 K. The magnetic heading
(MH) is TH ± variation = 233° -(- 3° = 236°. The compass heading is MH ±
deviation = 236°-2° = 234°. The time in climb = 15.2 mm, the compass
heading = 234°, the distance = 15.2 min at 121 K = 31 NM (rounded oW),
and fuel consumption = 15.2 min at 14.0 gph = 3.5 gal. It looks like choice
2 of the answers gets the nod.

DESCENT FACTORS. The descent problem is basically the same except
that you must realize that the descent is normally made to the traffic pattern;
you might have a set-up such as cruising altitude = 6500 ft, airport elevation
= 700 ft, and traffic pattern altitude = 800 ft.



You'll be letting down to 1500 MSL (700 -I- 800) for a descent of 5000 ft at
a given descent rate. You'll be given the average wind and will work a wind
triangle to find the time, compass heading, distance, and fuel consumption
during the descent (as was done for the climb problem).

Time between Bearings, it's likely that you will have an

instrument rating before getting Ihe commercial certificate and will have
worked on time-and-distance problems using the VOR and/or ADF, but a
review might be in order.

The rule of 60 works for both time and distance, since the ratios would be
the same in a given situation. Here's a typical problem: Find the time and
fuel required to fly to the station after flying perpendicularly through a
certain number of degrees of bearing change (Fig. 17-17). LJsing the rule of
60 you'd find that if the airplane in Fig. 17-17 took 7 min to fly the 10°
from A to B, it would require (60/10) x 7 = 42 min to fly from B to C, or
time between bearings/time to station = bearing change (degrees)/60.

Fig. 17-17. Time-to-station problem.

As an example: an airplane changes bearing 10° (Fig. 17-17) in 7 min.
Substituting the numbers in the above formula: 7 min/time to station =
10/60. Cross-multiplying: 42 min = time to station x 10 = 420/10 = 42 min;
time to station = 42 min.

It's easier to divide 60 by degrees of bearing change and multiply by the
result: 60°/I0 = 6; 6 x 7 min = 42 min. For a 15° bearing change, the time
multiplier is 60/15 = 4. For a
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20° bearing change, the multiplier is 3, etc. Accuracy is lost as angles reach
30°, as indicated earlier.

An airplane using 14,3 gph, flying a time-and-distance problem, has a
bearing change of 10° in 8 min and 36 sec. It has just completed its turn and
has just headed into the station at exactly 1122:00Z. When is station
passage expected and how much fuel will be required to fly to the station
under no-wind conditions?

The multiplier is 60°/10° = 6. It wiU take 6 times as long to fly into the
station as it did to fly the 10° bearing change (no-wind): 6 x 8.6 = 51.6 = 51
min and 36 sec. At a fuel consumption of 14.3 gph, 52 min (rounded off)
would require 12.4 gal of fuel. The time over the station would be 1122:00 -
t-51:36 = 1213:36Z (1213 -I- 36 sec) Z.

There's a lot wrong with calling the time to the station to the nearest second
with a w ind, and that's why no-wind conditions were cited earlier. Fig. 17-
18 shows why there might be a discrepancy between the predicted and
actual time to -station. In Fig. 17-18 the wind effect shortens the time
required to fly the 10° bearing change (because of tailwind) and lengthens
the time-to-station figure (because of headwind). You'd get there later than
predicted.

Fig. 17-18.

predictions.

The wind can affect time-to-station

Using the rule of 60, if the airplane in Fig. 17-18 takes 6 min to fly the 10°
bearing change, it should get to the station in (60/10) X 6 = 36 min. This is



the estimate for no-wind conditions, or if the wind is not known. Looking at
Fig. 17-

18, you can see that with a wind from the opposite direction, the time
required to fly the bearing change would be greater and hence the time to
fly to the station would be overestimated. (You'd get there earlier than
predicted.)

Here's a problem from an advanced written test:

1 9. GIVEN:

Time between bearings 8 minutes

Bearing change 5°

Rate of fuel consumption 14 gallons per hour

Calculate the approximate fuel required to fly to the station: 60/5 = 12;
12x8 min = 96 min to the station at 14.0 gal per hour; fuel consumed = 22.4
gal.

The ADF and Relative Bearings. As you know, adf problems are usually
tougher than VOR work because of the need to include the relative bearing
of the station in solving magnetic bearings to or from the station.

A typical problem: You are inbound to VOR A on the 270 radial. (This first
sentence is enough to shoot some people out of the saddle when they think
that they are inbound on a course of 270°.) Your magnetic heading = 078°,
your relative

bearing to NDB B = 070°. Using the information given, determine the
magnetic bearing to (italics added) NDB B.

The situation is shown in Fig. 17-19. The magnetic heading and relative
bearing are added together to get a magnetic bearing to the station of 078° +
070° = 148°.

Magnetic North



270 R

VOR A

Fig. 17-19. Visualizing an ADF problem.

Remember, if you add the magnetic heading and relative bearing and the
answer is greater than 360° then 360° must be subtracted to get the
magnetic bearing to the station.

Here's another problem:

2 0. GIVEN:

Inbound to VOR A 130 radial

Magnetic heading 317°

Relative bearing to NDB B (fixed dial ADF) 215°

Using the information given, determine the magnetic bearing

from NDB B (sketch it).

1-165°.

2-172°.

3-345°.

4-352°.



The magnetic heading 317° plus the relative bearing 215° = 532°.
Subtracting 360°, 532 - 360 = 172° to the NDB. Looking at the answers, 2
has this value, so problem solved — not at all\

The requirement was to find the hearing from the station as might be used
in getting cross-bearings for locating the airplane's position. It's necessary
to add or subtract 180° to or from the airplane's bearing to the station to get
the answer: 172° + 180° = 352°. Answer 4 is correct.

Carefully read all questions on written tests.

OTHER NAVIGATION TECHNIQUES No-Wind Plot, if a number of
course changes are required during a flight (say, on an overwater search) it
would be inconvenient to run a wind triangle for each short leg; a log
should be kept of true headings and true airspeeds, however, so that the air
track may be combined with the known or estimated wind to find the
ground position. Your log might read as follows (Fig. 17-20):
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160K

270°-17



NO-WIND POSITION

^o/vaT

;

^ACTUAL POSITION

WIND 280 or 30 Knots (lHourand21Minutes=40NM)

Fig. 17-20. No-wind or air plot. The numbers on each leg (12, 15, 17, etc.)
are the minutes.

WIND-280°/30 K

You would note the compass heading for each leg and then convert it to TH.
After laying out the legs of the air plot to point F, you would extend the
wind/row there 100° for a distance of 40 NM. The wind (air mass) of 280°
at 30 K has been acting on the airplane for 81 min and has moved the
airplane 40 NM, 100° from the no-wind (air) plot at F. If you had worked a
wind triangle for each leg and plotted the ground points on the chart the
answer should have been the same. (Distances are rounded off to the nearest
mile here.)

Landfall Navigation. This is the technique used if fuel is an important
consideration and there are no airports near the destination. During WW II
airplanes ferried from Brazil to Dakar (Africa) didn't have enough fuel for
an extended search up and down the barren coastline if landfall was made
out of sight of the destination airport. After a very long flight over the ocean
with generally poor wind information, at landfall with no references the
question was. Which way should I turn to go to the airport— north or
south? A wrong turn could

mean fuel exhaustion and bellying in on a deserted beach with its attendant
problems. One answer was to make sure that the airplane was north (or



south, as the crew chose) of the desired landfall (Fig. 17-21).

The problem was either turning downwind m a strong wind (A) and drifting
so far (south in Fig. 17-21) that the flight up the coast or river (leg B) was
slow (so that the airplane runs out of fuel before getting to the destination),
or turning upwind in a strong wind and not compensating enough for the
wind (leg C) (so that the airplane still makes landfall south —out of sight
—of the airport and the pilot, because of the "northerly" heading change,
turns south and flies away from it). The choice of which way to make the
cut would depend on best wind or drift information.

You can use this procedure in finding an airport by a road or river in
lowered visibility and in strange territory: Turn to one side or the other, and
then after hitting the road or river turn and fly up or down it until reaching
the airport (Fig. 17-21, right). Keep the road or river in sight.

SUMMARY

Once in a while review the aspects of navigation you don't normally use,
such as making one of your shorter cross-countries using sectional charts
and keeping the nav radios turned off. Also, one of these nights when
there's nothing on rv you might break out the instruction book for your E-
6B or electronic computer and work some of the "other" types of
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-TO BRAZIL (Many Miles)

i

I

Fig. 17-21. Landfall navigation. This is particularly infiportant in periods of
poor visibility (right).

navigation problems that you skipped when working on the private
certificate. As a professional pilot you may need that extra knowledge in a
tight situation.

As a naval aviator this writer worked problems involving radius of action
from a moving base (which could also be an alternate airport problem) on a
Mark III plotting board. The current computers do not lend themselves so
well to this problem but a graphical solution is described in Practical Air
Navigation by Lyons (see the Bibliography); though the knowledge is
useful at times, it is not critical for the commercial aspirant and is left for
study in that book.

It has been noted over the past few years that the basic navigation skills of
the average U.S. pilot have slipped and should a nav-radio failure occur, in



some cases a bona fide emergency would exist even in good VFR
conditions. You, of

course, are not included with that group. I've used four choices for these
problems, unlike the A, B, C choices you'll run into for the FAA
Knowledge Test.

ANSWERS TO PROBLEMS IN THIS CHAPTER. (Answers to problems
here include those answers already given as a part of the explanation
process.)

3 15. 3

3 16. 5.8°, 7.5°

1 17. 3

2 18. 2 2 19. 22.4 gal 1 20. 4 2
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Altitude and the pilot

PART

Most of the world's population lives somewhere between 6000 ft and sea
level. While residents of the Himalayas and Andes perform well above
10,000 ft, most persons' physical and mental performances deteriorate as
that altitude is approached and passed. The rate of deterioration naturally
depends on the physical condition of the individual.

As Fig. 18-1 shows, the troposphere goes up to an average of about 35,000
ft. It varies from about 28,000 ft at the geographic poles to 55,000 ft at the
equator and varies with the seasons, being highest in the summer. The
troposphere provides most of the weather problems because it contains
moisture and has temperature changes and turbulence.



Fig. 18-1. The atmosphere.

The tropopause is a comparatively narrow band between the troposphere
and the stratosphere, and its lower altitude boundary naturally varies with
that of the troposphere. The tropopause, on average, is considered to extend
from approximately 35,000 to 45,000 ft and be appro.ximately 10,000 ft
thick.

HIGH-ALTITUDE OPERATIONS
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Above the tropopause lie the stratosphere and ionosphere, as yet relatively
uncrowded with flight traffic. There the normal temperature lapse rate of
3'/2°F or 2°C no longer exists, and the temperature remains a constant —
67°F above 35,000 ft. The jet stream is found in the upper tropopause and
in the stratosphere.

OXYGEN REQUIREMENTS



Oxygen makes up about 21% of the atmosphere, nitrogen is 78%, and
various inert gases such as argon fill out the rest of the mixture.

This ratio of gases remains constant up to about 70,000 ft. However, the
physiology people are more interested in the partial pressures of the air
acting on the pilot. At sea level the total pressure is 760 mm of mercury.
The lung air sacs are 100% saturated with water vapor at a body
temperature of 98.6%F. Physiologists have determined that a water vapor
pressure of 47 mm of mercury is present in the lungs with this body
temperature and does not vary with the altitude at which the pilot is
operating. This vapor pressure has to be subtracted from the pressure of
inhaled air. The available atmospheric pressure at sea level is 760 mm.
When the lung water vapor pressure is considered there will be a loss of
about 6.2% of the available intake (47/760 = 6.2%). At 12,000 ft the
available atmospheric air pressure is 483 mm and the constant lung water
vapor pressure of 47 mm takes a relatively bigger bite out of the available
air pressure (about 9.8%).

Fig. 18-2 shows a good summary of the usable atmosphere oxygen (O2) at
sea level and at 12,000 ft pressure altitude. (The O2 pressure available is
rounded off to 20% for each altitude.)

UTILIZ.iBLE ATMOSPHERIC OXYGEN

Available Atmospheric Air Pressure Lung Air Sac Water Vapor Pressure of
Remaining Lung Gases Oxygen Portion (20%) Oxygen Pressure in Air Sac
Minus Air Sac Carbon Dioxide Oxygen Pressure in Lung Air Sacs Provides
Arterial Blood Oxygen % of

Fig. 18-2. Utilizable atmospheric oxygen. (FAA AM 66-28 Oxygen in
General Aviation, Stanley R. Mohler, M.D.)

The lungs clear the blood of carbon dioxide (CO2), which is the gaseous
by-product of metabolism. Under resting conditions the lung air sacs
contain 40 mm CO2 pressure. Note that this is another constant regardless
of altitude and takes a comparatively greater amount of the available
atmospheric pressure at 12,000 ft.



The brain needs a continuous irrigation of 96% O2 saturation for peak
mental function. A saturation of 87% allows acceptable mental performance
in a normal individual but is getting close to marginal. (Sometimes it feels
as if you're mentally operating at 18,000 ft when sitting on the ground if
you've had a full day of flying or not enough rest lately.) So 12,000 ft is as
high as you should go without supplemental O2.

The CO2 pressure (40 mm) is in an at-rest condition. When you're flying
you'll be performing some activity, if only adjusting the autopilot, and the
CO2 level might be higher than 40 mm. Your physical condition has a great
deal to do with your reaction to altitude operations. If you're tired, have
been partying too much the last few nights, are a heavy smoker, or have
been taking antihistamines, you can expect that your tolerance to altitude
operations will be lowered, at least

temporarily. You should consider your passengers' health also; they may
have heart disease, poor circulation, or lung problems such as emphysema
or asthma. If you do charter work after getting your commercial certificate
you'll find that a dependable O2 system can not only give you more
flexibility in choice of altitude but also can be a valuable aid if one of your
passengers finds that 8000 or 9000 ft is his or her limit without
supplemental Oj. Of course, it depends on the size of the airplane and the
type of trips you'd be making as to the economics of installing a permanent
type of O2 system, but portable systems are available for specific trips. FAR
91 (Supplemental Oxygen) states:

(a) General. No person may operate a civil aircraft of U.S. registry —

(1) At cabin pressure altitudes above 12,500 feet (MSL) up to and including
14,000 feet (MSL), unless the required minimum flight crew is provided
with and uses supplemental oxygen for that part of the flight at those
altitudes that is of more than 30 minutes duration;

(2) At cabin pressure altitudes above 14,000 feet (MSL), unless the required
minimum flight crew is provided with and uses supplemental oxygen
during the entire flight time at those ahitudes; and



(3) At cabin pressure altitudes above 15,000 feet (MSL), unless each
occupant of the aircraft is provided with supplemental oxygen.

(b) Pressurized cabin aircraft.

(1) No person may operate a civil aircraft of U.S. registry with a pressurized
cabin —

(i) At flight altitudes above flight level 250, unless at least a 10-minute
supply of supplemental oxygen, in addition to any oxygen required to
satisfy paragraph (a) of this section, is available for each occupant of the
aircraft for use in the event that a descent is necessitated by loss of cabin
pressurization; and

(ii) At flight altitudes above flight level 350, unless one pilot at the controls
of the airplane is wearing and using an oxygen mask that is secured and
sealed, and that either supplies oxygen at all times or automatically supphes
oxygen whenever the cabin pressure altitude of the airplane exceeds 14,000
feet (MSL), except that the one pilot need not wear and use an oxygen mask
while at or below flight level 410 if there are two pilots at the controls and
each pilot has a quick-donning type of oxygen mask that can be placed on
the face with one hand from the ready position within five seconds,
supplying oxygen and properly secured and sealed.

(2) Notwithstanding subparagraph (1) (ii) of this paragraph, if for any
reason at any time it is necessary for one pilot to leave his station at the
controls of the aircraft when operating at flight altitudes above flight level
350, the remaining pilot at the controls shall put on and use his oxygen
mask until the other pilot has returned to his station.

If your airplane is unsupercharged, operations above 12,000 ft will be rather
disappointing anyway. (Note that the regulations say 12,500 up to 30 min.)

Some Physiological Facts. Okay, now you're convinced that it's not wise to
fly in an environment higher than 12,000 ft pressure altitude without
supplemental oxygen. (Note the use of the term environment —if your
cabin is pressurized to an altitude of 12,000 ft or below you can be flying at
an actual altitude of, say, 45,000 ft and doing just fine as long as the system



works —but more about the airplane systems requirements in the next
chapter.)

Each time you inhale (at 12 to 16 times per minute) you pull in about 1 pt of
air (500 cc), bringing O2 into your body. Each exhalation is getting rid of
COj. The inhaled O2 passes
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into the blood, and COi is released, moving from the blood to the lung air
sacs. The blood continually takes the fresh O2 to the tissues and carries the
COj back to the lungs for exhalation.

Gases tend to move from high to low pressures. Blood entering the lung has
a comparatively high COj pressure, so the CO2 is passed out through the
lung membrane and exhaled. The incoming air has a high O2 pressure and
is absorbed through the membrane to join the blood.

The balance between Oj and COj in the body is maintained by sensing
devices in the brain that react to COj partial pressure. If the COj partial
pressure is too high the rate of breathing (and the volume of air intake) is
increased so that more COj is exhaled. If the CO2 partial pressure is too low
the opposite occurs. Another system located in the large arteries near the
heart checks the partial pressure of O2.

If you get anxious or scared you could develop hyperventilation—breathing
too fast or too deeply and losing an excessive amount of CO2. You might
feel dizzy, drowsy, or lightheaded and experience tingling of the fingers and
toes, increased feelings of body heat, blurring of vision, a rapid heart rate,
muscle spasm, nausea, and even unconsciousness. Except for the last two
items, hyperventilation has much the same symptoms as an extreme case of
teenage love, but hyperventilation is the more dangerous of the two when
flying an airplane. The word is to slow down your rate of breathing. In
extreme cases, breathing into a paper bag will build up the CO2 again,
reusing the CO2 you just breathed out.



Oxygen Equipment Types. Continuous flow-This is considered the simplest
system and is normally used from ground level to 25,000 ft (or higher, with
more advanced mask and regulator designs, according to the FAA pamphlet
"O2 over 10.") This system may consist of a carry-on O2 bottle with a
control knob for setting a predetermined O2 flow rate.

and, of course, an oxygen mask. Much of the O2 was lost around the edges
of the earlier general aviation "disposable" masks, but later designs have
improved considerably.

The continuous-flow system could be a fixed-type regulator with the
console in the cabin (the O2 bottle is Usually in the baggage compartment
or an area where it can easily be replenished on the ground). The regulator
may have several outlets for plugging in hoses and masks (Fig. 18-3).

The diluier-demand system, which was first widely used in WW 11 fighters,
is designed to give different amounts of air and O2, as required by altitude
(Fig. 18-4). As the cabin altitude increases (cabin air pressure, without
pressurization, is the same as that outside) or the atmospheric pressure
decreases, whichever way you want to look at it, the pilot's inhalation will
bring in a higher percentage of O2 until at 30,000 ft it reaches 100% Oj.
Usually the system has two settings: NORMAL, for the condition just
discussed, and lOOVo OXYGEN, for use anytime the pilot thinks it's
necessary (for instance, getting fumes through the cabin air-Oj mix on the
normal setting). There is usually an emergency valve on the system that
turns on a steady flow of O2 for emergency use (if you're about to pass out
from lack of O2 on the other two settings and need to get perked up before
it's too late —but more about that later).

The pressure-demand system is used for operations in the 35,000- to
45,000-ft level (unpressurized cabin) where the di-luter-demand system is
unable to keep up the pressure for O2 absorption into the lungs and also
blood Oj saturation (Fig. 18-5). You'd need this type of equipment in case
of decompression when operating a pressurized airplane at this altitude
range.

You don't necessarily have to use all three systems for sea level to 45,000-ft
operations. But the top altitude listed for each is the maximum at which it



would normally be used.

Fig. 18-3. Continuous-flow system. Thils is generally used from ground
level to 25.000 ft (or higher with more advanced masks and regulator
designs).

Fig. 18-4. The diluter-de-mand system. This is suggested for operations at
25,000 to 35,000 ft. {FAA pamphlet "O, over 10")



Fig. 18-5. Pressure-demand system. This system is for operations from
35,000 to 45,000 ft. (FAA pamphlet "O, over 10")
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In breathing normally without an oxygen mask, or using the demand-diluter
O2 system, you do the work when you inhale; the air is pulled in and the
normal elasticity of the lungs forces it out. The first time you use a
pressure-demand system, you almost have to learn to breathe again,
consciously breathing out against the pressure coming into the mask. For
some people the first encounter can be claustrophobic. One pilot describing
his introduction to the system said, "It seemed that every time I relaxed a
little, I got a lungful of oxygen, whether I needed it or not!" Some of your
passengers may get a closed-in feeling or one of being unable to get their
breath when using the oxygen mask the first time with any system. You
may have to do some extra reassuring and tell them that this feeling does
happen to some people and with familiarity the feeling should pass. Their
worry should be whether they are getting sufficient (or any) O2; depending
on the type or model of equipment you're using, an indicator showing that
O2 is flowing can be an aid.

If your airplane has permanent O2 equipment, it should be a part of the
preflight check even if you are only planning a trip on a CAVU day at lower
altitudes. If you make checking it a habit, you won't get caught short
sometime when you need to go high to avoid turbulent weather.

Carbon monoxide (CO) is produced by incomplete burning of the engine
exhaust and is most commonly found in aircraft cockpits when there is a
leak in the exhaust manifold inside the cabin heater shroud. If the cabin heat
is on, the CO is piped into the cockpit and, since it has no smell, it can be
detected only by special equipment.

CO is concentrated in the blood as a carboxyhemoglobin complex that
cannot transport oxygen. Since CO binds the hemoglobin 200 times greater
than oxygen, it is essential to avoid toxic levels. One of the first symptoms
(a slight headache) of CO intoxication occurs at 10% blood level; at 20%
you develop a throbbing headache, and at 30% a severe headache. Vision
starts to decrease and you become irritable, dizzy, or nauseous.



The possibility of detecting these symptoms before they impair your
judgment on a long high-altitude flight are slight. If, however, you are on
100% oxygen you shorten the half-life of carboxyhemoglobin from 6 hours
to 1 hour. Furthermore, if the mask is tight fitting you will not be breathing
any CO. So if your passengers complain of headaches, dizziness, and/ or
nausea you should all go on 100% oxygen at once.

Know your O2 system. A full bottle won't do you any good at ahitude if the
valve is OFF—and it's in the baggage compartment or some other
inaccessible place.

Know the hours of O2 available for the number of passengers for various
pressures for your system. Fig. 18-6 is a table of the duration of a particular
full system for various pilot and passenger combinations.

PROBLEMS AT HIGH ALTITUDES

Your general health should be good if you are going to fly at high altitudes;
a person who is overweight and never exercises can expect problems.

Tobacco and alcohol can raise your "apparent" altitude by several thousand
feet:

Actual Altitude (Ft) Physiological Ahitude (Ft)

Sea level 10,000 20,000

7,000 (-t-7000) 14,000 (-1-4000) 22,000 (-F2000)

Fig. 18-6. Oxygen duration chart.

ft for better vision. (Night fighters go on 100% O2 from the surface up.)

If you're tired or shook-up or using certain drugs, your tolerances to
hypoxia will be low or practically nonexistent.

Hypoxia. The problem you'd most expect is hypoxia, or lack of O2 at the
tissue level. There are several types of hypoxia. One is caused by an anemic
condition, so an individual can have trouble even at sea level. Anemia may



be caused by a disease or by loss of blood through accident or
overenthusias-tic blood donating. The average healthy person recovers from
a blood donation in a few hours, but as a rule 72 hr is the minimum time
after a donation before flying as pilot in command.

Hypoxic hypoxia is the type that could occur at high altitudes. Some of
your passengers might need more O2 than you are using because of lung
problems such as emphysema, bronchitis, or other conditions.

If your O2 system goes haywire or pressurization is lost, you'll have a
certain amount of useful-consciousness time in which to put on an oxygen
mask or open another valve, descend, etc. (Fig. 18-7). The rate of change
for useful-consciousness time starts to level off as higher altitudes are
reached. For instance, the 3000-ft change between 22,000 and 25,000 ft
shortens the time by about 180 sec, whereas the 25,000-ft change from
40,000 to 65,000 ft only shortens it an additional 6 sec.

From this information it would seem that smokers and non-smokers are the
same at aUitudes above 20,000 ft, but physiological evidence doesn't back
this up.

For night flying it's suggested that O, be used from 5000

Fig. 18-7. Time of useful consciousness at various altitudes, based on O;
circulation time plus the amount necessary in the brain to keep it
functioning. (Aircraft Division United States Steel)

How do you recognize the symptoms of hypoxia (Fig. 18-8)? People react
differently, but a person's particular symptoms are much the same each
time, so once you've experienced hypoxia you can recognize it later
(assuming, of course, that the first time was under controlled conditions

Symptoms of Hypoxia

Altitude

10,000 to



14,000 ft.

15,000 to 18,000 ft

Time of Exposure

several hours

30 minutes

20,000 to 5 35,000 ft minutes

35,000 to 40,000 ft.

15 to 45 seconds

Symptoms

Headache, fatigue, listless-ness, nonspecific deterioration of physical and
mental performance.

Impairment of judgment and vision, high self-confidence, euphoria,
disregard for sensory perceptions, poor coordination, sleepiness, dizziness,
personality changes as if intoxicated, cyanosis (bluing).

Same symptoms as "15,000 to 18,000 feet" only more pronounced with
eventual unconsciousness.

Immediate unconsciousness (with little or no warning!)
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Fig. 18-8. Some common symptoms of hypoxia. {Aircraft Division United
States Steel)

such as in an altitude chamber so you survived to experience it again.)

The problem is that once hypoxia is well developed, a feeling of lethargy or
well-being may cause you to ignore the warning signs such as added



difficulty in computing ETAs or reading back clearances. One jet fighter
pilot who had a close shave at 35,000 ft when his oxygen hose inadvertently
became disconnected noted that he saw the "blinker" (the indicator of
proper O2 flow) wasn't working but "it didn't seem to make much
difference." His erratic flying showed problems, his wingman's radio calls
alerted him to go on emergency O2, and things then got back to normal.
There have been cases of fighter pilots in an advanced stage of hypoxia who
haven't responded to such calls and crashed. While you can make a rapid
recovery from hypoxia after the proper O2 Dow is established (15 sec),
there may be some disorientation and dizziness for a time. A person who
has had a bad case of hypoxia may not remember being unconscious.

If you are going to be pilot in command of an airplane capable of operating
a high altitudes, it's a good idea to get a checkout in the altitude chamber at
the FAA Center at Oklahoma City or a military installation near you. Check
with your local Flight Standards District Office for a list of these military
facilities and the procedure in scheduling a checkout.

If possible, while under supervision in the chamber take off your mask and
see the effects of hypoxia on you. The supervisors may have you name the
suits of various playing cards or have you write your name and address
several times in succession to check the deterioration of your mental and
physical processes. (You'll start well but soon will forget how

to spell your name or will stare at a big black ace of spades trying to figure
out the suit.) The supervisor will put your mask on before things go too far.
The thing about hypoxia is that generally it's not an uncomfortable feeling
and can induce a euphoria that interferes with the instinct for survival.
You'll have to reason that O, is needed, even though you "feel fine."

Hypoxia increases fatigue even after recovery.

Dysbarism. Dysbarism is a big word for body gas problems, whether
trapped in the blood or in body cavities, such as sinuses, intestines,
stomach, or middle ear. Aeroembolism is a term used for gas bubbles in the
blood.



You've probably had some trouble at one time or another with clearing your
ears on a letdown, particularly if you had a cold. In extreme conditions you
may have had trouble in a climb, even in the low-powered types of airplane
you tlew as a student or private pilot. You can well imagine the ear problem
if decompression occurred in a pressurized airplane. It has been said that the
Stuka pilots of WW II had their eardrums pierced to facilitate pressure
equalization. The U.S. dive bomber pilots did not follow suit but made sure
the passages (eustachian and ear tubes) were clear when diving. Pilots with
colds or other sources of stoppages have had ruptured eardrums in glide or
dive bombing on the first run and then the "pleasure" of making several
more runs in this condition—it is extremely painful.

Aeroembolism (the bends)- is the result of nitrogen and other gases being
dissolved in the blood and other fluids. When the surrounding pressure fails
(as would be the case in failure of cabin pressure or flying at an altitude of
35,000 to 45,000 ft without any pressurization), these gases —nitrogen
mostly - form gas bubbles, particularly in the joints. The pain is severe.
Although advice is often given to "not exercise the area, it makes more
bubbles form," you'll find yourself bending your wrists or other joints in an
attempt to ease the pain. Bubble formation in the lungs can also cause pain
and disability. Bends can be fatal. Scuba and other divers who've been
down to depths of 35 ft or more (where the pressure on them is at least
twice that of the sea level atmosphere) and come up too fast can suffer the
bends, as can a pilot in an unpressur-ized airplane at high altitudes.

Bends at altitude (35,000 to 40,000 ft) may take up to 20 min to develop
severe symptoms. But if you were scuba diving and then flew within a few
hours, it's possible that you could get the bends at 8,000 ft cabin altitude or
lower.

SUMMARY

Know your Oj equipment and pressurization system thoroughly. Work out
beforehand the procedures to be used in the event of O2 system failures,
loss of pressurization, or other problems. Get a checkout on altitude effects
in a chamber before acting as pilot in command of an airplane capable of
operating at high altitudes.
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Turbocharging

and

Pressurization

BACKGROUND

This chapter is intended only to give some general information on
supercharging (turbocharging). You 11 get a thorough checkout when you
start to fly any new turbo system because of the different pilot techniques
and requirements, compared with normally aspirated engines.

You'll find that some systems have a separate control for the turbo waste
gate (more about that later) and others are automatic; in the latter, the pilot
uses the throttle(s) alone to set up the desired manifold pressure (mp).

Turbocharging allows the engine to develop more HP at sea level (ground-
boosted engines) and at altitude (ground-boosted and altitude-
turbocharged). But the primary purpose of such systems is to develop and
maintain better high-altitude engine operations at a small cost in weight.

Some of the superchargers used in the older light twins with radial engines
are driven by the crankshaft, but at a much higher speed through gearing.
These superchargers are single-stage, single-speed. The single compressor
always operates at the same gear ratio, and the pilot does not "shift gears"
as altitude is gained.

The number of "stages" of an engine supercharging system indicates the
number of compressing cycles it goes through. The air, or mixture, may be
compressed several times through a series of compressor sections, but most
light general aviation airplane systems have only one stage. The terms
single-speed or two-speed are used in conjunction with mechanically driven
superchargers (part of the original engine, hooked up with the crankshaft
through a gear train). The single speed is at a fixed-gear ratio, and there's
nothing the pilot can do about it. The two-speed type allowed the system to



change from low blower to high blower as altitude was gained (this shifting
was done at altitudes varying from 7000 to 12,000 ft, depending on the
airplane/engine combinations). (See the FAA A&P Mechanics Powerplant
Handbook.)

TURBOSUPERCHARGING

Basically, turbocharging is accomplished by using the exhaust gases of the
engine to turn a turbine wheel directly connected to a compressor wheel
that compresses intake air and routes it to the carburetor for mixing with the
fuel. In the fuel injection engine, the compressed air is sent on to the engine
for mixing at the cylinder intake. If you were going to design a system, you
might start as shown in Fig. 19-1. The turbo is always "on" in that example.
At sea level the internal pressures in the engine (brake mean effective
pressure) could be too high.

Altitude Turbocharging. Assuming that an engine being turbocharged is not
allowed to exceed, say, 29 in. of mp at its maximum rpm, some means of
getting the compressed air at altitude is needed. In other words, in order to
get 29 in. of mp at 16,000 ft might require starting off with 43 in. at sea
level. This won't work for our fictitious engine—it may not take the
pressure.

The best thing is to add a "waste gate" to the system so that a choice is
available (Fig. 19-2). The pilot can control the waste gate position as
altitude is gained, finally closing it com-

ENGINE

TURBINE
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Fig. 19-1. A view of the turbocharging principle. There are, of course, a few
other factors to consider.
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Fig. 19-2. A simplified view of a system with a waste gate added. The gate
is open so the engine is normally aspirated (the turbo isn't working).

pletely to route all the exhaust gases through the turbine wheel. When the
waste gate is completely closed the available mp drops with further altitude
gain (Fig. 19-3).

In Chap. 12 it was noted that as altitude is increased, the cooler outside air
and lower exhaust back pressure result in more HP per inch of mp. This was
also shown in Fig. 12-1, a power-setting chart. But, another practical
consideration is involved in the operation of the turbocharger. As the air is
compressed in the process it becomes hotter. As the airplane goes higher the
turbo wheel must turn faster to do the job and so some heat (and loss of
efficiency) is involved. With some models of equipment a higher mp is
required to get the same HP at altitude to offset this. This is mentioned
because some turbocharged airplanes you'll be flying may have power-



setting charts that call for relative manifold pressures that don't jibe with
your previous experience with nonboosted engines (as discussed in Chapter
12) (Fig. 19-4).
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Fig. 19-3. The waste gate is completely closed; any further Increase in
altitude will result in a drop in manifold pressure.

Fig. 19-4. (£)e/ow) Power setting charts for (A) a normally aspirated engine
and (B) the boosted version. Comparing manifold pressures for long-range



cruise power settings for both types, you can see (underlined) that the
boosted engine requires higher manifold pressure for a given rpm. The full
chart carries information on mp limits for various altitudes for different
propellers and corrective factors. (Example only, not to be used for flight
purposes.)

Ground-boosted Engines. The Lycoming TIO-541 model engine, which
permits 38 in. to 43 in. for takeoff, has a larger and stronger crankshaft,
lower compression ratio to protect the combustion chamber, special exhaust
valves and guides to protect against hotter e.xhaust gas temperatures
(EGTs), and oil squirts in the crankcase that direct a stream of oil at the
pistons to help cool them.

It's extremely important that the proper octane fuel be used —detonation
can be much more of a menace for boosted engines.

Waste Gates Again. To get back to the turbocharging system you're
designing, look again at Figs. 19-2 and 19-3. You've decided that the waste
gate idea is the best way to go.

and now need to design a way to control it. Oil pressure from the engine
could be used to actuate the waste gate and also lubricate the turbine shaft.

Like a constant-speed propeller (which has a combination of oil pressure
and counterweight, oil versus air pressure, or oil versus the normal pitching
moment of the prop), maybe here an oil pressure and spring combination
would be a good system for controlling the waste gate operation. The most
logical approach would be to use oil pressure to close the waste gate,
fighting a spring that wants to open it. The waste gate control, which is
separate from the other engine controls in the manual system, is adjusted for
the desired mp altitude. This control is usually a vernier type, and in the
multi there'll be one for each engine. With this oil pressure spring arrange-

Fig. 19-5. Turbo-charger system.



EXHAUST OVERBOARD

ment, a loss of oil pressure in the system would result in the spring opening
the waste gate and the engine becoming normally respirating — unboosted
—again. The airplane, if at altitudes requiring boosting to sustain flight,
would descend until power was available for straight and level and other
operations. Better this setup than having the waste gate closed vihen oil
pressure is lost in the turbo system, which could mean, at low altitudes,
overboosting an engine designed for a maximum of 29 in. of mercury or
thereabouts. Fig. 19-5 shows a schematic of a turbocharged engine.

The next step is to install an automalic absolute pressure control system.
With it the pilot uses the throttle at altitude to set up the mp desired without
adjusting a separate control. The automatic control system adjusts for
pressure, and the supercharger is operated so that the mp follows throttle
movements. This automatic feature is normally set at the factory and
shouldn't be worked on in the field.

Operation of a Turbocharged Engine. You'll naturally use the POH for the
exact word on the particular airplane/ engine setup, but a few general items
on operations should be covered.

First, while you're careful in changing power with the nonboosted constant-
speed prop, even more care must be taken with the turbocharged engine. An
abrupt or improper sequence of power adjustment can damage the engine.
The following items apply to both manual and automatic systems when in
operation:



1. The throttle(s) must be operated smoothly or the engines will surge.
Since the turbo(s) will react to power input this is bad for the
turbocharger(s) and the engine(s).

2. Fig. 12-2 (engine indigestion) shows what can happen if you get out of
sequence in using the prop control and throttle in a nonboosted engine. So,
to increase power, increase rpm first. To decrease power, decrease mp first.
Handle the power controls very carefully.

3. The cylinder head temperatures (CHTs) will run hotter at high altitudes
because of the higher turbine speeds. You'll need to closely monitor that
instrument. Keep temperatures within prescribed limits. (The CHT will tend
to average at least 30°F higher at altitude.)

4. Cruise control at altitude is to be in accordance with specific instructions
for that airplane and engine combination.

Because of the higher temperatures and operating turbocharged engines use
100-octane fuel as a inini-

5. limits, mum.

6. cruise.

A power setting of 75% is used by most pilots for Consult charts for the
most utility.

iVIanualiy Controlled Turbocharger. The waste gate(s)

will be open (turbo turned OFF) for takeoffs at field density-altitudes below
4000 to 5000 ft. Always make sure that the manual control is in the waste-
gate-open position before starting the engine. You may have brought things
back to normal as you descended on that last flight, but somebody might
have closed the waste gate in the meantime. Using 60-1- in. of mp on
takeoff or go-around, in an engine limited to 29 in. or so, could get
everybody's attention and cost you several thousand dollars.



TAKEOFF AND CLIMB. This type of system is left OFF (waste gate open)
for takeoff and climb until 4000 to 5000 ft (density-altitude) is reached, at
which point you'll be using full throttle to maintain required climb mp.
(Takeoff and climb at full rich mixture.) As altitude is gained, the manual
waste gate control, usually a vernier type, is gradually closed to maintain
the required mp.

CRUISE CONTROL. Use the power chart for your airplane/ engine to set
power at the particular altitude chosen. As far as leaning by reference to the
EGT is concerned, use the recommended proper leaning procedures.

Temperatures, particularly CHT, are higher at altitude and can be a critical
factor, if ignored. One of the first light twins equipped with turbochargers
could not fly level on one engine above a certain altitude because cooling
was the critical factor. It could maintain altitude on one engine at 90- to
100-mph CAS but 120-mph CAS was necessary to keep the temperatures
down, and it was going downhill at that speed. Some manufacturers use a
turbine inlet temperature (TIT) gage as standard equipment.
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Fig. 19-6. Pressurized cabin area for a light twin. Ttie floor is the bottom
part of the pressurized cabin area.

I

DESCENT. Descent with a luanualty controlled lurbueharger is the reverse
of the climb in that the waste gates are gradually opened as altitude is lost,
so the airplane passes through the 4000- to 5000-ft level as a normal



aspirating engine type. Suppose you forget to open the waste gates (after
closing the throttle to make a fast descent) and then suddenly apply full
throtile(s) for a quick go-around. The ensuing noise and activity would be
very interesting to those on the ground observing, but you would probably
be so busy trying to land a no-powered airplane that you wouldn't
appreciate it.

Always reduce power with the turbo controls first.

Automatic Control. One type of automatic turbocharging system is
described as follows:

1. Engine induction air taken in through a flush scoop on the inboard side of
the nacelle is dusted through a filter and passes into the compressor.

2. The compressed (or pressurized) air then passes through the throttle
system and induction manifold into the engine. {The air and fuel are mi.xed
as normally for a fuel injection system.)

3. The exhaust is routed to the turbine, which drives the compressor, and the
cycle continues (Figs. 19-1, -2, and -3).

To avoid exceeding the maximum allowed manifold pressure, the waste
gate in this system allows some of the exhaust to bypass the turbine and exit
via the tailpipe. The waste gate position changes to hold a constant
compressor discharge pressure.

When the waste gate is fully closed (as might be the case at or above the
critical altitude —see Fig. 19-3), any change in turbine speed will directly
affect the mp (the more turbine rpm, the more mp, etc.).

When the waste gate is fully open (see Fig. 19-2), the engine will respond
as does a normally aspirated engine in rpm changes. If you move the prop
control forward {increase rpm) the mp will decrease slightly and vice versa,
just like that constant-spccd-prop-equipped, normally aspirating engine
you've been flying. When the waste gate is fully closed (see Fig. 19-3
again) the mp reacts the opposite of a normally aspirated engine. An



increase in rpm (and the resulting increase in turbine and compressor speed)
increases the mp. A decrease in rpm decreases mp because of these factors.

When the waste gate is closed the mp will vary with airspeed (impact air).
The turbocharger operates with pressure ratios of up to 3:1, and any change
in intake pressure is multiplied—with a result that the exhaust and turbine
(and compression) are a fleeted.

Check the POH for details on how the turbocharging system works on your
airplane.

CABIN PRESSURIZATION

Turbocharged airplanes may also use the system for cabin pressurization.
Probably the optimum shape for pressuriza-tion would be a sphere, which
would have no sharp angles or possible stress areas. Since crowding
crewmen and passengers into such an arrangement would be
uncomfortable, the next best and most logical move is to pressurize a
cylindrical section (Fig. 19-6). Note that some variation from a pure sealed
cylinder is necessary because of the airplane's geometry, but that basically
the pressure cabin might be considered an environment cylinder in the
airplane. Sealing of windows and particularly the door is of great
importance.

Turbo-prop airplanes or jets usually take air from the earlier stages of the
compressor section. This would seem simple enough except that the air is
very hot (normally much too hot for a comfortable cabin) and must be
routed through the airplane's air conditioning system. The pilot sets the
cabin temperature controls. The result is the mixture of pressurized (hot) air
from the compressor and cold air from the air conditioner necessary to get
the right temperature. In some cases, a failure of the air conditioner means
that depressurization (to get some cooler outside air so that the people in the
airplane don't get dehydrated) and descent (so that those same people don't
get hypoxia) are necessary.

Some cabin pressurization systems are tied in with the engine gear-driven
pneumatic pumps (as opposed to vacuum pumps). To review a little, you've
had plenty of experience with flight instruments being operated by the



engine-driven vacuum pumps. You know that in some twins each of the two
vacuum pumps has the capacity to operate the flight instruments, plus the
de-icer boots on the wings and horizontal tail. Since the instrument gyro
wheels operate because of air moving across the vanes, how this flow is
obtained (whether by suction at one end of the system or pressure at the
other) doesn't matter. A pneumatic pump, or pumps, may be tied in with
pressure from the turbocharger compressor section(s) so that each may
supplement the other for cabin pressurization or running the de-icers or
flight instruments. A series of check valves and controls are used to make
sure that each system is contributing as necessary. For instance, you'd need
the instruments and maybe the de-icers at lower altitudes during IFR
operations when neither turbocharging nor cabin pressurization is required
—and the engine-driven pneumatic pumps are then doing the job. At higher
altitudes, air from the compressor section(s) may be working hard to
pressurize and do the other chores required by the various systems.

The pressurization system for one current reciprocating-engine twin
depends totally on the pneumatic pumps for cabin pressurization when the
manifold pressures are below 17 to 18
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in. There is no turbocharger pressure used in this power regime. In cruise
conditions the cabin pressurization is split SO-SO between the pneumatic
pump and the turbochargers.

If it comes to which system (de-icers or cabin pressurization) has first
choice with the pneumatic pump(s), the de-icers get the nod.

A detailed description of the various high-altitude systems would take up
too much space here. Besides, the POH will give all the operating details
needed. The idea here is to take an overall look so that you can understand
the principles of systems for different airplanes and so can make better use
of them. If you memorize the operating steps (push button 1, pull button 2,
etc.) without knowing how the system works generally, you wouldn't be as
apt to correct serious problems at, say, 29,000 ft when action is needed now.
Or if you have a gripe about the system and need to talk to a mechanic, it's



not considered professional to say something like, "Gee, it sure doesn't
work right" —if that's all you can contribute.

Basically, when introduced to a system new to you, ask what, why, and
how.

What is the system? Think about its description. What should it do? This
will help start you thinking about how it works.

Why is it needed, or why is its addition advantageous? This also pins down
the idea of its principle of operation.

How should it work? How will you make it function both normally and
under emergency conditions?

You might find that the approach used in the beginning of the chapter—
designing a turbocharging system —will work for other systems as well.
Remember that most of the complicated systems are based on simple
principles. Fig. 19-7 shows the pressurization controls for a pressurized
twin. If you were handed this illustration or sat down in the airplane with no
explanation or preparation, the dials and controls would probably not make
much sense. Of course, you aren't likely to be put on the spot this way but
would likely go to a factory school and get a good checkout in the system.

To continue with our example —in looking at Fig. 19-7



Fig. 19-7. Pressurized cabin console.

you might examine the various items and ask, why? For example, it would
be useful to know the cabin altitude when you are well above the altitude
requiring O2 for survival. The gage is handier and more accurate than
turning around to check the various shades of blue in the passengers' faces.
Don't be afraid to ask why something is a part of the system.

If you design your "own" system for a turbocharged, pressurized airplane,
you might at first come up with a very simple one. You'd then expand it for
various component controls. The first design would be close to the one in
Fig. 19-1. You'd soon see that a continuously operating turbocharging,
pressurizing, and de-icing system wouldn't work. You would then start
adding controls to operate the de-icers, or turbo-chargers, or pressurization
when needed. While you'd like to avoid any unauthorized cabin air leaks,
you'd have to provide controlled leakage in order to get the desired cabin
pressure. Besides, who wants to breathe the same air over and over?

You'd soon find yourself adding all the "complicated" controls and
instruments as you progressed in designing a system. When each is added
as necessary, it's easy to understand, but if you are faced with the whole
conglomerate at once it can be overpowering.

SUMMARY

This chapter has taken a general look at turbocharging and cabin
pressurization so that you'll understand the principles when you are first
introduced to the systems (and the controls) for a specific airplane. Once
you understand what the system is to do, the POH instructions will make
more sense.

Following are some terms you should be familiar with concerning
turbocharging (as given by the Lycoming Flyer):

Supercharge and supercharger—T\it term supercharge means to increase the
air pressure (density) above or higher than ambient conditions. A
supercharger is any device that accomplishes this.



Turbo-supercharger—yioxt commonly referred to as a turbocharger, this
device is a supercharger driven by a turbine. The turbine is spun by energy
extracted from engine exhaust gas.

Compressor—A compressor is the portion of a turbocharger that takes in
ambient air and compresses it before discharging it to the engine. This
compressor is a high-speed radial outflow wheel that accelerates the air as it
passes through the wheel passages. Then the collector around the wheel
transforms the velocity energy to a pressure head.

Turbine—A turbocharger turbine operates almost in reverse of the
compressor. Hot exhaust gases of the engine are ducted into the turbine
housing where the velocity is increased prior to passing through the turbine
wheel. The expansion of these gases releases energy to drive the turbine
wheel.

Waste gate and waste gate actuator—In a turbocharger system the term
waste gate refers to a valve (usually a butterfly type) that dumps engine
exhaust gases before they reach the turbocharger. The valve may be
actuated by a hydraulic piston and cylinder with the piston linked to an arm
on the butterfly valve shaft.

Absolute pressure controller—This is an automatic control that senses
compressor discharge pressure in an aneroid bellows attached to a poppet
valve. This poppet valve in turn controls the amount of hydraulic fluid bled
to the crankcase, thereby modulating the waste gate as necessary to
maintain a constant compressor discharge pressure.

Adjustable absolute pressure controller—This controller is similar to the
absolute pressure controller except that the desired compressor discharge
pressure can be varied by the pilot. Each time a new pressure is selected,
that pressure will hold automatically.
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Manual controls —With manual controls the waste gate position and
subsequent turbocharger output are controlled and modulated by the pilot
rather than by an automatic control de\ice.

Aiiiomaiic controls—VnUke manual controls, the automatic controls
perform the necessary functions to maintain preselected operating
conditions without the pilot's attention.

Density controller—This device has the same general construction as an
absolute pressure controller, except the bellows are filled with a
temperature-sensitive dry nitrogen. These bellows will cause the controller
to maintain a constant density, rather than pressure, by allowing the
pressure to increase as the temperature increases, holding a constant of
pressure over the square root of a temperature: C = P/vT where C =
constant, P = pressure, and T = temperature).

Ground-boosted or ground lurboclwrged—These phrases indicate that the
engine depends on a certain amount of supercharging at sea level to produce
the advertised HP. An engine that is so designed will usually include a
lower compression ratio to avoid detonation.

Deck pressure —This is the pressure measured in the area downstream of
the turbo compressor discharge and upstream of the engine throttle valve.
This should not be confused with manifold pressure.

Manifold pressure —This is the pressure measured downstream of the
engine throttle valve. It is almost directly proportional to the engine power
output.

Differential pressure controller—This controller uses a diaphragm rather
than the bellows found in the absolute pressure controller. It is usually used
in conjunction with a density controller. Its function is to override the
density controller so that the compressor discharge pressure is not held at an
unnecessarily high level when lower manifold pressures are being used. The
differential controller will usually maintain a compressor discharge
approximately 2 in. to 4 in. of mercury above the selected mp. In this
system, the density controller is only effective at wide-open engine throttle
conditions.



Normalizing—U a turbocharger system is used only to regain power losses
caused by decreased air pressure of high altitude, it is considered that the
engine has been normalized.

Overboost —An overboost condition means that mp is

exceeding the limits at which the engine was tested and FAA certified. This
can be detrimental to the life and performance of the engine. Overboost can
be caused by malfunctioning controllers or an improperly operating waste
gate in the automatic system or by pilot error in a manually controlled
system.

Overshoot —This is a condition in which the automatic controls do not
have the ability to respond quickly enough to check the inertia of the
turbocharger speed increase with rapid engine throttle advance. Overshoot
differs from overboost in that the high mp lasts for only a few seconds. This
condition can usually be overcome by smooth throttle advance.

Sonic nozzle —Sonic nozzles are used in turbocharger systems where bleed
air is used for cabin pressurization. This is a flow-limiting device that works
on the principle of controlling flow by passing the air through a smooth
orifice. They are sized so that, at sonic velocity, the maximum desired flow
is achieved. The sonic nozzle prevents too much air going to the cabin and
thereby starving the engine of its needed supply.

Bootstrapping —This is a term used in conjunction with turbo machinery. If
you were to take all the air coming from a turbocharger compressor and
duct it directly back into the turbine of that turbocharger, it would be called
a bootstrap system. If no losses were encountered, it theoretically would run
continuously. It would also be very unstable because if for some reason the
turbo speed changed, the compressor would pump more air to drive the
turbine faster, etc. A turbocharged engine above critical altitude (waste gate
closed) is similar to the example mentioned above, except there is an engine
placed between the compressor discharge and turbine inlet. Slight system
changes cause the exhaust gas to change slightly, which causes the turbine
speed to change slightly, which causes the compressor air to the engine to
change slightly, which in turn again affects the exhaust gas, etc.



Critical altitude —A turbocharged engine's (auto) waste gate is in a partially
open position at sea level. As the aircraft is flown to higher altitudes (lower
ambient pressures), the waste gate closes gradually to maintain the
preselected mp. At the point where the waste gate reaches its full closed
position, the preselected mp starts to drop. This is the critical altitude for
that engine.

PREPARING FOR THE COMMERCIAL KNOWLEDGE AND
PRACTICAL TESTS

You have, at this stage, taken the private pilot knowledge test (and maybe
others) and so have a good idea of what to expect in getting ready for an
FAA test. It could be that it's been a little while since you really hit the
theory so this chapter has some suggestions for home study plus a sample
knowledge test at the end. It's suggested that you fly more complex
airplanes and, if possible, actually use oxygen systems and turbocharged
airplanes before taking the test — it will help you remember.

This book is primarily a textbook with the questions and
answers/explanations added as a convenience to the reader.
Publishing/printing schedules between changes in the FAA questions may
preclude the insertion of a few exact questions, but up-to-date questions on
the area of knowledge will be included in any printing.

HOME STUDY AND REVIEW

You may prefer to study at your pace rather than attend a formal ground
school. Aviation Weather should be in the library of every pilot; the weather
questions in the Commercial Pilot Knowledge Test are based on Aviation



Weather and Aviation Weather Services. Appendix A of this book also
includes some of the aviation weather services cited in the Aeronautical
Information Manual — Basic Flight Information and ATC Procedures
(AIM), and you should review this information there.

You should know the weather information available, such as Hourly
Weather Reports (METARs), Terminal (TAFs) and Area Forecasts, Pilot
Reports, and Winds and Temperatures Aloft Forecasts.

Be familiar with charted data and their symbols as given on Radar
Summary Charts, Low and High Level Significant Weather Prognosis
Charts, Tropopause Wind Shear Prog Charts, Constant Pressure Prog
Charts, Observed Winds and Temperature Aloft Charts, Weather Depiction
Charts, and Stability Charts.

In weather theory, know the various types of fog and how they are formed.
What are the initial indications of wind shear? Know the various stages of
thunderstorms and the charactristics of each. On the commercial test you'll
be expected to know much more about high-altitude meteorology and jet
stream theory.

You should be able to estimate the height of the bases of local convective
type (summertime) clouds when given the surface temperature and the
dewpoint. (The difference between the surface temperature and the
dewpoint [Celsius] should be divided by 2.2 to get the height in thousands
of feet.) Remember that 59°F and 15°C are sea level standard temperatures
and the normal lapse rates are -3i^°F and -2°C per 1000 ft.

There are copies of FARs and AIM available from commercial publishers
and you should have the latest copies to study for the questions in the
knowledge test here (as well as references for your day-to-day operations).

Following are some suggested study areas that not only apply as a review
for the commercial knowledge test but also as a review of the material
covered in this book.

Chapter 2



Laws of motion —Newton's laws of motion should be reviewed and
understood.

Principles of airfoils—As noted in this chapter, Bernoul-
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li's theorem and Newton's law (for every action there is an equal and
opposite reaction) go here. Have a good knowledge of the general pressure
distribution around an airfoil and what happens to the center of pressure as
angle to attack is increased (Fig. 2-3). Make sure that you have a good
picture of coefficient of Lift versus angle of attack, and the effects of flaps
on the coefficient of Lift and Drag (and how pitch and trim are affected by
the use of flaps). Review the effects of ice, snow, or frost on airfoils. Also
know the effects of air density on Lift and Thrust.

IVing planforms-The planform of the wing affects stall characteristics
(rectangular planforms give best lateral control characteristics if other
factors are equal). Be familiar with such terms as aspect ratio, taper, sweep,
span, and area, and how they affect airplane aerodynamics and
performance.

Drog-Review the types of Drag and how airspeed and/ or angle of attack
affect each.

Gyroscopic precession —This and the other factors of torque should be well
familiar to you.

Stalls-What happens to the airflow when the critical (stall) angle of attack is
reached? Stalls are a function of angle of attack, not airspeed. Know the
effects of CG position on stall speed and recovery characteristics. What are
the effects of flaps on stall speed? Of Weight?

Power-Brake and Thrust horsepower and the effect of THP on performance
(climbs, descents, and straight and level) should be understood. Be aware of
the airplane's actions on the front and back sides of the power curve and



how a change in airspeed requires more (or less) power to maintain a
constant altitude.

Ground effect —Know that ground effect is the result of a change in
downwash and a decrease in induced drag and be able to analyze its effects
on the airplane performance and longitudinal stability during takeoff or
landing. What happens to induced Drag as the airplane flies out of ground
effect?

Chapter 3

The four forces-Know that the axis of reference in flight mechanics is the
airplane's flight path and that the Four Forces are measured parallel and
perpendicular to that axis. Weight must be broken down into two
components in climbing or descending flight, in order to see what
proportion is acting perpendicular or parallel to the line of flight. Analyze
the forces at level slow flight and at cruise, climbs, descents, and turns.

Particularly review Figs. 3-15, -16, and -17. Check these equations (The V
is in knots):

^^'^'"^ ^'^ = 11.26 tan <^ rate of turn = '^' 'f" "^

The point is not necessarily to memorize the equations but to realize that the
radius goes up as a function of the velocity squared for a given bank angle
(0). (If you double the airspeed when flying at a particular angle of bank,
the radius goes up 4 times.) For turn rate, the slower the airspeed, the
greater the rate of turn for a particular bank angle (halve the airspeed and
the turn rate doubles).

Chapter 4. Be sure that you can answer questions on the flight instruments
and their errors. Be well versed on vacuum and pressure pump systems,
including the principles of gyroscopic operations and aircraft acceleration
effects on the attitude indicator. Review the pitot/static system and how
those instruments may be affected by icing and other factors. (Also know
the effects on the instruments of using the alternate air source.) You should
take another very good look at the magnetic compass and its operational



errors, including acceleration (ANDS), northerly turning (NOSE),
deviation, and vari-

ation. Know the various types of altitudes (indicated, density, pressure, true,
and absolute) and how pressure and temperature affect the indicated-
altitude and true-altitude relationships. Understand how the various engine
instruments obtain their readings. Know the various airspeeds (IAS, CAS,
EAS, and TAS) and how each is found. (Be able to work both ways through
each type of airspeed and understand what a Mach number is.) What are the
airspeed indicator markings (V speeds)?

Chapter 5. Be able to work with the various types of takeoff and obstacle-
clearance charts, as given in the chapter and for airplanes you're flying.
Know the effects of headwind component (and crosswind component
limits). Weight, runway surface, density-altitude (pressure altitude,
temperature, and humidity) and approximate runway slope effects.
Remember that High, Hoi, and //umid Hun (takeoff performance). Be able
to use a crosswind/headwind component chart. Also be able to answer
questions on normal and crosswind takeoff techniques, and short- and soft-
field takeoffs and landings Review in your mind the techniques you use in
taxiing in strong surface winds.

Chapter 6. Review this chapter well and understand the difference between
max rate and max angle climbs and how they are derived. Wind affects
angle of climb but not rale (assume no turbulence). Be able to read —
quickly and accurately-the various rate of climb charts available. Know that
excess Thrust horsepower controls the rate of climb and excess Thrust
controls angle of climb. Be able to accurately use time, fuel, and distance-
to-climb information —both tabular and graphic.

Chapter 7. Review this chapter, with emphasis on being able to read cruise
power setting charts; understand that the maximum range speeds and power
settings are lower than for "normal" cruise (65 to 75"7o) and that maximum
endurance is found at even lower speed/power settings. Max endurance is
greatest at lower altitudes. Note that airplanes close to the max range
airspeed can fly at a "high" or "low" airspeed and pilots may not realize that
they are flying the lower one and may think they've gotten it "on the step"
(Fig. 7-2).



Chapter 8. Understand how max distance and minimum sink glides are
different. Note that the wind affects the glide angle but not the rate of sink.
(This is the same condition as max angle and max rate climbs and, like
them, it's assumed that there is no turbulence to affect performance.)

Review how density-altitude affects the maximum distance glide angle and
sink rate, and how the indicated (calibrated) airspeed for the max distance
glide must be reduced with Weight decrease. Look at the maximum glide
distance charts again.

Chapter 9. The theory and techniques of normal and cross-wind landings
and short- and soft-field approaches and landings should be well established
in your mind. This is a good time to review the various flap operations and
systems you've encountered in your practical flying experience (electrical,
hydraulic, and manual systems and their idiosyncrasies) so that you'll be
able to answer any questions from a pilot's standpoint. Know the factors
(wind, density-altitude, slope, runway surface, and braking) that affect the
landing roll. Check out your use of graphic and tabular landing distance
data. Read about the different types of hydroplaning and the minimum
hydroplaning speed.

Chapter 10. As a commercial pilot you'll be expected to go more deeply
into the theory of stability and control so that you can generally predict an
airplane's reaction to a new Weight placement or a design change.
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Take a good look at Fig. 10-46 and be sure that you are knowledgeable
about the principled of longitudinal static and dynamic stability. Know what
effects sweepback and dihedral have on directional and lateral stability It
should go without saying that you will be expected to be familiar with the
various types of Weight and balance envelopes and be able to accurately
work any Weight and balance problems on the test. Also know the effects
that Weight and balance have on performance (forward CG means a higher
stall speed in most cases because the down force on the tail makes it
"weigh" more-see Fig. 7-4). What is gross Weight and useful load? What is
included in the Basic Empty Weight of the airplane? How can the pilot
affect the longitudinal stability of the airplane? As you fly larger airplanes



with greater cargo capacity, you'll have to be aware of such factors as cargo
shifting and complete management of Weight and balance. Know how
ground effect affects longitudinal stability.

Chapter 11. Take another good look at this chapter for aircraft limitations
(airspeeds, load factors, and Weights). Remember that the definition of the
maneuvering speed is that maximum airspeed (calibrated) at which abrupt
and complete control travel may be accomplished without exceeding the
limit load factor. The maneuvering speed (CAS) is a multiple of the stall
speed times the square root of the limit load factor. Since the stall speed
decreases with the square root of the Weight (the limit load factor is
required to be constant), the maneuvering speed used must decrease with
the square root of the Weight change. Note that stresses due to gusts depend
on the Weight, lift slope of the airfoil, velocity of the airplane, and the gust
velocity. Review Figs. 11-8 and 11-9 and be able to find on similar charts
the load factor imposed by a 15- or 30-psf (vertical) gust at a chosen
airspeed. Know the limit (design) and ultimate positive and negative load
factors for normal, utility, and acrobatic category airplanes. Remember that
the load factor is the Lift to Weight ratio (LF = L/W), and these can be
shuffled around to solve for each value (if you know the other two). Be able
to find the increase in stall speed and/or load factors for a given angle of
bank as shown in Fig. 11-2. The load factor imposed in a balanced,
constant-altitude turn is the same at a given bank for all airplanes at all
airspeeds. In a 60° bank the C-152 pilot will have the same 2 g's imposed as
will an F-16 pilot at that bank.

What are the differences in stall speed and load factors as a bank is
changed?

Chapter 12. Know the basics of manifold pressure/rpm relationships and the
theory of the constant-speed propeller (review also Chap. 2 in the section on
Thrust to see why the constant-speed propeller is more efficient than the
fixed-pitch type). Remember the different types of constant-speed
propellers and their principles of operation (also covered in Chap. 2).

Chapter 13. There will be questions on fuel injection and carburetor
principles and the use of mixture/throttle and boost pumps. And, elementary
as it may seem, know the principles of the reciprocating engine (general



ideas of carbure-tion, ignition, and the fuel and oil types available and how
they are designated). Understand detonation and preignition, including their
causes and effects, and general engine starting and shutdown procedures.
You might also review the operations of the various fuel systems you've
used. Know the point(s) in the carburetor where icing would most likely
occur. Be able to describe the symptoms of carburetor icing in fixed-pitch-
prop and constant-speed-prop airplanes. Remember that the term induction
icing covers both carburetor and fuel injection systems. What temperatures
are "best" (worst?) for carb ice? Fuel vaporization and lowered pressure in
the ven-turi are the two big factors in forming carb ice. What are the

advantages and disadvantages of carburetor and fuel injection systems?
Note that the carburetor or air mixture temperature gage becomes more
important for high-powered and turbo-charged engines. What does
carburetor heat do to the mixture?

Chapter 14. Know the various types of retractable landing gear systems
used, plus safety additions and general emergency procedures for the two
main types (electrically and hy-draulically actuated). Also review the
systems you've had practical experience with.

Chapter 15. Look at this chapter for the definition of the single-engine
minimum controllable speed and for a further review of airplane
performance as indicated by the graph of twin- and single-engine THP
available and required. You might review the section on engine starting for
some reminders on general engine starting and run-up procedures. How are
Vys^ and V„c shown on the airspeed indicator?

Chapter 16. There will likely be questions on the knowledge test on
emergency landings. You should go over some general ideas on rough-
running engines, fire in flight (both engine and electrical), and techniques
for landing on various types of terrain and on water. For further study, order
NTSB Report No. AAS-72-3, Emergency Landing Techniques in Small
Fixed Wing Aircraft.

Wake turbulence and procedures to avoid it should be gone over in your
mind again, both for this test and for your day-to-day flying, in case you
hadn't thought about it for a while. Have you worked out a procedure for



your airplane if a door comes open on takeoff or enroute? Run over in your
mind the possible effects of turbulence and gradient winds.

Chapter 17. Rework some of the navigation and performance problems in
this chapter and affirm that your work with the computer is quick and
accurate. Review the equation for radius of action from a moving base, time
out (TO) = (TT x GSB)/(GSO + GSB), and if you use hours and tenths be
sure that you don't confuse fractions of hours with minutes (2.28 hr is not 2
hr and 28 min but 2 hr and 16.8 min). In the off-course problems, the flight
to the destination will require two steps in heading corrections: (1) the
change required to parallel the original course plus (2) the turn to fly to the
destination. Review the "rule of 60" so that you can double-check your
computer work on off-course and time- or fuel-to-station problems.

Chapter 18. You'll have some questions on the physiological effects of high-
altitude flying. Know the general theory of the three types of O2 systems.
Be able to recognize the symptoms of hypoxia, dysbarism (and
aeroembolism), and hyperventilation (the latter is not a problem caused by
altitude, but it could happen at altitude and be confused with hypoxia,
which might resuh in more anxiety and more hyperventilation). Review the
FAR 91 O2 requirements in this chapter.

Chapter 19. Have a good grasp of the theory and operation of turbocharged
engines and how cabin pressurization is generally used. Some people get
confused as to whether the waste gate is open or closed when the
turbocharger is in action. Review the illustrations, and, if your mind goes
blank on the written, "redesign" a system.

Federal Aviation Regulations. Be familiar with far 1,

61, 71, 91, and 135, plus National Transportation Safety Board Part 830.
You'll be expected to have a very good knowledge of these parts and the
following FAA Advisory Circulars:

229

Series 00 —General



Series 20 —Aircraft

Series 60 —Airmen

Series 70—Airspace

Series 90 —ATC and General Operations

Series 120 —Air Carrier and Commercial Operators

Series 150 —Airports

Series 170—Air Navigation Facilities

AIM and Other Publications. Review the AIM-Official Guide 10 Basic
Flight Information and ATC Procedures, Notices to AIRMEN (Class II),
and Airport/Facilities Directories to bring yourself up to date on the latest
requirements.

Summary of the Home Study and Review. Don't try to memorize a lot of
information, but use your time to cover the required areas. It's better if you
use a couple of weeks for review (a comparatively small amount each
evening) than to try to cram at the last minute.

THE KNOWLEDGE TEST

Because the knowledge test questions included here are for airplanes only,
you'll see gaps in the question numbers and several of the reference figures
that don't apply to airplanes have been deleted.
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COMMERCIAL PILOT KNOWLEDGE TEST GUIDE

PREFACE

The Flight Standards Service of the Federal Aviation Administration (FAA)
has developed this guide to help applicants meet the knowledge
requirements for commercial pilot certification.

The guide contains information about eligibiUty requirements, test
descriptions, and testing and retesting procedures. Sample test questions
and choices of answers are based on regulations, principles, and practices
valid at the time the guide was printed. Appendix 1 of The Advanced Pilot's
Flight Manual, starting on page 294, provides a list of reference materials
and subject matter knowledge codes. The list of subject matter knowledge
codes should be referred to when reviewing areas of deficiency on the
airman test report. Changes to the subject matter knowledge code list will
be published as a separate advisory circular.

The commercial pilot test question bank and subject matter knowledge code
Ust for all airmen certificates and ratings, with changes, may be obtained by
computer modem from FedWorld at (703) 321-8020. This bulletin board
service is provided by the U.S. Department of Commerce, 24 hours a day, 7
days per week. For technical assistance regarding computer software and
modem requirements for this service, contact the FedWorld help desk at
(703) 487-4608 from 7:30 a.m. to 5:00 p.m. e.s.t., Monday through Friday.

This publication may be purchased from the Superintendent of Documents,
U.S. Government Printing Office, Washington, DC 20402-9325 or from
U.S. Government Printing Office bookstores located in major cities
throughout the United States.

Comments regarding this guide should be sent to: Federal Aviation
Administration Operations Support Branch, AFS-630 ATTN: Commercial
Pilot Certification Area Manager P.O. Box 25082 Oklahoma City, OK
73125
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INTRODUCTION

The FAA has available hundreds of computer testing centers nationwide.
These testing centers otTer the full range of airman knowledge tests
including military competence, instrument foreign pilot, and pilot examiner
predesignated tests. Refer to the computer testing designees on page 233.

This knowledge test guide was developed to be used by applicants
preparing to take a knowledge test for the following certificates and ratings:

Commercial Pilot —Airplane Commercial Pilot — Rotorcraft-Helicopter
Commercial Pilot — Rotorcraft-Gyroplane Commercial Pilot —Glider
Commercial Pilot —Free Balloon-Hot Air Commercial Pilot — Lighter-
Than-Air-Airship Military Competency— Airplane Military Competency
—Helicopter

What is required to become a skilled and effective commercial pilot?
Although some individuals possess more knowledge and skills than others,
no one is born a natural pilot. Competent commercial pilots become so
through study, hard work, and experience.

This guide is not offered as a quick and easy way to obtain the necessary
information for passing the knowledge tests. There is no quick and easy
way to obtain this knowledge in addition to the skills needed to transform a
student into a pilot capable of operating safely in our complex national
airspace system. Rather, the intent of this guide is to define and narrow the
field of study, as much as possible, to the required knowledge areas for
obtaining a commercial pilot certificate.

Rote memorization of test questions may render good test scores, but a
correlative understanding of the subject matter may be lacking. This
correlative understanding of the entire aviation schema is what produces a
safe and effective pilot.



ELIGIBILITY REQUIREMENTS

The general prerequisites for a commercial pilot certificate require that the
applicant have a combination of experience, knowledge, and skill. For
specific information pertaining to certification, an applicant should
carefully review the appropriate sections of Federal Aviation Regulations
(FAR) Part 61 for commercial pilot certification.

Additionally, to be eligible for a Commercial Pilot Certificate, applicants
must:

1. Be at least 18 years of age (16 to take the knowledge test).

2. Be able to read, speak, and understand the English language, or have
such operating limitations placed on their pilot certificate as are necessary
for safety, to be removed when they show that they can read, speak, and
understand the English language.

3. Hold at least a valid second-class medical certificate issued under FAR
Part 67, or, in the case of a glider or free balloon rating, certify that they
have no known medical deficiency that makes them unable to pilot a glider
or a free balloon, as appropriate.

4. Pass a knowledge test appropriate to the aircraft rating sought on the
subjects in which ground instruction is required. Applicants for a
knowledge test must show evidence of completing ground training or a
home study course and be prepared for the knowledge test.

5. Pass an oral and flight test appropriate to the rating they seek, covering
items selected by the inspector or examiner from those on which training is
required.

6. Comply with the provisions of FAR Part 61 which apply to the rating
they seek.

KNOWLEDGE AREAS ON THE TESTS



Commercial pilot tests are comprehensive because they must test an
applicant's knowledge in many subject areas. Applicants for a commercial
pilot certificate or added rating should review the appropriate information
pertinent to the category sought. The information includes NTSB Part 830,
FAR Parts 23, 61, 67, 71, 91, 125, 135, Principles of Flight, Weather,
Navigation, Operations, and in the case of Airship applicants. Instrument
Procedures. Additionally, Free Balloon and Airship applicants must review
Fundamentals of Instruction.

The applicant for a commercial pilot certificate must have received and
logged (recorded) ground instruction from an authorized instructor, or must
present evidence showing satisfactory completion of a course of instruction
or home study course, in at least the following areas of aeronautical
knowledge appropriate to the category of aircraft for which a rating is
sought.

Aeronautical Knowledge Areas

1. The Federal Aviation Regulations that apply to commercial pilot
privileges, limitations, and flight operations.

2. Accident reporting requirements of the National Transportation Safety
Board.

3. Basic aerodynamics and the principles of flight.

4. Meteorology to include recognition of critical weather situations, wind
shear recognition and avoidance, and the use of aeronautical weather
reports and forecasts.

5. The safe and efficient operation of aircraft.

6. Weight and balance computation.

7. Use of performance charts.

8. Significance and effects of exceeding aircraft performance limitations.



9. Use of aeronautical charts and magnetic compass for pilotage and dead
reckoning.

10. Use of air navigation facilities.

11. Aeronautical decision making and judgment.

12. Principles and functions of aircraft systems.

13. Maneuvers, procedures, and emergency operations appropriate to the
aircraft.

14. Night and high altitude operations.

15. Descriptions of and procedures for operating within the National
Airspace System.

DESCRIPTION OF THE TESTS

All test questions are the objective, multiple-choice type, with three choices
of answers. Each question can be answered by the selection of a single
response. Each test question is independent of other questions, that is, a
correct response to one does not depend upon or influence the correct
response to another.

The maximum time allowed for taking each test is either 2, 2.5, or 3 hours.
The times vary depending on the number of questions assigned to each test,
and are based on previous experience and educational statistics. This
amount of time is considered more than adequate for the applicant with
proper preparation and instruction. The minimum passing score is 70
percent.

The following tests each contain 100 questions and 3 hours is allowed to
take each test:

Commercial Pilot —Airplane

Commercial Pilot —Rotorcraft-Helicopter



Commercial Pilot — Rotorcraft-Gyroplane

Commercial Pilot —Glider

Commercial Pilot —Free Balloon-Hot Air

Commercial Pilot — Lighter-Than-Air-Airship
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The following test contains 60 questions and 2.5 hours is allowed to take
the test:

Commercial Pilot —Free Balloon-Gas

The following tests each contain 50 questions and 2 hours is allowed to take
each test:

Military Competency — Airplane Military Competency —Helicopter

Communication between individuals through the use of words is a
complicated process. In addition to being an exercise in the application and
use of aeronautical knowledge, a commercial pilot knowledge test is also an
exercise in communication since it involves the use of written language.
Since the tests involve written rather than spoken words, communication
between the test writer and the person being tested may become a diificult
matter if care is not exercised by both parties. Consequently, considerable
effort is expended to write each question in a clear, precise manner. Make
sure you carefully read the instructions given with each test, as well as the
statements in each test item.

When taking a test, keep the following points in mind:

1. Answer each question in accordance with the latest regulations and
procedures.

2. Read each question carefully before looking at the possible answers. You
should clearly understand the problem before attempting to solve it.



3. After formulating an answer, determine which test answer most nearly
corresponds with your answer. The answer chosen should completely
resolve the problem.

4. From the answers given, it may appear that there is more than one
possible answer. However, there is only one answer that is correct and
complete. The other answers are either incomplete, erroneous, or represent
common misconceptions.

5. If a certain question is difficult for you, it is best to mark it for RECALL
and proceed to the next question. After you answer the less difficult
questions, return to those which you marked for recall and answer them.
The recall procedure will be explained to you prior to starting the test.
Although the computer should alert you to unanswered questions, make
sure every question has an answer recorded. This procedure will enable you
to use the available time to the maximum advantage.

6. When solving a calculation problem, select the answer that is closest to
your solution. The problems have been checked manually and with various
types of calculators. If you have solved it correctly, your answer will be
closer to the correct answer than any of the other choices.

TAKING A KNOWLEDGE TEST BY COMPUTER

You should determine what authorization requirements are necessary before
going to the computer testing center. Testing center personnel cannot begin
the test until you provide them with the proper authorization, if one is
required. A limited number of tests require no authorization. In the case of
retesting, you must present either a passed, expired passed (24 months), or
failed test report for that particular test. This poUcy is covered in FAA
Order 8080.6, Conduct of Airman Knowledge Test via the Computer
Medium. However, you should always check with your instructor or your
local Flight Standards District Office if you are unsure of what kind of
authorization to bring to the testing facility.

The next step is the actual registration process. Most computer testing
centers require that all applicants contact a central 1-800 phone number. At



this time, you should select a testing center, schedule a test date, and make
financial ar-

rangements for test payment.

Applicants may register for tests several weeks in advance of the proposed
testing date. You may cancel your appointment up to 2 business days before
test time, without financial penalty. After that time, you may be subject to a
cancellation fee as determined by the testing center. I

You are now ready to take the test. Remember, you al- " ways have an
opportunity to take a sample test before your actual test begins. Your actual
test is under a time limit, but if ja you know your material, there should be
sufficient time to complete and review your test. Within moments of
completing the test, you will receive an airman test report, which contains
your score. It also Usts those subject matter knowledge areas where
questions were answered incorrectly. The total number of subject matter
knowledge codes shown on the airman test report is not necessarily an
indication of the total number of questions answered incorrectly.

These codes refer to a list of knowledge areas that can be found in
Appendix 1 of this textbook, starting on page 294. You can study these
knowledge areas to improve your understanding of the subject matter. Your
instructor is required to review each of these areas listed on your airmen test
report with you, and complete an endorsement that remedial instruction was
conducted. Also, the pilot examiner may quiz you on the areas of deficiency
during the practical test.

The airman test report, which must show the computer testing company's
embossed seal, is an important document. DO NOT LOSE THE AIRMAN
TEST REPORT as you will need to present it to the examiner before taking
the practical test. Loss of this report means that you will have to request a
duplicate copy from the FAA in Oklahoma City. This will be costly and
time consuming.

CHEATING OR OTHER UNAUTHORIZED CONDUCT



Computer testing centers follow rigid testing procedures established by the
FAA. This includes test security. When entering the test area, you are
permitted to take only scratch paper furnished by the test administrator and
an authorized aviation computer, plotter, etc., approved for use in
accordance with FAA Order 8080.6, Conduct of Airmen Knowledge
Testing via the Computer Medium, and AC 60-11, Aids Authorized for Use
by Airman Written Test Applicants. The FAA has directed testing centers to
stop a test any time a test administrator suspects a cheating incident has
occurred.

An FAA investigation will then follow. If the investigation determines that
cheating or other unauthorized conduct has occurred, any airman certificate
that you hold may be revoked, and you may not be allowed to take a test for
1 year.

RETESTING PROCEDURE

If the score on the airman test report is 70 or above, in most cases the report
is valid for 24 calendar months. You may elect to retake the test, in
anticipation of a better score, after 30 days from the date your last test was
taken. Prior to retesting, you must give your current airman test report to the
computer testing administrator. Remember, the score of the latest test you
take will become your official test score. The FAA will not consider
allowing anyone to retake a valid test before the 30-day remedial study
period.

A person who fails a knowledge test may apply for retesting before 30 days
of the last test providing that person presents the failed test report and an
endorsement from an authorized instructor certifying that additional
instruction has been given and the instructor finds the person competent to
pass the test. A person may retake a failed test after 30 days without an
endorsement from an authorized instructor.

/ THE KNOWLEDGE TEST—FAA TEST 233

COMPUTER TESTING DESIGNEES



The following is a list of the computer testing designees authorized to give
FAA Knowledge Tests. This list should be helpful in choosing where to
register for a test or for requesting additional information.

Aviation Business Services

1-800-947-4228

outside U.S. (415) 259-8550

Drake Prometric

1-800-359-3278

outside U.S. (612) 896-7702

Sylvan Learning Systems, Inc.

1-800-967-1100

outside U.S. (410) 880-0880, Extension 8890

The latest listing of computer testing designees and computer testing center
locations is available by calling the local Flight Standards District Office or
the Examiners Bulletin Board, by computer modem, at (405) 954-4530 or
1-800-858-2107.

Note: The FAA periodically changes the order of answer choices even
though the question and choices are the same as for previous Knowledge
Tests. This book will give the correct choice (for the question as stated
herein) and explanation even if the current test has a different letter
designation. (The correct answer may now be "A" instead of "C," as on a
previous FAA test.) The reader should strive for the correct knowledge and
understanding rather than knowing that a particular letter choice will give
the "right" answer.

As a textbook, it is not the purpose here to keep up with the exact questions
(some of which will change between book printings) but to assure that the



areas of knowledge required for the holder of a commercial pilot certificate
are covered.
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QUESTIONS

5001. Notification to the NTSB is required when there has been substantial
damage

A— which requires repairs to landing gear. B— to an engine caused by
engine failure in flight. C— which adversely affects structural strength or
flight characteristics.

5002. NTSB Part 830 requires an immediate notification as a result of
which incident?

A— Engine failure for any reason during flight. B— Damage to the landing
gear as a result of a

hard landing. C— Any required flight crewmember being unable

to perform flight duties because of illness.

5003. Which airborne incident would require that the nearest NTSB field
office be notified immediately?

A— Cargo compartment door malfunction or failure.

B— Cabin door opened in flight.

C— Flight control system malfunction or failure.

5004. While taxiing on the parking ramp, the landing gear, wheel, and tire
are damaged by striking ground equipment. What action would be required
to comply with NTSB Part 830?

A— An immediate notification must be filed by the operator of the aircraft
with the nearest NTSB field office.



B— A report must be filed with the nearest FAA field office within 7 days.

C— No notification or report is required.

5005. During flight a fire which was extinguished burned the insulation
from a transceiver wire. What action is required by regulations?

A— No notification or report is required.

B— Report must be filed with the avionics

inspector at the nearest FAA field office within

48 hours. C— An immediate notification by the operator of

the aircraft to the nearest NTSB field office.

5006. When should notification of an aircraft accident be made to the
NTSB if there was substantial damage and no injuries?

A— Immediately. B— Within 10 days. C— Within 30 days.

5007. The operator of an aircraft that has been involved in an incident is
required to submit a report to the nearest field office of the NTSB

A— within 7 days.

B— within 10 days.

C— only if requested to do so.

5008. Within how many days of an accident is an accident report required
to be filed with the nearest NTSB field office?

A— 2 days. B— 7 days. C— 10 days.

5009. What designated airspace associated with an airport becomes inactive
when the control tower at that airport is not in operation?



A— Class D, which then becomes Class C. B— Class D, which then
becomes Class E. C— Class B.

5010. Regulations which refer to commercial operators relate to that person
who

A— is the owner of a small scheduled airline. B— for compensation or
hire, engages in the

carriage by aircraft in air commerce of persons

or property, as an air carrier. C— for compensation or hire, engages in the

carriage by aircraft in air commerce of persons

or property, other than as an air carrier.

5011. Regulations which refer to operate relate to that person who

A— acts as pilot in command of the aircraft. B— is the sole manipulator of
the aircraft controls. C— causes the aircraft to be used or authorizes its use.
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5012. Regulations which refer to the operational control of a flight are in
relation to

A— the specific duties of any required

crewni ember. B— acting as the sole manipulator of the aircraft

controls. C— exercising authority over initiating,

conducting, or terminating a flight.

5013. Which is the correct symbol for the stalling speed or the minimum
steady flight speed in a specified configuration?

A— Vs. B- Vs,. ^ "so-



5014. Which is the correct symbol for the stalling speed or the minimum
steady flight speed at which the airplane is controllable?

A— Vs. B- Vs,. C- Vso.

5015. FAR Part 1 defines Vp as

A— design fiap speed.

B— fiap operating speed.

C— maximum flap extended speed.

5016. FAR Part 1 defines V^k as

A— maximum landing gear extended speed. B— maximum landing gear
operating speed. C— maximum leading edge fiaps extended speed.

5017. If an airplane is certified in the utility category, it would mean that
this airplane could be operated in which of the following maneuvers?

A— Limited acrobatics, excluding spins. B— Any maneuver except
acrobatics and spins. C— Limited acrobatics, including spins (if approved).

5018. Commercial pilots are required to have a current and appropriate pilot
certificate in their personal possession when

A— piloting for hire only.

B— acting as pilot in command or as a required crew-member C— carrying
passengers only.

5019. Which of the following is considered aircraft class ratings?

A— Transport, normal, utility, and acrobatic.

B— Airplane, rotorcraft, glider, and lighter-than-air.



C— Single-engine land, multiengine land, single-engine sea, and
multiengine sea.

5020. Does a commercial pilot certificate have a specific expiration date?

A— No, it is issued without an expiration date. B— Yes, it expires at the
end of the 24th month

after the month in which it was issued. C— No, but commercial privileges
expire if a flight

review is not satisfactorily completed each 12

months.

5021. A second-class medical certificate issued to a commercial pilot on
April 10, this year, permits the pilot to exercise which of the following
privileges?

A— Commercial pilot privileges through April 30,

next year. B— Commercial pilot privileges through April 10,

2 years later. C— Private pilot privileges through, but not after,

March 31, next year.

5022. When is the pilot in command required to hold a category and class
rating appropriate to the aircraft being flown?

A— On flights when carrying another person. B— All solo flights.

C— On practical tests given by an examiner or FAA inspector.

5023. Unless otherwise authorized, the pilot in command is required to hold
a type rating when operating any

A— aircraft that is certificated for more than one



pilot. B— aircraft of more than 12,500 pounds maximum

certificated takeoflF weight. C— multiengine aircraft having a gross weight
of

more than 6,000 pounds.
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5024. To act as pilot in command of an airplane that is equipped with a
retractable landing gear, flaps, and controllable pitch propeller, if no pilot-
in-command time in such an airplane was logged prior to November 1,
1973, a person is required to

A— hold a multiengine airplane class rating.

B— make at least six takeoffs and landings in such an

airplane within the preceding 6 months. C— receive and log ground and
flight training in such

an airplane, and receive a logbook endorsement

of competency.

5025. What flight time may a pilot log as second in command?

A— All flight time while acting as second in command in aircraft
configured for more than one pilot.

B— Only that flight time during which the second in command is the sole
manipulator of the controls.

C— All flight time when qualified and occupying a crewmember station in
an aircraft that requires more than one pilot.

5026. What flight time must be documented, in a manner acceptable to the
administrator, by a pilot exercising the privileges of a commercial
certificate?



A— All flight time flow for compensation for hire.

B— Only flight time for compensation or hire with passengers aboard
which is necessary to meet the recent flight experience requirements.

C— Training and aeronautical experience to meet requirements for a
certificate, rating, or flight review and recent flight experience.

5027. If a pilot does not meet the recency of experience requirements for
night flight and official sunset is 1900 CST, the latest time passengers
should be carried is

A— 1959 CST. B— 1900 CST. C— 1800 CST.

5028. Prior to carrying passengers, the pilot in command must have
accomplished the required takeoffs and landings in

A— any category aircraft.

B— the same category and class of aircraft to be

used. C— the same category, class, and type of aircraft (if a

type rating is required).

5031. To act as pilot in command of an aircraft under FAR Part 91, a
commercial pilot must have satisfactorily accomplished a flight review or
completed a proficiency check within the preceding

A— 24 calendar months. B— 12 calendar months. C— 6 calendar months.

5032. Pilots who change their permanent mailing address and fail to notify
the FAA Airmen Certification Branch of this change, are entitled to exercise
the privileges of their pilot certificate for a period of

A— 30 days. B— 60 days. C— 90 days.



5033. To act as pilot-in-command of an airplane towing a glider, the tow
pilot is required to have

A— a logbook endorsement from an authorized glider instructor certifying
receipt of ground and flight training in gliders, and be proficient with
techniques and procedures for safe towing of gliders.

B— at least a private pilot certificate with a category rating for powered
aircraft, and made and logged at least three flights as pilot or observer in a
glider being towed by an airplane.

C— a logbook record of having made at least three flights as sole
manipulator of the controls of a glider being towed by an airplane.

5034. To act as pilot-in-command of an airplane towing a glider, a pilot
must have accomplished, within the preceding 12 months, at least

A— three actual glider tows under the supervision of a qualified tow pilot.

B— three actual or simulated glider tows while accompanied by a qualified
tow pilot.

C— ten flights as pilot-in-command of an aircraft while towing a glider.

2 / THE KNOWLEDGE TEST—FAA TEST

5039. What limitation is imposed on a newly certificated commercial
airplane pilot if that person does not hold an instrument pilot rating? The
carrying of passengers

A— or property for hire on cross-country flights at

night is limited to a radius of 50 NM. B— for hire on cross-country flights
is limited to

50 NM for night flights, but not limited for

day flights. C— for hire in airplanes on cross-country flights in



excess of 50 NM or at night Is prohibited.

5041. What is the maximum amount of flight instruction an authorized
instructor may give in any 24 consecutive hours?

A— 4 hours. B— 6 hours. C— 8 hours.

5043. Excluding Hawaii, the vertical limits of the Federal Low Altitude
airways extend from

A— 700 feet AGL up to, but not including, 14,500

feet MSL. B— 1,200 feet AGL up to, but not including,

18,000 feet MSL. C— 1,200 feet AGL up to, but not including,

14,500 feet MSL.

5044. What action must be taken when a pilot-in-command deviates from
any rule in 14 CFR (FAR) Part 91?

A— Upon landing, report the deviation to the nearest FAA Flight Standards
District Office.

B— Advise ATC of the pilot-in-command's intentions.

C— Upon the request of the Administrator, send a written report of that
deviation to the Administrator

5045. Who is responsible for determining if an aircraft is in condition for
safe flight?

A— A certificated aircraft mechanic. B— The pilot-in-command. C— The
owner or operator.

5046. When operating a U.S.-regislered civil aircraft, which document is
required, by regulation, to be available in the aircraft?

A—A manufacturer's Operations Manual.



B—A current approved Airplane Flight Manual.

C—An Owner's Manual.

5047. A pilot in command (PIC) of a civil aircraft may not allow any object
to be dropped from that aircraft in flight

A—if it creates a hazard to persons or property.

B—unless the PIC has permission to drop any object

over private property. C—unless reasonable precautions are taken to avoid

injury to property.

5049. The required preflight action relative to alternatives available, if the
planned flight cannot be completed, is applicable to

A— IFR flights only.

B— any flight not in the vicinity of an airport.

C— any flight conducted for hire or compensation.

5050. Before beginning any flight under IFR, the pilot in command must
become familiar with all available information concerning that flight. In
addition, the pilot must

A— be familiar with all instrument approaches at the destination airport.

B— list an alternate airport on the flight plan and confirm adequate takeoff
and landing performance at the destination airport.

C— be familiar with the runway lengths at airports of intended use, and the
alternatives available if the flight cannot be completed.

5051. Each required flight crewmember is required to keep his or her
shoulder harness fastened



A— during takeoff and landing, only when passengers are aboard the
aircraft.

B— while the crewmembers are at their stations, unless he or she is unable
to perform required duties.

C— during takeoff and landing, unless he or she is unable to perform
required duties.

5052. With U.S.-registered civil airplanes, the use of safety belts, with
certain exceptions, during takeoffs and landings is

A— required for all occupants. B— required during commercial operations
only. C— a good operating practice, but not required by regulations.

6 / PREPARING FOR THE TEST!,

5055. Which is required to operate an aircraft towing an advertising
banner?

A— Approval from ATC to operate in Class E

airspace. B— A certificate of waiver issued by the

Administrator. C— A safety link at each end of the towline which

has a breaking strength not less than 80

percent of the aircraft's gross weight.

5056. Portable electronic devices which may cause interference with the
navigation or communication system may not be operated on U.S.-
registered civil aircraft being operated

A— under IFR.

B— in passenger carrying operations.

C— along Federal airways.



5059. If weather conditions are such that it is required to designate an
alternate airport on your IFR flight plan, you should plan to carry enough
fuel to arrive at the first airport of intended landing, fly from that airport to
the alternate airport, and fly thereafter for

A— 30 minutes at slow cruising speed. B— 45 minutes at normal cruising
speed. C— 1 hour at normal cruising speed.

5060. A coded transponder equipped with altitude reporting equipment is
required for

A— Class A, Class B, and Class C airspace areas.

B— all airspace of the 48 contiguous U.S. and the District of Columbia at
and above 10,000 feet MSL (including airspace at and below 2,500 feet
above the surface).

C— both answer A and B.

5061. In the contiguous U.S., excluding the airspace at and below 2,500 feet
AGL, an operable coded transponder equipped with Mode C capability is
required in all airspace above

5063. In accordance with FAR Part 91, supplemental oxygen must be used
by the required minimum flightcrew for that time exceeding 30 minutes
while at cabin pressure altitudes of

A— 10,500 feet MSL up to and including 12,500

feet MSL. B— 12,000 feet MSL up to and including 18,000

feet MSL. C— 12,500 feet MSL up to and including 14,000

feet MSL.

5064. What are the oxygen requirements when operating at cabin pressure
altitudes above 15,000 feet MSL?



A— Oxygen must be available for the flightcrew. B— Oxygen is not
required at any altitude in a

free balloon. C— The flightcrew must use and passengers must

be provided oxygen.

5065. Which is required equipment for powered aircraft during VFR night
flights?

A— Anticollision light system.

B— Gyroscopic direction indicator.

C— Gyroscopic bank-and-pitch indicator.

5066. Which is required equipment for powered aircraft during VFR night
flights?

A—Flashlight with red lens if the flight is for

hire. B—An electric landing light if the flight is for hire. C—Sensitive
altimeter adjustable for barometric

pressure.

5067. Approved flotation gear, readily available to each occupant, is
required on each aircraft if it is being flown for hire over water,

A— in amphibious aircraft beyond 50 NM from

shore. B— beyond power-off gliding distance from shore. C— more than
50 statute miles from shore.

A— 10,000 feet MSL. B— 12,500 feet MSL. C— 14,500 feet MSL.

5062. What is the maximum tolerance (+ or -) allowed for an operational
VOR equipment check when using an FAA-approved ground test signal?



A— 4°. B— 6°. C— 8°.

5069. The carriage of passengers for hire by a commercial pilot is

A— not authorized in utility category aircraft. B— not authorized in limited
category aircraft. C— authorized in restricted category aircraft.
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5070. The maximum cumulative time that an emergency locator transmitter
may be operated before the rechargeable battery must be recharged is

A— 30 minutes. B— 45 minutes. C— 60 minutes.

5071. No person may operate a large civil U.S. aircraft of U.S. registry
which is subject to a lease, unless the lessee has mailed a copy of the lease
to the FAA Mike Monroney Aeronautical Center within how many hours of
its execution?

A— 24. B— 48. C— 72.

5073. Which is true with respect to formation flights? Formation flights are

A— not authorized when visibilities are less than 3

SM. B— not authorized when carrying passengers for

hire. C— authorized when carrying passengers for hire,

with prior arrangement with the pilot-in-com-

mand of each aircraft in the formation.

5074. While in flight a helicopter and an airplane are converging at a 90°
angle, and the helicopter is located to the right of thp airplane. Which
aircraft has the right-of-way, and why?



A— The helicopter, because it is to the right of the

airplane. B— The helicopter, because helicopters have the

right-of-way over airplanes. C— The airplane, because airplanes have the

right-of-way over helicopters.

5075. Two aircraft of the same category are approaching an airp(,rt for the
purpo.se of landing. The right-of-way belongs to the aircraft

A— at the higher altitude.

B— at the lower altitude, but the pilot shall not

take advantage of this rule to cut in front of or

to overtake the other aircraft. C — that is more maneuverable, and that
aircraft

may, with caution, move in front of or

overtake the other aircraft.

5076. Airplane A is overtaking airplane B. Which airplane has the right-of-
way?

A— Airplane B; the pilot should expect to be passed

on the left. B— Airplane B; the pilot should expect to be passed

on the right. C— Airplane A; the pilot should alter course to the

right to pass.

5077. What is the maximum indicated airspeed allowed in the airspace
underlying Class B airspace?

A— 156 knots. B— 200 knots. C— 230 knots.



5078. Unless otherwise authorized or required by ATC, the maximum
indicated airspeed permitted when at or below 2,500 feet AGL within 4 NM
of the primary airport of a Class C or D airspace is

A— 180 knots. B— 200 knots. C— 230 knots.

5079. What is the minimum altitude and flight visibility required for
acrobatic flight?

A— 1,500 feet AGL and 3 miles. B— 2,000 feet MSL and 2 miles. C—
3,000 feet AGL and 1 mile.

5080. If an aircraft is not equipped with an anticolli-sion light system, no
person may operate that aircraft

A— after dark.

B— 1 hour after sunset.

C— after sunset.

5082. Which is true regarding flight operations in Class B airspace?

A— The aircraft must be equipped with an ATC transponder and altitude
reporting equipment.

B— The pilot-in-command must hold at least a private pilot certificate with
an instrument rating.

C— The pilot-in-command must hold at least a student pilot certificate.

.508.3. The minimum flight visibility for VFR flight increases to 5 miles
beginning at an altitude of

A— 14,500 feet MSL.

B— 10,000 feet MSL if above 1,200 feet AGL. C— 10,000 feet MSL
regardless of height above ground.
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5084. When flying a glider above 10,000 feet MSL and more than 1,200
feet AGL, what minimum flight visibility is required?

A— 3 NM. B— 5 SM. C— 7 SM.

5085. What is the minimum flight visibility and proximity to cloud
requirements for VFR flight, at 6,500 feet MSL, in Class C, D, and E
airspace?

A— 1 mile visibility; clear of clouds.

B— 3 miles visibility; 1,000 feet above and 500 feet

below. C— 5 miles visibihty; 1,000 feet above and 1,000

feet below.

5086. Which minimum flight visibility and distance from clouds is required
for a day VFR helicopter flight in Class G airspace at 3,500 feet MSL over
terrain with an elevation of 1,900 feet MSL?

A— Visibility-3 miles; distance from clouds-1,000

feet below, 1,000 feet above, and 1 mile

horizontally. B— Visibility-3 miles; distance from clouds-500

feet below, 1,000 feet above, and 2,000 feet

horizontally. C— Visibility-1 mile; distance from clouds-500 feet

below, 1,000 feet above, and 2,000 feet

horizontally.

5087. Basic VFR weather minimums require at least what visibility for
operating a helicopter within Class D airspace?



A— 1 mile. B— 2 miles. C— 3 miles.

5088. When operating an airplane for the purpose of landing or takeoff
within Class D under special VFR, what minimum distance from clouds
and what visibility are required?

A— Remain clear of clouds, and the ground

visibility must be at least 1 SM. B— 500 feet beneath clouds, and the
ground

visibility must be at least 1 SM. C— Remain clear of clouds, and the flight
visibility

must be at least 1 SM.

5089. At some airports located in Class D airspace where ground visibility
is not reported, takeoffs and landings under special VFR are

A— not authorized.

B— authorized by ATC if the flight visibility is at

least 1 SM. C— authorized only if the ground visibility is

observed to be at least 3 SM.

5090. To operate an airplane under SPECIAL VFR (SVFR) within Class D
airspace at night, which is required?

A— The pilot must hold an instrument pilot rating, but the airplane need
not be equipped for instrument flight, as long as the weather will remain at
or above SVFR minimums.

B— The Class D airspace must be specifically designated as a night SVFR
area.

C— The pilot must hold an instrument pilot rating and the airplane must be
equipped for instrument flight.



5091. VFR cruising altitudes are required to be maintained when flying

A— at 3,000 feet or more AGL; based on true

course. B— more than 3,000 feet AGL; based on magnetic

course. C— at 3,000 feet or more above MSL; based on

magnetic heading.

5092. Except when necessary for takeoff or landing or unless otherwise
authorized by the Administrator, the minimum altitude for IFR flight is

A— 3,000 feet over all terrain.

B— 3,000 feet over designated mountainous

terrain; 2,000 feet over terrain elsewhere. C— 2,000 feet above the highest
obstacle over

designated mountainous terrain; 1,000 feet

above the highest obstacle over terrain

elsewhere.

5093. Who is primarily responsible for maintaining an aircraft in an
airworthy condition?

A— The lead mechanic responsible for that

aircraft. B— Pilot in command. C— Operator or owner of the aircraft.
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5094. Assuring compliance with an Airworthiness Directive is the
responsibility of the



A— pilot in command and the FAA certificated

mechanic assigned to that aircraft. B— pilot in command of that aircraft. C
— owner or operator of that aircraft.

5095. After an annual inspection has been completed and the aircraft has
been returned to service, an appropriate notation should be made

A— on the airworthiness certificate. B— in the aircraft maintenance
records. C— in the FAA-approved flight manual.

5096. A standard airworthiness certificate remains in effect as long as the
aircraft receives

A— required maintenance and inspections. B— an annual inspection.

C— an annual inspection and a 100-hour inspection prior to their expiration
dates.

5097. If an aircraft's operation in flight was substantially affected by an
alteration or repair, the aircraft documents must show that it was test flown
and approved for return to service by an appropriately-rated pilot prior to
being operated

A— under VFR or IFR rules. B— with passengers aboard. C— for
compensation or hire.

5098. Which is correct concerning preventive maintenance, when
accomplished by a pilot?

A— A record of preventive maintenance is not

required. B— A record of preventive maintenance must be

entered in the maintenance records. C— Records of preventive maintenance
must be

entered in the FAA-approved flight manual.



5099. An aircraft carrying passengers for hire has been on a schedule of
inspection every 100 hours of time in service. Under which condition, if
any, may that aircraft be operated beyond 100 hours without a new
inspection?

A— The aircraft may be flown for any flight as long as the time in service
has not exceeded 110 hours.

B— The aircraft may be dispatched for a flight of any duration as long as
100 hours has not been exceeded at the time it departs.

C— 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.

5100. Which is true concerning required maintenance inspections?

A— A 100-hour inspection may be substituted for

an annual inspection. B— An annual inspection may be substituted for a

100-hour inspection. C— An annual inspection is required even if a

progressive inspection system has been

approved.

5101. An ATC transponder is not to be used unless it has been tested,
inspected, and found to comply with regulations within the preceding

A— 30 days.

B— 12 calendar months.

C— 24 calendar months.

5102. Aircraft maintenance records must include the current status of the

A— applicable airworthiness certificate.



B— life-limited parts of only the engine and

airframe. C— life-limited parts of each airirame, engine,

propeller, rotor, and appliance.

5103. Which is true relating to Airworthiness Directives (AD's) ?

A— AD's are advisory in nature and are, generally,

not addressed immediately. B— Noncompliance with AD's renders an
aircraft

unairworthy. C— Compliance with AD's is the responsibility of

maintenance personnel.

«
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5104. A new maintenance record being used for an aircraft engine rebuilt
by the manufacturer must include previous

A— operating hours of the engine. B— annual inspections performed on
the engine. C— changes as required by Airworthiness Directives.

5105. If an ATC transponder installed in an aircraft has not been tested,
inspected, and found to comply with regulations within a specified period,
what is the limitation on its use?

A— Its use is not permitted.

B— It may be used when in Class G airspace.

C— It may be used for VFR flight only.



5106. To act as pilot-in-command of an airplane with more than 200
horsepower, a person is required to

A— receive and log ground and flight training from a

qualified pilot in such an airplane. B— obtain an endorsement stating that
the person is

proficient to operate such an airplane. C— receive and log ground and
flight training from an

authorized instructor in such an airplane.

5107. To serve as pilot-in-command of an airplane that is certified for more
than one pilot crewmember, and operated under Part 91, a person must

A— complete a flight review within the preceding 24 calendar months.

B— receive and log ground and flight training from an authorized flight
instructor.

C— complete a pilot-in-command proficiency check within the preceding
12 calendar months in an airplane that is type certificated for more than one
pilot.

5108. To serve as second-in-command of an airplane that is certificated for
more than one pilot crewmember, and operated under Part 91, a person
must

A— receive and log flight training from an authorized flight instructor in
the type of airplane for which privileges are requested.

B— hold at least a commercial pilot certificate with an airplane category
rating.

C— within the last 12 months become familiar with the required
information and perform and log pilot time in the type of airplane for which
privileges are requested.



5109. What person is directly responsible for the final authority as to the
operation of the airplane?

A— Certificate holder.

B— Pilot-in-command.

C— Airplane owner/operator

5110. Operating regulations for U.S.-registered civil helicopters require that
during movement on the surface, takeoffs, and landings, a safety belt and
shoulder harness (if installed) must be properly secured about each

A— flight crewmember only.

B— person on board.

C— flight and cabin crewmembers.

5111. No person may operate an aircraft in simulated instrument flight
conditions unless the

A— other control seat is occupied by at least an appropriately rated
commercial pilot.

B— pilot has filed an IFR flight plan and received an IFR clearance.

C— other control seat is occupied by a safety pilot, who holds at least a
private pilot certificate and is appropriately rated.

5112. If the minimum safe speed for any particular i operation is greater
than the maximum speed prescribed in 14 CFR Part 91, the

A— operator must have a Memorandum of Agreement (MOA) with the
controlling agency.

B— aircraft may be operated at that speed.

C— operator must have a Letter of Agreement with ATC.



5114. What altimeter setting is required when operating an aircraft at
18,000 feet MSL?

A— Current reported altimeter setting of a station

along the route. B— 29.92" Hg. C— Altimeter setting at the departure or
destination

airport.

5115. After an ATC clearance has been obtained, a pilot may not deviate
from that clearance, unless the pilot

A— requests an amended clearance. B— is operating under VFR on top. C
— receives an amended clearance or has an emergency.
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5116. When approaching to land at an airport without an operating control
tower, in Class G airspace, the pilot should

A— make all turns to the left, unless otherwise indicated. B— fly a left-
hand traffic pattern at 800 feet AGL. C— enter and fly a traffic pattern at
800 feet AGL.

5117. When operating an aircraft in the vicinity of an airport with an
operating control tower, in Class E airspace, a pilot must establish
communications prior to

A— 8 NM, up to and including 3,000 feet AGL. B— 5 NM, up to and
including 3,000 feet AGL. C— 4 NM, up to and including 2,500 feet AGL.

5118. When approaching to land at an airport with an ATC facility, in Class
D airspace, the pilot must establish communications prior to

A— 10 NM, up to and including 3,000 feet AGL. B— 30 SM, and be
transponder equipped. C— 4 NM, up to and including 2,500 feet AGL.



5119. Which is true regarding flight operations to or from a satellite airport
without an operating control tower, within the Class C airspace area?

A— Prior to entering that airspace, a pilot must establish and maintain
communication with the ATC serving the facility.

B— Aircraft must be equipped with an ATC transponder

C— Prior to takeoff, a pilot must establish communication with the ATC
controlling the facility.

5120. Which is true regarding flight operations in Class A airspace?

A— Aircraft must be equipped with approved distance measuring
equipment (DME).

B— Aircraft must be equipped with an ATC transponder and altitude
reporting equipment.

C— May conduct operations under visual flight rules.

5121. When weather information indicates that abnormally high barometric
pressure exists, or will be

above inches of mercury, flight operations will

not be authorized contrary to the requirements published in NOTAMs.

A— 31.00 B— 32.00 C— 30.50

5122. Which data must be recorded in the aircraft logbook or other record
by a pilot making a VOR operational check for IFR operations?

A— VOR name or identification, place of operational check, amount of
bearing error, and date of check.

B— Date of check, place of operational check, bearing error, and signature.



C— VOR name or identification, amount of bearing error, date of check,
and signature.

5123. For an airport without an approved instrument approach procedure to
be listed as an alternate airport on an IFR flight plan, the forecasted weather
conditions at the time of arrival must have at least a

A— ceiling of 2,000 feet and a visibility of 3 SM. B— ceiling and visibility
that allows for descent, approach, and landing under basic VFR. C—
ceiling of 1,000 feet and a visibility of 3 NM.

5124. A pilot performing a published instrument approach is not authorized
to perform a procedure turn when

A— receiving a radar vector to a final approach

course or fix. B— maneuvering at minimum safe altitudes. C—
maneuvering at radar vectoring altitudes.

5125. The pilot-in-command of an aircraft operated under IFR, in
controlled airspace, shall report as soon as practical to ATC when

A— climbing or descending to assigned altitudes.

B— experiencing any malfunctions of navigational, approach, or
communications equipment occurring in flight.

C— requested to contact a new controlling facility.

5126. A person with a commercial pilot certificate may act as pilot-in-
command of an aircraft carrying persons or property for compensation or
hire, if that person

A— holds appropriate category and class ratings and meets the recent flight
experience requirements of 14 CFR Part 61.

B— is qualified in accordance with 14 CFR Part 61 and with the applicable
parts that apply to the operation.



C— is qualified in accordance with 14 CFR Part 61 and has passed a pilot
competency check given by an authorized check pilot.
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5128. To act as pilot-in-command of a tailwheel airplane, without prior
experience, a pilot must

A— log ground and flight training from an authorized instructor.

B— pass a competency check and receive an endorsement from an
authorized instructor.

C— receive and log flight training from an authorized instructor.

5129. No person may operate an aircraft that has an experimental
airworthiness certificate

A— under instrument flight rules (IFR).

B— when carrying property for hire.

C— when carrying persons or property for hire.

5151. The ratio between the total airload imposed on the wing and the gross
weight of an aircrafl in flight is known as

A— load factor and directly affects stall speed. B— aspect load and directly
affects stall speed. C— load factor and has no relation with stall speed.

5152. Load factor is the lift generated by the wings of an aircraft at any
given time

A— divided by the total weight of the aircrafl. B— multiplied by the total
weight of the aircraft. C— divided by the basic empty weight of the aircraft.

Note to the Reader



There are new questions in the number range 5130-5144 that are not
available at this printing. Although the exact questions have not been
officially approved, you should know the requirements of the following
knowledge areas:

1. Night and night cross-country operations.

2. Land And Hold Short Operations (LAHSO)—see AIM, Pilot
Responsibilities When conducting Land And Hold Short Operations). This
concerns the responsibili-

ties of pilots and controllers in regard to landing and crossing or stopping
before crossing another active runway during the rollout.

3. FAR 61.25 Offenses involving alcohol or drugs. Most pilots understand
that violations must be noted on the airman medical certificate application
but are not aware that motor vehicle violations require a written report
submitted to the FAA in Oklahoma City within 60 days of the action.

Fig. 20-1. Is this a reportable Incident/accident? {Student Pilot's Flight
Manual)
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5153. For a given angle of bank, in any airplane, the load factor imposed in
a coordinated constant-altitude turn



A— is constant and the stall speed increases.

B— varies with the rate of turn.

C— is constant and the stall speed decreases.

5154. Airplane wing loading during a level coordinated turn in smooth air
depends upon the

A— rate of turn. B— angle of bank. C— true airspeed.

5155. In a rapid recovery from a dive, the effects of load factor would cause
the stall speed to

A— increase. B— decrease. C— not vary.

5156. If an aircraft with a gross weight of 2,000 pounds was subjected to a
60° constant-altitude bank, the total load would be

A— 3,000 pounds. B— 4,000 pounds. C— 12,000 pounds.

5157. While maintaining a constant angle of bank and altitude in a
coordinated turn, an increase in airspeed will

A— decrease the rate of turn resulting in a

decreased load factor. B— decrease the rate of turn resulting in no

change in load factor. C— increase the rate of turn resulting in no

change in load factor.

5158. Lift on a wing is most properly defined as the

A— force acting perpendicular to the relative wind.

B— differential pressure acting perpendicular to the chord of the wing.



C— reduced pressure resulting from a laminar flow over the upper camber
of an airfoil, which acts perpendicular to the mean camber.

5159. While holding the angle of bank constant, if the rate of turn is varied
the load factor would

A— remain constant regardless of air density and

the resultant lift vector. B— vary depending upon speed and air density

provided the resultant lift vector varies

proportionately. C— vary depending upon the resultant lift vector.

5160. The need to slow an aircraft below V,^ is brought about by the
following weather phenomenon:

A— High density altitude which increases the

indicated stall speed. B— Turbulence which causes an increase in stall

speed. C— Turbulence which causes a decrease in stall

speed.

5161. In theory, if the airspeed of an airplane is doubled while in level
flight, parasite drag will become

A— twice as great.

B— half as great.

C— four times greater.

5162. As airspeed decreases in level flight below that speed for maximum
lift/drag ratio, total drag of an airplane

A— decreases because of lower parasite drag. B— increases because of
increased induced drag. C— increases because of increased parasite drag.



5163. If the airspeed is increased from 90 knots to 135 knots during a level
60° banked turn, the load factor will

A— increase as well as the stall speed. B— decrease and the stall speed
will increase. C— remain the same but the radius of turn will increase.

5164. Baggage weighing 90 pounds is placed in a normal category
airplane's baggage compartment which is placarded at 100 pounds. If this
airplane is subjected to a positive load factor of 3.5 G's, the total load of the
baggage would be

A— 315 pounds and would be excessive. B— 315 pounds and would not
be excessive. C— 350 pounds and would not be excessive.
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5165. (Refer to figure 1.) At the airspeed represented by point A, in steady
flight, the airplane will

A— have its maximum L/D ratio. B— have its minimum L/D ratio. C— be
developing its maximum coefficient of Hft.

5166. (Refer to figure 1.) At an airspeed represented by point B, in steady
flight, the pilot can expect to obtain the airplane's maximum

A— endurance.

B— glide range.

C— coefficient of lift.

5167. Which statement is true relative to changing angle of attack?

A— A decrease in angle of attack will increase pressure below the wing,
and decrease drag.

B— An increase in angle of attack will decrease pressure below the wing,
and increase drag.



C— An increase in angle of attack will increase drag.

5169. Before shutdown, while at idle, the ignition key is momentarily
turned OFF. The engine continues to run with no interruption; this

A— is normal because the engine is usually stopped by moving the mixture
to idle cut-oflf.

B— should not normally happen and indicates a dangerous situation.

C— is an undesirable practice, but indicates that nothing is wrong.

5170. Leaving the carburetor heat on while taking off

A— leans the mixture for more power on takeoff. B— will decrease the
takeoff distance. C— will increase the ground roll.

5171. A way to detect a broken magneto primary grounding lead is to

A— idle the engine and momentarily turn the

ignition off. B— add full power, while holding the brakes, and

momentarily turn off the ignition. C— run on one magneto, lean the
mixture, and

look for a rise in manifold pressure.

5172. Fouling of spark plugs is more apt to occur if the aircraft

A— gains altitude with no mixture adjustment. B— descends from altitude
with no mixture

adjustment. C— throttle is advanced very abruptly.

5173. The most probable reason an engine continues to run after the
ignition switch has been turned off is



A— carbon deposits glowing on the spark plugs. B— a magneto grovmd
wire is in contact with the

engine casing. C— a broken magneto ground wire.

5174. If the ground wire between the magneto and the ignition switch
becomes disconnected, the engine

A— will not operate on one magneto.

B— cannot be started with the switch in the

BOTH position. C— could accidently start if the propeller is moved

with fuel in the cylinder.

5175. For internal cooling, reciprocating aircraft engines are especially
dependent on

A— a properly functioning cowl flap augmenter.

B— the circulation of lubricating oil.

C— the proper freon/compressor output ratio.

5176. The pilot controls the air/fuel ratio with the

A— throttle

B— manifold pressure

C— mixture control

5177. Which airspeed would a pilot be imable to identify by the color
coding of an airspeed indicator?

A— The never-exceed speed. B— The power-oflF stall speed. C— The
maneuvering speed.



5178. Which statement is true about magnetic deviation of a compass?
Deviation

A— varies over time as the agonic line shifts.

B— varies for different headings of the same

aircraft. C— is the same for all aircraft in the same

locality.
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5179. (Refer to figure 2.) Select the correct statement regarding stall speeds.

A— Power-off stalls occur at higher airspeeds with

the gear and flaps down. B— In a 60' bank the airplane stalls at a lower

airspeed with the gear up. C— Power-on stalls occur at lower airspeeds in

shallower banks.

5180. (Refer to figure 2.) Select the correct statement regarding stall speeds.
The airplane will stall

A— 10 knots higher in a power-on 60° bank with gear and flaps up than
with gear and flaps down.

B— 35 knots lower in a power-ofT, flaps-up, 60° bank, than in a power-off,
flaps-down, wings-level configuration.

C— 10 knots higher in a 45° bank, power-on stall than in a wings-level
stall.

5181. Which is true regarding the use of flaps during level turns?



A— The lowering of flaps increases the stall speed. B— The raising of
flaps increases the stall speed. C— Raising fiaps will require added forward
pressure on the yoke or stick.

5182. One of the main functions of flaps during the approach and landing is
to

A— decrease the angle of descent without

increasing the airspeed. B— provide the same amount of lift at a slower

airspeed. C— decrease lift, thus enabling a steeper-than-

normal approach to be made.

5183. Which statement best describes the operating principle of a constant-
speed propeller?

A— As throttle setting is changed by the pilot, the prop governor causes
pitch angle of the propeller blades to remain unchanged.

B— A high blade angle, or increased pitch, reduces the propeller drag and
allows more engine power for takeoffs.

C— The propeller control regulates the engine RPM and in turn the
propeller RPM.

5184. In aircraft equipped with constant-speed propellers and normally-
aspirated engines, which procedure should be used to avoid placing undue
stress on the engine components? When power is being

A— decreased, reduce the RPM before reducing the

manifold pressure. B— increased, increase the RPM before increasing

the manifold pressure. C— increased or decreased, the RPM should be

adjusted before the manifold pressure.



5185. Detonation may occur at high-power settings when

A— the fuel mixture instantaneously ignites instead of burning
progressively and evenly.

B— an excessively rich fuel mixture causes an explosive gain in power.

C— the fuel mixture is ignited too early by hot carbon deposits in the
cylinder.

5186. The uncontrolled firing of the fuel/air charge in advance of normal
spark ignition is known as

A— instantaneous combustion. B— detonation. C— pre-ignition.

5187. Fuel/air ratio is the ratio between the

A— volume of fuel and volume of air entering the

cylinder. B— weight of fuel and weight of air entering the

cylinder. C— weight of fuel and weight of air entering the

carburetor.

5188. The mixture control can be adjusted, which

A— prevents the fuel/air combination from becoming too rich at higher
altitudes.

B— regulates the amount of air flow through the carburetor's venturi.

C— prevents the fuel/air combination from becoming lean as the airplane
climbs.

5189. Which statement is true concerning the effect of the application of
carburetor heat?

A— It enriches the fuel/air mixture.



B— It leans the fuel/air mixture.

C— It has no effect on the fuel/air mixture.
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5190. Detonation occurs in a reciprocating aircraft engine when

A— there is an explosive increase of fuel caused by

too rich a fuel/air mixture. B— the spark plugs receive an electrical jolt

caused by a short in the wiring. C— the unbumed charge in the cylinders is

subjected to instantaneous combustion.

5191. Name the four fundamentals involved in maneuvering an aircraft.

A— Power, pitch, bank, and trim. B— Thrust, lift, turns, and glides. C—
Straight-and-level flight, turns, climbs, and descents.

5192. To increase the rate of turn and at the same time decrease the radius, a
pilot should

A— maintain the bank and decrease airspeed. B— increase the bank and
increase airspeed. C— increase the bank and decrease airspeed.

5193. Which is correct with respect to rate and radius of turn for an airplane
flown in a coordinated turn at a constant altitude?

A— For a specific angle of bank and airspeed, the

rate and radius of turn will not vary. B— To maintain a steady rate of turn,
the angle of

bank must be increased as the airspeed is

decreased. C— The faster the true airspeed, the faster the



rate and larger the radius of turn regardless of

the angle of bank.

5194. Why is it necessary to increase back elevator pressure to maintain
altitude during a turn? To compensate for the

A— loss of the vertical component of lift.

B— loss of the horizontal component of lift and the

increase in centrifugal force. C— rudder deflection and slight opposite
aileron

throughout the turn.

5195. To maintain altitude during a turn, the angle of attack must be
increased to compensate for the decrease in the

A— forces opposing the resultant component of

drag. B— vertical component of lift. C— horizontal component of lift.

5196. Stall speed is affected by

A— weight, load factor, and power.

B— load factor, angle of attack, and power.

C— angle of attack, weight, and air density.

5197. A rectangular wing, as compared to other wing planforms, has a
tendency to stall first at the

A— wingtip, with the stall progression toward the

wing root. B— wing root, with the stall progression toward

the wing tip. C— center trailing edge, with the stall progression



outward toward the wing root and tip.

5198. By changing the angle of attack of a wing, the pilot can control the
airplane's

A— lift, airspeed, and drag.

B— lift, airspeed, and CG.

C— lift and airspeed, but not drag.

5199. The angle of attack of a wing directly controls the

A— angle of incidence of the wing.

B— amount of airflow above and below the wing.

C— distribution of pressures acting on the wing.

5200. In theory, if the angle of attack and other factors remain constant and
the airspeed is doubled, the lifl produced at the higher speed will be

A— the same as at the lower speed.

B— two times greater than at the lower speed.

C— four times greater than at the lower speed.

5201. An aircraft wing is designed to produce lift resulting from relatively

A— negative air pressure below and a vacuum

above the wing's surface. B— a vacuum below the wing's surface and
greater

air pressure above the wing's surface. C— higher air pressure below the
wing's surface

and lower air pressure above the wing's



surface.
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5202. On a wing, the force of lift acts perpendicular to and the force of drag
acts parallel to the

A— chord line.

B— flight path.

C— longitudinal axis.

5203. Which statement is true, regarding the opposing forces acting on an
airplane in steady-state level flight?

A— These forces are equal.

B— Thrust is greater than drag and weight and

lift are equal. C— Thrust is greater than drag and lift is greater

than weight.

5204. The angle of attack at which a wing stalls remains constant regardless
of

A— weight, dynamic pressure, bank angle, or pitch

attitude. B— dynamic pressure, but varies with weight,

bank angle, and pitch attitude. C— weight and pitch attitude, but varies
with

dynamic pressure and bank angle.



5205. In light airplanes, normal recovery from spins may become difficult if
the

A— CG is too far rearward and rotation is around

the longitudinal axis. B— CG is too far rearward and rotation is around

the CG. C— spin is entered before the stall is fully

developed.

5206. Recovery from a stall in any airplane becomes more difficult when its

A— center of gravity moves aft.

B— center of gravity moves forward.

C— elevator trim is adjusted nosedown.

5207. If an airplane is loaded to the rear of its CG range, it will tend to be
unstable about its

A— vertical axis.

B— lateral axis.

C— longitudinal axis.

5208. At higher elevation airports the pilot should know that indicated
airspeed

A— will be unchanged, but groundspeed will be

faster. B— will be higher, but groundspeed will be

unchanged. C— should be increased to compensate for the

thinner air.



5209. An airplane leaving ground effect will

A— experience a reduction in ground friction and

require a slight power reduction. B— experience an increase in induced
drag and

require more thrust. C— require a lower angle of attack to maintain the

same lift coefficient.

5210. If airspeed is increased during a level turn, what action would be
necessary to maintain altitude? The angle of attack

A— and angle of bank must be decreased.

B— must be increased or angle of bank decreased.

C— must be decreased or angle of bank increased.

5211. The stalling speed of an airplane is most affected by

A— changes in air density.

B— variations in flight altitude.

C— variations in airplane loading.

5212. An airplane will stall at the same

A— angle of attack regardless of the attitude with

relation to the horizon. B— airspeed regardless of the attitude with

relation to the horizon. C— angle of attack and attitude with relation to

the horizon.



5213. (Refer to figure 3.) If an airplane glides at an angle of attack of 10°,
how much altitude will it lose in 1 mile?

A— 240 feet. B— 480 feet. C— 960 feet.
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5214. (Refer to figure 3.) How much altitude will this airplane lose in 3
miles of gliding at an angle of attack of 8°?

5220. During the transition from straight-and-level flight to a climb, the
angle of attack is increased and lift

A— 440 feet. B— 880 feet. C— 1,320 feet.

5215. (Refer to figure 3.) The IVD ratio at a 2° angle of attack is
approximately the same as the L/D ratio for a

A— 9.75° angle of attack. B— 10.5° angle of attack. C— 16.5° angle of
attack.

5216. If the same angle of attack is maintained in ground effect as when out
of ground effect, lift will

A— increase, and induced drag will decrease. B— decrease, and parasite
drag will increase. C— increase, and induced drag will increase.

5217. What performance is characteristic of flight at maximum lift/drag
ratio in a propeller-driven airplane? Maximum

A— gain in altitude over a given distance. B— range and maximum
distance glide. C— coefficient of lift and minimum coefficient of drag.

5218. Which is true regarding the forces acting on an aircraft in a steady-
state descent? The sum of all

A— upward forces is less than the sum of all

downward forces. B— rearward forces is greater than the sum of all



forward forces. C— forward forces is equal to the sum of all

rearward forces.

5219. Which is true regarding the force of lift in steady, unaccelerated
flight?

A— At lower airspeeds the angle of attack must be less to generate
sufficient lift to maintain altitude.

B— There is a coiresponding indicated airspeed required for every angle of
attack to generate sufficient lift to maintain altitude.

C— An airfoil will always stall at the same indicated airspeed; therefore, an
increase in weight will require an increase in speed to generate sufficient lift
to maintain altitude.

A— is momentarily decreased.

B— remains the same.

C— is momentarily increased.

5221. (Refer to figure 4.) What is the stall speed of an airplane under a load
factor of 2 G's if the unaccelerated stall speed is 60 knots?

A— 66 knots. B— 74 knots. C— 84 knots.

5222. (Refer to figure 4.) What increase in load factor would take place if
the angle of bank were increased from 60° to 80°?

A— 3 G's. B— 3.5 G's. C— 4 G's.

5223. To generate the same amount of lift as altitude is increased, an
airplane must be flown at

A— the same true airspeed regardless of angle of

attack. B— a lower true airspeed and a greater angle of



attack. C— a higher true airspeed for any given angle of

attack.

5224. To produce the same lift while in ground effect as when out of ground
effect, the airplane requires

A— a lower angle of attack. B— the same angle of attack. C— a greater
angle of attack.

5225. As the angle of bank is increased, the vertical component of lift

A— decreases and the horizontal component of lift

increases. B— increases and the horizontal component of lift

decreases. C— decreases and the horizontal component of lift

remains constant.
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5226. If the airplane attitude remains in a new position after the elevator
control is pressed forward and released, the airplane displays

A— neutral longitudinal static stability. B— positive longitudinal static
stability. C— neutral longitudinal dynamic stability.

5227. Longitudinal dynamic instability in an airplane can be identified by

A— bank oscillations becoming progressively

steeper. B— pitch oscillations becoming progressively

steeper. C— Trilatitudinal roll oscillations becoming

progressively steeper.



5228. Longitudinal stability involves the motion of the airplane controlled
by its

A— rudder. B— elevator. C— ailerons.

5229. What changes in airplane longitudinal control must be made to
maintain altitude while the airspeed is being decreased?

A— Increase the angle of attack to produce more

lift than drag. B— Increase the angle of attack to compensate for

the decreasing lift. C— Decrease the angle of attack to compensate for

the increasing drag.

5230. If the airplane attitude initially tends to return to its original position
afler the elevator control is pressed forward and released, the airplane
displays

A— positive dynamic stability. B— positive static stability. C— neutral
dynamic stability.

5231. (Refer to figure 5.) The horizontal dashed line from point C to point
E represents the

A— ultimate load factor.

B— positive limit load factor.

C— airspeed range for normal operations.

5232. (Refer to figure 5.) The vertical line from point E to point F is
represented on the airspeed indicator by the

A— upper limit of the yellow arc. B— upper limit of the green arc. C—
blue radial line.



5233. (Refer to figure 5.) The vertical line from point D to point G is
represented on the airspeed indicator by the maximum speed limit of the

A— green arc. B— yellow arc. C— white arc.

5234. The performance tables of an aircraft for takeoff and climb are based
on

A— pressure/density altitude. B— cabin altitude. C— true altitude.

5235. Propeller efficiency is the

A— ratio of thrust horsepower to brake

horsepower. B— actual distance a propeller advances in one

revolution. C— ratio of geometric pitch to effective pitch.

5236. A fixed-pitch propeller is designed for best efficiency only at a given
combination of

A— altitude and RPM. B— airspeed and RPM. C— airspeed and altitude.

5237. The reason for variations in geometric pitch (twisting) along a
propeller blade is that it

A— permits a relatively constant angle of

incidence along its length when in cruising

flight. B— prevents the portion of the blade near the hub

from stalling during cruising flight. C— permits a relatively constant angle
of attack

along its length when in cruising flight.
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5238. A propeller rotating clockwise as seen from the rear, creates a
spiraling slipstream that tends to rotate the airplane to the

A— right around the vertical axis, and to the left

around the longitudinal axis. B— left around the vertical axis, and to the
right

around the longitudinal axis. C— left around the vertical axis, and to the
left

around the longitudinal axis.

5239. When the angle of attack of a symmetrical airfoil is increased, the
center of pressure will

A— have very limited movement.

B— move aft along the airfoil surface.

C— remain unaffected.

5268. What is an operational difference between the turn coordinator and
the turn-and-slip indicator? The turn coordinator

A— is always electric; the turn-and-slip indicator

is always vacuum-driven. B— indicates bank angle only; the turn-and-slip

indicator indicates rate of turn and

coordination. C— indicates roll rate, rate of turn, and

coordination; the turn-and-slip indicator

indicates rate of turn and coordination.

5269. What is an advantage of an electric turn coordinator if the airplane
has a vacuum system for other gyroscopic instruments?



A— It is a backup in case of vacuum system

failure. B— It is more reliable than the vacuum-driven

indicators. C— It will not tumble as will vacuum-driven turn

indicators.

5270. If a standard rate turn is maintained, how long would it take to turn
360°?

A— 1 minute. B— 2 minutes. C— 3 minutes.

5271. A detuning of engine crankshaft counterweights is a source of
overstress that may be caused by

A— rapid opening and closing of the throttle. B— carburetor ice forming
on the throttle valve. C— operating with an excessively rich fuel/air
mixture.

5272. How can you determine if another aircrafl is on a collision course
with your aircraft? j

A— The nose of each aircraft is pointed at the

same point in space. B— The other aircraft will always appear to get

larger and closer at a rapid rate. C— There will be no apparent relative
motion

between your aircraft and the other aircraft.

5298. The best power mixture is that fuel/air ratio at which

A— cylinder head temperatures are the coolest. B— the most power can be
obtained for any given

throttle setting. C— a given power can be obtained with the



highest manifold pressure or throttle setting.

5299. Detonation can be caused by

A— too lean a mixture.

B— low engine temperatures.

C— using a higher grade fuel than recommended.

5300. What effect, if any, would a change in ambient temperature or air
density have on gas turbine engine performance? ■

A— As air density decreases, thrust increases.

B— As temperature increases, thrust increases. «j

C— As temperature increases, thrust decreases. 1

5301. Every physical process of weather is accompanied by or is the result
of

A— a heat exchange. B— the movement of air. C— a pressure differential.

5302. What is the standard temperature at 10,000 feet?

A— - 5 °C. B— - 15 °C. C— + 5 °C.

5303. What is the standard temperature at 20,000 feet?

A— - 15 °C. B_ - 20 °C. C— - 25 °C.
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5304. Which conditions are favorable for the formation of a surface based
temperature inversion?



A— Clear, cool nights with calm or light wind. B— Area of unstable air
rapidly transferring heat

from the surface. C— Broad areas of cumulus clouds with smooth,

level bases at the same altitude.

5305. What are the standard temperature and pressure values for sea level?

A— 15 *C and 29.92" Hg. B— 59 °F and 1013.2" Hg. C— 15 °C and
29.92 Mb.

5306. GIVEN:

Pressure altitude 12,000 ft

True air temperature +50 °F

From the conditions given, the approximate density altitude is

5309. GIVEN:

Pressure altitude 7,000 ft

True air temperature +15 °C

From the conditions given, the approximate density altitude is

A-B-C-

5,000 feet. 8,500 feet. 9,500 feet.

5310. What causes wind?

A— The Earth's rotation. B— Air mass modification. C— Pressure
differences.

5311. In the Northern Hemisphere, the wind is deflected to the



A— right by Coriolis force. B— right by surface friction. C— left by
Coriolis force.

A— 11,900 feet. B— 14,130 feet. C— 18,150 feet.

5307. GIVEN:

Pressure altitude 5,000 ft

True air temperature +30 °C

From the conditions given, the approximate density altitude is

A— 7,800 feet. B— 8,100 feet. C— 8,800 feet.

5308. GIVEN:

Pressure altitude 6,000 ft

True air temperature +30 "F

From the conditions given, the approximate density altitude is

A— 9,000 feet. B— 5,500 feet. C— 5.000 feet.

5312. Why does the wind have a tendency to flow parallel to the isobars
above the friction level?

A— Coriolis force tends to counterbalance the

horizontal pressure gradient. B— Coriolis force acts perpendicular to a line

connecting the highs and lows. C— Friction of the air with the Earth
deflects the

air perpendicular to the pressure gradient.

5313. The wind system associated with a low-pressure area in the Northern
Hemisphere is



A— an anticyclone and is caused by descending

cold air. B— a cyclone and is caused by Coriolis force. C— an anticyclone
and is caused by Coriolis force.

5314. With regard to windflow patterns shown on surface analysis charts;
when the isobars are

A— close together, the pressure gradient force is slight and wind velocities
are weaker.

B— not close together, the pressure gradient force is greater and wind
velocities are stronger.

C— close together, the pressure gradient force is greater and wind
velocities are stronger.

5315. What prevents air from flowing directly from high-pressure areas to
low-pressure areas?

A— Coriolis force.

B— Surface friction.

C— Pressure gradient force.
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5316. While flying cross-country, in the Northern Hemisphere, you
experience a continuous left crosswind which is associated with a major
wind system. This indicates that you

A— are flying toward an area of generally

unfavorable weather conditions. B— have flown from an area of
unfavorable

weather conditions. C— cannot determine weather conditions without



knowing pressure changes.

5317. Which is true with respect to a high- or low-pressure system?

A— A high-pressure area or ridge is an area of

rising air. B— A low-pressure area or trough is an area of

descending air. C— A high-pressure area or ridge is an area of

descending air.

5318. Which is true regarding high- or low-pressure systems?

A— A high-pressure area or ridge is an area of

rising air. B— A low-pressure area or trough is an area of

rising air. C— Both high- and low-pressure areas are

characterized by descending air.

5319. When flying into a low-pressure area in the Northern Hemisphere, the
wind direction and velocity will be from the

A— left and decreasing. B— lefl and increasing. C— right and decreasing.

5320. Which is true regarding actual air temperature and dewpoint
temperature spread? The temperature spread

A— decreases as the relative humidity decreases. B— decreases as the
relative humidity increases. C— increases as the relative humidity
increases.

5321. The general circulation of air associated with a high-pressure area in
the Northern Hemisphere is

A— outward, downward, and clockwise. B— outward, upward, and
clockwise. C— inward, downward, and clockwise.



5322. Virga is best described as

A— streamers of precipitation trailing beneath

clouds which evaporates before reaching the

ground. B— wall cloud torrents trailing beneath

cumulonimbus clouds which dissipate before

reaching the ground. C— turbulent areas beneath cumulonimbus clouds.

5323. Moisture is added to a parcel of air by

A— sublimation and condensation. B— evaporation and condensation. C—
evaporation and sublimation.

5324. Ice pellets encountered during flight normally are evidence that

A— a warm front has passed.

B— a warm front is about to pass.

C— there are thunderstorms in the area.

5325. What is indicated if ice pellets are encountered at 8,000 feet?

A— Freezing rain at higher altitude.

B— You are approaching an area of

thunderstorms. C— You will encounter hail if you continue your

flight.

5326. Ice pellets encountered during flight are normally evidence that

A— a cold front has passed.

B— there are thunderstorms in the area.



C— freezing rain exists at higher altitudes.

5327. When conditionally unstable air with high-moisture content and very
warm surface temperature is forecast, one can expect what type of weather?

A— Strong updrafts and stratonimbus clouds. B— Restricted visibility near
the surface over a

large area. C— Strong updrafts and cumulonimbus clouds.

5328. What is the approximate base of the cumulus clouds if the
temperature at 2,000 feet MSL is 21°C and the dewpoint is 12°C?

A— 3,000 feet MSL. B— 4,000 feet MSL. C— 6,000 feet MSL.
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5329. If clouds form as a result of very stable, moist air being forced to
ascend a mountain slope, the clouds will be

A— cirrus type with no vertical development or

turbulence. B— cumulus type with considerable vertical

development and turbulence. C— stratus type with little vertical
development

and little or no turbulence.

5330. What determines the structure or type of clouds which will form as a
result of air being forced to ascend?

A— The method by which the air is lifted. B— The stability of the air
before lifting occurs. C— The relative humidity of the air after lifting
occurs.

5331. Refer to the excerpt from a surface weather report:



KABI ... 08004KT4SM HZ 26/04 ...

5335. What type weather can one expect from moist, unstable air, and very
warm surface temperatures?

A— Fog and low stratus clouds.

B— Continuous heavy precipitation.

C— Strong updrafls and cumulonimbus clouds.

5336. Which would increase the stability of an air mass?

A— Warming from below.

B— Cooling from below.

C— Decrease in water vapor.

5337. The conditions necessary for the formation of stratiform clouds are a
lifting action and

A— unstable, dry air. B— stable, moist air. C— unstable, moist air.

5338. Which cloud types would indicate convective turbulence?

At approximately what altitude AGL should bases of convective-type
cumuliform clouds be expected? (Use quick estimate method.)

A— 4,400 feet. B— 10,000 feet. C— 17,600 feet.

5332. What are the characteristics of stable air?

A— Good visibility; steady precipitation; stratus

clouds. B— Poor visibility; steady precipitation; stratus

clouds. C— Poor visibility; intermittent precipitation;



cumulus clouds.

5333. Which would decrease the stability of an air mass?

A— Warming from below.

B— Cooling from below.

C— Decrease in water vapor.

5334. From which measurement of the atmosphere can stability be
determined?

A— Cirrus clouds.

B— Nimbostratus clouds.

C— Towering cumulus clouds.

5339. The presence of standing lenticular altocumulus clouds is a good
indication of

A— lenticular ice formation in calm air. B— very strong turbulence. C—
heavy icing conditions.

5340. The formation of either predominantly stratiform or predominantly
cumuliform clouds is dependent upon the

A— source of lift.

B— stability of the air being lifted.

C— temperature of the air being lifted.

5341. Which combination of weather-producing variables would likely
result in cumuliform-type clouds, good visibility, and showery rain?

A— Stable, moist air and orographic lifting. B— Unstable, moist air and
orographic lifting. C— Unstable, moist air and no lifting mechanism.



A— Atmospheric pressure.

B— The ambient lapse rate.

C— The dry adiabatic lapse rate.
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5342. What is a characteristic of stable air?

A— Stratiform clouds.

B— Fair weather cumulus clouds.

C— Temperature decreases rapidly with altitude.

5343. A moist, unstable air mass is characterized by

A— poor visibility and smooth air.

B— cumuliform clouds and showery precipitation.

C— stratiform clouds and continuous precipitation.

5344. When an air mass is stable, which of these conditions are most likely
to exist?

A— Numerous towering cumulus and

cumulonimbus clouds. B— Moderate to severe turbulence at the lower

levels. C— Smoke, dust, haze, etc., concentrated at the

lower levels with resulting poor visibility.

5345. Which is a characteristic of stable air?

A— Cumuliform clouds. B— Excellent visibility. C— Restricted visibility.

5346. Which is a characteristic typical of a stable air mass?



A— Cumuliform clouds. B— Showery precipitation. C— Continuous
precipitation.

5347. Which is true regarding a cold front occlusion? The air ahead of the
warm front

A— is colder than the air behind the overtaking

cold front. B— is warmer than the air behind the overtaking

cold front. C— has the same temperature as the air behind

the overtaking cold front.

5348. Which are characteristics of a cold air mass moving over a warm
surface?

A— Cumuliform clouds, turbulence, and poor

visibility. B— Cumuliform clouds, turbulence, and good

visibility. C— Stratiform clouds, smooth air, and poor

visibility.

5349. The conditions necessary for the formation of cumulonimbus clouds
are a lifting action and

A— unstable, dry air. B— stable, moist air. C— unstable, moist air.

5350. Fog produced by frontal activity is a result of saturation due to

A— nocturnal cooling. B— adiabatic cooling. C— evaporation of
precipitation.

5351. What is an important characteristic of wind shear?

A— It is present at only lower levels and exists in



a horizontal direction. B— It is present at any level and exists in only a

vertical direction. C— It can be present at any level and can exist in

both a horizontal and vertical direction.

5352. Hazardous wind shear is commonly encountered

A— near warm or stationary frontal activity.

B— when the wind velocity is stronger than 35

knots. C— in areas of temperature inversion and near

thunderstorms.

5353. Low-level wind shear may occur when

A— surface winds are light and variable.

B— there is a low-level temperature inversion with

strong winds above the inversion. C— surface winds are above 15 knots
and there is

no change in wind direction and windspeed

with height.

5354. If a temperature inversion is encountered immediately after takeoff or
during an approach to a landing, a potential hazard exists due to

A— wind shear.

B— strong surface winds.

C— strong convective currents.
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5355. GIVEN:

Winds at 3,000 feet AGL 30 kts

Surface winds Calm

While approaching for landing under clear skies a few hours after sunrise,
one should

A— allow a margin of approach airspeed above

normal to avoid stalling. B— keep the approach airspeed at or slightly

below normal to compensate for floating. C— not alter our approach
airspeed, these

conditions are nearly ideal.

5356. Convective currents are most active on warm summer afternoons
when winds are

A— light.

B— moderate.

C— strong.

5360. Which situation would most likely result in freezing precipitation?
Rain falling from air which has a temperature of

A— 32 °F or less into air having a temperature of

more than 32 °F. B— 0 "C or less into air having a temperature of

0 °C or more. C— more than 32 °F into air having a temperature

of 32 °F or less.



5361. Which statement is true concerning the hazards of hail?

A— Hail damage in horizontal flight is minimal

due to the vertical movement of hail in the

clouds. B— Rain at the surface is a reliable indication of

no hail aloft. C— Hailstones may be encountered in clear air

several miles from a thunderstorm.

5357. When flying low over hilly terrain, ridges, or mountain ranges, the
greatest potential danger from turbulent air currents will usually be
encountered on the

A— leeward side when flying with a tailwind. B— leeward side when
flying into the wind. C— windward side when flying into the wind.

5358. During an approach, the most important and most easily recognized
means of being alerted to possible wind shear is monitoring the

A— amount of trim required to relieve control

pressures. B— heading changes necessary to remain on the

runway centerline. C— power and vertical velocity required to remain

on the proper glidepath.

5359. During departure, under conditions of suspected low-level wind
shear, a sudden decrease in headwind will cause

A— a loss in airspeed equal to the decrease in

wind velocity. B— a gain in airspeed equal to the decrease in

wind velocity. C— no change in airspeed, but groundspeed will



decrease.

5362. Hail is most likely to be associated with

A— cumulus clouds.

B— cumulonimbus clouds.

C— stratocumulus clouds.

5363. The most severe weather conditions, such as destructive winds, heavy
hail, and tornadoes, are generally associated with

A— slow-moving warm fronts which slope above

the tropopause. B— squall lines. C— fast-moving occluded fronts.

5364. Of the following, which is accurate regarding turbulence associated
with thunderstorms?

A— Outside the cloud, shear turbulence can be

encountered 50 miles laterally from a severe

storm. B— Shear turbulence is encountered only inside

cumulonimbus clouds or within a 5-mile

radius of them. C— Outside the cloud, shear turbulence can be

encountered 20 miles laterally from a severe

storm.
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5365. If airborne radar is indicating an extremely intense thunderstorm
echo, this thunderstorm should be avoided by a distance of at least



A— 20 miles. B— 10 miles. C— 5 miles.

5366. Which statement is true regarding squall lines?

5371. What feature is normally associated with the cumulus stage of a
thunderstorm?

A— Roll cloud.

B— Continuous updraft.

C— Beginning of rain at the surface.

5372. During the life cycle of a thunderstorm, which stage is characterized
predominately by downdrafts?

A— They are always associated with cold fronts. B— They are slow in
forming, but rapid in

movement. C— They are nonfrontal and often contain severe,

steady-state thunderstorms.

5367. Which statement is true concerning squall lines?

A— They form slowly, but move rapidly. B— They are associated with
frontal systems only. C— They offer the most intense weather hazards to
aircraft.

5368. Select the true statement pertaining to the life cycle of a
thunderstorm.

A— Updrafts continue to develop throughout the

dissipating stage of a thunderstorm. B— The beginning of rain at the Earth's
surface

indicates the mature stage of the



thunderstorm. C— The beginning of rain at the Earth's surface

indicates the dissipating stage of the

thunderstorm.

5369. What visible signs turbulence in thunderstorms?

indicate extreme

A— Base of the clouds near the surface, heavy

rain, and hail. B— Low ceiling and visibility, hail, and

precipitation static. C— Cumulonimbus . clouds, very frequent

lightning, and roll clouds.

5370. Which weather phenomenon signals the beginning of the mature
stage of a thunderstorm?

A— The start of rain.

B— The appearance of an anvil top.

C— Growth rate of cloud is maximum.

A— Mature. B— Developing. C— Dissipating.

5373. What minimum distance should exist between intense radar echoes
before any attempt is made to fly between these thunderstorms?

A— 20 miles. B— 30 miles; C— 40 miles.

5374. Which in-flight hazard is most commonly associated with warm
fronts?

A— Advection fog. B— Radiation fog. C— Precipitation-induced fog.



5375. Which is true regarding the use of airborne weather-avoidance radar
for the recognition of certain weather conditions?

A— The radarscope provides no assurance of avoiding instrument weather
conditions.

B— The avoidance of hail is assured when flying between and just clear of
the most intense echoes.

C— The clear area between intense echoes indicates that visual sighting of
storms can be maintained when flying between the echoes.

5376. A situation most conducive to the formation of advection fog is

A— a light breeze moving colder air over a water

surface. B— an air mass moving inland from the coastline

during the winter. C— a warm, moist air mass settling over a cool

surface under no-wind conditions.
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5377. Advection fog has drifted over a coastal airport during the day. What
may tend to dissipate or lift this fog into low stratus clouds?

A^ Nighttime cooling. B— Surface radiation. C— Wind 15 knots or
stronger.

5378. What lifts advection fog into low stratus clouds?

A— Nighttime cooling. B— Dryness of the underlying land mass. C—
Surface winds of approximately 15 knots or stronger.

5379. In what ways do advection fog, radiation fog, and steam fog differ in
their formation or location?



A— Radiation fog is restricted to land areas; advection fog is most common
along coastal areas; steam fog forms over a water surface.

B— Advection fog deepens as windspeed increases up to 20 knots; steam
fog requires calm or very light wind; radiation fog forms when the ground
or water cools the air by radiation.

C— Steam fog forms from moist air moving over a colder surface;
advection fog requires cold air over a warmer surface; radiation fog is
produced by radiational cooling of the ground.

5380. With respect to statement is true?

advection fog, which

A— It is slow to develop, and dissipates quite

rapidly. B— It forms almost exclusively at night or near

daybreak. C— It can appear suddenly during day or night,

and it is more persistent than radiation fog.

5381. Which feature is associated with the tropopause?

A— Constant height above the Earth.

B— Abrupt change in temperature lapse rate.

C— Absolute upper limit of cloud formation.

5382. A common location of clear air turbulence is

A— in an upper trough on the polar side of a jet

stream. B— near a ridge aloft on the equatorial side of a

high-pressure flow. C— south of an east/west oriented high-pressure



ridge in its dissipating stage.

5383. The jet stream and associated clear air turbulence can sometimes be
visually identified in flight by

A— dust or haze at flight level.

B— long streaks of cirrus clouds.

C— a constant outside air temperature.

5384. During the winter months in the middle latitudes, the jet stream shifts
toward the

A— north and speed decreases. B— south and speed increases. C— north
and speed increases.

5385. The strength and location of the jet stream is normally

A— weaker and farther north in the summer. B— stronger and farther north
in the winter. C— stronger and farther north in the summer.

* • *

5398. During preflight preparation, weather report forecasts which are not
routinely available at the local service outlet (FSS or WSFO) can best be
obtained by means of the

A— Weather Forecast Office (WFO).

B— air route traffic control center.

C— pilot's automatic telephone answering service.

5399. The most current en route and destination weather information for an
instrument flight should be obtained from

A— theAFSS.



B— the ATIS broadcast.

C— Notice to Airmen publications.

5400. The Hazardous Inflight Weather Advisory Service (HIWAS) is a
broadcast service over selected VORs that provides

A—SIGMETs and AIRMETs at 15 minutes and 45 minutes past the hour
for the first hour after issuance.

B—continuous broadcast of inflight weather advisories.

C—SIGMETs, CONVECTIVE SIGMETs. and AIRMETs at 15 minutes
and 45 minutes past the hour.

1

6 / PREPARING FOR THE TEff I

5401. The Telephone Information Briefing Service provided by AFSSs
includes

A—weather information service on a common frequency (1200 mHz).

B—recorded weather briefing service for the local area, usually within 50
miles, and route forecasts.

C—continuous recordings of meteorological and/or aeronautical
information available by telephone.

5402. The remarks section of the Aviation Routine Weather Report
(METAR) contains the following coded information. What does it mean?

RMK FZDZB45 WSHFT 30 FROPA

A—Freezing drizzle with cloud bases below 4,500"

feet. B—Freezing drizzle below 4,500 feet and wind shear. C—Wind shift
at three zero due to frontal passage.



5403. What is meant by the special METAR weather observation for
KBOI?

SPECI KBOI 091854Z 32005KT 1 1/2SM RA BR OVC007 17/16 A2990
RMK RABI2

A—Rain and fog obscuring two-tenths of the sky: rain

began at 1912Z. B—Rain and mist obstructing visibility: rain began at

1812Z. C—Rain and overcast at 1,200 feet AGL.

5404. The station originating the following METAR observation has a field
elevation of 3,500 MSL. If the sky cover is one continuous layer, what is
the thickness of the cloud layer? (Top of overcast reported at 7,500 feet
MSL.)

METAR KHOB 151250Z 17006KT4SM OVC005 13/11 A2998

A—2,500 feet. B—3,500 feet. C^4,000 feet.

5405. What wind conditions would you anticipate when squalls are reported
at your destination?

A— Rapid variations in windspeed of 15 knots or

more between peaks and lulls. B— Peak gusts of at least 35 knots combined
with

a change in wind direction of 30° or more. C— Sudden increases in
windspeed of at least 15

knots to a sustained speed of 20 knots or more

for at least 1 minute.

5406. What significant cloud coverage is reported by this pilot report?

KMOB UA/OV 15NW MOB 1340Z/SK OVC 025/045 OVC 090



A—^Three separate overcast layers exist with bases at

250, 7,500, and 9,000 feet. B—The top of the lower overcast is 2,500 feet;
base

and top of the second overcast layer is 4,500 and

9,000 feet, respectively. C—The base of the second overcast layer is 2,500

feet; top of the second overcast layer is 7,500 feet;

base of the third layer is 9,000 feet.

5407. To best determine observed weather conditions between weather
reporting stations, the pilot should refer to

A— pilot reports. B— Area Forecasts. C— prognostic charts.

5408. Which is true for the radar weather report (SD) for KOKC?

"KOKC 1934 LN 8TRW+-I-/-I-86/40 164/60 199/115

15W L2425 MT 570 AT 159/65 2 INCH HAIL

RPRTD THIS CELL"

A—There are three cells with tops at 11,500, 40,000, and 60,000 feet.

B—The line of cells is moving 060° with winds reported up to 40 knots.

C—The maximum top of the cell is 57,000 feet located 65 NM southeast of
the station.

5409. What is the meaning of the term PROB40 2102 -i-TSRA as used in a
Terminal Aerodrome Forecast

(TAF)?

A



ram

Probability of heavy thunderstorms with showers below 4,000 feet at time
2102.

B—Between 2100Z and 0200Z there is a forty percent (40%) probability of
thunderstorms with heavy rain.

C—Beginning at 2102Z, forty percent (40%) probability of heavy
thunderstorms and rain showers.

5410. What does the contraction VRB in a Terminal Aerodrome Forecast
(TAF) mean?

A—Wind speed is variable throughout the period. B—Cloud base is
variable. C—Wind direction is variable.

5411. Which statement pertaining to the following Terminal Aerodrome
Forecast (TAF) is true?

TAF

KMEM 09I135Z0915 15005KT5SM HZ BKN060

FM16()0 VRB()4KT P6SM SKC A—The wind in the valid period indicates
that surface

winds are forecast to be greater than 5 knots. B—Wind direction is from
160° at 4 knots and reported visibility is 6 statute miles. C—SKC in the
valid period indicates no significant weather and sky clear

5412. The visibility entry in a Terminal Aerodrome Forecast (TAF) of
P6SM implies that the prevailing visibility is expected to be greater than

A—6 nautical miles. B—6 statute miles. C—6 kilometers.

5413. Terminal Aerodrome Forecasts (TAFs) are issued how many times a
day and cover what period of time?



A—Four times daily and are usually valid for a 24-hour period.

B—Six times daily and are usually valid for a 24-hour period including a 4-
hour categorical outlook.

C—Four times daily and are valid for 12 hours including a 6-hour
categorical outlook.

5414. Which information section is contained in the Aviation Area Forecast
(FA)?

A—Winds aloft, speed, and direction.

B—VFR Clouds and Weather (VFR CLDSAVX).

C—In-Flight Aviation Weather Advisories.

5415. The section of the Aviation Area Forecast (FA) entitled VFR Clouds
and Weather contains a summary of

A—forecast sky cover, cloud tops, visibility, and obstructions to vision
along specific routes.

B—only those weather systems producing liquid or frozen precipitation,
fog, thunderstorms, or IFR ceilings.

C—sky condition, cloud heights, visibility, obstructions to vision,
precipitation, and sustained surface winds of 20 knots or greater.

5416. In-Flight Aviation Weather Advisories include what type of
information?

A—Forecasts for potentially hazardous flying conditions for enroute
aircraft.

B—State and geographic areas with reported ceilings and visibilities below
VFR minimums.



C—IFR conditions, turbulence, and icing within a valid period for the listed
states.

5417. What type of Inflight Weather Advisories provides an en route pilot
with information regarding the possibility of moderate icing, moderate
turbulence, winds of 30 knots or more at the surface, and extensive
mountain obscurement?

A— Severe Weather Forecast Alerts (AWWs) and

SIGMETs. B— Convective SIGMETs and SIGMETs. C— AIRMETs and
Center Weather Advisories

(CWAs).

5418. What single reference contains information regarding expected
volcanic eruption, turbulence, and icing conditions for a specific area?

A— In-Flight Weather Advisories. B— Surface Analysis Chart. C—
Weather Depiction Chart.

5419. The Aviation Weather Center (AWC) prepares FAs for the contiguous
U.S.

A— twice each day. B— three times each day.

C— every 6 hours unless significant changes in weather require it more
often.

5420. Which forecast provides specific information concerning expected
sky cover, cloud tops, visibility, weather, and obstructions to vision in a
route format?

A— Area Forecast.

B— Terminal Forecast.

C— Transcribed Weather Broadcast.
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5421. To obtain a continuous transcribed weather briefing including winds
aloft and route forecasts for a cross-country flight, a pilot could monitor

A— a TWEB on a low-frequency radio receiver or

VOR frequency. B— the regularly scheduled weather broadcast on a

VOR frequency. C— a high-frequency radio receiver tuned to En

Route Flight Advisory Service.

5422. SIGMETs are issued as a warning of weather conditions which are
hazardous

A— to all aircraft.

B— particularly to heavy aircraft.

C— particularly to light airplanes.

5423. Which correctly describes the purpose of convective SIGMET's
(WST)?

A— They consist of an hourly observation of tornadoes, significant
thunderstorm activity, and large hailstone activity.

B— They contain both an observation and a forecast of all thunderstorm
and hailstone activity. The forecast is valid for 1 hour only.

C— They consist of either an observation and a forecast or just a forecast
for tornadoes, significant thunderstorm activity, or hail greater than or equal
to 3/4 inch in diameter.

5424. What values are used for Winds Aloft Forecasts?

A— True direction and MPH. B— True direction and knots. C— Magnetic
direction and knots.



5425. On a Surface Analysis Chart, the solid lines that depict sea level
pressure patterns are called

A— isobars. B— isogons. C— millibars.

5426. Dashed lines on a Surface Analysis Chart, if depicted, indicate that
the pressure gradient is

A— weak. B— strong. C— unstable.

5427. Which chart provides a ready means of locating observed frontal
positions and pressure centers?

A— Surface Analysis Chart.

B— Constant Pressure Analysis Chart.

C— Weather Depiction Chart.

5428. On a Surface Analysis Chart, close spacing of the isobars indicates

A— weak pressure gradient. B— strong pressure gradient. C— strong
temperature gradient.

5429. The Surface Analysis Chart depicts

A— frontal locations and expected movement, pressure centers, cloud
coverage, and obstructions to vision at the time of chart transmission.

B— actual frontal positions, pressure patterns, temperature, dewpoint,
wind, weather, and obstructions to vision at the valid time of the chart.

C— actual pressure distribution, fi-ontal systems, cloud heights and
coverage, temperature, dewpoint, and wind at the time shown on the chart.

5430. Which provides a graphic display of both VFR and IFR weather?

A— Surface Weather Map. B— Radar Summary Chart. C— Weather
Depiction Chart.



5431. When total sky cover is few or scattered, the height shown on the
Weather Depiction Chart is the

A— top of the lowest layer. B— base of the lowest layer. C— base of the
highest layer.

5432. What information is provided by the Radar Summary Chart that is not
shown on other weather charts?

A— Lines and cells of hazardous thunderstorms. B— Ceilings and
precipitation between reporting

stations. C— Areas of cloud cover and icing levels within

the clouds.

5433. Which weather chart depicts conditions forecast to exist at a specific
time in the future?

A— Freezing Level Chart. B— Weather Depiction Chart. C— 12-Hour
Significant Weather Prognostication Chart.
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5434. What weather phenomenon is implied within an area enclosed by
small scalloped lines on a U.S. High-Level Significant Weather Prognostic
Chart?

A— Cirriform clouds, light to moderate turbulence,

and icing. B— Cumulonimbus clouds, icing, and moderate or

greater turbulence. C— Cumuliform or standing lenticular clouds,

moderate to severe turbulence, and icing.



5435. The U.S. High-Level Significant Weather Prognostic Chart forecasts
significant weather for what airspace?

A— 18,000 feet to 45,000 feet. B— 24,000 feet to 45,000 feet. C— 24,000
feet to 63,000 feet.

5436. What is the upper limit of the Low Level Significant Weather
Prognostic Chart?

A— 30,000 feet. B— 24,000 feet. C— 18,000 feet.

5438. A freezing level panel of the composite moisture stability chart is an
analysis of

A— forecast freezing level data from surface

observations. B— forecast freezing level data from upper air

observations. C— observed freezing level data from upper air

observations.

5439. The difference found by subtracting the temperature of a parcel of air
theoretically lifted from the surface to 500 millibars and the existing
temperature at 500 millibars is called the

A— lifted index. B— negative index. C— positive index.

5440. Hatching on a Constant Pressure Analysis Chart indicates

A— hurricane eye.

B— windspeed 70 knots to 110 knots.

C— windspeed 110 knots to 150 knots.

5441. What flight planning information can a pilot derive from Constant
Pressure Analysis Charts?



A— Winds and temperatures alofl. B— Clear air turbulence and icing
conditions. C— Frontal systems and obstructions to vision aloft.

5442. From which of the following can the observed temperature, wind, and
temperature/ dewpoint spread be determined at a specified altitude?

A— Stability Charts.

B— Winds Aloft Forecasts.

C— Constant Pressure Analysis Charts.

5443. The minimum vertical wind shear value critical for probable
moderate or greater turbulence is

A— 4 knots per 1,000 feet. B— 6 knots per 1,000 feet. C— 8 knots per
1,000 feet.

5444. A pilot reporting turbulence that momentarily causes slight, erratic
changes in altitude and/or attitude should report it as

A— light chop.

B— light turbulence.

C— moderate turbulence.

5445. When turbulence causes changes in altitude and/or attitude, but
aircraft control remains positive, that should be reported as

A— light. B— severe. C— moderate.

5446. Turbulence that is encountered above 15,000 feet AGL not associated
with cumuliform cloudiness, including thunderstorms, should be reported as

A— severe turbulence. B— clear air turbulence. C— convective
turbulence.



5447. Which type of Jetstream can be expected to cause the greater
turbulence?

A— A straight Jetstream associated with a low-pressure trough.

B— A curving Jetstream associated with a deep low-pressure trough.

C— A Jetstream occurring during the summer at the lower latitudes.
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5448. A strong wind shear can be expected

A— in the Jetstream front above a core having a

speed of 60 to 90 knots. B— if the 5 °C isotherms are spaced between 7° to

10° of latitude. C— on the low-pressure side of a Jetstream core

where the speed at the core is stronger than

110 knots.

5449. Low-Level Wind Shear Alert Systems provide wind data and
software processes to detect the presence of a

A— violently rotating column of air extending from

a cumulonimbus cloud. B— change in wind direction and/or speed within

a very short distance in the atmosphere. C— downward motion of the air
associated with

continuous winds blowing with an easterly

component due to the rotation of the Earth.

5450. One of the most dangerous features of mountain waves is the
turbulent areas in and



A— below rotor clouds. B— above rotor clouds. C— below lenticular
clouds.

5451. (Refer to figure 8.)

GIVEN:

Fuel quantity 47 gal

Power-cruise (lean) 55 percent

Approximately how much flight time would be available with a night VFR
fuel reserve remaining?

A— 3 hours 8 minutes. B— 3 hours 22 minutes. C— 3 hours 43 minutes.

5452. (Refer to figure 8.)

GIVEN:

Fuel quantity 65 gal

Best power (level flight) 55 percent

Approximately how much flight time would be available with a day VFR
fuel reserve remaining?

A— 4 hours 17 minutes. B— 4 hours 30 minutes. C— 5 hours 4 minutes.

5453. (Refer to figure 8.) Approximately how much fuel would be
consumed when climbing at 75 percent power for 7 minutes?

A— 1.82 gallons. B— 1.97 gallons. C— 2.15 gallons.

5454. (Refer to figure 8.) Determine the amount of fuel consumed during
takeoff and climb at 70 percent power for 10 minutes.

A— 2.66 gallons. B— 2.88 gallons. C— 3.2 gallons.



5455. (Refer to figure 8.) With 38 gallons of fuel aboard at cruise power (55
percent), how much flight time is available with night VFR fuel reserve still
remaining?

A— 2 hours 34 minutes. B— 2 hours 49 minutes. C— 3 hours 18 minutes.

5456. (Refer to figure 9.) Using a normal climb, how much fuel would be
used from engine start to 12,000 feet pressure altitude?

Aircraft weight 3,800 lb

Airport pressure altitude 4,000 ft

Temperature 26 °C

A-B-C-

46 pounds. 51 pounds. 58 pounds.

5457. (Refer to figure 9.) Using a normal climb, how much fuel would be
used from engine start to 10,000 feet pressure altitude?

Aircraft weight 3,500 lb

Airport pressure altitude 4,000 ft

Temperature 21 °C

A— 23 pounds. B— 31 pounds. C— 35 pounds.
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5458. (Refer to figure 10.) Using a maximum rate of climb, how much fuel
would be used from engine start to 6,000 feet pressure altitude?

Aircraft weight 3,200 lb



Airport pressure altitude 2,000 ft

Temperature 27 °C

A— 10 pounds. B— 14 pounds. C— 24 pounds.

5459. (Refer to fgure 10.) Using a maximum rate of climb, how much fuel
would be used from engine start to 10,000 feet pressure altitude?

Aircraft weight 3,800 lb

Airport pressure altitude 4,000 ft

Temperature 30 °C

A— 28 pounds. B— 35 pounds. C— 40 pounds.

5460. (Refer to figure 11.) If the cruise altitude is 7,500 feet, using 64
percent power at 2,500 RPM, what would be the range with 48 gallons of
usable fuel?

A— 635 miles. B— 645 miles. C— 810 miles.

5461. (Refer to figure 11.) What would be the endurance at an altitude of
7,500 feet, using 52 percent power?

NOTE: (With 48 gallons fuel-no reserve.)

A— 6.1 hours. B— 7.7 hours. C— 8.0 hours.

5462. (Refer to figure 11.) What would be the approximate true airspeed
and fuel consumption per hour at an altitude of 7,500 feet, using 52 percent
power?

A— 103 MPH TAS, 6.3 GPH. B— 105 MPH TAS. 6.2 GPH. C— 103
MPH TAS. 6.6 GPH.

5463. (Refer to figure 12.)



GIVEN:

Pressure altitude 18,000 ft

Temperature -21 °C

Power 2,400 RPM - 28" MP

Recommended lean mixture usable fuel 425 lb

What is the approximate flight time available under the given conditions?
(Allow for VFR day fuel

reserve.)

A— 3 hours 46 minutes. B— 4 hours 1 minute. C— 4 hours 31 minutes.

5464. (Refer to figure 12.)

GIVEN:

Pressure altitude 18,000 ft

Temperature -41 °C

Power 2,500 RPM - 26" MP

Recommended lean mixture usable fuel 318 lb

What is the approximate flight time available under the given conditions?
(Allow for VFR night fuel reserve.)

A— 2 hours 27 minutes. B— 3 hours 12 minutes. C— 3 hours 42 minutes.

5465. (Refer to figure 12.)

GIVEN:

Pressure altitude 18,000 ft



Temperature -1 "C

Power 2,200 RPM - 20" MP

Best fuel economy usable fuel 344 lb

What is the approximate flight time available under the given conditions?
(Allow for VFR day fuel reserve.)

A— 4 hours 50 minutes. B— 5 hours 20 minutes. C— 5 hours 59 minutes.
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5466. An airplane descends to an airport under the following conditions:

Cruising altitude 6,500 ft

Airport elevation 700 ft

Descends to 800 ft AGL

Rate of descent 500 ft^min

Average true airspeed 110 kts

True course 335°

Average wind velocity 060° at 15 kts

Variation 3°W

Deviation +2°

Average fuel consumption 8.5 gal/hr

Determine the approximate time, compass heading, distance, and fuel
consumed during the descent.



A— 10 minutes, 348°, 18 NM, 1.4 gallons. B— 10 minutes, 355°, 17 NM,
2.4 gallons. C— 12 minutes, 346°, 18 NM, 1.6 gallons.

5467. An airplane descends to an airport under the following conditions:

Cruising altitude 7,500 ft

Airport elevation 1,300 ft

Descends to 800 ft AGL

Rate of descent 300 ft/min

Average true airspeed 120 kts

True course 165°

Average wind velocity 240° at 20 kts

Variation 4°E

Deviation -2°

Average fuel consumption 9.6 gal/hr

Determine the approximate time, compass heading, distance, and fuel
consumed during the descent.

A— 16 minutes, 168°, 30 NM, 2.9 gallons. B— 18 minutes, 164°, 34 NM,
3.2 gallons. C— 18 minutes, 168°, 34 NM, 2.9 gallons.

5468. An airplane descends to an airport under the following conditions: ■;

Cruising altitude 10,500 ft

Airport elevation 1,700 ft

Descends to 1,000 ft AGL



Rate of descent 600 ft/min

Average true airspeed 135 kts

True course 263°

Average wind velocity 330° at 30 kts

Variation 7°E

Deviation +3°

Average fuel consumption 11.5 gal/hr

Determine the approximate time, compass heading, distance, and fuel
consumed during the descent.

A— 9 minutes, 274°, 26 NM, 2.8 gallons. B— 13 minutes, 274°, 28 NM,
2.5 gallons. C— 13 minutes, 271°, 26 NM, 2.5 gallons.

5469. If fuel consumption is 80 pounds per hour and groundspeed is 180
knots, how much fuel is required for an airplane to travel 460 NM?

A— 205 pounds. B— 212 pounds. C— 460 pounds.

5470. If an airplane is consuming 95 pounds of fuel per hour at a cruising
altitude of 6,500 feet and the groundspeed is 173 knots, how much fuel is
required to travel 450 NM?

A— 248 pounds. B— 265 pounds. C— 284 pounds.

5471. If an airplane is consuming 12.5 gallons of fuel per hour at a cruising
altitude of 8,500 feet and the groundspeed is 145 knots, how much fuel is
required to travel 435 NM?

A— 27 gallons. B— 34 gallons. C— 38 gallons.

5472. If an airplane is consuming 9.5 gallons of fuel per hour at a cruising
altitude of 6,000 feet and the groundspeed is 135 knots, how much fuel is



required to travel 490 NM?

A— 27 gallons. B— 30 gallons. C— 35 gallons.
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5473. If an airplane is consuming 14.8 gallons of fuel per hour at a cruising
altitude of 7,500 feet and the groundspeed is 167 knots, how much fuel is
required to travel 560 NM?

A-B-C-

50 gallons. 53 gallons. 57 gallons.

5474. If fuel consumption is 14.7 gallons per hour and groundspeed is 157
knots, how much fuel is required for an airplane to travel 612 NM?

A— 58 gallons. B— 60 gallons. C— 64 gallons.

5475. GIVEN:

True course 105"^

True heading 085°

True airspeed 95 kts

Groundspeed 87 kts

Determine the wind direction and speed.

A— 020° and 32 knots. B— 030° and 38 knots. C— 200° and 32 knots.

5476. GIVEN:

True course 345°



True heading 355°

True airspeed 85 kts

Groundspeed 95 kts

Determine the wind direction and speed.

A— 095° and 19 knots. B— 113° and 19 knots. C— 238° and 18 knots.

5477. You have flown 52 miles, are 6 miles off course, and have 118 miles
yet to fly. To converge on your destination, the total correction angle would
be

A— 3°. B— 6°. C— 10°.

5478. GIVEN:

Distance off course 9 mi

Distance flown 95 mi

Distance to fly 125 mi

To converge at the destination, the total correction angle would be

A— 4°. B— 6°. C— 10°.

5479. True course measurements on a Sectional Aeronautical Chart should
be made at a meridian near the midpoint of the course because the

A— values of isogonic lines change from point to

point. B— angles formed by isogonic lines and lines of

latitude vary from point to point. C— angles formed by lines of longitude
and the

course line vary from point to point.



5481. GIVEN:

Wind 175° at 20 kts

Distance 135 NM

True course 075°

True airspeed 80 kts

Fuel consumption 105 Ib/hr

Determine the time en route and fuel consumption.

A— 1 hour 28 minutes and 73.2 pounds. B— 1 hour 38 minutes and 158
pounds. C— 1 hour 40 minutes and 175 pounds.

5482. (Refer to figure 13.)

GIVEN:

Aircraft weight 3,400 lb

Airport pressure altitude 6,000 ft

Temperature at 6,000 feet 10 °C

Using a maximum rate of climb under the given conditions, how much fuel
would be used from engine start to a pressure altitude of 16,000 feet?

A— 43 pounds. B— 45 pounds. C— 49 pounds.
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5483. (Refer to figure 13.)

GIVEN:

Aircraft weight 4,000 lb



Airport pressure altitude 2,000 ft

Temperature at 2,000 feet 32 °C

Using a maximum rate of climb under the given conditions, how much time
would be required to climb to a pressure altitude of 8,000 feet?

A— 7 minutes. B— 8.4 minutes. C— 11.2 minutes.

5484. (Refer to figure 14.)

GIVEN:

Aircraft weight 3,700 lb

Airport pressure altitude 4,000 ft

Temperature at 4,000 feet 21 °C

Using a normal climb under the given conditions, how much fuel would be
used from engine start to a pressure altitude of 12,000 feet?

A-B-C-

30 pounds. 37 pounds. 46 pounds.

5485. (Refer to figure 14.)

GIVEN:

Weight 3,400 lb

Airport pressure altitude 4,000 ft

Temperature at 4,000 feet 14 °C

Using a normal climb under the given conditions, how much time would be
required to climb to a pressure altitude of 8,000 feet?



A— 4.8 minutes. B— 5 minutes. C— 5.5 minutes.

5486. (Refer to figure 15.)

GIVEN:

Airport pressure altitude 4,000 ft

Airport temperature 12 °C

Cruise pressure altitude 9,000 fl

Cruise temperature -4 °C

What will be the distance required to climb to cruise altitude under the
given conditions?

A— 6 miles. B— 8.5 miles. C— 11 miles.

5487. (Refer to figure 15.)

GIVEN:

Airport pressure altitude 2,000 ft

Airport temperature 20 °C

Cruise pressure altitude 10,000 ft

Cruise temperature 0 °C

What will be the fuel, time, and distance required to climb to cruise altitude
under the given conditions?

A— 5 gallons, 9 minutes, 13 NM. B— 6 gallons, 11 minutes, 16 NM. C—
7 gallons, 12 minutes, 18 NM.

5488. An airplane departs an airport under the following conditions:



Airport elevation 1,000 ft

Cruise altitude 9,500 ft

Rate of climb 500 ft/min

Average true airspeed 135 kts

True course 215°

Average wind velocity 290° at 20 kts

Variation 3°W

Deviation -2°

Average fuel consumption 13 gal/hr

Determine the approximate time, compass heading, distance, and fuel
consumed during the climb.

A— 14 minutes, 234°, 26 NM, 3.9 gallons. B— 17 minutes, 224°, 36 NM,
3.7 gallons. C— 17 minutes, 242°, 31 NM, 3.5 gallons.

K/ THE KNOWLEDGE TEST—FAA TEST

269

5489. An airplane departs an airport under the following conditions:

Airport elevation 1,500 ft

Cruise altitude 9,500 ft

Rate of climb 500 ft/min

Average true airspeed 160 kts

True course 145°



Average wind velocity 080° at 15 kts

Variation 5°E

Deviation -3°

Average fuel consumption 14 gal/hr

Determine the approximate time, compass heading, distance, and fuel
consumed during the climb.

A— 14 minutes, 128°, 35 NM, 3,2 gallons. B— 16 minutes, 132°, 41 NM,
3.7 gallons. C— 16 minutes, 128°, 32 NM, 3.8 gallons.

5490. Which is true about homing when using ADF during crosswind
conditions? Homing

A— to a radio station results in a curved path that

leads to the station. B— is a practical navigation method for flying

both to and from a radio station. C— to a radio station requires that the
ADF have

an automatically or manually rotatable

azimuth.

5493. The magnetic heading is 315° and the ADF shows a relative bearing
of 140°. The magnetic bearing FROM the radiobeacon would be

A— 095°. B— 175°. C— 275°.

5494. The magnetic heading is 350° and the relative bearing to a
radiobeacon is 240°. What would be the magnetic bearing TO that
radiobeacon?

A— 050°. B— 230°. C— 295°.



5495. The ADF is tuned to a radiobeacon. If the magnetic heading is 040°
and the relative bearing is 290°, the magnetic bearing TO that radiobeacon
would be

A— 150°. B— 285°. C— 330°.

5496. If the relative bearing to a nondirectional radiobeacon is 045° and the
magnetic heading is 355°, the magnetic bearing TO that radiobeacon would
be

5491. Which is true regarding tracking on a A— 040°.

desired bearing when using ADF during crosswind B— 065°.

conditions? C— 220°.

A— To track outbound, heading corrections should be made away from the
ADF pointer.

B— When on the desired track outbound with the proper drift correction
established, the ADF pointer will be deflected to the windward side of the
tail position.

C— When on the desired track inbound with the proper drift correction
established, the ADF pointer will be deflected to the windward side of the
nose position.

5492. An aircraft is maintaining a magnetic heading of 265° and the ADF
shows a relative bearing of 065°. This indicates that the aircraft is crossing
the

A— 065° magnetic bearing FROM the radio

beacon. B— 150° magnetic bearing FROM the radio

beacon. C— 330° magnetic bearing FROM the radio

beacon.



5497. (Refer to figure 16.) If the aircraft continues its present heading as
shown in instrument group 3, what will be the relative bearing when the
aircraft reaches the magnetic bearing of 030° FROM the NDB?

A— 030°. B— 060°. C— 240°.

5498. (Refer to figure 16.) At the position indicated by instrument group 1,
what would be the relative bearing if the aircraft were turned to a magnetic
heading of 090°?

A— 150°. B— 190°. C— 250°.
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5499. (Refer to figure 16.) At the position indicated by instrument group 1,
to intercept the 330° magnetic bearing to the NDB at a 30° angle, the
aircraft should be turned

A— left to a heading of 270°. B— right to a heading of 330°. C— right to a
heading of 360°.

5500. Which situation would result in reverse sensing of a VOR receiver?

A— Flying a heading that is reciprocal to the

bearing selected on the OBS. B— Setting the OBS to a bearing that is 90°
from

the bearing on which the aircraft is located. C— Failing to change the OBS
from the selected

inbound course to the outbound course after

passing the station.

5501. To track outbound on the 180 radial of a VOR station, the
recommended procedure is to set the OBS to

A— 360° and make heading corrections toward the



GDI needle. B— 180° and make heading corrections away from

the GDI needle. C— 180° and make heading corrections toward the

GDI needle.

5502. To track inbound on the 215 radial of a VOR station, the
recommended procedure is to set the OBS to

A— 215° and make heading corrections toward the

GDI needle. B— 215° and make heading corrections away from

the GDI needle. G— 035° and make heading corrections toward the

GDI needle.

5503. When diverting to an alternate airport because of an emergency,
pilots should

A— rely upon radio as the primary method of

navigation. B— climb to a higher altitude because it will be

easier to identify checkpoints. G— apply rule-of-thumb computations,
estimates,

and other appropriate shortcuts to divert to

the new course as soon as possible.

5504. To use VHF/DF facilities for assistance in locating your position, you
must have an operative VHF

A— transmitter and receiver. B— transmitter and receiver,

ADF receiver. G— transmitter and receiver,

VOR receiver.



and an operative and an operative

5505. Which maximum range factor decreases as weight decreases?

A— Altitude.

B— Airspeed.

G— Angle of attack.

5506. (Refer to figure 17.) Which illustration indicates that the airplane will
intercept the 360 radial at a 60° angle inbound, if the present heading is
maintained?

A— 3. B— 4. G— 5.

5507. (Refer to figure 17.) Which statement is true regarding illustration 2,
if the present heading is maintained? The airplane will

A— cross the 180 radial at a 45° angle outbound. B— intercept the 225
radial at a 45° angle. G— intercept the 360 radial at a 45° angle inbound.

5508. (Refer to figure 17.) Which illustration indicates that the airplane will
intercept the 060 radial at a 75° angle outbound, if the present heading is
maintained?

A— 4. B— 5. G— 6.
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5509. (Refer to figure 17.) Which illustration indicates that the airplane
should be turned 150° left to intercept the 360 radial at a 60° angle
inbound?

5515. The relative bearing on an ADF changes from 265° to 260° in 2
minutes of elapsed time. If the groundspeed is 145 knots, the distance to
that station would be



A— 1. B— 2. C— 3.

A— 26 NM. B— 37 NM. C- - i NM.

5510. (Refer to figure 17.) Which is true regarding illustration 4, if the
present heading is maintained? The airplane will

A— cross the 060 radial at a 15° angle. B— intercept the 240 radial at a 30°
angle. C— cross the 180 radial at a 75° angle.

5511. (Refer to figure 18.) To intercept a magnetic bearing of 240° FROM
at a 030° angle (while outbound), the airplane should be turned

A— left 065°. B— left 125°. C— right 270°.

5512. (Refer to figure 18.) If the airplane continues to fly on the heading as
shown, what magnetic bearing FROM the station would be intercepted at a
35° angle outbound?

A— 035°. B— 070°. C— 215°.

5516. The ADF indicates a wingtip bearing change of 10° in 2 minutes of
elapsed time, and the TAS is 160 knots. What is the distance to the station?

A— 15 NM. B— 32 NM. C— 36 NM.

5517. With a TAS of 115 knots, the relative bearing on an ADF changes
from 090° to 095° in 1.5 minutes of elapsed time. The distance to the
station would be

A— 12.5 NM. B— 24.5 NM. C— 34.5 NM.

5518. GIVEN:

Wingtip bearing change 5°

Time elapsed between bearing change ... 5 min True airspeed 115 kts

The distance to the station is



5513. (Refer to figure 19.) If the airplane continues to fly on the magnetic
heading as illustrated, what magnetic bearing FROM the station would be
intercepted at a 35° angle?

A— 090°. B— 270°. C— 305°.

A-B-C-

36 NM. 57.5 NM. 115 NM.

5519. The ADF is tuned to a nondirectional radiobeacon and the relative
bearing changes from 095° to 100° in 1.5 minutes of elapsed time. The time
en route to that station would be

5514. (Refer to figure 19.) If the airplane continues to fly on the magnetic
heading as illustrated, what magnetic bearing FROM the station would be
intercepted at a 30° angle?

A— 090°. B— 270°. C— 310°.

A— 18 minutes. B— 24 minutes. C— 30 minutes.

5520. The ADF is tuned to a nondirectional radiobeacon and the relative
bearing changes from 270° to 265° in 2.5 minutes of elapsed time. The time
en route to that beacon would be

A— 9 minutes. B— 18 minutes. C— 30 minutes.
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5521. The ADF is tuned to a n on directional radiobeacon and the relative
bearing changes from 085° to 090° in 2 minutes of elapsed time. The time
en route to the station would be

A— 15 minutes. B— 18 minutes. C— 24 minutes.

5522. If the relative bearing changes from 090° to 100° in 2.5 minutes of
elapsed time, the time en route to the station would be



A— 12 minutes. B— 15 minutes. C— 18 minutes.

5523. The ADF is tuned to a nondirectional radiobeacon and the relative
bearing changes from 090° to 100° in 2.5 minutes of elapsed time. If the
true airspeed is 90 knots, the distance and time en route to that radiobeacon
would be

A— 15 miles and 22.5 minutes. B— 22.5 miles and 15 minutes. C— 32
miles and 18 minutes.

5526. GIVEN:

Wingtip bearing change 15°

Elapsed time between bearing change ... 6 min Rate of fuel consumption
8.6 gal/hr

Calculate the approximate fuel required to fly to the station.

A— 3.44 gallons. B— 6.88 gallons. C— 17.84 gallons.

5527. GIVEN:

Wingtip bearing change 15°

Elapsed time between bearing change . . 7.5 min

True airspeed 85 kts

Rate of fuel consumption 9.6 gal/hr

The time, distance, and fuel required to fly to the station is

A— 30 minutes; 42.5 miles; 4.80 gallons. B— 32 minutes; 48 miles; 5.58
gallons. C— 48 minutes; 48 miles; 4.58 gallons.

5524. GIVEN:

Wingtip bearing change 10°



Elapsed time between bearing change ... 4 min Rate of fuel consumption 11
gal/hr

Calculate the fuel required to fly to the station.

A— 4.4 gallons. B— 8.4 gallons. C— 12 gallons.

5525. GIVEN:

Wingtip bearing change 5°

Elapsed time between bearing change ... 6 min Rate of fuel consumption 12
gal/hr

The fuel required to fly to the station is

A— 8.2 gallons. B— 14.4 gallons. C— 18.7 gallons.

5528. While maintaining a constant heading, a relative bearing of 15°
doubles in 6 minutes. The time to the station being used is

A— 3 minutes. B— 6 minutes. C— 12 minutes.

5529. While maintaining a constant heading, the ADF needle increases
from a relative bearing of 045° to 090° in 5 minutes. The time to the station
being used is

A— 5 minutes. B— 10 minutes. C— 15 minutes.

5530. While cruising at 135 knots and on a constant heading, the ADF
needle decreases from a relative bearing of 315° to 270° in 7 minutes. The
approximate time and distance to the station being used is

A— 7 minutes and 16 miles. B— 14 minutes and 28 miles. C— 19 minutes
and 38 miles.
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5531. While maintaining a constant heading, a relative bearing of 10°
doubles in 5 minutes. If the true airspeed is 105 knots, the time and distance
to the station being used is approximately

A— 5 minutes and 8.7 miles. B— 10 minutes and 17 miles. C— 15 minutes
and 31.2 miles.

5532. When checking the course sensitivity of a VOR receiver, how many
degrees should the OBS be rotated to move the GDI from the center to the
last dot on either side?

A— 5° to 10°. B— 10° to 12°. C— 18° to 20°.

5533. An aircraft 60 miles from a VOR station has a GDI indication of one-
fifth deflection, this represents a course centerline deviation of
approximately

A— 6 miles. B— 2 miles. G— 1 mile.

5534. (Refer to figure 20.) Using instrument group 3, if the aircraft makes a
180° turn to the left and continues straight ahead, it will intercept which
radial?

A— 135 radial. B— 270 radial. G— 360 radial.

5535. (Refer to figure 20.) Which instrument shows the aircraft in a
position where a 180° turn would result in the aircraft intercepting the 150
radial at a 30° angle?

5537. (Refer to figure 20.) Which instrument shows the aircraft to be
northwest of the VORTAG?

A— 1. B— 2. G— 3.

5538. (Refer to figure 20.) Which instrument(s) show(s) that the aircraft is
getting further from the selected VORTAG?

A— 4.



B— 1 and 4.

G— 2 and 3.

5539. While maintaining a magnetic heading of 270° and a true airspeed of
120 knots, the 360 radial of a VOR is crossed at 1237 and the 350 radial is
crossed at 1244. The approximate time and distance to this station are

A— 42 minutes and 84 NM. B— 42 minutes and 91 NM. G— 44 minutes
and 96 NM.

5540. (Refer to figure 21.) If the time flown between aircraft positions 2
and 3 is 13 minutes, what is the estimated time to the station?

A— 13 minutes. B— 17 minutes. G— 26 minutes.

5541. (Refer to figure 22.) If the time flown between aircraft positions 2
and 3 is 8 minutes, what is the estimated time to the station?

A— 8 minutes. B— 16 minutes. G— 48 minutes.

A— 2. B— 3. G— 4.

5542. (Refer to figure 23.) If the time flown between aircraft positions 2
and 3 is 13 minutes, what is the estimated time to the station?

5536. (Refer to figure 20.) Which instrument .shows the aircraft in a
position where a straight course after a 90° left turn would result in
intercepting the 180 radial?

A-B-G-

2. 3. 4.

I

A-B-G-

7.8 minutes. 13 minutes. 26 minutes.



5543. (Refer to figure 24.) If the time flown between aircraft positions 2
and 3 is 15 minutes, what is the estimated time to the station?

A— 15 minutes. B— 30 minutes. C— 60 minutes.
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5544. Inbound on the 040 radial, a pilot selects the 055 radial, turns 15° to
the left, and notes the time. While maintaining a constant heading, the pilot
notes the time for the GDI to center is 15 minutes. Based on this
information, the ETE to the station is

A— 8 minutes. B— 15 minutes. C— 30 minutes.

5545. Inbound on the 090 radial, a pilot rotates the OBS 010° to the left,
turns 010° to the right, and notes the time. While maintaining a constant
heading, the pilot determines that the elapsed time for the GDI to center is 8
minutes. Based on this information, the ETE to the station is

A— 8 minutes. B— 16 minutes. G— 24 minutes.

5546. Inbound on the 315 radial, a pilot selects the 320 radial, turns 5° to
the left, and notes the time. While maintaining a constant heading, the pilot
notes the time for the GDI to center is 12 minutes. The ETE to the station is

A— 10 minutes. B— 12 minutes. C— 24 minutes.

5547. Inbound on the 190 radial, a pilot selects the 195 radial, turns 5° to
the left, and notes the time. While maintaining a constant heading, the pilot
notes the time for the GDI to center is 10 minutes. The ETE to the station is

A— 10 minutes. B— 15 minutes. G— 20 minutes.

5548. (Refer to figures 25 and 25A.) During the ILS RWY 13L procedure at
DSM, what altitude minimum applies if the glide slope becomes
inoperative?

A— 1,420 feet. B— 1,360 feet. G— 1,121 feet.



5549. What does the absence of the procedure turn barb on the plan view on
an approach chart indicate?

A— A procedure turn is not authorized.

B— Teardrop-type procedure turn is authorized.

G— Racetrack-type procedure turn is authorized.

5550. When making an instrument approach at the selected alternate
airport, what landing minimum s apply?

A— Standard alternate minimums.

B— The IFR alternate minimums listed for that

airport. G— The landing minimums published for the type

of procedure selected.

5551. How should the pilot make a VOR receiver check when the aircraft is
located on the designated checkpoint on the airport surface?

A— Set the OBS on 180° plus or minus 4°; the GDI should center with a
FROM indication.

B— Set the OBS on the designated radial. The GDI must center within plus
or minus 4° of that radial with a FROM indication.

G— With the aircraft headed directly toward the VOR and the OBS set to
000°, the GDI should center within plus or minus 4° of that radial with a
TO indication.

5552. When using VOT to make a VOR receiver check, the GDI should be
centered and the OBS should indicate that the aircraft is on the

A— 090 radial. B— 180 radial. G— 360 radial.



5553. When the GDI needle is centered during an airborne VOR check, the
omnibearing selector and the TO/FROM indicator should read

A— within 4° of the selected radial. B— within 6° of the selected radial. G
— 0° TO, only if you are due south of the VOR.

5556. Which is true regarding the use of a Standard Instrument Departure
(SID) chart?

A— At airfields where SID's have been

established, SID usage is mandatory for IFR

departures. B— To use a SID, the pilot must possess at least

the textual description of the approved

standard departure. G— To use a SID, the pilot must possess both the

textual and graphic form of the approved

standard departure.
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5557. Which is true regarding STAR's? STAR's are

A— used to separate IFR and VFR traffic.

B— established to simplify clearance delivery

procedures. C— used at certain airports to decrease traffic

congestion.

5558. While being radar vectored, an approach clearance is received. The
last assigned altitude should be maintained until



A— reaching the FAF. B— advised to begin descent. C— established on a
segment of a published route or instrument approach procedure.

5559. En route Flight Advisory Service (EFAS) is a service that provides en
route aircraft with timely and meaningful weather advisories pertinent to
the type of flight intended, route, and altitude. This information is received
by

A—listening to en route VORs at 15 and 45 minutes past the hour.

B—contacting flight watch, using the name of the ARTCC facility
identification in your area, your aircraft identification, and the name of the
nearest VOR on 122.0 MHz below 17,500 feet MSL.

C—contacting the AFSS facility in your area, using your airplane
identification and the name of the nearest VOR.

5560. Weather Advisory Broadcasts, including Severe Weather Forecast
Alerts (AWW), Convective SIGMETs, and SIGMETs, are provided by

A—ARTCCs on all frequencies except emergency, when any part of the
area described is within 150 miles of the airspace under their jurisdiction.

B—AFSSs on 122.2 MHz and adjacent VORs, when any part of the area
described is within 200 miles of the airspace under their jurisdiction.

C—selected low-frequency and/or VOR navigation aids.

5561. (Refer to figures 26 and 26A.) The final approach fix for the
precision approach is located at

A— DENAY Intersection. B— Glide slope intercept. C— ROMEN
Intersection/Locator outer marker.

5564. Which is true concerning the blue and magenta colors used to depict
airports on Sectional Aeronautical Charts?

A—Airports with control towers underlying Class A,



B, and C airspace are shown in blue; Class D and E airspace are magenta.

B—Airports with control towers underlying Class C,

D, and E airspace are shown in magenta. C—Airports with control towers
underlying Class B,

C, D, and E airspace are shown in blue.

5565. (Refer to figure 52, point A.) The floor of the Class E airspace above
Georgetown Airport (Q61) is at

A— the surface. B— 3,788 feet MSL. C— 700 feet AGL.

5566. (Refer to figure 52, point G.) The floor of Class E airspace over the
town of Woodland is

A— 700 feet AGL over part of the town and no

floor over the remainder. B— 1,200 feet AGL over part of the town and no

floor over the remainder. C— both 700 feet and 1,200 feet AGL.

5567. (Refer to figure 52, point E.) The floor of the Class E airspace over
University Airport (0O5) is

A— the surface. B— 700 feet AGL. C— 1,200 feet AGL.

5568. (Refer to figure 52, point H.) The floor of the Class E airspace over
the town of Auburn is

A— 1,200 feet MSL. B— 700 feet AGL. C— 1,200 feet AGL.

5569. (Refer to figure 53, point A.) This thin black shaded line is most
likely

A— an arrival route.

B— a military training route.



C— a state boundary line.

5570. (Refer to figure 53, point B.) The 16 indicates

A— an antenna top at 1,600 feet AGL.

B— the maximum elevation figure for that

quadrangle. C— the minimum safe sector altitude for that

quadrangle.
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5572. (Refer to figure 54, point A.) What minimum altitude is required to
avoid the Livermore Airport (LVK) Class D airspace?

A— 2,503 feet MSL. B— 2,901 feet MSL. C— 3,297 feet MSL.

5583. (Refer to figure 52, point F.) Mosier Airport is

A— an airport restricted to use by private and

recreational pilots. B— a restricted military stage field within

restricted airspace. C— a nonpublic use airport.

5576. (Refer to figure 54, point D.) The thinner outer blue circle depicted
around San Francisco International Airport is

A— the outer segment of Class B airspace.

B— an area within which an appropriate

transponder must be used fi-om outside of the

Class B airspace from the surface to 10,000

feet MSL. C— a Mode C veil boundary where a balloon may



penetrate without a transponder provided it

remains below 8,000 feet.

5577. When a dashed blue circle surrounds an airport on a sectional
aeronautical chart, it will depict the boundary of

A— special VFR airspace. B— Class B airspace. C— Class D airspace.

5581. (Refer to figure 52, point D.) The highest obstruction with high
intensity lighting within 10 NM of Lincoln Airport (051) is how high above
the ground?

A— 1,254 feet. B— 662 feet. C— 299 feet.

5585. (Refer to figure 52, point D.) The terrain at the obstruction
approximately 8 NM east southeast of the Lincoln Airport is approximately
how much higher than the airport elevation?

A— 376 feet. B— 835 feet. C— 1,135 feet.

5587. (Refer to figure 54, point F.) The Class C airspace at Metropolitan
Oakland International (OAK) which extends from the surface upward has a
ceiling of

A— both 2,100 feet and 3,000 feet MSL. B— 8,000 feet MSL, C— 2,100
feet AGL.

5588. (Refer to figure 53.)

GIVEN:

Altitude 1,000 ft AGL

Position 7 NM north of point E

Time 3 p.m. local

Flight visibility 1 SM



You are VFR approaching Madera Airport (point E) for a landing from the
north. You

A— are in violation of the FAR's; you need 3 miles

of visibility under VFR. B— are required to descend to below 700 feet
AGL

before entering Class E airspace and may

continue for landing. C— may descend to 800 feet AGL (Pattern

Altitude) after entering Class E airspace and

continue to the airport.
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5591. (Refer to figures 55 and 55A.) En route on VI12 from BTG VORTAC
to LTJ VORTAC, the minimum altitude crossing GYMME intersection is

A-B-C-

6,400 feet. 6,500 feet. 7,000 feet.

5592. (Refer to figures 55 and 55A.) En route on V448 from YKM
VORTAC to BTG VORTAC, what minimum navigation equipment is
required to identify ANGOO intersection?

A— One VOR receiver.

B— One VOR receiver and DME.

C— Two VOR receivers.

5593. (Refer to figures 55 and 55A.) En route on V468 from BTG
VORTAC to YKM VORTAC, the minimum en route altitude at TROTS



intersection is

A— 7,100 feet. B— 10,000 feet. C— 11,500 feet.

5594. (Refer to figures 27 and 27A.) In the DEN ILS RWY 35R procedure
the glide slope intercept altitude is

A— 7,488 feet MSL. B— 7,500 feet MSL. C— 9,000 feet MSL.

5595. (Refer to figure 27.) The symbols [SICX)] and [12,600] in the MSA
circle of the ILS RWY 35R procedure at DEN represents a minimum safe
sector altitude within 25 NM of

5597. (Refer to figures 28 and 28A.) If the glide slope becomes inoperative
during the ILS RWY 31R procedure at DSM, what MDA applies?

A— 1,157 feet. B— 1,320 feet. C— 1,360 feet.

5598. (Refer to figures 29 and 29A.) When approaching the ATL ILS RWY
8L, how far from the FAF is the missed approach point?

A— 4.8 NM. B— 5.2 NM. C— 12.0 NM.

5599. (Refer to figures 30 and 30A.) When approaching the VOR/DME-A,
the symbol [2800] in the MSA circle represents a minimum safe sector
altitude within 25 NM of

A— DEANI intersection.

B_ White Cloud VORTAC.

C— Baldwin Municipal Airport.

5600. (Refer to figures 30 and 30A.) What minimum navigation equipment
is required to complete the VOR/DME-A procedure?

A— One VOR receiver.

B— One VOR receiver and DME.



C— Two VOR receivers and DME.

5601. Calibrated airspeed is best described as indicated airspeed corrected
for

A— installation and instrument error.

B— instrument error.

C— nonstandard temperature.

A— Denver VORTAC.

B— Gandi outer marlter.

C— Denver/Stapleton International Airport.

5596. (Refer to figures 28 and 28A.) During the ILS RWY 31R procedure
at DSM, the minimum altitude for glide slope interception is

A— 2,365 feet MSL. B— 2,500 feet MSL. C— 3,000 feet MSL.

5602. True airspeed is best described as calibrated airspeed corrected for

A— installation or instrument error.

B— nonstandard temperature.

C— altitude and nonstandard temperature.
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5603. You are flying an airship under an IFR flight plan and experience
two-way communications radio failure while in VFR conditions. In this
situation, you should continue your flight under

A— VFR and land as soon as practicable.

B— VFR and proceed to your flight-plan



destination. C— IFR and maintain the last assigned route and

altitude to your flight-plan destination.

5604. Why should flight speeds above V^e be avoided?

A— Excessive induced drag will result in

structural failure. B— Design limit load factors may be exceeded, if

gusts are encountered. C— Control effectiveness is so impaired that the

aircraft becomes uncontrollable.

5605. Maximum structural cruising speed is the maximum speed at which
an airplane can be operated during

A— abrupt maneuvers. B— normal operations. C— flight in smooth air.

5606. Applying carburetor heat will

A— not affect the mixture. B— lean the fuel/air mixture. C— enrich the
fuel/air mixture.

5607. An abnormally high engine oil temperature indication may be caused
by

A— a defective bearing.

B— the oil level being too low.

C— operating with an excessively rich mixture.

5608. What will occur if no leaning is made with the mixture control as the
flight altitude increases?

A — The volume of air entering the carburetor



decreases and the amount of fuel decreases. B— The density of air entering
the carburetor

decreases and the amount of fuel increases. C— The density of air entering
the carburetor

decreases and the amount of fuel remains

constant.

5609. Unless adjusted, the fuel/air mixture becomes richer with an increase
in altitude because the amount of fuel

A— decreases while the volume of air decreases. B— remains constant
while the volume of air

decreases. C— remains constant while the density of air

decreases.

5610. The basic purpose of adjusting the fuel/air mixture control at altitude
is to

A— decrease the fuel flow to compensate for

decreased air density. B— decrease the amount of fuel in the mixture to

compensate for increased air density. C— increase the amount of fuel in the
mixture to

compensate for the decrease in pressure and

density of the air.

5611. At high altitudes, mixture will cause the

an excessively rich

A— engine to overheat. B— fouling of spark plugs.



C— engine to operate smoother even though fuel consumption is increased.

5612. In the Northern Hemisphere, if a sailplane is accelerated or
decelerated, the magnetic compass will normally indicate

A— correctly, only when on a north or south

heading. B— a turn toward south while accelerating on a

west heading. C— a turn toward north while decelerating on an

east heading.

5613. When flying on a heading of west from one thermal to the next, the
airspeed is increased to the speed-to-fly with the wings level. What will the
conventional magnetic compass indicate while the airspeed is increasing?

A— A turn toward the south. B— A turn toward the north. C— Straight
flight on a heading of 270°.

5614. What effect does an uphill runway slope have on takeoff
performance?

A— Increases takeoff speed. B— Increases takeoff distance. C— Decreases
takeoff distance.
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5615. (Refer to figure 31.)Rwy 30 is being used for landing. Which surface
wind would exceed the airplane's crosswind capability of 0.2 Vgf,, if Vgo is
60 knots?

A— 260" at 20 knots. B— 275° at 25 knots. C— 315° at 35 knots.

5616. (Refer to figure 31.) If the tower-reported surface wind is 010° at 18
knots, what is the crosswind component for a Rwy 08 landing?



A— 7 knots. B— 15 knots. C— 17 knots.

5617. (Refer to figure 31.) The surface wind is 180° at 25 knots. What is the
crosswind component for a Rwy 13 landing?

A— 19 knots. B— 21 knots. C— 23 knots.

5618. (Refer to figure 31.) What is the headwind component for a Rwy 13
takeoff if the surface wind is 190° at 15 knots?

A— 7 knots. B— 13 knots. C— 15 knots.

5619. (Refer to figure 32.)

GIVEN:

Temperature 75 °F

Pressure altitude 6,000 ft

Weight 2,900 lb

Headwind 20 kts

To safely take off over a 50-foot obstacle in 1,000 feet, what weight
reduction is necessary?

A— 50 pounds. B— 100 pounds. C— 300 pounds.

5620. (Refer to figure 32.)

GIVEN:

Temperature 50 °F

Pressure altitude 2.000 ft

Weight 2.700 lb



Wind Calm

What is the total takeoff distance over a 50-foot obstacle?

A— 550 feet. B— 650 feet. C— 800 feet.

5621. (Refer to figure 32.)

GIVEN:

Temperature 100 °F

Pressure altitude 4,000 ft

Weight 3,200 lb

Wind Calm

What is the ground roll required for takeoff over a 50-foot obstacle?

A— 1,180 feet. B— 1,350 feet. C— 1,850 feet.

5622. (Refer to figure 32.)

GIVEN:

Temperature 30 °F

Pressure altitude 6,000 h

Weight 3,300 lb

Headwind 20 kts

What is the total takeoff distance over a 50-foot obstacle?

A— 1,100 feet. B— 1,300 feet. C— 1,500 feet.
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5623. (Refer to figure 33.)

GIVEN:

Weight 4,000 lb

Pressure altitude 5,000 ft

Temperature 30 °C

What is the maximum rate of climb under the given conditions?

A— 655 ft'min. B— 702 ft/min. C— 774 ft^min.

5624. (Refer to figure 33.)

GIVEN:

Weight 3,700 lb

Pressure altitude 22,000 ft

Temperature -10 °C

What is the maximum rate of climb under the given conditions?

A— 305 ft/min. B— 320 ft/min. C— 384 ft/min.

5625. (Refer to figure 34.)

GIVEN:

Pressure altitude 6,000 ft

Temperature +3 °C

Power 2,200 RPM - 22" MP

Usable fuel available 465 lb



What is the maximum available flight time under the conditions stated?

A— 6 hours 27 minutes. B— 6 hours 39 minutes. C— 6 hours 56 minutes.

5626. (Refer to figure 34.)

GIVEN:

Pressure altitude 6,000 fl

Temperature -17 °C

Power 2,300 RPM - 23" MP

Usable fuel available 370 lb

What is the maximum available flight time under the conditions stated?

A— 4 hours 20 minutes. B— 4 hours 30 minutes. C— 4 hours 50 minutes.

5627. (Refer to figure 34.)

GIVEN:

Pressure altitude 6,000 ft

Temperature +13 °C

Power 2,500 RPM - 23" MP

Usable fuel available 460 lb

What is the maximum available flight time under the conditions stated?

A— 4 hours 58 minutes. B— 5 hours 7 minutes. C— 5 hours 12 minutes.

5628. (Refer to figure 35.)

GIVEN:



Temperature 70 °F

Pressure altitude Sea level

Weight 3,400 lb

Headwind 16 kts

Determine the approximate ground roll.

A— 689 feet. B— 716 feet. C— 1,275 feet.
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5629. (Refer to figure 35.)

GIVEN:

Temperature 85 °F

Pressure altitude 6,000 ft

Weight 2,800 lb

Headwind 14 kts

Determine the approximate ground roll.

A— 742 feet. B— 1,280 feet. C— 1,480 feet.

5630. (Refer to figure 35.)

GIVEN:

Temperature 50 °F

Pressure altitude Sea level



Weight 3,000 lb

Headwind 10 kts

Determine the approximate ground roll.

A— 425 feet. B— 636 feet. C— 836 feet.

5631. (Refer to figure 35.)

GIVEN:

Temperature 80 °F

Pressure altitude 4,000 ft

Weight 2,800 lb

Headwind 24 kts

What is the total landing distance over a 50-foot obstacle?

5632. When computing weight and balance, the empty weight includes the
weight of the airframe, engine(s), and all items of operating equipment
permanently installed. Empty weight also includes

A— the unusable fuel, hydraulic fluid, and

undrainable oil or, in some aircraft, all of the

oil. B— all usable fuel, maximum oil, hydraulic fluid,

but does not include the weight of pilot,

passengers, or baggage. C— all usable fuel and oil, but does not include

any radio equipment or instruments that were

installed by someone other than the



manufacturer.

5633. If all index units are positive when computing weight and balance,
the location of the datum would be at the

A— centerline of the main wheels. B— nose, or out in front of the airplane.
C— centerline of the nose or tailwheel, depending on the type of airplane.

5634. The CG of an aircraft can be determined by which of the following
methods?

A— Dividing total arms by total moments. B— Multiplying total arms by
total weight. C-— Dividing total moments by total weight.

5635. The CG of an aircraft may be determined by

A— dividing total arms by total moments. B— dividing total moments by
total weight. C— multiplying total weight by total moments.

5636. GIVEN:

A— 1,125 feet. B— 1,250 feet. C— 1,325 feet.

Weight A — 155 pounds at 45 inches aft of datum Weight B — 165 pounds
at 145 inches aft of datum Weight C — 95 pounds at 185 inches aft of
datum

Based on this information, where would the CG be located aft of datum?

A— 86.0 inches. B— 116.8 inches. C— 125.0 inches.'
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5637. GIVEN:

Weight A — 140 pounds at 17 inches aft of datum Weight B — 120 pounds
at 110 inches aft of datum Weight C — 85 pounds at 210 inches aft of
datum



Based on this information, the CG would be located how far aft of datum?

A— 89.11 inches. B— 96.89 inches. C— 106.92 inches.

5638. GIVEN:

Weight A — 135 pounds at 15 inches aft of datum Weight B — 205 pounds
at 117 inches aft of datum Weight C — 85 pounds at 195 inches aft of
datum

Based on this information, the CG would be located how far aft of datum?

A— 100.2 inches. B— 109.0 inches. C— 121.7 inches.

5647. An aircraft is loaded with a ramp weight of 3,650 pounds and having
a CG of 94.0, approximately how much baggage would have to be moved
from the rear baggage area at station 180 to the forward baggage area at
station 40 in order to move the CG to 92.0?

A— 52.14 pounds. B— 62.24 pounds. C— 78.14 pounds.

5648. /in airplane is loaded to a gross weight of 4,800 pounds, with three
pieces of luggage in the rear baggage compartment. The CG is located 98
inches aft of datum, which is 1 inch aft of hmits. If luggage which weighs
90 pounds is moved from the rear baggage compartment (145 inches aft of
datum) to the front compartment (45 inches aft of datum), what is the new
CG?

A— 96.13 inches aft of datum. B— 95.50 inches aft of datum. C— 99.87
inches aft of datum.

5649. GIVEN:

5639. GIVEN:

Weight A — 175 pounds at 135 inches aft of datum Weight B — 135
pounds at 115 inches aft of datum Weight C — 75 pounds at 85 inches aft
of datum



The CG for the combined weights would be located how far aft of datum?

A— 91.76 inches. B— 111.67 inches. C— 118.24 inches.

5646. GIVEN:

Total weight 4,137 lb

CG location station 67.8

Fuel consumption 13.7 GPH

Fuel CG station 68.0

After 1 hour 30 minutes of flight time, the CG would be located at station

A— 67.79. B— 68.79. C— 70.78.

Total weight 3,037 lb

CG location station 68.8

Fuel consumption 12.7 GPH

Fuel CG station 68.0

After 1 hour 45 minutes of flight time, the CG would be located at station

A-B-C-

68.77. 68.83. 69.77.

5650. (Refer to figure 38.)

GIVEN:

Empty weight (oil is included) 1,271 lb

Empty weight moment (in-lb/1,000) 102.04



Pilot and copilot 400 lb

Rear seat passenger 140 lb

Cargo 100 lb

Fuel 37 gal

Is the airplane loaded within limits?

A— Yes, the weight and CG is within limits.

B— No, the weight exceeds the maximum

allowable. C— No, the weight is acceptable, but the CG is aft

of the aft limit.
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5651. (Refer to figure 38.)

GIVEN:

Empty weight (oil is included) 1,271 lb

Empty weight moment (in-lb/1,000) 102.04

Pilot and copilot 260 lb

Rear seat passenger 120 lb

Cargo 60 lb

Fuel 37 gal

Under these conditions, the CG is determined to be located

A— within the CG envelope.



B— on the forward limit of the CG envelope.

C— within the shaded area of the CG envelope.

5652. (Refer to figure 38.)

GIVEN:

Empty weight (oil is included) 1,271 lb

Empty weight moment (in-lb/1,000) 102.04

Pilot and copilot 360 lb

Cargo 340 lb

Fuel 37 gal

Will the CG remain within limits after 30 gallons of fuel has been used in
flight?

A— Yes, the CG will remain within limits.

B— No, the CG will be located aft of the aft CG

limit. C— Yes, but the CG will be located in the shaded

area of the CG envelope.

5653. Frequent inspections should be made of aircraft exhaust manifold-
type heating systems to minimize the possibility of

A— exhaust gases leaking into the cockpit.

B— a power loss due to back pressure in the

exhaust system. C— a cold-running engine due to the heat

withdrawn by the heater.



5654. To establish a climb after takeoff in an aircraft equipped with a
constant-speed propeller, the output of the engine is reduced to climb power
by decreasing manifold pressure and

A— increasing RPM by decreasing propeller blade

angle. B— decreasing RPM by decreasing propeller blade

angle. C— decreasing RPM by increasing propeller blade

angle.
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5655. When taxiing during strong quartering tailwinds, which aileron
positions should be used?

A— Neutral.

B— Aileron up on the side from which the wind is

blowing. C— Aileron down on the side from which the wind

is blowing.

5656. While taxiing a light, high-wing airplane during strong quartering
tailwinds, the aileron control should be positioned

A— neutral at all times.

B— toward the direction from which the wind is

blowing. C— opposite the direction from which the wind is

blowing.

5657. (Refer to figure 51.) The pilot generally calls ground control after
landing when the aircraft is completely clear of the runway. This is when
you



A— pass the red symbol shown at the top of the

figure. B— are on the dashed-line side of the middle

symbol. C— are on the solid-line side of the middle symbol.

5658. (Refer to figure 51.) The red symbol at the top would most likely be
found

A— upon exiting all runways prior to calling

ground control. B— where a roadway may be mistaken as a

taxiway. C— near the approach end of ILS runways.

5659. (Refer to figure 51.) While clearing an active runway you are most
likely clear of the ILS critical area when you pass which symbol?

A— Top red.

B— Middle yellow.

C— Bottom yellow.

5660. (Refer to figure 51.) Which symbol does not directly address runway
incursion with other aircraft?

A— Top red.

B— Middle yellow.

C— Bottom yellow.
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5661. With regard to the technique required for a crosswind correction on
takeoff, a pilot should use



A— aileron pressure into the wind and initiate the lift-off at a normal
airspeed in both tailwheel-and nosewheel-type airplanes.

B— right rudder pressure, aileron pressure into the wind, and higher than
normal lift-off airspeed in both tricycle- and conventional-gear airplanes.

C— rudder as required to maintain directional control, aileron pressure into
the wind, and higher than normal lift-off airspeed in both conventional- and
nosewheel-type airplanes.

5662. When turbulence is encountered during the approach to a landing,
what action is recommended and for what primary reason?

A— Increase the airspeed slightly above normal

approach speed to attain more positive control. B— Decrease the airspeed
slightly below normal

approach speed to avoid overstressing the

airplane. C— Increase the airspeed slightly above normal

approach speed to penetrate the turbulence as

quickly as possible.

5663. A pilot's most immediate and vital concern in the event of complete
engine failure after becoming airborne on takeoff is

A— maintaining a safe airspeed. B— landing directly into the wind. C—
turning back to the takeoff field.

5664. Which type of approach and landing is recommended during gusty
wind conditions?

A— A power-on approach and power-on landing. B— A power-off
approach and power-on landing. C— A power-on approach and power-off
landing.



5665. A proper crosswind landing on a runway requires that, at the moment
of touchdown, the

A— direction of motion of the airplane and its

lateral axis be perpendicular to the runway. B— direction of motion of the
airplane and its

longitudinal axis be parallel to the runway. C— downwind wing be lowered
sufficiently to

eliminate the tendency for the airplane to

drift.

5666. What is the general direction of movement of the other aircraft if
during a night flight you observe a steady white light and a rotating red
light ahead and at your altitude? The other aircraft is

A— headed away from you. B— crossing to your left. C— approaching
you head

on.

5667. To develop maximum power and thrust, a constant-speed propeller
should be set to a blade angle that will produce a

A— large angle of attack and low RPM. B— small angle of attack and high
RPM. C— large angle of attack and high RPM.

5668. For takeoff, the blade angle of a controllable-pitch propeller should
be set at a

A— small angle of attack and high RPM. B— large angle of attack and low
RPM. C— large angle of attack and high RPM.

5669. A pilot is entering an area where significant clear air turbulence has
been reported. Which action is appropriate upon encountering the first
ripple?



A— Maintain altitude and airspeed.

B— Adjust airspeed to that recommended for

rough air. C— Enter a shallow climb or descent at

maneuvering speed.

5670. If severe turbulence is encountered during flight, the pilot should
reduce the airspeed to

A— minimum control speed.

B— design-maneuvering speed.

C— maximum structural cruising speed.

5682. With respect to using the weight information given in a typical
aircraft owner's manual for computing gross weight, it is important to know
that if items have been installed in the aircraft in addition to the original
equipment, the

A— allowable useful load is decreased.

B— allowable useful load remains unchanged.

C— maximum allowable gross weight is increased.
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5689. (Refer to figure 43.) GIVEN:

Ambient temperature Pressure altitude . . .

What is the rate of climb?

A— 480 ft/min. B— 515 ft/min. C— 540 ft/min.



5690. (Refer to figure 43.)

GIVEN:

Ambient temperature Pressure altitude . . .

5739. Frost covering the upper surface of an airplane wing usually will
cause

A— the airplane to stall at an angle of attack that . . 60 °F is higher than
normal.

2,000 ft B— the airplane to stall at an angle of attack that

is lower than normal. C— drag factors so large that sufficient speed cannot
be obtained for takeoff.

5740. To determine pressure altitude prior to takeoflF, the altimeter should
be set to

A— the current altimeter setting. B— 29.92" Hg and the altimeter
indication noted. C— the field elevation and the pressure reading in the
altimeter setting window noted.

. . 80 °F

2,500 a

What is the rate of climb?

A— 350 ft/min. B— 395 ft/min. C— 420 ft/min.

5691. (Refer to figure 44.)

GIVEN:

Ambient temperature Pressure altitude . . .

. . 40 °F 1,000 ft



What is the rate of climb?

A— 810 ft/min. B— 830 ft/min. C— 860 ft/min.

5692. (Refer to figure 44.)

GIVEN:

Ambient temperature Pressure altitude . . .

What is the rate of climb?

A— 705 ft/min. B— 630 ft/min. C— 755 ft/min.

5741. Which is the best technique for minimizing the wing-load factor
when fijang in severe turbulence?

A— Change power settings, as necessary, to

maintain constant airspeed. B— Control airspeed with power, maintain
wings

level, and accept variations of altitude. C— Set power and trim to obtain an
airspeed at or

below maneuvering speed, maintain wings

level, and accept variations of airspeed and

altitude.

5748. Pilots are encouraged to turn on the aircraft rotating beacon

A—just prior to taxi.

B— anytime they are in the cockpit.

C— prior to engine start.



5749. When in the vicinity of a VOR which is being used for navigation on
VFR flights, it is important to

. . 60 °F A— make 90° left and right turns to scan for other

2,000 ft traffic.

B— exercise sustained vigilance to avoid aircraft that may be converging
on the VOR from other directions. C— pass the VOR on the right side of
the radial to allow room for aircraft flying in the opposite direction on the
same radial.
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5750. Choose the correct statement regarding wake turbulence.

5755. With respect to vortex circulation, which is true?

A— Vortex generation begins with the initiation of

the takeoff roll. B— The primary hazard is loss of control because

of induced roll. C— The greatest vortex strength is produced when

the generating airplane is heavy, clean, and

fast.

5751. During a takeoflF made behind a departing large jet airplane, the pilot
can minimize the hazard of wingtip vortices by

A— being airborne prior to reaching the jet's flightpath until able to turn
clear of its wake.

B— maintaining extra speed on takeoff and climbout.

C— extending the takeoff roll and not rotating until well beyond the jet's
rotation point.



5752. Which procedure should you follow to avoid wake turbulence if a
large jet crosses your course from left to right approximately 1 mile ahead
and at your altitude?

A— Make sure you are slightly above the path of

the jet. B— Slow your airspeed to V^ and maintain

altitude and course. C— Make sure you are slightly below the path of

the jet and perpendicular to the course.

5753. To avoid possible wake turbulence from a large jet aircraft that has
just landed prior to your takeoff, at which point on the runway should you
plan to become airborne?

A— Past the point where the jet touched down. B— At the point where the
jet touched down, or

just prior to this point. C— Approximately 500 feet prior to the point

where the jet touched down.

5754. When landing behind a large aircraft, which procedure should be
followed for vortex avoidance?

A— Stay above its final approach flightpath all the

way to touchdown. B— Stay below and to one side of its final

approach flightpath. C— Stay well below its final approach flightpath

and land at least 2,000 feet behind.

A— Helicopters generate downwash turbulence,

not vortex circulation. B— The vortex strength is greatest when the



generating aircraft is flying fast. C— Vortex circulation generated by
helicopters in

forward flight trail behind in a manner similar

to wingtip vortices generated by airplanes.

5756. Which is true with respect to vortex circulation?

A— Helicopters generate downwash turbulence

only, not vortex circulation. B— The vortex strength is greatest when the

generating aircraft is heavy, clean, and slow. C— When vortex circulation
sinks into ground

effect, it tends to dissipate rapidly and offer

little danger.

5757. As hyperventilation progresses a pilot can experience

A— decreased breathing rate and depth.

B— heightened awareness and feeling of well

being. C— symptoms of suffocation and drowsiness.

5758. To scan properly for traffic, a pilot should

A—continuously sweep vision field.

B—concentrate on any peripheral movement detected.

C—systematically fix on different segments of vision field for short
intervals.

5759. Which is hyperventilation''



a common symptom of

A— Drowsiness.

B— Decreased breathing rate.

C— Euphoria - sense of well-being.

5760. Which would most likely result in hyperventilation?

A— Insufficient oxygen.

B— Excessive carbon monoxide.

C— Insufficient carbon dioxide.

5761. Hypoxia is the result of which of these conditions?

A— Excessive oxygen in the bloodstream.

B— Insufficient oxygen reaching the brain.

C— Excessive carbon dioxide in the bloodstream.
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5762. To overcome the symptoms of hyperventilation, a pilot should

A— swallow or yawn.

B— slow the breathing rate.

C— increase the breathing rate.

5763. Which is true regarding the presence of alcohol within the human
body?

A— A small amount of alcohol increases vision

acuity. B— An increase in altitude decreases the adverse



effect of alcohol. C— Judgment and decision-making abilities can be

adversely affected by even small amounts of

alcohol.

5764. Hypoxia susceptibility due to inhalation of carbon monoxide
increases as

A— humidity decreases.

B— altitude increases.

C— oxygen demand increases.

5765. To best overcome the effects of spatial disorientation, a pilot should

A— rely on body sensations.

B— increase the breathing rate.

C— rely on aircraft instrument indications.

5766. During preflight in cold weather, crankcase breather lines should
receive special attention because they are susceptible to being clogged by

A— congealed oil from the crankcase.

B— moisture from the outside air which has

frozen. C— ice from crankcase vapors that have condensed

and subsequently frozen.

5767. Which is true regarding preheating an aircraft during cold weather
operations?

A— The cabin area as well as the engine should be



preheated. B— The cabin area should not be preheated with

portable heaters. C— Hot air should be blown directly at the engine

through the air intakes.

5768. If necessary to take off from a slushy runway, the freezing of landing
gear mechanisms can be minimized by

A— recycling the gear. B— delaying gear retraction. C— increasing the
airspeed retraction.

to V,

before

5772. A left side slip is used to counteract a crosswind drift during the final
approach for landing. An over-the-top spin would most likely occur if the
controls were used in which of the following ways? Holding the stick

A— too far back and applying full right rudder. B— in the neutral position
and applying full right

rudder. C— too far to the left and applying full left rudder.

5941. Risk management, as part of the Aeronautical Decision Making
(ADM) process, relies on which features to reduce the risks associated with
each flight?

A— The mental process of analyzing all information in a particular
situation and making a timely decision on what action to take.



B— Application of stress management and risk element procedures.

C— Situational awareness, problem recognition, and good judgment.

5942. Aeronautical Decision Making (ADM) is a

A-^ systematic approach to the mental process used by pilots to consistently
determine the best course of action for a given set of circumstances.

B— decision making process which relies on good judgment to reduce risks
associated with each flight.

C— mental process of analyzing all information in a particular situation and
making a timely decision on what action to take.

5943. The Aeronautical Decision Making (ADM) process identifies the
steps involved in good decision making. One of these steps includes a pilot

A— making a rational evaluation of the required actions.

B— developing the "right stuff attitude.

C— identifying personal attitudes hazardous to safe flight.

5944. Examples of classic behavioral traps that experienced pilots may fall
into are trying to

A— assume additional responsibilities and assert PIC

authority. B— promote situational awareness and then necessary

changes in behavior. C— complete a flight as planned, please passengers,

meet schedules, and demonstrate the "right stuff."

5945. The basic drive for a pilot to demonstrate the "right stuff' can have an
adverse effect on safety by



A— a total disregard for any alternative course of action.

B— generating tendencies that lead to practices that are dangerous, often
illegal, and that may lead to a mishap.

C— allowing events, or the situation, to control his or her actions.

5946. Most pilots have fallen prey to dangerous tendencies or behavior
problems at some time. Some of these dangerous tendencies or behavior
patterns which must be identified and eliminated include

A— deficiencies in instrument skills and knowledge of aircraft systems or
limitations.

B— performance deficiencies from human factors such as fatigue, illness,
or emotional problems.

C— peer pressure, "get-there-itis," loss of positional or situation awareness,
and operating without adequate fuel reserves.

5947. An early part of the Aeronautical Decision Making (ADM) process
involves

A— taking a self-assessment hazardous attitude inventory test. B—
understanding the drive to have the "right stuff." C— obtaining proper
flight instruction and experience during training.

5948. Hazardous attitudes which contribute to poor pilot judgment can be
effectively counteracted by

A— early recognition of hazardous thoughts.

B— taking meaningful steps to be more assertive with attitudes.

C— redirecting that hazardous attitude so that appropriate action can be
taken.
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5949. What are some of the hazardous attitudes dealt with in Aeronautical
Decision Making (ADM)?

A— ANTIAUTHORITY (don't tell me), IMPUL-SrVITY (do something
quickly without thinking), MACHO (I can do it).

B— Risk management, stress management, and risk elements.

C— Poor decision making, situational awareness, and judgment.

i

5950. When a pilot recognizes a hazardous thought,

he or she then should correct it by stating the corresponding antidote.
Which of the following is the antidote for MACHO?

A— Follow the rules. They are usually right. B— Not so fast. Think first. C
— Taking chances is foolish.

5951. What is the first step in neutralizing a hazardous attitude in the ADM
process?

A— Recognition of invulnerability in the situation. B— Dealing with
improper judgment. C— Recognition of hazardous thoughts.

5952. What should a pilot do when recognizing a thought as hazardous?

A— Avoid developing this hazardous thought.

B— Develop this hazardous thought and follow through with modified
action.

C— Label that thought as hazardous, then correct that thought by stating
the corresponding learned antidote.

5953. To help manage cockpit stress, pilots must



A— be aware of life stress situations that are similar to those in flying.

B— condition themselves to relax and think rationally when stress appears.

C— avoid situations that will degrade their abilities to handle cockpit
responsibilities.

5954. What does good cockpit stress management begin with?

A— Knowing what causes stress.

B— Eliminating life and cockpit stress issues.

C— Good life stress management.
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5955. The passengers for a charter flight have arrived almost an hour late
for a flight that requires a reservation. Which of the following alternatives
best illustrates the ANTIAUTHORITY reaction?

A— Those reservation rules do not apply to this

flight. B— If the pilot hurries, he or she may still make it on

time. C— The pilot can't help it that the passengers are

late.

5956. While conducting an operational check of the cabin pressurization
system, the pilot discovers that the rate control feature is inoperative. He
knows that he can manually control the cabin pressure, so he elects to
disregard the discrepancy and departs on the trip. He will just handle the
system himself. Which of the following alternatives best illustrates the
INVULNERABILITY reaction?



A— What is the worst that could happen. B— He can handle a little
problem like this. C— It's too late to fix it now.

5957. The pilot and passengers are anxious to get to their destination for a
business presentation. Level IV thunderstorms are reported to be in a line
across their intended route of flight. Which of the following alternatives
best illustrates the IMPULSIVITY reaction?

A— They want to hurry and get going before things

get worse. B— A thunderstorm won't stop them. C— They can't change the
weather, so they might as

well go.

5958. While on an IFR flight, a pilot emerges from a cloud to find himself
within 300 feet of a helicopter. Which of the following alternatives best
illustrates the MACHO reaction?

5960. A pilot and friends are going to fly to an out-of-town football game.
When the passengers arrive, the pilot determines that they will be over the
maximum gross weight for takeoff with the existing fuel load. Which of the
following alternatives best illustrates the RESIGNATION reaction?

A— Well, nobody told him about the extra weight.

B— Weight and balance is a formality forced on pilots by the FAA.

C— He can't wait around to de-fuel; they have to get there on time.

5961. Which of the following is the final step of the Decide Model for
effective risk management and Aeronautical Decision Making?

A— Estimate. B— Evaluate. C— Eliminate.

5962. Which of the following is the first step of the Decide Model for
effective risk management and Aeronautical Decision Making?

A— Detect. B— Identify. C— Evaluate.



5963. The Decide Model is comprised of a 6-step process to provide a pilot
a logical way of approaching Aeronautical Decision Making. These steps
are

A— detect, estimate, choose, identify, do, and evaluate.

B— determine, evaluate, choose, identify, do, and eliminate.

C— determine, eliminate, choose, identify, detect, and evaluate.

A— He is not too concerned; everything will be all right.

B— He flies a little closer, just to show him.

C— He quickly turns away and dives, to avoid collision.

5959. When a pilot recognizes a hazardous thought, he or she then should
correct it by staling the corresponding antidote. Which of the following is
the antidote for ANTIAUTHORITY?

A— Not so fast. Think first. B— It won't happen to me. It could happen to
me. C— Don't tell me. Follow the rules. They are usually right.
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The use of Aeronautical Decision Making might l<eep you from being a
bird like the "Flat-headed Scud-running Hillborer." The evidence shows that
others have preceded this one.

I
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APPENDIX 1

DEPARTMENT OF TRANSPORTATION FEDERAL AVIATION
ADMINISTRATION



SUBJECT MATTER KNOWLEDGE CODES

FAR 1 Definitions and Abbreviations

A01 General Definitions

A02 Abbreviations and Symbols

FAR 25 Airworthiness Standards: Transport

Category Airplanes

FAR 23 Airwrorthiness Standards: Normal,

Utility, and Acrobatic Category Aircraft

FAR 43 Maintenance, Preventive Maintenance,

Rebuilding, and Alteration

A15 General

A16 Appendixes

FAR 61 Certification: Pilots and Flight Instructors

General

Aircraft Ratings and Special Certificates
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K01 AC 00-24B, Thunderstorms

K02 AC 00-30A, Rules of Thumb for Avoiding

or Minimizing Encounters with Clear Air

Turbulence K03 AC 00-34A, Aircraft Ground Handling

and Servicing K04 AC 00-54A, Pilot Wind Shear Guide

K11 AC 20-34D, Prevention of Retractable
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Contamination in Aircraft — Detection
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(INS) LOS AC 60-22, Aeronautical Decision Making
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AC 103-4, Hazard Associated with Sublimation of Solid Carbon Dioxide
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Landing Distances for Wet Runways; Transport Category Airplanes
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Conditions Conducive to Aircraft Icing AC 00-2.5, Advisory Circular
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N02 Training
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N05 Meteorology

N06 Cross-Country and Wave Soaring
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N08 Radio, Rope, and Wire

N09 Aerodynamics
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N21 Performance Considerations

N22 Flight Instruments

N23 Weather for Soaring
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Oil Human Behavior and Pilot Proficiency
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Propane Systems — Balloon Federation of America, 1991
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P51 Parachute Regulations

P52 The Parachute Rigger's Certificate

P53 The Parachute Loft

P54 Parachute Materials
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P56 Parachute Component Parts
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AC 65-9A Airframe and Powerplant Mechanics General Handbook

501 Mathematics

502 Aircraft Drawings

503 Aircraft Weight and Balance

504 Fuels and Fuel Systems

505 Fluid Lines and Fittings

506 Aircraft Hardware, Materials, and Processes

507 Physics

SOS Basic Electricity

509 Aircraft Generators and Motors

510 Inspection Fundamentals

511 Ground Handling, Safety, and Support Equipment

AC 65-12A Airframe and Powerplant Mechanics Powerplant Handbook

S12 Theory and Construction of Aircraft

Engines

813 Induction and Exhaust Systems



514 Engine Fuel and Metering Systems

515 Engine Ignition and Electrical Systems

516 Engine Starting Systems

517 Lubrication and Cooling Systems

518 Propellers

519 Engine Fire Protection Systems

520 Engine Maintenance and Operation

AC 65-15A Airframe and Powerplant Mechanics Airframe Handbook

521 Aircraft Structures

522 Assembly and Rigging

523 Aircraft Structural Repairs

524 Ice and Rain Protection

525 Hydraulic and Pneumatic Power Systems

526 Landing Gear Systems

527 Fire Protection Systems

528 Aircraft Electrical Systems

529 Aircraft Instrument Systems

530 Communications and Navigation Systems

S31 Cabin Atmosphere Control Systems

EA-ITP-G* A and P Technician General Textbook — International Aviation
Publishers (lAP), Inc., Second Edition
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The Aircraft Gas Turbine Engine and Its Operation — United Technologies
Corporation, Pratt Whitney, 1988

T01 Gas Turbine Engine Fundamentals

T02 Gas Turbine Engine Terms

T03 Gas Turbine Engine Components

T04 Gas Turbine Engine Operation

T05 Operational Characteristics of Jet

Engines

T06 Gas Turbine Engine Performance

Aircraft Powerpiants — McGraw-Hill, Sixth Edition

Aircraft Powerplant Classification and

Progress

Reciprocating-Engine Construction and

Nomenclature

Internal-Combustion Engine Theory and

Performance

Lubricants and Lubricating Systems

Induction Systems, Superchargers,

Turbochargers, and Exhaust Systems

Basic Fuel Systems and Carburetors



Fuel Injection Systems

Reciprocating-Engine Ignition and Starting

Systems

Operation, Inspection, Maintenance, and

Troubleshooting of Reciprocating Engines

Reciprocating-Engine Overhaul Practices

Gas Turbine Engine: Theory, Construction,

and Nomenclature

Gas Turbine Engine: Fuels and Fuel Systems

Turbine-Engine Lubricants and Lubricating

Systems

Ignition and Starting Systems of Gas-Turbine

Engines

Turbofan Engines

Turboprop Engines

Turboshaft Engines

Gas-Turbine Operation, Inspection,

Troubleshooting, Maintenance, and Overhaul

Propeller Theory, Nomenclature, and

Operation



Turbopropellers and Control Systems

Propeller Installation, Inspection, and

Maintenance

Engine Control System

Engine Indicating and Warning Systems

T25

T26 T27

T28 T29

EA-ATD-2 Aircraft Technical Dictionary — lAP, Inc.

T30 Definitions

Aircraft Basic Science — McGraw-Hill, Sixth Edition

T31 Fundamentals of Mathematics

T32 Science Fundamentals

T33 Basic Aerodynamics

T34 Airfoils and their Applications

T35 Aircraft in Flight

T36 Aircraft Drawings

T37 Weight and Balance

T38 Aircraft Materials

T39 Fabrication Techniques and Processes



T40 Aircraft Hardware

T41 Aircraft Fluid Lines and their Fittings

T42 Federal Aviation Regulations and

Publications

T43 Ground Handling and Safety

T44 Aircraft Inspection and Servicing

Aircraft Maintenance and Repair — McGraw-Hill, Fifth Edition

T53 Types, Design Features and

Configurations of Transport Aircraft

T54 Auxiliary Power Units, Pneumatic, and

Environmental Control Systems

T55 Anti-Icing Systems and Rain Protection

T56 Electrical Power Systems

T57 Flight Control Systems

T58 Fuel Systems

T59 Hydraulic Systems

T60 Oxygen Systems

T61 Warning and Fire Protection Systems

T62 Communications,

Navigational Systems



T63 Miscellaneous Aircraft

Maintenance Information

Appendix 1 Instruments, and

Systems and

Aircraft Electricity and Electronics — McGraw-Hill, Fourth Edition

T64 Fundamentals of Electricity

T65 Applications of Ohm's Law

T66 Aircraft Storage Batteries

T67 Alternating Current

T68 Electrical Wire and Wiring Practices

T69 Electrical Control Devices

T70 Electric Measuring Instruments

T71 DC Generators and Related Control Circuits

T72 Alternators, Inverters, and Related Controls

T73 Electric Motors

T74 Power Distribution Systems

T75 Design and Maintenance of Aircraft Electrical

Systems

T76 Radio Theory

T77 Communication and Navigation Systems



T78 Weather Warning Systems

T79 Electrical Instruments and Autopilot Systems

T80 Digital Electronics

FAA Accident Prevention Program Bulletins

vol FAA-P-8740-2, Density Altitude

V02 FAA-P-8740-5, Weight and Balance

V03 FAA-P-8740-12, Thunderstorms

V04 FAA-P-8740-19, Flying Light Twins Safely

V05 FAA-P-8740-23. Planning your Takeoff

V06 FAA-P-8740-24, Tips on Winter Flying

V07 FAA-P-8740-25, Always Leave Yourself an

Out

V08 FAA-P-8740-30, How to Obtain a Good

Weather Briefing

V09 FAA-P-8740-40, Wind Shear

VI0 FAA-P-8740-41, Medical Facts for Pilots

VII FAA-P-8740-44, Impossible Turns

VI2 FAA-P-8740-48, On Landings, Part I

VI3 FAA-P-8740-49, On Landings, Pari II

V14 FAA-P-8740-50. On Landings, Part 111
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V15 FAA-P-8740-51, How to Avoid a Midair

Collision VI6 FAA-P-8740-52, The Silent Emergency

EA-338 Flight Theory for Pilots — lAP, Inc.,

Third Edition

W01 Introduction

W02 Air Flow and Airspeed Measurement

W03 Aerodynamic Forces on Airfoils

W04 Lift and Stall

W05 Drag

W06 Jet Aircraft Basic Performance

W07 Jet Aircraft Applied Performance

W08 Prop Aircraft Basic Performance

W09 Prop Aircraft Applied Performance

W10 Helicopter Aerodynamics

W11 Hazards of Low Speed Flight

W12 Takeoff Performance

W13 Landing Performance

W14 Maneuvering Performance

W15 Longitudinal Stability and Control



W16 Directional and Lateral Stability and

Control

W17 High Speed Flight

Fly the Wing, — Iowa State University Press/Ames, Second Edition

XI7 Missed Approaches and Rejected Landings

XI8 Category II and III Approaches

XI9 Nonprecision and Circling Approaches

X20 Weight and Balance

X21 Flight Planning

X22 Icing

X23 Use of Anti-ice and Deice

X24 Winter Operation

X25 Thunderstorm Flight

X28 Low-Level Wind Shear

Technical Standard Orders

Y60 TSO-C23b, Parachute

Y61 TSO-C23C, Personnel Parachute Assemblies

Practical Test Standards

Z01 FAA-S-8081 -6, Flight Instructor Practical Test

Standards for Airplane Z02 FAA-S-8081 -7, Flight Instructor Practical Test



Standards for Rotorcraft Z03 FAA-S-8081-8, Flight Instructor Practical Test

Standards for Glider

NOTE: AC 00-2, Advisory Circular Checklist, transmits the status of ail
FAA advisory circulars (AC's), as well as FAA internal publications and
miscellaneous flight information such as AIM, Airport/Facility Directory,
written test question books, practical test standards, and other material
directly related to a certificate or rating. To obtain a free copy of the AC 00-
2, send your request to:

U.S. Department of Transportation Utilization and Storage Section, M-
443.2 Washington, DC 20590
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APPENDIX 2

Figure l.—Drag vs. Speed.

FiGUHE 2.—Stall Speeds.
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Figure 3.—Angle of Attack, Degrees.
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Figure 4.—Stall Speed/Load Factor.
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Figure 5.—Velocity vs. G-Loads.
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NOTE:

TAKEOFF AND CLIMB FUEL FLOW

PROVIDES ADDITIONAL COOLING IN

HIGH AMBIENT TEMPERATURES
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BRAKE HORSEPOWER FiGUKK 8.—Fuel Consumption vs. Brake
Horsepower.
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NORMAL CLIMB - 100 KIAS

CONDITIONS:

Flaps Up

Gear Up

2550 RPM

25 Inches MP or Full Throttle

Cowl Flaps Open



Standard Temperature

NOTES:

1. Add 12 pounds of fuel for engine start, taxi and takeoff allowance.

2. Increase time, fuel and distance by 10% for each 10 'C above standard
temperature.

3. Distances shown are based on zero wind.

Figure 9.—Fuel, Time, and Distance to Climb.
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MAXIMUM RATE OF CLIMB

CONDITIONS:

Flaps Up

Gear Up

2700 RPM

Full Throllie

Mixlure Set al Placard Fuel Flow

Cowl Flaps Open

Standard Temperature

NOTES.

1 Add 12 pounds of fuel for engine start, taxi and takeoff allowance.

2 Increase time, fuel and distance by 10% for eacfi 10 "C above standard
temperature. 3. Distances sfiown are based on zero wind.



FK'.ukk 10.—Fuel, Time, and Distance to Climb.
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Figure 11.—Cruise and Range Performance.
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FlGUKE 12.—Cruise Performance.
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Figure 13.—Fuel, Time, and Distance to Climb.
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Figure 14.—Fuel, Time, and Distance to Climb.
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Figure 15.—Fuel, Time, and Distance to Climb.
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Fic.uiil-; 16.—Magnetic Cunipass/ADF.
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UPPER LUBBER LINE Indicates magnetic heading of aircraft.

BEARING POINTER Indicates magnetic bearing from aircraft to
navigational aid selected

COURSE ARROW



Indicates course set

in Course Selector Window

TO/FROM INDICATOR Shows whether the course selected, if intercepted
and flown, will take you TO or FROM station.



HEADING MARKER

Rotates with the Compass Card.

Can be manually set

with the Heading Set Knob.

COURSE SELECTOR WINDOW Selected course is read in this window.

COURSE DEVIATION INDICATOR Shows position of selected radial in
relation to aircraft.

ROTATING COMPASS CARD Actuated by Master Compass System and
rotates as the aircraft turns.

COURSE SET KNOB Used to select any desired course.

Figure 17.—Horizontal Situation Indicator (HSI).
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Figure 18.—Magnetic Heading/Radio Compass.

Figure 19. — Magnetic Heading/Radio Compass.
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FREQ 113.8

NAV-2

FREQ

278

FREQ

115.6

NAV-2



VOR -1 VOR • 2
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0
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312
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113.7
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Figure 20.—Radio Magnetic Indicator (RMI).
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Figure 21.—Isosceles Triangle.

Figure 22.— Isosceles Triangle.

Figure 23.—Isosceles Triangle.

Figure 24.—Isosceles Triangle.
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AmdtS 92121

ILS RWY 13L

AL-n7(FAA)

DES MOINES INTL (DSM)

DES MOINES, IOWA

ATIS 119.55 283.0 OES MOINES APP CON

135.2 360.7 DES MOINES TOWER

118.3 257.8 GND CON 121.9 348.6

CLNCDEL 134.15 321.1 ASR

A 2988

Remain within 10 NM

CLIVE INT/OM

iQft'



.-^

2542

MISSED APPROACH Climb to 1400 then climbing right turn to 3000
direct DSM VORTAC then via DSM R-254 toMIDLE Int/DSM 12 DME
and hold.

2600

GS 3.00° TCH56

-1281^

mm

2600

7

CATEGORY

S-llS 13L

S-LOC 13L

CIRCLING

^28i

1121 /40 200 (200-V.)

1 360/40 439 I500-V4)

1360-1

403 (500-1)

1420-1



463 (500-1)

1360/60

439 (500-1 M)

1420-1'/2

463 (500-l'/i)

Cot C, S-LOC 13L, inoperative table does not opply.

ELEV 957

HIRL Rwy 13L-31R

MIRl Rwys 5-23 and 13R-3U

REIL Rwys 5, 13R, 23, and 3U

FAF to MAP 4.9 NM

Knots I 60 I 90 I 120 150 180

Min:Sec 4:54

3 ,5 I 2.27 11.58

;3e

ILS RWY 13L

41°32■^^-93°40■W



DES MOINES, IOWA

DES/vAOINES INTL (DSM)

Figure 25.—ILS RWY 13L (DSM).
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JEPPE5EIM

24 APR

ATis 119.55

OES MOINES Approach iR) 135.2 OES MOINES Tower 118.3 Ground
121.9

DES MOINES, IOWA

DES MOINES INTL

ILS Rwy 13L

LOC 108.7 IVGU



4.9 0.6 0 APT. 957'

MISSED APPROACH: Climb to 1400' then climbing RIGHT turn to 3000'
direct DSM VOR then outbound via DSM VOR R-254 to MIDLE
INT/D12.0 DSM and hold.

ILS

DAiHI 1 \2]' l200'l

STRAIGHT-IN LANDING RWY 13L

IOC (OS out)

fUU

ALS out



I 40 or %

MDA(Hi 1360'/.<J9';

l40or%

ALS out

RVR 50orl

RVR60orll^<

1^2

CIRCLt-TO-LAND

\ZbO'l.40})-

\420'l463-)-\

1420',4«j';-1'/2

I" 1520'5«j')-2

Ond speed-Kts

70 I 90 100 I 170 UP I 160

3.00° 376 484 538 1645 753 860

5 CLIviioMAP 4.9 4:l2|3:l6|2:56|2:27t2l06"| 1:50

CHANCES: Procedure.

) JEPPESEN SANDERSON, INC . 1991, 1992 All RIGHTS RESERVED.

FmuKK 25A.—ILS KWT 13L (DSM).
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Amdt 20 92009

ILS RWY 24R

Al-237 (FAA)

LOS ANGELES INTL (LAX)

LOS ANGELES, CALIFORNIA

ATIS ARR 133.8

DEP 135.65

LOS ANGELES APR CON

124.5 381.6

LOS ANGELES TOWER

N 133.9 239.3

S 120.95 379.1

GND CON

N 121.65 327.0

SI21.75 327.0

CLNC DEL

121.4 327.0



MISSED APPROACH ROMEN

Climb to 2000 via heading LOM/INT 249° and LAX R-260 to RAFFS
Ini/LAX 15.1 DME ond hold.

LOSS ARBIE l -OSS 13.3 I IM I

y I I '**f^

*LOConly

Procedure Turn NA

ELEV 126 Rwy 25R Idg 11133' Rwy 6R Idg 9964'



249° 6.2 NM (rem FAf

''Inopefative (able does no* apply to Cot A and B

tCot. D visibility increased to RVR 5000 for inoperotive ALSF-2

ILS RWY 24R

33°57'N n8°24'W

6^12 [4 OSj 306! 2: 29 I 2:04 1.05 AlJGcLES, CAllfOPNIA

LOS ANGELES INTL (LAX)

Figure 26.—ILS RWY 24R (LAX).
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JEPPESEIM

16 OCT

(Tm)

ATIS Arr.val 133.8

lOS ANGELES Approach (Rl (225'044') 124.5 (045* 089*1 128.5

(o^o- 224*1 124.9

lOS ANGEIES Tower North Complex 133.9

South Complex 120.95 Ground North Complex 121 .65

South Complex 121.75 Helicopter

19.8



LOS ANGELES, CALIF

LOS ANGELES INTL

ILS Rwy 24R

Loc 108.5 loss Apt. eiev 126'

2268'

A

1020'

1887'-

1020

A

.2126' ilAf.

-SANTA MONICA-

r:>AniA iv\unii.A-| lullOj SMO|

A'

863

1862'

Simultaneous Approach Authoriied with Rwys 25L/R.

^il^V/i-.., 1889'. ,



1 "■sj^'ums A ^.„

5409'

'2043'

897'^ S<=?o"?l

Santa Monica Mun

A "5'

A ,,73

4 ''

o

El Mom*

786'

14,3'.

654 ARBJE 03-J loss as

^^-< MISSED APCH

V\\

RAFFS DlTn 080°'



LAX

260°-

113.6

( ^!'^°--L08;5 loss )

.o

719'

Torrance Mun

Long Beach Mun

^a)115.7 SLl|

MM

GS Ha' 1204']

IM ^

GS 72]' i'l'o I') DI.9 ^ TCH 55' loss ILS

TDZE 24Rl20'^^M TDZE 241. 121'

ROMEN

08.1 loss ILS



DEN AY

025.0 loss ILS

^c.,,^.. ,w MERCE

GS 2194' ,2074'j 016.2 lOSS ILS -oj 8000

IP I 4000' ^^1"^^ l(78«0'

APT. 126' 0-5

MISSED APPROACH: Climb to 2000' via heading 249° and outbound
LAX VOR R-260 to RAFFS 1NT/D15.1 LAX VOR and hold.

STRAIGHT-IN LANDING RWY 24R

ILS

0A,«. 320 '(200'i

LOC (GS out)

«OA(Hj460'(J-<0',l With Arbie

«DA(H)580V'<«0'; Without Arbie

SIDESTEP LANDING RWY 24L

UDAlHI bi)Q'(5J9'j

FULL

TDZor CLout ALS out

ALS out



ALS out

RAIL or

ALS out

RVR 18

or'/2

rvr24

or 'A

RVR 40

orV4

RVR 24

or'/2

RVR 50

or 1

RVR 24

or'/2

RVR 50 or 1

RVR 50 orl

RVR 40

RVR 40

_od^



w

RVR 60 orl 1/4

RVR 50 orl

orl

r/2

r/2

l'/2

Gnd speed-Kis

3.00°

MAP al Dl 9 loss ILS or ROMCN fo MAP 6.2

379

5:19

487

4:08

541

649

3:06

757

2:39

866



2:20

l^^n^e Used ForTiavigation

CHANGES See other side

© JEPPESEN SANDERSON INC, 1984 1992 Alt RIGHTS RESERVED

Figure 26A.—ILS RWY 24R (LAX).
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Amdt 13 92289 (CAT II)

ILS RWY35R

AL-IU (FAA)

DENVER/STAPLETON INTL (DEN) DENVER, COLORADO

ATIS ARR 125.6 DEP 124.45 DENVER APP CON NORTH 127.4 288.1
SOUTH 120.8 363.0 DENVER TOWER 118 3 119.5 257.8 GND CON
121.9 257.8 CLNC DEL 127 6 257.8

PLOTS



RADAR REQUIRED

SED, I-RRV II8.5; RADAR ENGLE I l-RRV [lT2" I RADAR'

10.000 \-35]

7488

I

9000 1

MISSED APPROACH Climb It) 5700 Ihen climbing right turn lo 10,000
via heading 040° and DEN R-046 lo PLOTS Inl/DEN 17 DME ond hold.
MM DH

DH IM (RA 1091 J (RA 155' ' *

Use l-RRV DME when on LOC course. I

— '—I—

CATEGORY

S-ILS35R



SILS 35R

5273 MSL

5423/16 150 (RA 155)

5373/12 100 !RA 109)

Simultaneous approaches authorized with Rwy 36

I

533 3 I .,.(^^

„ „, '^5310± Bill

Idg 6696' Si Rwy 36 ,j Idg 6500

54V8 A

3 JS.': X 75 5366 r »l4^===Br| S

>J44 S

5599 X J50

CATEGORY II ILS-SPECIAL AIRCREVv' & AIRCRAFT
CERTIFICATION REQUIREC

j TDi.CL Rwy 35R



REi; .'iwy. 18 ond 26R I WIRi Swy eL-26R

■ HiRl ■'•....ys 8R 26L. 171. r-fR, 17K.J;i I ond 'E-36

ILS RWY 35R

(CAT II)

1? 46-N 'C4-6^

-'^'ik "il APlflOw ■;■;;

Figure 27.—ILS RWY 35R (CAT II) - (DEN).
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JEPPESEIM

9 OCT

ATISArr..al 125.6 DENVER Approach ,R| NoMh 127.4 Soolh 120.8 Final
125.3 DENVER Towar North S Soulh 119.5 Ea» t W«il 118.3 Sround 121.9

(ll-lA) CaigHl



DENVER, COLO

STAPLETON INTL

ILS Rwy 35R CAT II & III

SpAclal Aircrew & Acft Cartlilcatlon Raqulrad

LOC 109.3 IRRV

Apl. Elev 5333'

MISSED lii APCHFIX _,

o

FIOTS i ^>-N

Lj^

7968'

/\5863' O Buckley ANGB

""''A ^6236'

Simultaneous approaches authorized with rwy 36.

v65t0'

6144'

6520'

6566'

SEDAL I

Die.5 IRRV as RADAR FIX



A

6813'

SEDAL

D18.S IRRV ILS

^°°°°'^^5,^9000

GANDl

(4727')

ENGLE

DU.2 IRRV ILS 08.5 IRRV ILS

I CS 7468'!2215'j

3,^,^7500-

I I

4.2 I 5.7

Use IRRV ILS DME when on LOC course. MM RA 155' "^''^^ reqfjned.

D2~i DA(H)5423'/;50';

RA 109' OA(H)5373'^/00'j

IM

OS 5A7B'(205')



TCH 57'

TOZE5273

AAissED APPROACH: Climb to 5700' then climbing RIGHT turn to
10000' via 040° heading and outbound on DEN VOR R-046 to PLOTS
INT/D17.0 DEN and hold.

STRAIGHT-IN LANDING RWY 35R

CAT IIIC ILS

CAT IIIB ILS

CAT IIIA ILS

CAT II ILS

RA 109'

da,m:5Z73'i 100'!

RA 155'

D/(,H 5423'( i50'>

NA

RVR 6

RVR 7

RVR 12

RVR 16

Gnd speed KIs 70 90 \ WO 170

05 3.00° 1379 487 1 54 11 649



757 1866

CHANGiS Procedure fisei, apch transition deleted.

) JEPPESEN SANDERSON, INC . ItSS. 11?!. ALL RIGHTS RESERVED.

Figure 27A.—ILS RWY 35R (CAT ID - (DEN).
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Amdt 18A 92345

ILS RWY31R

AL-117 (FAA)

DES MOINES INTL (DSM)

DES MOINES, IOWA

ATIS 119.55 283,0 DES MOINES APR CON

135.2 360.7 DES MOINES TOWER

118.3 257.8 GND CON 121.9 348.6

CLNCDEL 134.15 321 1 ASR

NEWTON

112.5 TNUHu

Chon 72



MISSED APPROACH Climb to 1400 then climbing left turn to 3000 via
heading 180° and DSM R-254 to MIDLE Int/DSM 12 DME and hold.

FOREM INT/LOM

ELEV 957

HIRL Rwy 13L-31R MIRL Rwy!5-23 ond 13R-31L REIL Rwys 5, 13R,
23, and 31L

ILS RWY 31R

41°32'N-93°40'W



DES MOINES, IOWA

DES MOINES INTL (DSM)

Figure 28.—ILS RWY 31R (DSM).
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JEPPESEfM

16 OCT

iM)

ATis 119.55

OES MOINES Approach (R) 135.2 OES MOINES Tower 118.3 Ground
121.9

-P

DES MOINES, IOWA

DES MOINES INTL

ILS Rwy 31R

LOC 110.3 IDSM Apr eiev 957'

112.5 TNUr.:



9350

93-40

93-30

ADF or radar required.

MM

GS\\77'(220'I

TCH 52' ^-M —

TDZE957'

FOREM

CS2ibS'(N08')

10 NM

APT. 957 0 0.5 4.2



MISSED APPROACH: Climb to 1400' then climbing LEFT turn to 3000'
via 180° heading and outbound on DSM VOR R-254 to MIDLE INT/D12.0
DSM and hold.

STRAIGHT-IN ILS

DA(Hl\ ] 57'i200')

FULL

RV(l24or'/a

ALS out

RVR 40 or Vt

LANDING RWY 31R

IOC (GS out)

/MO/*wl320'('J«J';

RVR 24 or '/2

RVR 40 or ^A

ALS out

RVR 50orl

RVR 60 orl'A

CIRCLE-TO-LAND

_ MDA(H

1360'f.<03V-l

1420'm6JV



1

1420'i^6J')-r/2

1520'56j;-2

Gnd speed-Kts

GS

3.00° 376

t lFOfllM 10 MAP 4.2|3:36

464

2:48

538

2:31

645

2:06

753

1:48

860

1:34

CHANOIS ADf or rsdar note

) JEPPESEN SANDERSON INC, 1991 1992 AU RIGHTS RESERVED

Figure 28A.—ILS RWY 31R (DSM).
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Amdt 1 91206

ILS RWY 8L

ATLANTA/THE WILLIAM B. HARTSFIELD ATLANTA INTL (ATL)
AL-26 (FAA) ATLANTA, GEORGIA

ATIS ARR 119.65 OEP 125.55 ATUNTA APP CON 127.9 379.9
ATLANTA TOWER

119.5 348.6 Rwyi SL-26R and 8R-26L 119.1 348.6 Rwyi 9L-27R and 9R-
27L GND CON

121.9 348.6 Rwyt 8L-26R and 8R-26L 121.75 348.6 Rwyt 9L-27R and 9R-
271 CLNC DEI 121.65 ASR

Smultoneous approach oultiorized with Rwys 9L or 9R.

Remain within 10 NM

5000



CATTA lOM

REIFF TaHRR INT INT 5006 370S

2742

MISSED APPROACH Climb to 1500 than climbing leh turn to 3500 via
ATL R-360 to TROYS Int/ATl 15 DME and hold.

I rt tOOOO/ ISO '

(A) TMe -"■"'*>,'

Cot. D S-LOC 8L visibility increased to RVR 5000 for inoperative MM.
Sidestep Rwy 8R inoperative table does not apply to ALSP-2 for Categories
A ond B.

ELEV 1026

092° 5.2 NM from FAF

TDZE 1015

1186 A

1151 A

<&

^'« 1024

•1203



iiarr;

1189? X 150 'WMIIIW

®,

irvp"^

'~ Al042±

TDZ/CL Rwys 8R, 8L, 9R and 24R KIIRL all runways

FAF to MAP 5.2 NM

Min:Sec

60

5:12

90

3:28

120

150

180

ILS RWY 8L

33° 38'N - 84°26'W ATLANTA, GEORGIA

ATLANTA/THE WILLIAM B. HARTSFIELD ATLANTA INTL (ATL)

Figure 29.—ILS RWY 8L (ATL).

JIEPPE5EIM



16 OCT

FLANC -

ID)

ATIS Arrival 1 19.65 AIIANTA Approach (Rl 127.9 ATLANTA Tower
Rwys 91/R, 27L/R 119.1 RwysSL R. 26L'R 119.5 Ground Rwys 9L'R,
27L'R 121.75 Rwys 81 R, 26L R 121.9

ATLANTA, GA

THE HARTSFIELD ATLANTA INTL

ILS Rwy 8L

Loc 109.3 IHFW

Api Clev 1026'

,4

1619

^ Fulton Co-\~j Brown



,1587'

2060 ,2049'

'A

(092° J09.3 IhjFW)

'PROACH

( RWY5 9L 0R9R;_____

SIMULTANEOUS APPROACH AUTHORIZED WITH RWY5 9L OR 9R

2049'

mm^ry ^iii

10 AT LOM 281° 5.5 5000

LOM

BAHRR

GSi00b'i399n I

10 NM

MM

GS \V)Vll76'l



1 IM

trom LOM

05 1114799';

TCH 56'

% TDZE RWY 8L 1015'

^ TDZE RWY 8R 1024'

12.0 8.1 5.2 0.4 0 APT. 1026'

AAissED APPROACH Climb to 1500', then climbing LEFT turn to 3500'
outbound via ATL VOR R-360 to TROYS INT/D15.0 ATL and hold.

STRAIGHT-IN LANDING RWY 81

ILS

fULL

RVR 1 8 or '/j

D RVR 20 or i/j

Gnd speed-Kts

05

3.00°

LOM to MAP 5.2



TDZ or CL out I ALS out

RVR 24 or '/:

RVR 40 or %

378 485

4:27 3:28

539

3:07

647

2:36

755

2:14

LOC (GS out)

MDA,HI 1440' I 425'}

RVR 24 or '/2

RVR 40ory4

160

863

1:57

ALS out

iSOorl



RVR 60 or 1 Vi

SIDESTEP LANDING RWY BR

MDAH< 1 440 (4/6'l

I ALS out

RVR 50 or 1

RVR 50 or 1

l'/2

r/2

CHANGES See other side

© JEPPESEN SANDERSON tNC , Ifl88 l-^va ALL RIGHTS RESERVED

FlCLiKK 29A.—ILS KVVY «L i ATL).

Appendix 2

Appendix 2

Orig 90151

VOR/DME-A

AL-6787 (FAA)

BALDWIN MUNI (7D3)

BALDWIN, MICHIGAN

MINNEAPOLIS CENTER 132.9 398.9 CTAF 122.9



MISSED APPROACH Climbing left turn to 2600 via HIC R-345 to Hoppr
14 DME and hold.

Use Muskegon altimeter setting. Procedure not authorized at night.

X

345° 4.8 NM \ from FAF \

60

90

120

150



180

VOR/DME-A

43°53'N-85°50'W

BALDWIN, MICHIGAN

BALDWIN A\UNI (7D3)

Figure 30.—VOR/DME-A (7D3).

Appendix 2

JEPPE5EIM

9 MAR

MINNEAPOIIS C«nl«f (R| 132.9 8AIDW1N MUN Tratlic CTAF 122.9

Use Muskegon altimeter setting.

_^D^ni BALDWIN, MICH

BALDWIN MUN

VOR DME-A

VOR 117.6 HIC Apt. Elev 828'

A



1495'

,1475'

(lAfl

WHITE CLOUD-

^ °)H7,6_HIC|

es40

Procedure not authorized at night.

828'

.1. 2300' ^ ^•J'^^

DEANI

D9.0



o-<2700'

11872')

VOR

IU72'/

5.0

MJSSED APPROACH: Climbing LEFT turn to 2600' inbound via HIC
VOR R-345 to HOPPR D14.0 and hold.

CIRCLE-TO-LAND

DAY

.MDAHj

\540'(7i2')-]

\540'i7i2'i-2

NA

NA

MAPm DIB a

CHANCeS New procedure

) JEPPESEN SANDERSON, tNC . 1992. All RIGHTS RESERVED

Fk;ukk 30A.— VOR/DME-A (7U3)

Appendix 2

Figure 31.—Wind Component Chart.
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ASSOCIATED CONDITIONS

EXAMPLE:

OAT

PRESSURE ALTITUDE

TAKEOFF WEIGHT

HEADWIND

75 °F 4000 FT 3100 LB 20 KNOTS

NOTE GROUND ROLL IS APPROX 73% OF TOTAL TAKEOFF
DISTANCE OVER A 50 FT OBSTACLE

TOTAL TAKEOFF DISTANCE OVER A 50 FT OBSTACLE GROUND
ROLL (73% OF 1350) IAS TAKEOFF SPEED

LIFT-OFF

AT 50 FT

1350 FT 986 FT

74MPH 74MPH

6000

5000

I-liJ LJJ U. (

LU _l

o <

\-(/)



CO

o

4000 u.

3000

2000

1000

0 20 40 60 80 100 24 26 28 30 32 34 0 10 20 30

OAT- F WEIGHT X 100 POUNDS HEADWIND ~ KN6TS

Fic.i'KK 32.—Obstacle Take-off Chart.

o in

<

CC lU >

O

LU O

CO

Q

o

LU <

<

t-



o

Appendix 2

Figure 33.—Maximum Rate-of-Climb Chart.

PRESSURE ALTITUDE 6,000 FEET

CONDITIONS:

Recommended Lean Mixture 3800 Pounds Cowl Flaps Closed

Appendix 2

20 X BELOW

STANDARD TEMP ■17 C

STANDARD

TEMPERATURE 3 C

20"CABOVE

STANDARD TEMP 23 C

RPM

MP

BHP

KTAS

PPH

%

BHP



KTAS

PPH

BHP

KTAS

PPH

2550

2500

2400

2300

2200

24 23 22 21

24 23 22 21

24 23 22

21

24 23 22 21

24 23 22 21 20 19

76 72 68

78 74 70 66

73 69 65

61



68 65 61 57

63 60 57 53 50 46

167 164 160

169 166 162 158

165 161 158 154

161 158 154 150

156 152 149 144 139 133

96 90 85

98 93 88 83

91 87 82

77

86 82 77 73

80 76 72 68 64 60

78

74 69 65

75 71 67 63

70 67 63 59

66 62 59 55

61 58 54 51 48 44

173 169 166 162



171 167 164 160

166 163 159 155

162 159 155 150

157 153 149 144 138 132

97 92 87 82

95 90 85 80

88 84 79 75

83 79 75 71

77 73 70 66 62 58

75 71 67 63

73 69 65 61

68 64 61 57

64 60 57 53

59 56 53 49 46 43

174 171 167 163

172 169 165 160

167 164 160 155

163 159 155 150

158 154 149 143 137 131

94 89 84 80



91 87 82 77

85 81 77 73

80 76 72 68

75 71 67 64 60 57

Flc.UFiE 34.—Cruise Performace Chart.
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ASSOCIATED CONDITIONS:

EXAMPLE:

OAT

PRESSURE ALTITUDE

LANDING WEIGHT

HEADWIND

75 °F 4000 FT 3200 LB 10 KNOTS

NOTE: GROUND ROLL IS APPROX. 53% OF TOTAL LANDING
DISTANCE OVER A 50 FT OBSTACLE.

TOTAL LANDING DISTANCE

OVER A 50 FT OBSTACLE 1475 FT

GROUND ROLL (53% OF 1475) 782 FT

IAS APPROACH SPEED 87 MPH IAS



2800

2400

2000

1600

<

I-w

CD O

< DC

>

O o

1200 -^i.

800

200



O

2 Q

<

H O

0 20 40 60 80 100 24 26 28 30 32 34 0 10 20 30

OAT-°F WEIGHT X100 POUNDS HEADWIND-KNOTS

Figure 35.—Normal Landing Chart.
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10 15 20 25 30 35

MOMENT/1000 INCH POUNDS

40

45

50

55

2200 2100 2000 1900

CO

Q

z

3

o



CO

^7, 1800

u- 1700

<

DC

(J

5 1600

<, Q LU

9 1500 <

o

1400

1300

1200

90 100 110 120 130 140 150 160 170 180 190 200

MOMENT/1000 INCH POUNDS

FiGUKK 38.—Loading Graph and Center-of-Gravity Envelope.
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8000

7000

6000 '[^



LU LU

UJ Q

DC (/)

LU DC Q.

5000

4000

3000

2000

1000



1200

Figure 42.—Rate of Climb (Ft/Min).
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Figure 43.—Best Rate-of-Climb Speed.
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Figure 44.—Rate of Climb.
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Figure 51.—Airport Signs.
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Figure 53. —Sectional Chart Excerpt.
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Figure 54.-Sectional Chart Excerpt.
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ANSWERS AND EXPLANATIONS FOR FAA QUESTIONS



Introduction to Answers and Explanations—Read

ThisI The following answers and explanations refer to illustrations and/or
descriptions used in this book, as well as several other aviation references.

Reference abbreviations

The Advanced Pilot's Flight Manual—APFM

Aerodynamics for Naval Aviators — ANA

Aeronautical Decision Making, AC60-22 — ADM

Aeronautical Information Manual — AIM

Aviation Weather — AW

Aviation Weather Service — AWS

Basic Aerobalic Manual — BAM

Federal Aviation Regulations—FAR 91.105 (for example)

The Flight Instructor's Manual — FIM

The Instrument Flight Manual — IFM

National Transportation Safety Board Part 830—NTSB 830

Examples:

5235. A. APFM. p. 24.

5491. B. IFM. pp. 108-14. Fig. 5-32.

If there could be confusion in the reader's mind about the wrong answers for
a question, the reasons why they are wrong will be cited. When the steps
leading to the correct answer are spelled out, in many cases it will not be
necessary to explain why the other two choices were wrong.



The Advanced Pilot's Flight Manual was written for the pilot working on
the commercial pilot certificate for airplanes. Only questions on airplanes
from the FAA Knowledge Test are answered and explained here. Questions
and figures for other aircraft categories (hot air balloons, rotorcraft, blimps,
and gliders) have been eliminated with a few exceptions. For instance
questions 5240 through 5267 are not included here because they are not
about airplanes. It's handled this way:

5239. When the angle of attack of a symmetrical airfoil is increased, the
center of pressure will A—have a very limited movement. B —move aft
along the airfoil surface. C —remain unaffected.

The asterisks (*'s) following a question indicate that one or more questions
not applying to airplanes have been deleted.

Reference figures for the Knowledge Test have been deleted if they don't
apply to airplanes (figures 6, 7, 36, 39-41, 45-50).

There are 100 questions (airplane) on the FAA Knowledge Test and you
currently have 4 hours to complete it. (Check for time limit changes with
your instructor.) Those 100 questions will be taken from the questions here.

Too many people treat the Knowledge Test as a chore that must be "gotten
out of the way" so that training can proceed. You should use the review of
these several hundred questions as a way to improve your knowledge of
flying an airplane safely.

In earlier years, the questions used on any of the CAA/ FAA Knowledge
Tests were not published in advance. Applicants knew only the areas of
knowledge they would encounter when they sat down to take the test. It's
believed that now,

given time enough and good coaching, a person who had never even been
to an airport could make a passing (or better) grade by studying the question
books and explanations available. It is hoped that the old method of
nonpublication of Knowledge Test questions will be reinstated.

Answers and Explanations



5001. C. NTSB Part 830.2, Definitions and Part 830.5, Im-

mediate Notification.

5002. C. NTSB 830.5, Notification.

5003. C. NTSB 830.5.

5004. C. NTSB 830.5.

5005. C. NTSB 830.5.

5006. A. NTSB 830.5. You have to report an accident immedi-

ately because in 830.3, one of the definitions of an accident is "subsantial
damage."

5007. C. NTSB 830.25.

5008. C. NTSB 830.25.

5009. B. When the control tower becomes inoperative. Class

D airspace becomes Class E.

5010. C. FAR 1, Definitions.

5011. C. FAR 1, Operate.

5012. C. FAR 1, Operational control.

5013. B. FAR 1, V-speeds.

5014. A. FAR 1, V-speeds.

5015. A. Vf is the design flap speed.

5016. A. Vn is the max gear extended (and locked) airspeed.



Usually this is a higher airspeed than V^o (max landing gear operating
speed) because the landing gear and doors are more vulnerable to damage
during the transition.

5017. C. The utility category may do limited acrobatics

(chandelles, wingovers. steep turns) and spins if approved by the Pilot's
Operating Handbook. (See the Introduction to the First Edition.)

5018. C. FAR 61.3.

5019. C. FAR 1, Class (2).

5020. A. FAR 61.19.

5021. A FAR 61.23.

6 / PREPARING FOR THE TEST

5023. B. FAR 61.31 and FAR 1, Definitions. "Large aircraft

means aircraft of more than 12,500 pounds, maximum certificated takeoff
weight."

5024. C. FAR 61.31.

5025. C. FAR 61.51.

5026. C. FAR 61.51.

5027. A. FAR 61.57.

5028. C. FAR 61.57.

* * *

5031. A. FAR 61.56.

5032. A. FAR 61.60.



5033. A. FAR 61.69.

5034. B. FAR 61.69.

5039. C FAR 61.133. 5041. C. FAR 61.195.

5043. B FAR 7 1.5.

5044. C. FAR 91.3.

5045. B. FAR 91.7.

5046. B. FAR 91.9.

5047. A. FAR 91.15.

5049. B. FAR 91.103.

5050. C. FAR 91.103.

5051. C. FAR 91.105.

5052. A. FAR 91.107.

5055. B. FAR 91.311.

5056. A. FAR 91.21.

5059. B. FAR 91.167.

* * *

* * *

* * *

* * *

5060. A. FAR 91.215. See question for 5061. {Excluding air-



space below 2,500 feet AGL.)

5061. A. FAR 91.215.

5062. A. FAR 91.171.

5063. C. FAR 91.211.

5064. C. FAR 91.211.

5065. A. FAR 91.205.

5066. B. FAR 91.205.

5067. B. FAR 91.205.

* * *

5069. B. FAR 91.315.

5070. C. FAR 91.207.

5071. A. FAR 91.23.

* * *

5073. B. FAR 91.111.

5074. A. FAR 91.113.

5075. B. FAR 91.113.

5076. B. FAR 91.113.

5077. B. FAR 91.117.

5078. B. FAR 91.117.

5079. A. FAR 91.303.



5080. C. FAR 91.209.

5082. A. FAR 91.131 and FAR 61.95.

5083. B. FAR 91.155.

5084. B. FAR 91.155. This one was included because it also

fits powered aircraft.

5085. B. FAR 91.155.

5086. C. FAR 91.155.

5087. C. FAR 91.155.

5088. A. FAR 91.157. That's ground visibility.

5089. B. FAR 91.157.

5090. C. FAR 91.157.

5091. B. FAR 91.159.

5092. C. FAR 91.177.
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5093. C. FAR 91.403.

5094. C. FAR 91.403.

5095. B. FAR 91.417.

5096. A, FAR91.403, FAR 91.405, and 91.417.

5097. B. FAR 91.407.



5098. B. FAR 91.407.

5099. C. FAR 91.409.

5100. B. An annual inspection may act as a 100-hour inspec-

tion but not vice versa.

5101. C. FAR 91.413.

5102. C. FAR 91.417.

5103. B. FAR 91.417. Airworthiness Directives (ADs) affect

the airworthiness of the aircraft and must be complied with. Some ADs may
indicate that compliance must be within a certain time period, others may
require compliance within a certain number of flight hours, and still others
may require recurring action or inspections.

5104. C. FAR 91.421.

5105. A. FAR 91.413.

5106. C FAR 61.31.

5107. C. FAR 61.58.

5108. C. FAR 61.55.

5109. B. FAR 91.3.

5110. B. FAR 91.107.

5111. C. FAR 91.109.

5112. B. FAR 91.117.

5151. A. APFM. p. 145, col. 2, para. 4; also see Fig. 11-2,



APFM, and figure 4 in Appendix 2 of this Knowledge Test Book. The load
factor equals LiftAVeight and, the stall speed is a function of the square root
of the load factor.

B. The "aspect load" is not a known term.

C. It's the load factor alright but it does have a relation to stall speed (see
answer A).

5152. A. See references for question 5151.

B. No, the lift is divided by the total weight of the airplane at the time the
load is imposed.

C. No, use the actual weight, not the basic empty weight.

5153. A. Check Fig. 11-2 APFM and figure 4 in Appendix 2 of

this Knowledge Test.

B. If the airplane has a constant bank and is in a coordinated, constant-
altitude turn, the rate of turn will be constant and there will be no change of
load factor.

C. The load factor is constant and the stall speed will not decrease, but
increase as in the 1-g stall.
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5154. B. APFM, p. 142, col. 1, para. 2. In a coordinated (bal-

anced), level turn, the angle of bank controls the load factor and stall speed
(Fig. 11-2).

A. Well, the rate of turn goes right along with the angle of bank in a
coordinated turn, but that's not the best answer.

C. Nope, true airspeed has nothing to do with wing loading —bank controls
it (balanced turn). For instance, a jet in a balanced, 30°-banked turn at 1000



knots has exactly the same load factor as a C-152 in a 30° balanced turn at
90 knots.

5155. A. The stall speed increases as a function of the square

root of the load factor, whether imposed in a turn or a pull-up.

5156. B. In a 60°-banked, constant-altitude turn, the air-

plane would require doubling the lift to 4,000 pounds and 2 g's would be
imposed (APFM, Fig. 11-1).

5157. B. The load factor depends on the angle of bank in a

coordinated, constant-altitude turn. The airspeed for a given bank would
make no difference. (See the explanation C for question 5154.) Check
Turns, APFM, p. 8. The turn radius would be greater even though the g's
imposed on the airplane and pilot are the same.

5158. A. This answer says it all, since Lift is a force. See Fig.

2-2, APFM.

B. No. Is that differential pressure acting "up" or "down?"

C. Great Scott! What does that mean?

5159. A. This is the closest to correct. Assuming a balanced,

constant-altitude and constant banked turn, the radius would increase only
with a change in airspeed and the load factor would not change, but the
radius would:

Turn Radius (feet) = V^ knots/11.26 Tan 0

5160. B. Turbulence increases the stall speed if vertical up-

gusts are present. Check Fig. 11-10, APFM, which shows that the
maneuvering speed is on the low side of the recommended gust penetration



range (shaded area). The V^ is indicated as the airspeed directly below the
upper left-hand corner of the maneuver envelope.

5161. C. APFM, p. 16, col. 1, para. 2.

5162. B. APFM, p. 17, Fig..2-31. The point at which parasite

drag and induced drag are equal is the minimum drag point, or the max Lift-
to-Drag ratio. As the airplane is slowed from that point, the induced drag
increases, thereby increasing the total drag again.

5163. C. The load factor is controlled by the bank in a bal-

anced, constant-altitude turn. The added airspeed will increase the turn
radius. See the explanation for question 5159. Since the radius is a function
of VS if the airspeed is increased by a factor of 1.5 (from 90 to 135 knots)
the turn radius will increase by (1.5)^ = 2.25 times.

5164. B. This is a simple multiplier question: A normal cate-

gory airplane has a maximum required positive load limit of 3.8 positive
g's, so the baggage compart-

ment floor could withstand up to 3.8 x 100 = 380 pounds without
deformation (see APFM, p. 147 and note that the normal category plane is
required to have positive g limits of 2.5 to 3.8 g's, and it's assumed that 3.8
is the number for this question). So, 90 X 3.5 = 315 pounds and for the
assumptions stated would not be excessive.

5165. A. The low point on the drag versus velocity curve is

the max Lift-to-Drag ratio or max L/D.

5166. B. The airspeed at point B would be the one to fly for

max glide at a particular weight. See APFM, p. 7, concerning max distance
glides and p. 108 also discusses this.

5167. C. APFM, Fig. 2-6. Induced drag and hence total drag



is increased with an increase in angle of attack.

5169. B. SPFM, p. 7-3; Basic Acrobatic Manual, p. 11. This

means that a mag (or both mags) is not grounded. The engine could start if
someone moves the propeller, even with the key turned OFF and out of the
ignition.

5170. C. The carburetor heat richens the mixture and can

cause a significant loss of power on takeoff, particularly in conditions of
high density-altitude.

5171. A. Idle the engine for this check, as indicated in this

answer. Cutting the ignition off at high power settings can result in a
backfire and possible engine-system damage.

5172. A. Plugs are more likely to foul if the mixture is too

rich, and as the airplane climbs the mixture will become richer if no
adjustment is made.

5173. C. If a ground wire is broken, that magneto is "hot,"

or ON. Answer A is a possibility for older airplanes that do not have a
mixture control for shutting the engine down. However, answer C is the
best choice here.

5174. C. This writer used to hand-prop airplanes as a line

boy, and the Meyers OTW biplane with its 5-cylin-der Kinner engine would
often have a loose ground wire in a magneto because of vibration. The
mags were always treated as if they were "hot."

5175. B. The circulation of lubricating oil has a decided ef-

fect on engine cooling. Be sure that the oil supply is at a proper level at any
time, but it's particularly important during the hotter months.



5176. C. APFM, pp. 165-69.The mixture control is the air/

fuel ratio control.

5177. C. APFM, pp. 7-8, 149-51.The maneuvering speed

varies with the square root of the weight change ratio, so a fixed number
would not apply.

5178. B. APFM, p. 59, Fig. 4-36.

5179. C. Looking at figure 2 in this Knowledge Test Book, you

see that the stall speed (the lowest available for that weight) is 47 knots
with the power ON and gear and flaps down.
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5180. A. The airplane stalls (power ON) with gear and flaps

up at 76 knots; with gear and flaps down the stall speed is 66 knots in a 60°
bank.

B. No. The stall speed with flaps up, power OFF, 60° bank is 92 knots. The
wings level, power OFF, flaps down stall speed is 57 knots, a difference of
35 knots. The clean configuration stall at 60° bank is 35 knots higher, not
lower than the flaps down, wings level condition. (Read the question
carefully.)

C. No. In the clean configuration this is true (64-54 knots = 10 knots) but
with the flaps down the difference is 9 knots (56-47 knots). The choice does
not indicate the configuration.

5181. B. APFM, pp. 11-12. The raising of flaps increases

the stall speed.

A. No. See above.



C. The required forward or back pressure with

flaps retracting varies with the airplane type and

model.

5182. B. APFM, p. 12, High-Lift Devices.

5183. C. APFM. p. 158, Prop Controls.

5184. B. APFM, p. 156, Using the Throttle and Propeller

Controls.

5185. A. APFM. p. 167, col. 2.

5186. C. APFM. p. 167. col. 2.

5187. B. APFM. p. 165, Leaning.

5188. A. APFM. p. 165, Leaning.

5189. A. APFM, p. 194, col. 1, next to last paragraph.

5190. C. APFM. p. 167, col. 2.

5191. C. APFM. p. 28, col. 2, para. 9.

5192. C. APFM. pp. 8-9, Turns; pp. 34-37, Forces in the

Turn.

5193. A. APFM. pp. 8-9, Turns; pp. 34-37, Forces in the

Turn.

5194. A. APFM. pp. 34-35, Figs. 3-16 and 3-17.

5195. B. APFM, pp. 34-35, Figs. 3-16 and 3-17.



5196. A. The stall speed is a function of the weight or load

factor and is less with power. See question 5179 and its answer again.

5197. B. ANA, p. 78, Fig. L33.

5198. A. APFM, chap. 3. While this is the best choice of

answers, you can note that except in a constant-altitude turn, or an abrupt
pull-up or pushover, lift doesn't vary much for the normal regimes of flight
(straight and level, climbs and glides).

5199. C. APFM. p. 10, Figs. 2-5 and 2-6.

i

5200. C. APFM, p. 28. The term "in theory" is good because

an airplane normally cannot double its airspeed while maintaining a
constant angle of attack. If the lift is increased four times, the airplane will
be doing a 4-g pull-up or part of a loop!

5201. C. APFM. p. 10, Figs. 2-5 and 2-6; ANA. p. 19, Fig.

1.9.

5202. B. APFM, p. 28, col. 2.

5203. A. APFM, p. 28, col. 2; also see APFM, chap. 3; p.

145, col. 2 for more detail on forces in the turn.

5204. A. Weight, dynamic pressure (airspeed), bank angle, or

pitch attitude may change, but the stall angle of attack remains the same
(for a given flap configuration).

5205. B. In a spin, the airplane rotates around the CG, which



moves around the spin axis, which has a position with respect to a vertical
earth axis. If the CG is too far aft. a flat spin results with a difficult, if not
impossible, chance of recovery. See APFM, p. 377, col. 2.

5206. A. APFM. p. 137, Longitudinal or Pitch Stability.

5207. B. APFM, p. 122, col. 2 and Fig. 10-7. The airplane

will be unstable in pitch, or around the lateral or Y

axis.

5208. A. The dynamic pressure (calibrated or correct indi-

cated airspeed) needed to produce lift at a given speed is the same at any
altitude if weight and configuration are the same.

5209. B. APFM, pp. 17-18, Ground Effect.

5210. C. To maintain a constant altitude if the airspeed is

increased (and it's assumed that the weight stays the same), the angle of
attack must be decreased or the angle of bank increased.

5211. C. While the stall is always at the same angle of attack

for a given flap configuration, the indicated or, more accurately, the
calibrated stall airspeed varies as the square root of the wing loading. Also
see APFM, p. 6, col. 2, Stall Speed for the mathematical discussion of why.

5212. A. APFM, p. 146, col. 2. The airplane can be stalled at

any attitude and/or airspeed. (Don't stall it at too high an airspeed or you
could overstress the airplane.)

5213. B. Looking at figure 3 (Appendix 2) in this Knowledge

Test at 10° angle of attack for that airplane, a L/D of 11 is found. (That's the
glide ratio.) In other words the airplane will lose 1 ft for every 11 ft it



moves forward:

5,280/11 = 480 ft of altitude loss.

5214. C. Looking again at figure 3, for 8° you see that the L/

D is 12. For 3 miles (3 x 5,280 = 15,840); 15,840/ 12 = 1320 ft of altitude
lost.
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5215. C. Using figure 3 follow the 2° angle of attack value

until it intersects the L/D curve, then move to the right to re-intersect it, and
then down to get an angle of attack of approximately 16.5°.

5216. A. The Lift slope (Ci, vs. angle of attack) is steeper in

ground effect, meaning that for a given angle of attack more Lift is attained
in ground effect (APFM, p. 18, col. 2, para. 8). The induced Drag is
decreased in ground effect as shown in APFM, Fig. 2-32.

5217. B. APFM, p. 99, col. 1, A Look at Maximum Range

Conditions; and APFM, p. 108, para. 1, Maximum Distance Glide.

5218. C. APFM. p. 33, Fig. 3-13.

5219. B. Check the Lift equation (APFM, p. 10, col. 2). As

pilots, we play angle of attack (airspeed) to maintain altitude as needed,
from slow flight to fast cruise (slow flight = high angle of attack; fast cruise
= low angle of attack).

5220. C. In the transition from straight and level to climb,

the Lift is momentarily increased, but after the climb is established. Lift is
less than it was in straight and level (APFM, Fig. 3-11).



5221. C. Looking at figure 4 in this Knowledge Test, the stall

speed curve shows an increase of slightly more than 40%. The new stall
speed is 1.4 x 60 = 84 k. The stall speed goes up (or down) with the square
root of the weight or the load factor. If you have a calculator capable of
taking square roots, find the square root of the load factor and multiply that
number times the 1-g stall speed (APFM, p. 6, Stall Speed).

5222. C. Check figure 4 and note that the load factor in a 60°

bank is 2 g's, and the load factor in a 80° bank is 6 g's; the increase is 4 g's
(APFM, p. 146, col. 1).

5223. C. APFM, p. 100, col. 2, para. 4. For a given condi-

tion (for instance, max range), the same indicated (calibrated) airspeed
would be used, but this would mean that the TAS will be increased with
altitude, making up for the lower density and therefore producing the same
lift for a given angle of attack.

5224. A. APFM, pp. 17-18, Ground Effect; also see the an-

swer for 5216.

5225. A. It's assumed that the bank is in a balanced constant-

altitude turn and no added back pressure is being applied, so A is the
answer.

5226. A. APFM, p. 137, Fig. 10-46.

5227. B. APFM, p. 137, Fig. 10-46. Longitudinal dynamic

instability (or negative longitudinal dynamic stability) is shown in that
figure.

5228. B. APFM, p. 122, col. 2, last paragraph. The elevator

controls pitch (longitudinal stability motions).



5229. B. As the airplane is slowed, the decrease in dynamic

pressure (airspeed) requires an increase in angle of attack (coefficient of
Lift) to keep the "up" and "down" forces balanced.

5230. B. APFM, p. 121, Static Stability.

5231. B. APFM, p. 149, The Maneuver Envelope, Fig. 11-4.

5232. A. APFM, p. 149, Fig. 11-4. That's the upper end of

the yellow arc (and also the red line).

5233. A. APFM, pp. 148-149. Airspeed Indicator Markings

and Important Airspeeds, Fig. 11-4.

5234. A. The airplane performance depends on the pressure

altitude (plus temperature), which results in density-altitude. Remember
that true altitude is the actual height above sea level and doesn't take
temperature into effect.

5235. A. APFM, p. 24, col. 2, para. 5.

5236. B. APFM, p. 21. Looking at Fig. 2-40, you see the

efficiency curves of several "fixed-pitch" propellers (15°, 20°, 25° pitch) at
different airspeeds. The constant-speed propeller would result in an
envelope of peak efficiencies.

5237. C. APFM, p. 19, Propeller.

5238. B. APFM, p. 21, last paragraph; also see IFM, p. 32,

Slipstream Effect. The fact that the slipstream is hitting the fin and rudder
on the left side means there is a tendency to yaw left and, because the
surfaces extend above the longitudinal (fuselage) axis, a roll to the right
around that axis is induced.



5239. C. ANA, p. 49. "An increase in lift on the symmetrical

airfoil produces no change in this situation and the center of pressure
remains fixed at the aerodynamic center." (Also see ANA, p. 48, Fig. 1.21.)

5268. C. APFM, pp. 68-69, The Turn and Slip, and Turn

Coordinator.

5269. A. APFM, p. 69. It's better to have different power

sources for the precession (T/C and T/S) and rigid-ity-in-space (A/I and
H/I) instruments, so a failure of either electrical or vacuum systems doesn't
leave the pilot without references.

5270. B. At a standard-rate turn of 3° per second, 120 sec-

onds, or 2 minutes, is required to complete 360° turns.

5271. A. Lycoming Service Bulletin 245 warns against abrupt

throttle change (opening or closing) because of possible damage to the
counterweights (which are there to damp out the torsion of the crankshaft as
it turns). There are also other actions that can detune the counterweights. (A
good book about practical aspects of engine operations is Aircraft Engine
Operating Guide by Kas Thomas, Belvoir Publications, Greenwich, CT)

5272. C. There is no apparent motion between the aircraft.

This is the way one military pilot may "eyeball" a join-up with another
aircraft. Also, if the other aircraft is level with the horizon, this means that it
is on or very close to your altitude (AIM).
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5298. B. The best power mixture is a fuel/air ratio that al-

lows the engine to develop the most power for a given throttle, or RPM
setting, so it will vary with the horsepower being used. An excellent book



on this and other engine information is Aircraft Po-werplants, 5th Edition,
by Bent and McKinley, McGraw-Hill Book Co., New York, NY.

5299. A. APFM, p. 167, col. 2. Detonation may be caused by

a too-lean mixture, abrupt throttle opening and using a lower-grade fuel
than recommended.

5300. C. ANA, p. 199. As the temperature increases or at

high density-altitudes, the thrust decreases.

5301. A. AW. "Temperature variations create forces that

drive the atmosphere in its endless motions."

5302. A. The standard sea level temperature is 15°C; the

standard lapse rate is -2°C/1,000 feet. 15° - (10 X 2) =-5°C.

5303. C. Again, the standard sea level temperature is 15°C.

15° - (20 X 2°C) = 15 - 40 = -25°C.

5304. A. AW. On clear, calm, cool nights, the surface cools

rapidly and the air near the surface may be cooler than the air above it (an
inversion).

5305. A. Standard temperatures at sea level are 15°C, or

59°F. Pressures are 1013.2 millibars, 29.92" Hg, 2,116 pounds per square
foot, or 14.7 psi.

5306. B. One way to work the problem without getting out

the computer is to review APFM, p. 75, col. 2, and realize that the sea level
standard temperature is 59°F and the standard lapse rate is 3.5°F/1,000 feet.
The standard temperature at 12,000 feet is 59° - (12 X 3.5) = 59 - 42 =



17°F, <>wnhe temperature given is 50°F, which is 33°F higher than
standard. Using the procedure in APFM, p. 75 (add 1,000 feet of density-
altitude for every 15°F above that altitude standard temperature), you'd add
33/ 15 X 1,000 = 2.2 X 1,000 = 2,200 feet. Adding 2,200 to 12,000 gives an
answer of 14,200 feet, which is close to answer B.

5307. A. Okay, here Celsius is being used and for every 8.5°C

above or below standard for that altitude, add or subtract 1,000 feet to get
the density-altitude.

15°

(5 X 2°C) =

5308. B.

Standard at 5,000 feet =

5°C. Temperature of 30°C is 25°C high. 25/8.5 = 2.94 x 1,000 = 2,940 feet.
5,000 -I- 2,940 = 7,940 feet density-altitude.

Using two different types of computers, the rule of thumb and a computer,
the density-altitude is closest to A, or 7,800 feet. The thumb rule answer is
off by 140 feet but that's reasonably close for an altitude of 7,800 feet. Use
a computer if one is available.

Pressure altitude 6,000 feet and temperature 30°F. Standard temperature at
6,000 feet (F°) = 59° - (6 X 3.5) = 59 - 21 = 38°F By rule of thumb, the
temperature is 8°F low, so the density-altitude will be lower than the
pressure altitude given. Using the rule of thumb:

6000 - 8/15 X 1,000 = 6,000 - 533 = 5,467, or 5,500 feet.

Using a computer, you get 5,508 feet, so B is the answer.

5309. B. Using the thumb rule and noting that the standard



temperature at 7,000 feel should be 15 - (7 x 2) = 1°C, the temperature is
14°C above standard for that pressure altitude, so the density-altitude is
approximately 1,650 feet higher, or 8,650 feet. Working the problem on (1)
a manual and (2) an electronic computer, you get (1) 8,600 feet and (2)
8,595 feet.

5310. C. AW. Pressure differences create winds as the air

masses try to reach equilibrium.

5311. A. AW. The wind is deflected to the right in the North-

ern Hemisphere by the Coriolis force.

5312. A. AW. "When the Coriolis force deflects the wind un-

til it is parallel to the isobars, the pressure gradient balances the Coriolis
force."

5313. B. AW. A cyclone is a counterclockwise flow in the

Northern Hemisphere.

5314. C. AW. ". . . closely spaced isobars mean strong

winds; widely spaced isobars mean lighter wind."

5315. A. AW. "The pressure gradient force drives the wind

and is perpendicular to the isobars ... the instant air begins moving, Coriolis
force deflects it to the right. Soon the wind is deflected a full 90° and is
parallel to the isobars or contours."

5316. A. AW. A left crosswind in the Northern Hemisphere

indicates that the aircraft is flying toward a low pressure area, or that you
are flying toward an area of generally unfavorable weather conditions. Also
see the answer for 5317.



5317. C. AW. "Highs and ridges . . . are areas of descending

air. Descending air favors dissipation of cloudiness; hence the association,
high pressure = good weather."

5318. B. AW. "Rising air is conducive to cloudiness and pre-

cipitation . . . low pressure = bad weather."

5319. B. Approaching a low pressure, the pressure gradient

will be increasing, which results in stronger winds. Also see the answer for
5316.

5320. B. AW. "As the (temperature-dewpoint) spread be-

comes less, relative humidity increases and it is 100% when temperature
and dewpoint are the same."

5321. A. AW. "Highs and ridges, therefore, are areas of de-

scending air. . . . Winds spiral outward clockwise from high pressure. . . ."

5322. A. AW. "Virga —Water or ice particles falling from a

cloud, usually in wisps or streaks and evaporating before reaching the
ground."

5323. C. AW. "Evaporation is the changing of liquid water to

invisible water vapor. . . . Sublimation is the changing of ice directly to
water vapor."
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5324. B. The surface warm front has not reached your posi-

tion and the warmer rain above has frozen as it passes through the colder air
below the warm front.



5325. A. AW. Ice pellets always indicate freezing rain at a

higher altitude.

5326. C. AW. See answer to 5325.

5327. C. A high moisture content, unstable air, and very

warm surface temperature are the ideal combination for strong updrafts
with cumulonimbus clouds.

5328. C. AW. "Cloud base determination: Temperature and dew-

point in upward moving air converge at a rate of about 4°F or 2.2°C per
1,000 feet." The difference between the temperature and the dewpoint is
9°C at 2,000 feet. Using the value 2.2°C/1,000, the added cloud height is
4,000 feet, for a total of 6,000 feet.

5329. C. AW. "When stable air is forced upward, the air

tends to retain horizontal flow and any cloudiness is flat and stratified." The
result is little or no turbulence.

5330. B. AW. "Whether the air is stable or unstable within a

layer largely determines cloud structure."

5331. B. Using the temperature-dewpoint spread of 22°C (26° -

04°) and dividing it by 2.2, an answer of 10,000 feet for the cloud bases is
obtained.

22/2.2 X 1,000 = 10,000 feet AGL.

5332. B. AW. "In stable air, flying is usually smooth but can

sometimes be plagued by low ceiling and visibility." Stable air makes
stratus-type clouds and steady precipitation.



5333. A. AW. "When the air near the surface is warm and

moist, suspect instability."

5334. B. AW. "A change in ambient temperature can change

this balance (between stable and unstable air)."

5335. C. AW. "Thunderstorms are sure signs of violently un-

stable air. Showers and clouds towering upward indicate strong updrafts and
turbulent air."

5336. B. AW. "When the air near the surface is warm and

moist, suspect instability." When the surface or lower air is cooler, a stable
condition or inversion exists.

5337. B. AW. ". . . within a stable layer, clouds are strati-

form." Moist air is necessary for clouds to form.

5338. C. AW. "A cumulous cloud . . . forms in a convective

updraft and builds upward." (Cirrus and nimbo-stratus clouds are in a stable
condition.)

5339. B. AW. Standing lenticular altocumulus clouds indi-

cate very strong turbulence.

5340. B. AW. "Within a stable layer, clouds are stratiform

. . . within an unstable layer clouds are cumuli-form. . . ."

5341. B. When an unstable layer of moist air is lifted oro-

graphically, cumuliform-type clouds and showery rain (and comparatively
good visibility) result.



5342. A. AW. ". . . clouds in stable air form in horizontal,

sheet-like layers or 'strata,' . . . within a stable layer, clouds are stratiform."
(The italics were added by this writer.) The other two answers are the
characteristics of unstable air.

5343. B. A quick answer choice, because a moist unstable air

mass is normally characterized by cumuliform clouds and rough air, which
eliminates answers A and C.

5344. C. AW. Stable air normally has smooth air stratus-type

clouds and poor visibility conditions, so answers A and B are eliminated.

5345. C. AW indicates that restricted visibility is a result of

stable air.

5346. C. Stable air has continuous precipitation with stratus-

type clouds.

5347. B. AW. In the cold front occlusion, the coldest air is

under the warm front. The cool air ahead of the front is replaced by that
colder air.

5348. B. AW. "Cool air moving over a warm surface is

heated from below generating instability and increasing the possibility of
showers." Unstable air results in cumuliform clouds, turbulent air, and good
visibility, except in blowing obstructions.

5349. C. Unstable moist air with lifting action is the maker of

cumulonimbus clouds and the resulting turbulent conditions.

5350. C. AW. "Precipitation induced fog . . . is most com-



monly associated with warm fronts but can occur with slow moving cold
fronts and with stationary fronts."

5351. C. AW. Wind shear can be present at any level and can

exist both horizontally (in a low-level temperature inversion or in a frontal
zone) or vertically (between up and down currents in a thunderstorm).

5352. C. See the explanation for 5351.

5353. B. AW. If there is a low-level temperature inversion

with relatively strong winds above the inversion, wind shear may exist.

5354. A. AW. A strong wind above a low-level inversion may

create a wind shear hazard because of a possible stall.

5355. A. AW. Under the conditions cited, "allow a margin of

airspeed above normal climb or approach speed to alleviate dangers of a
stall. . . . You can be relatively certain of a shear zone in the inversion if the
wind at 1,000 to 4,000 feet is 25 knots or more."

5356. A. AW. "Convective currents are most active on warm

summer afternoons when winds are light."
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5357. B. AW. Flying toward a mountain on the leeward side

in strong winds can result in the airplane being unable to "outclimb the
downdraft."

5358. C. The power and vertical velocity required to stay on

the proper glide path is the answer because wind shear would not affect the
trim or necessary heading changes.



5359. A. AW. If the aircraft encounters a sudden tailwind (or

a loss of headwind) and a corresponding loss of airspeed, a stall is possible
because the airplane drops, increasing its angle of attack.

5360. C. Precipitation will be in the form of rain at altitudes

where the temperature is 0°C or higher As it falls through a layer of sub-
freezing air (at altitude or on the surface), freezing rain may occur on
impact with the surface (or on impact with your airplane).

5361. C. Hailstones may be "thrown out" of the top of thun-

derstorms and be encountered several miles from the actual storms.

5362. B. Hail is formed by very strong vertical currents (cu-

mulonimbus type clouds) moving drops of rain up to the freezing level. The
drops then fall to gather more moisture, which builds the characteristic
layers in hail. Rain at the surface does not mean that hail won't be found at
higher altitudes.

5363. B. AW. "A squall line often contains severe steady-

state thunderstorms and presents the single most intense weather hazard to
aircraft."

5364. C. AW. "Outside the cloud, shear turbulence has been

encountered several thousand feet above and 20 miles laterally from a
severe (thunder) storm."

5365. A. See the answer to 5364. AW. "Avoid the most in-

tense (radar) echoes by at least 20 miles; that is, echoes should be separated
by at least 40 miles before you fly between them."

5366. C. AW. "A squall line is a non-frontal, narrow band of



active thunderstorms. It often contains severe steady-state thunderstorms. . .
."

5367. C. AW. See the answer to 5363.

5373. C. See the answer to 5365.

5374. C. AW. "(Precipitation-induced fog) is most commonly

associated with warm fronts, but can occur with slow moving cold fronts
and stationary fronts."

5375. A. AW. ". . . weather radar detects only precipitation

drops; it does not detect minute cloud droplets. Therefore the radar scope
provides no assurance of avoiding instrument weather in clouds or fog."

5376. B. AW. "Advection fog forms when moist air moves

over colder ground or water. It is most common along coastal areas but
often develops deep in continental areas. At sea it is called 'sea fog.' "

5377. C. AW. "Advection fog deepens as the wind increases

up to 15 knots. Wind much stronger than 15 knots lifts the fog into a layer
of low stratus or stratocu-mulus."

5378. C. See the answer and explanation for 5377.

5379. A. AW. "Radiation fog is restricted to land because wa-

ter surfaces cool little from nighttime radiation." Advection fog is most
common along coastal areas. Steam fog forms over a water surface.

5380. C. AW. ". . . advection fog is usually more extensive

and much more persistent than radiation fog. Advection fog can move in
rapidly regardless of the time of day or night."



5381. B. AW. "An abrupt change in temperature lapse rate

characterizes the tropopause."

5382. A. AW. "A preferred location of CAT is in an upper

trough on the cold (polar) side of the Jetstream."

5383. B. AW. ". . . when high level moisture is available, cir-

riform clouds form on the equatorial side of the jet(stream). . . . Such
cloudiness ranges primarily from scattered to broken coverage in shallow
layers or streaks."

5384. B. AW. "In mid-latitude, wind speed in the Jetstream

averages considerably stronger in winter than in summer. Also the jet shifts
farther south in winter than in summer."

5368. B. AW. "Precipitation beginning to fall from the cloud

base is your signal that a downdraft has developed and the cell has entered
the mature stage."

5369. C. AW. "The cumulonimbus gives visual warning of

violent convective turbulence. . . . The roll cloud is most prevalent with
cold frontal or squall line thunderstorms and signifies an extremely
turbulent zone. . . . The more frequent the lightning the more severe the
thunderstorm."

5370. A. See the answer to 5368.

5371. B. AW. "The key feature of the cumulus stage is an

updraft. . . ."

5372. C. AW. "Downdrafts characterize the dissipating stage



of the thunderstorm cell. . . ."

5385. A. See the answer to 5384.

5398. A. The facilities cited have information stored but

have a request/reply service for out-of-the-ordinary weather requests.

5399. A. The AFSS has the latest information. The ATIS broad-

cast only gives local airport information. NOTAM publications are
normally printed and aren't up to date with the daily situation.

5400. B. AIM.
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5402.

5403.

5404.

5405.

C. WSHFT 30 FROPA means that there was a windshift at 30 minutes past
the last hour because of a frontal passage. See Appendix A of this book for
METAR and TAF abbreviations plus other weather information.

B. RA (Rain) and BR (Brouillard, French for mist) and RAB12 (Rain
Began at 1812Z) is the answer. (The rain couldn't have begun at 1912Z
since the report is released at 1854Z. (See Appendix A of this book.)

B. Okay, the field elevation is 3,500 feet and the ceiling is 500 feet, so the
base of the clouds is 4,000 feet MSL. The top of the overcast is reported as
7,500 feet (MSL), so the thickness of the layer is 3,500 feet.

C. AWS indicates: "A squall is a sudden increase in (wind) speed of at least
15 knots to a sustained speecj of 20 knots or more lasting for at least one



minute."

5406. B. AWS. The top of the lower overcast is 2,500 feet, and the base and
top of the second overcast layers are 4,500 feet and 9,000 feet, respectively.
All PIREP heights are given as MSL. Note that a slash (/) separates each
unit of information.

5407.

5408. 5409.

5410.

5411. 5412.

5413. 5414.

A. Pilot reports (PIREPs) give the latest, actual, on-the-spot weather
information. The other choices are forecasts of what might be.

C. The Maximum Tops of the cells at 159° (true) at 65 hfM is 57,000 feet
(MT 570 AT 159/65).

B. Between the hours of 2100Z and 0200Z, the probability is 40 percent
(40%) for thunderstorms and heavy rain (-i-TSRA). (See Appendix A of
this book.)

C. The wind direction is expected to be variable. (See Appendix A of this
book.)

C. SKC means sky clear. (See Appendix A of this book.)

B. Think of P6SM as being a visibility of Plus (more than) 6 Statute Miles.
(See Appendix A of this book.)

A. See Appendix A of this book.

B. AWS. AIM.



5415. C. AWS The VFR CLOUDS AND WX section covers the

information stated in this choice. The other choices (A and B) have
information that doesn't fit the criteria (such as cloud tops [A] or restricting
information to weather systems that produce liquid or frozen precipitation,
etc.).

5416. A. AIM.

5417. C. This is the description of the weather problem cited by

the AIRMETs and Center Weather Advisories (CWAs).

5418. A. AM.

5419. B. AWS. "FA'S are issued 3 times a day . . . ."

5420. C. AWS. "The TWEB Route Forecast is similar to the

Area Forecast (E\) except information is contained in a route format."

5421. A. AWS; AIM. "The TWEB is a continuous broadcast on

low/medium frequencies (200-415 kHz) and selected VOR's (108.0-117.95
MHz)."

5422. A. AIM, Glossary. "SIGMET—A weather advisory issued

concerning weather significant to the safety of all aircraft."

5423. C. AWS. Convective SIGMETs are issued for torna-

does, lines of thunderstorms, embedded thunderstorms, thunderstorms
greater than or equal to level 4 affecting 40% or more of an area of at least
3000 square miles, and hail ¥4 inch or greater.

5424. B. Winds Aloft are always true direction and in knots.

5425. A. AWS. "Isobars are solid lines depicting the sea level



pressure pattern."

5426. A. AWS. "When the pressure gradient is weak, dashed

isobars are sometimes inserted at 2 millibar levels to more clearly define the
pressure pattern."

5427. A. The Surface Analysis Chart shows pressure centers

and frontal positions.

5428. B. AWS. Since isobars are normally lined apart at 4

millibar intervals of value, closely spaced isobars mean a strong pressure
change across a relatively short distance.

5429. B. AWS. Surface Analysis Charts.

5430. C. The Weather Depiction Chart shows IFR, MVFR,

and VFR areas.

5431. B. AWS. "If total sky cover is few, or scattered, the

cloud height entered is the base of the lowest layer."

5432. A. AWS. "The (Radar Summary) chart displays the

type of precipitation echoes and indicates their intensity, intensity trend
configuration, coverage, echo tops and bases, and movement." The chart
shows lines, areas, and cells of hazardous thunderstorms.

5433. C. AWS. "The (Significant Weather Prognostics)

charts show conditions as they are forecast to be at the valid time of the
chart." The charts are based on 12- and 24-hour forecast periods.

5434. B. Check the AWS.



5435. C. AWS. "The U.S. High Level Significant Weather

Prog . . . encompasses airspace from 24,000 to 63,000 feet presssure
altitude."

5436. B. AWS. The U.S. Low Level Significant Weather

Prog charts have an upper level of 24,000 feet.
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5438. C. AWS. "The freezing level panel is an analysis of

observed freezing level data from upper air observations."

5439. A. AiVS. "The lifted index is computed as if a parcel of

air near the surface were lifted to 500 millibars. The temperature the parcel
would have at 500 millibars is then subtracted from the environmental 500
millibar temperature."

5440. B. AIVS, Constant Pressure Charts. "To aid in identi-

fying areas of strong winds, hatching denotes wind speed of 70 to 110
knots. . . ."

5441. A. AiVS. Winds, observed temperatures, temperature-

dewpoint spread, and height of the pressure surface are given on the
Constant Pressure Analysis Charts.

5442. C. AIVS. See the explanation for 5441.

5443. B. AIVS. "Moderate Turbulence . . . where vertical

wind shear values exceed 6 knots per 1000 feet."

5444. B. AIVS. "Light turbulence . . . momentarily causes



slight, erratic changes in altitude and/or attitude."

5445. C. AWS. "Moderate turbulence . . . changes in alti-

tude and/or attitude occur but the aircraft remains in positive control at all
times."

5446. B. AiV, Glossary. "Clear air turbulence is turbulence

encountered in air where no clouds are present; more popularly applied to
high level turbulence associated with wind shear."

5447. B. AW. "CAT is most pronounced in winter when tem-

perature contrast is greatest between cold and warm air. Strong wind shears
develop near the jet stream, especially where the curvature of the jet stream
sharply increases in deepening upper troughs."

5448. C. AW.

5449. B. AW. Low Level Wind Shear is a change in wind

direction and/or speed within a short distance in the atmosphere. This is a
particularly dangerous phenomenon for the airplane climbing out or
approaching at the relatively low airspeeds in these regimes.

5450. A. AW. Rotor clouds form below the elevation of the

mountain peaks and getting below rotor cloud level is extremely dangerous.

For questions 5451-5489, review APFM, Chapter 17, vanced Navigation."

'Ad-

5451. B. Look at the problem: At 55"% power-cruise (figure

8), fuel consumption is 11.3 gph. Night VFR reserve is 45 minutes, or 8.5
gallons (rounded off), which leaves 38.5 gallons at 11.3 gph for cruise, for a
time of 3 hours and 24 minutes (call it 22 minutes).



5452. B. Day VFR cruise reserve equals 30 minutes at 13 gph

(figure 8), or 6.5 gallons. This leaves 58.5 gallons for cruise at 13 gph, or
4.5 hours (4 hours, 30 minutes).

5453. C. Looking at figure 8, the fuel consumption is 18.2

gph. Seven minutes fuel consumption would be 7/ 60 X 18.2 = 2.12 gallons
and C is the closest answer. Remember also that there may be a slight
discrepancy in reading the chart.

5454. B. Using the same method as in the last problem: 10

minutes at 17.1 gph = 2.85 gallons (call it 2.88).

5455. A. For fuel consumption of 11.3 gph and 45 minutes

reserve, take 8.5 gallons of the 38, which leaves 29.5 gallons. At 11.3 gph,
this leaves 2 hours and 36 minutes, closest to answer A.

5456. C. The amount of fuel used to climb from 4,000 feet

(12 pounds from sea level) to 12,000 feet (51 pounds from sea level) is 51 -
12 = 39 pounds. The temperature is 26°C, 19°C higher than the standard for
4,000 feet (15° -4x2°= 7°C. The note says to add 10% for each 10°C above
standard, so 19% is added, or 1.19 x 39 = 46 gallons (rounded off). Adding
the 12 gallons for start and taxi, a total of 58 pounds is required.

5457. C. The amount of fuel used in a normal climb is 11

pounds from sea level to 4,000 feet. Subtract this from the total from sea
level to 10,000 feet (31 pounds), for a difference of 20 pounds. The
temperature is 14° above standard (-i-7°C) at the airport, so 14% is added to
the climb fuel, or 1.14 x 20 = 22.8, plus 12 pounds for start and taxi, etc. =
34.8 pounds (call it 35).

5458. C. The amount of fuel used from sea level to 2,000 ft



= 4 pounds. Fuel from sea level to 6,000 ft = 14 pounds, or 10 pounds
required for the climb from 2,000 feet to 6,000 feet. The temperature is
16°C high, so add 16%, or 1.16 x 10 = 11.6 pounds. Add 12 pounds for
start, etc. to get 24 pounds.

5459. C. The amount of fuel required to climb from sea level

to 4,000 ft (12 pounds) and from sea level to 10,000 feet (35 pounds) at a
weight of 3,800 pounds is 35 - 12 = 23 pounds. The temperature is 23°F
higher than standard for 4,000 feet, so add 23% to the 23 pounds as
indicated by the note, or 1.23 x 23 = 28 pounds (rounded ofiO- Add 12
pounds (start, etc.) to get 40 pounds used.

5460. C. This could be a "gotcha." You might have used the

38-gallon column to get a range of 645 miles. (Naturally one of the answer
choices.) Nope! It's 810 miles at 48 gallons.

5461. B. Lookmg at figure 11, check 52% power at 7.500

feet, then move across to 48 gallons, and the endurance is 7.7 hours.

5462. B. This tunc in figure 11, answer B fits the parameters of

105 mph and 6.2 gph, for 52% power ai 7,.S00 feel.

5463. B, VFR reserve is 0.5 hour at 94 pph, or 47 pounds,

leaving 378 pounds for flight time. At 94 pph this is 4.02 hours, or 4 hours
and 1 minute, rounded off.

5464. A. At the conditions given, the fuel consumption is 99

pph. The 45 minute reserve requirement takes 75 pounds, leaving 318 - 75
= 243 pounds at 99 pph, for a time of 2 hours and 27 minutes.
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5465. C. The fuel consumption on the graph in figure 12 at



- 1°C is 59 pph, but the NOTE indicates subtracting 6 pph for the power
setting given. The fuel consumption is 53 pph and subtracting 30 minutes
for the VFR day reserve (27 pph) leaves a total fuel for cruise of 317
pounds. At 53 pph this gives a flight time of 5 hours 59 minutes.

5466. A. APFM, p. 211. This problem was worked out on an

E-6B and an electronic computer. Both arrived at answer A.

5467. C. APFM, p. 211. Both computers agreed.

5468. C. APFM, p. 211. Both computers agreed.

5469. A. To travel 460 NM at 180 knots would require 460/

180 = 2.56 hours (no need to convert to hours and minutes). 2.56 x 80
pounds = 205 pounds.

5470. A. This is the same type of problem as 5469. Ground-

speed = 173 knots; distance of 450 NM 450/173 = 2.60 hours; 2.60 x 95 =
248 pounds. The altitude (6,500 feet) given is superfluous. It doesn't matter
what the altitude is if distances, consumption, and groundspeed are given.

5471. C. The distance of 435 NM is divided by the ground-

speed to get a time of 3 hours. At 12.5 gph consumption, 37.5 (call it 38)
gallons are required.

5472. C. Dividing: 490/135 = 3.63 hours; 3.63 x 9.5 = 35

gallons.

5473. A. 560/167 knots = 3.35 hours; 3.35 x 14.8 = 49.58

(50 gallons).

5474. A. 612/157 = 3.9 hours; 3.9 x 14.7 = 57.33 (58 gal-



lons).

5475. A. APFM, pp. 203-6. In working the earlier wind tri-

angle problems, 3 factors of the triangle were known: (1) the wind vector,
(2) the TAS, and (3) the true course. Here, the TC, groundspeed, TH, and
TAS are known, so the third leg of the triangle (wind direction and velocity)
must be filled in. Using both the E-6B and an electronic computer, the
answer was found to be 020° and 32 knots (rounded off)- You could do this
on paper also, drawing the known information, then using a protractor, and
"filling in" the wind line for direction and speed.

5476. B. APFM, pp. 203-6. This is the same type problem as

5475. Using the two types of computers (they agreed within 1° and 1 knot),
an answer of 113° and 19 knots (answer B) was obtained.

5477. C. APFM, pp. 209-11; Fig. 17-14 and explanation on

p. 210, col. 2. The tangent of the angle is 6/52 = 0.1154, or the angle is 6.6°
(call it 7°). This represents the degrees of correction required to parallel the
desired course. To converge on the destination, an additional change in
course is required. Using APFM, Fig. 17-14 technique, or trigonometry, you
find that an additional correction of 3° is needed, for a total of 10° (answer
C). APFM, Fig. 1-8 may be of some help.

5478. C. APFM, pp. 209-11; Fig. 17-14 and explanation on

p. 210, col. 2. To parallel the original course a change of 5.7° is required
(call it 6°). To converge at the destination, a further correction of 4.3° is
required, or 10° total (answer C).

5479. C. SPFM, Fig. 19-6. The sectional chart is a Lambert con-

formal conic projection, so the meridian lines converge toward the top of
the chart. Use the midpoint meridian for measuring courses.

5481. C. APFM, pp. 202-3. Working with two types of com-



puters, a groundspeed of 81 knots and a true heading of 089° is found. To
go 135 NM at 81 knots requires 1:40 (1 hour 40 minutes), or 1.67 hours,
and at 105 pph, fuel required is 175 pounds.

5482. A. From sea level to 6,000 feet requires 14 pounds (in-

terpolating) of fuel and from sea level to 16,000 feet requires 39 pounds. To
climb from 6,000 to 16,000 feet requires 39 — 14 = 25 pounds. The
temperature is 7° C high so add 7%, or 1.07 x 25 = 26.75 (call it 27
pounds). Adding 16 pounds for starting, etc., gives an answer of 43 pounds,
closest to answer A.

5483. B. Use the same technique as shown in 5482, except

this time you're dealing with time rather than pounds of fuel.

Time to climb from 2,000 to 8,000 feet is 9 - 2 = 7 minutes. Correction for
the temperature (standard at 2,000 feet is 11°C; the temperature is 21°C
high), so 1.21 x 7 = 8.4 minutes.

5484. C. From sea level to 4,000 feet with an aircraft weight

of 3,700 pounds requires 12 pounds of fuel. Sea level to 12,000 feet
requires 37 pounds, so 37 - 12 = 25 pounds required from 4,000 to 12,000
feet. The temperature (21 °F) is 14° high, so 20% is added to the climb fuel
or 1.2 x 25 = 30, plus 16 pounds for start, etc. giving a total of 46 pounds.

5485. C. From sea level to 4,000 feet takes 5 minutes and

from sea level to 8,000 feet takes 10 minutes, so from 4,000 to 8,000 feet
would take 10 - 5 = 5 minutes. The temperature is 7°C above standard, so
add lOVo, or 1.1x5 = 5.5 minutes.

5486. B. APFM, p. 95, Fig. 6-12. This can be a tough prob-

lem because the Fuel, Time, and Distance-to-Climb scale is "illegitimate"
and hard to read in 2.5 increments.

5487. A. Again, the figure is hard to read and interpolate



because of the non-standard scale.

5488. B. APFM, p. 211, Computing Climb and Descent Fac-

tors. Both types of computers agreed on answer B.

5489. B. Looking at the altitude to be climbed (from 1,500 to

9,500 feet, or 8,000 feet) and the rate of climb (500 fpm), the answer is 16
minutes. This eliminates answer A. Using the E-6B and electronic
computers, the TAS is 153 knots and the TH is 140°. Subtracting the
variation of 5°E and the deviation of —3°, the compass heading is 132°.

5490. A. SPFM, p. 181, Fig. 21-3.
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5491. B. IFM, pp. 108-14, Fig. 5-32.

5492. B. Adding the heading (265°) and magnetic bearing

(065°) gives an answer of 330° TO the station or 150° FROM the station.

5493. C. Adding the heading and bearing: 315° + 140° =

455° TO the station. Okay, better subtract 360° to get 095° TO the station,
but the question wants a FROM answer so the reciprocal of 095° is 275°
FROM. Keeping up with whether TO or FROM is required.

5494. B. There are two ways to get the magnetic bearing in

this case: (1) add 350° + 240° = 590°; then subtract 590° - 360° = 230° TO
or (2) the station is on a relative bearing 120° to the left, so 350° — 120° =
230° TO.

5495. C. This one's pretty simple. Heading (040°) plus rela-



tive bearing (290°) equals 330° magnetic bearing TO the station.

5508. B.

At a 60° angle, illustrations.

the choices eliminate three of the

5496.

5497.

A. Add 355° + 045° = ing TO the station.

040° to get the magnetic bear-

C. Looking at the situation as it stands in instrument group 3 in figure 16,
the heading is 330° and the relative bearing is 270°, which means that it's
240° TO or 060° FROM the station. The airplane must continue on course
until it's 030° from the station, or a movement of 30° rearward for the
needle (270° - 30° = 240°).

5498. C. The airplane is headed 300°, and the relative bear-

ing is 040°. If the aircraft is turned to 090°, this means a turn to the right of
150°. The needle of the ADF will turn 150° to the left of its original bearing
of 040°, or 360° - 110° = 250° (or the relative bearing is 360° -(- 40° = 400°
- 150° = 250°).

5499. C. By turning right to a heading of 360°, the needle

will indicate 330° relative bearing when that bearing to the station is
intercepted at a 30° angle.

5500. A. There's no law that says you can't set a reciprocal

bearing to your course, but you'll have put up with reverse sensing.

5501. C. Tracking outbound on the 180 radial, you'd set the



OBS to 180° so that corrections would be made toward the needle.

5502. C. When you're tracking inbound on the 215 radial,

the course is 035° and you'd set this on the OBS to correct toward the
needle.

5503. C. And also, don't forget the 5 Cs when unsure of your

position.

5504. A. For VHF/DF assistance, all you'll need is to be able to

talk and listen. Only a very few VHF/DF facilities are still in operation. Use
your transmitter and transponder for aid.

5505. B. APFM, p. 7, Max Range Airspeed.

5506. A.

5507. C.

5509. A. To intercept the 360 radial inbound at a 60° angle

would require a heading of 240°. A 150° left turn from 030° to a heading of
240° would give an intercept angle of 60° inbound (answer A).

5510. A. The airplane is inbound on a heading of 255° with

the OBS set to 240° (TO). The selected course is to the right, so the
intercept will be made on the 060 radial at a 15° angle.

5511. B. Sketch what's happening and you'll see that a left

turn of 125° to a 270° heading will give the required intercept angle.

5512. B.

5513. C. The airplane should be flown on the heading of



340° until the needle "head" is pointing 35° right of the tail, or 145°
relative. Add 340° -I- 145° = 485°, then subtract 485° - 360° = 125° TO the
station, or 305° FROM. Or you could use the "tail" of the needle and fly
until it's 35° to the left of the 360° position; 340° - 35° = 305° FROM the
station.

5514. C. Fly on a heading of 340° until the needle moves

back to 30° to the right of the tail (150° relative). 340° -I- 150° = 490° -
360° = 130° TO or 310° FROM.

5515. C. APFM, pp. 211-12. Time Between Bearings. Using

the rule of 60, 60/degrees change x time change = time to station. The
change is from 265° to 260° = 5°, and the time change is 2 minutes. So, it
would be 60°/5° X 2 = 24 minutes to station. The groundspeed is 145 knots,
so the distance to the station is 24/60 x 145 = 58 NM.

5516. B. Using the formula, 60°/10° x 2 minutes = 12 min-

utes from the station. With a TAS of 160 knots, then 12/60 X 160 = 160/5 =
32 NM. (Here it's assumed that there's no wind when TAS is given.)

5517. C. 60°/5° X 1.5 minutes = 18 minutes to the station.

At a TAS of 115 knots, 18/60 x 115 = 34.5 NM.

5518. C. 60°/5° = 12; 12 x knots = 115 NM.

5 minutes = 60 minutes at 115

5519. A. The change is 5° in 1.5 minutes, or 18 minutes to

the station.

5520. C. 60°/5° X 2.5 minutes = 30 minutes.

5521. C. 60°/5° X 2 minutes = 24 minutes.



5522. B. 10° change = 60°/10° x 2.5 = 15 minutes.

5523. B. 10° change = 60°/10° x 2.5 = 15 minutes. 15/60

X 90 = 22.5 miles.

5524. A. 10° change = 60°/10° x 4 minutes = 24 minutes.

24/60 X 11 gph = 4.4 gallons.

5525. B. Bearing change is 5° in 6 minutes. 60°/5° = 12 x 6

= 72 minutes = 1.2 hours at 12 gph, or 14.4 gallons is required.
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5526. A. 60°/15° = 4; 4 x Fuel consumption gallons.

6 = 24 minutes to the station. - 8.6 gph; 24/60 X 8.6 = 3.44

5548. B.

5527. A. 60°/15° = 4; 4 x 7.5 = 30 minutes to station, 42.5

miles and 4.8 gallons required.

5528. B. FIM, p. 342, Fig. 25-8. This is a "double the angle

off the bow" problem. The two legs are equal (an isosceles triangle), so leg
2 equals leg 1 (which was 6 minutes). Sketch it on a piece of paper.

5529. A. FIM, p 342, Fig. 25-8. This is another isosceles tri-

angle with equal sides (see Fig. 20-2). Leg 1 is 5 minutes long, so leg 2 is 5
minutes long, also. Read APFM, chapter 1 (this book) to review your
trigonometry.

5530. A. This problem is like that of 5529; the airplane is



flying one leg of a 45° isosceles triangle, so the 7-minute initial leg is the
same as the leg to the station (7 minutes). At 135 knots, the distance is 7/60
x 135 = 16 miles.

5531. A. Another long, lean isosceles triangle; leg 1 is 5 min-

utes, so leg 2 must be the same. At 105 knots, the distance is 8.7 miles.

5532. B.

5533. B. The rule of 60 applies here: A one-fifth deflection

of the CDI is 2°; a 2° angle at 60 miles is 2 miles. You might review APFM,
p. 205, and Fig. 17-6.

5534. A.

5535. C.

5536. B.

5537. B.

5538. A.

5539. A. Using the rule of 60, the time required for 10° of

radial change is 7 minutes (1237 to 1244); 6x7 = 42 minutes to the station.
At a TAS of 120 knots (assume no wind), the distance to the station is 84

NM.

5540. A. Figure 21 shows an isosceles triangle, so if the leg

from 2 to 3 is 13 minutes, the leg from 3 to the station must also be 13
minutes.

5549. C.



5550. C.

U.S. Terminal Procedures Charts indicates in the legend that the altitude
minimum for glide slope inoperative ILS approaches is that of the S-LOC
for that runway, and 1360 feet is the minimum for 13L in figures 25 and
25A.

When you can't complete an approach to the destination airport and proceed
to the alternate, the minimums are as if you planned to go to the alternate in
the first place. (The published landing mini-mums for the type of procedure
now apply.)

5551. B. FAR 91.71.

5552. C. AIM. Remember, when using a VOT, the expression

"Cessna 182" (180 TO) means that you are "north of the station" and thus
on the 360 radial.

5553. B. FAR 91.171.

* * *

5556. B. AIM.

5557. B. AIM.

5558. C. AIM.

5559. B. AIM.

5560. A. AIM.

5561. B. AIM, Glossary, Final Approach Fix. See the light-

ning symbol at 2,200 feet on figure 26.

5564. C. Airports with control towers underlying Class B, C, D,



and E airspace are shown in blue.

5565. B. Class E airspace may have a base 1,200 feet AGL or

may be under a transition area 700 feet AGL. Georgetown Airport is not
under a transition area, so the floor of the Class E airspace over it is 2,588 +
1,200 = 3,788 feet MSL.

5566. C. Note that part of the town of Woodland is under

"regular" Class E airspace (base 1,200 feet AGL) and the southwestern part
is under a transition area (Class E base 700 feet AGL).

5567. B. University Airport is under a transition area (Class

E airspace, base 700 feet AGL).

5568. C. Auburn is under "regular" Class E airspace with a

base 1,200 feet AGL.

5569. B. Military training routes (MTRs) are depicted in

such a manner. The type and route number are not shown on this segment.

5570. B. Check the legends of any of those sectional charts

you have lying around.
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5572. B. As shown in the dashed box in the Livermore Class D airspace, the
top is at 2,900 feet MSL, so 2,901 feet MSL will clear it. A question: The
altimeter may be 6 or 7 feet above the landing gear. Would you be dragging
the wheels (fixed gear) through the Class D airspace at 2,901 feet indicated
altitude? (Don't worry about it.)



5593. C. Notice on the NOS chart that a flag (and X) denot-

ing a Minimum Crossing Altitude of 11,500 feet MSL at TROTS when
traveling NE. The Jeppesen chart also notes "V-468 11500 NE."

5594. B. AIM, Glossary. The glide slope intercept altitude as

noted (7,500) on both charts.

I

5576. B. FAR 91.215.

5577. C. That's Class D airspace.

5581. C. The tower symbol about 4 NM south of Lincoln Airport has the
"lightning strokes" depicting high-intensity lighting (299 AGL). The other
choices don't have this.

5583. C. Check the legend on any of your sectional charts; this is the
symbol for a non-public-use airport.

5585. B. There's a tower about 8 NM ESE. The top is 1,254 feet MSL and
it's 300 feet above the ground, so the terrain elevation is 954 feet. The
airport elevation is 119 feet MSL, so 954 - 199 = 835 feet (answer B).

5587. A. The Oakland Class C airspace extends up to the

overlying Class B airspace, which has bases of 2,100 and 3,000 feet MSL in
that area.

5588. B. With a visibility of 1 mile, you are required to stay

out of Class E airspace, which, at your present position north of Madera, is
from 1,200 feet AGL upward. The Class E airspace base drops to 700 feet
AGL just north of the Madera Airport. To be legal you must drop down to
700 feet to Class G airspace.

5591. C. The minimum enroute altitude from BTG is 7,000



feet eastbound. You would cross GYMME at 7,000 feet. (Going west, the
segment from GYMME to BTG is 6,500 feet.)

5592. A. One VOR receiver can pinpoint ANGOO intersec-

tion by establishing the course from YKM and then switching to LTJ and
setting in 330° FROM. It's not as handy as having two VOR receivers or
one VOR and a DME, but it sure can be done.

5595. A. Both charts (27 and 27A) note that the MSA is es-

tablished on the Denver VORTAC.

5596. B. AIM, Glossary. ". . . when ATC directs a lower-

than-published Glideslope/Path Intercept Altitude, it is the resultant actual
intercept point of the glide-slope/path intercept."

5597. B. NOS, U.S. Terminal Procedures Legend, Landing

Minima Format. The straight-in localizer MDA becomes the minimum if
the glide slope is inoperative. Both charts (figures 28 and 28A) agree on
1,320 feet MSL; in fact, the Jeppesen chart (bottom center) shows it well.

5598. B. Both charts say that the FAF to MAP is 5.2 miles.

5599. B. AIM, Glossary. MSA is based on the navigation fa-

cility and both charts show that the HIC (White Cloud) VORTAC is the
center of the circle.

5600. B. Well, you need azimuth and distance information,

and one VOR receiver and a DME will do it. (You'll need both because
there are no intersection cross-bearings required, only distance
requirements.)

5601. A. FAR I, Definitions and Abbreviations.



5602. C. APFM, p. 42.

5603. A. This question cites an airship but the same would

apply to an airplane. If in VFR conditions on an IFR flight plan and
experiencing a two-way communications loss, remain VFR and land as
soon as practical.

5604. B. APFM. p. 151-55, The Gust Envelope.

5605. B. APFM, p. 148, Airspeed Indicator Markings and

Important Airspeeds.

5606. C. APFM, p. 194, col. 1, next to last paragraph.

5607. B. APFM, p. 196, Loss of Oil Pressure.

5608. C. APFM, p. 165, Leaning.

5609. C. APFM, p. 165, Leaning.

5610. A. APFM, p. 165, Leaning.

5611. B. This is the only feasible choice. Anytime the mix-

ture is too rich for the situation, plug fouling can be a problem.
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5612. A. APFM, p. 57, Acceleration Errors. This is a sail-

plane question but it applies to airplanes as well, so it's included here.

5613. B. APFM, p. 57, Acceleration Errors. Okay, another

mention of a sailplane, but it happens with airplanes also. Remember
ANDS: /Iccelerate —compass turns North; Decelerate-compass turns
5outh.



5614. B. APFM, p. 78, Runway Slope Effects.

Questions 5615-5618, assume that the runway is lined up

exactly to the nearest 10°; that is, for instance, Runway 30

is exactly 300° magnetic.

5615. A. APFM, p. 3, Fig. 1-5. The crosswind limitation

cited here is 0.2Vso so the max crosswind component is 12 knots (0.2 x 60
knots). The wind is 40° oflF the nose at 20 knots and a crosswind
component of 13 knots is found. The other choices are less than this.

5616. C. APFM, p. 3, Fig. 1-5. The wind is 70° off the nose

at 18 knots, and looking at figure 31, you see a crosswind component of 17
knots. You can use trigonometry (Fig. 1-8) with this also: wind 70° to
course; sin 70° = 0.94; 0.94 x 18 knots = 17 knots.

5617. A. Okay, the wind is 50° off the runway heading at 25

knots. Using figure 31, 19 knots is the answer. Using trig, and Fig. 1-8
APFM: sin 50° = 0.766; 0.766 X 25 = 19.15 knots.

5618. A. APFM, p. 3-4, refer to Figures 1-5 and 1-8

5619. C. Workingfrom"bothends"of the chart, start on the

right (restricted to 1,000 feet total distance) and move to the 20 knots wind
value. Then working on the left for the pressure altitude and temperature,
you find that the intersection of the lines is at a weight of 2,600 pounds or
300 pounds of reduction is necessary.

5620. C. This is a straightforward problem. Move up from

50° F to the 2.000 ft line, then across and up the slope of the weight lines to
2,700 pounds, and straight across to a value of 800 feet.



5621. B. The answer of 1,350 feet is the closest but the small

size of the chart makes the problem difficult. Remember that the question
asked for the ground roll, which is 0.73 of the total.

5622. C. The numbers are different but the principle is the

same as for 5620 and 5621.

5623. B. A double interpolation is required here. At 4,000

feet, splitting the 20°C and 40°C (to find 30°C), the R/C is approximately
728 fpm (split 800 fpm and 655 fpm). At 8,000 feet using the same
procedure, the R/C is approximately 625 fpm. So, at 5,000 feet, the rate of
climb is one-fourth of the difference between what was found for 4,000 and
8,000 feet at 30°, or 728 - 625 = 103; 728 - 26 = 702 fpm.

5624. C. At 20,000 feet interpolating the rate of climb be-

tween -20°C and 0°C (to get the -10°C R/C): 600 - 470 = 130; 600 - 130/2
= 535 fpm. At 24,000 feet -10°C, R/C = 232 fpm. So, at 22,000 feet, the
rate of climb is halfway between 535 and 232 = 384 fpm.

5625. B. APFM, pp. 104-5. At 22" and 2,200 RPM at

-f3°C, the fuel consumption is 70 pph; with 465 pounds available, this gives
6 hours 39 minutes max flight time.

5626. B. Consumption is 82 pph and fuel available is 370

pounds, so 370 divided by 82 = 4.5 hours.

5627. C. Interpolation is called for here. A temperature of

-M3°C is exactly between the numbers for -|-3°C and -|-23°C. At 3°C and
23" and 2,500 RPM the consumption is 90 pph. At 23°C at that power
setting the consumption is 87 pph. Fuel available is 460 pounds and
consumption is 88.5 pph (sphtting the difference), so that 5.2 hours (5 hours
12 minutes) flight time is available.



5628. A. APFM, p. 120. This graph is hard to read because

of its size, but 1,300 feet is the approximate distance found for the total
distance. The ground roll is 0.53 of this, or 689 feet (closest).

5629. A. Remember you're looking for the ground roll,

which is 742 feet.

5630. B. Because of slight differences in using the graph, plus

its small size, pick the number nearest to your answer—636 feet here
(answer B).

5631. A. This one calls for the total landing distance over a

50-foot obstacle and 1,125 feet in the closest answer.

5632. A. APFM, p. 132. The Basic Empty Weight (for later

airplanes) contains full oil, unusable fuel, and hydraulics. (It's ready to fly
except for usable fuel and the pilot.) Older airplanes (Licensed Empty
Weight) include only undrainable oil.

5633. B. APFM, p. 132, Fig. 10-37. This sample airplane

uses a datum just ahead of the nose, so all moments are positive. Some
Cessnas use the forward face of the firewall, so any moments ahead of that
station have a negative sign.

5634. C. APFM, p. 133, col. 1.

5635. B. APFM, p. 133, col. 1.

5636.

B. APFM, p. 133, Figs. 10-38 and 10-39. Working it out:

A = 155 X 45 = 6,975 pound-inches



B = 165 X 145 = 23,925 pound-inches

C = _95 X 185 = 17,575 pound-inches

415 pounds 48,475 pound-inches

48,475/415 Total Moment = datum (CO)

116.8 inches aft of

5637. B. A = 140 x 17 = 2,380 pound-inches

B = 120 X 110 = 13,200 pound-inches

C = _85 X 210 = 17,850 pound-inches

345 pounds 33,430 pound-inches

CG = 33,430/345 = 96.9 inches (OK, 96.898551)
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5638. A. 42585/425= 100.2 inches.

5639. C. 45,525/385 = 118.24 inches.

5646. A. One way of doing the problem is to find the initial

total moment (4,137 x 67.8 = 280,488) and subtract the fuel moment (13.7 x
1.5 x 6 = 123.2 pounds; 123.2 ° 68 inches = 8,384 pound-inches).

4,137 - 123 = 4,014 pounds

280,488 - 8,384 = 272,104 pound-inches

272,104/4,014 = station 67.79.

5647. A. APFM, p. 136, col. 1.



Total Weight = 3,650 pounds Total Moment = 3,650 x 94.0 = 343,100
pound-inches

Moving the baggage forward 140 inches (180 - 40) must result in a moment
now of 3,650 x 92.0 (new CG) = 335,800 pound- inches; 343,100 - 335,800
= 7,300 pound-inches, which is the moment of the baggage to be moved.

So: 7,300 (moment)/140 (inches) = 52.14 pounds

5648. A. APFM, p. 136. The current moment is 4,800 x 98

= 470,400 pound-inches. By moving 90 pounds forward 100 inches you
have decreased that moment by 9,000 pound-inches, or to 461,400 pound-
inches.

461,400/4,800 = 96.125 inches, which is in the envelope.

5649. B. APFM, p. 135, Problem 1.

Fuel weigh! burned = 12.7 x 1.75 x 6 = 133.3

pounds.

Decrease in total moment = 133.3 x 68.0 = 9,068

pound-inches.

Original moment = 68.8 x 3,037 = 208,946. 208,946 - 9,068 = 199,878
pound-inches. New weight is 3037 - 133 = 2,904 pounds.

199,878/2,904 = 68.83 inches.

5650. A. APFM, p. 134, col. 2. The weight is 2,133 pounds

and the moment is 187,040 pound-inches after all the factors have been
multiplied and added. The weight and CG are within limits.

5651. A. APFM, p. 134, col. 2. After working it out, a



weight of 1,933 pounds and a moment of 167.24, or 167,540 pound-inches,
is found. Looking at the envelope, you see that the weight and CG are well
within the normal envelope category.

5652. A. You can work out the original weight and CG (2,193

and 193,940) and see that at least it started out in the envelope. Reworking
the problem with 7 gallons (42 pounds) of fuel, the weight is 2,013 pounds
and the moment is 177,540 pound-inches, within the envelope. Designers
try to assure that fuel burn has a minimal effect on the CG.

5653. A. Carbon monoxide in the cockpit can be a real dan-

ger, and the most likely cause is a cracked or poorly fitting exhaust heating
system.

5654. C. APFM, p. 156, Using the Throttle and Propeller

Controls. Increasing the pitch by easing back on the prop controls reduces
RPM.

5655. C. You're holding the ailerons so that the quartering

tailwind holds down the upwind wing. With a quartering tailwind, "dive and
bank away from the wind."

5656. C. See the explanation for 5655.

5657. C. SPFM. Fig. 6-12; AIM. "The solid lines are on the side

where the aircraft is to hold."

5658. B. AIM. That's a sign prohibiting aircraft entry into an

area. (Don't taxi onto the Interstate.)

5659. C. AIM. That's the ILS Critical Area Boundary Sign.

5660. A. The top red sign prohibits aircraft entry into an area as



noted in 5658.

5661. C. SPFM, p. 13-17, Crosswind Takeoffs and Landings.

You don't want a premature lift-off with the possibility of a drifting
touchdown.

5662. A. You need to increase the airspeed slightly to make

sure that you have control in turbulence.

5663. A. APFM, p. 199. Your first requirement in such a

situation is to maintain control of the airplane, and that means maintaining a
safe airspeed.

5664. C. This is my answer, based on over 5,000 landings on

a runway on the edge of the Cumberland Plateau, where turbulence and
direct crosswinds up to 25 knots are not uncommon. By using power on the
approach, the varying gust effects can be better controlled. Once in position
for landing, get the power off, so the airplane will not be dragged down the
runway, with the possibility of ballooning, followed by a real drop-in.

5665. B. APFM. p. 117, Crosswind Landings. That's a real ad-

vantage to the wing-down landing—the longitudinal axis and direction of
motion must be parallel to the runway and, at the moment of touchdown,
the airplane should be on, or very close to being on, the runway cen-terline.

5666. A. The rotating beacon and the white light on the tail

shows that the other aircraft is headed away from you.

5667. B. APFM, p. 20, last paragraph; p. 157, col. 2. A low

angle of attack (low pitch) and high RPM produces the most power and
thrust.



5668. A. APFM, p. 20, last paragraph.

5669. B. Some airplanes have a turbulence penetration air-

speed, others don't, but if it's available, move to it.

5670. B. If no other information is available (turbulent pene-

tration speed) and you know the V^ for your current weight, use it for
severe turbulence.
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5957. A. ADM.

5958. B. ADM.

5959. C. ADM.

5960. A. ADM.

5961. B. ADM.

5962. A. ADM.

5963. A. ADM.

BACKGROUND

This chapter is for the private pilot with an instrument rating who is taking
the practical test in a single-engine airplane. Fig. 21-1 is a checklist to be
used to get ready; add or delete items as they apply to your particular
situation.



You should have the latest Practical Test Standards available to you because
there may have been some minor changes since this book was printed; for
instance, certain maneuvers may have been combined or altitude or heading
limits may have been increased or decreased. The information here is
intended to give a general look at the requirements of the practical test so
you can see what will be expected.

The descriptions have been paraphrased and additional information is
included. Also included is information from older Practical Test Standards,
which will be of help to you. Some of the orders of presentation have been
changed for easier transitions.

The practical test will have AREAS OF OPERATION, which are phases of
flight arranged in logical sequences from the preparation to the conclusion
of the flight. (The examiner may, however, conduct the practical test in any
sequence that results in a complete and efficient test.)

TASKS are procedures and maneuvers appropriate to an AREA OF
OPERATION. The TASKS are set up for each aircraft category and class
(Airplane Single-Engine Land, Airplane Multiengine Land, Rotorcraft
Helicopter, Lighter-than-Air airship, etc.). As noted earlier, this chapter is
aimed at the ASEL applicant.

The references for this practical test (in addition to this book) are

FAR Part 43 Maintenance, Preventive Maintenance,

Rebuilding and Alteration FAR Part 61 Certification: Pilots and Flight
Instructors FAR Part 91 General Operating and Flight Rules FAR Part 97
Standard Instrument Approach Procedures NTSB Part 830 Notification and
Reporting of Aircraft

Accidents and Incidents AC 00-2 Advisory Circular Checklist AC 00-6
Aviation Weather AC 00-45 Aviation Weather Services FAA-H-8083-3
Airplane Flying Handbook AC 61-23 Pilot's Handbook of Aeronautical
Knowledge AC 61-27 Instrument Flying Handbook AC 61-65 Certification:
Pilots and Flight Instructors AC 61-67 Stall and Spin Awareness Training



AC, 61-84 Role of Preflight Preparation AC 61-107 Operation of Aircraft at
Altitudes Above

25,000 Feet MSL AC 67-2 Medical Handbook for Pilots AC 90-48 Pilot's
Role in Collision Avoidance AC 91-13 Cold Weather Operation of Aircraft
AC 91-23 Pilot's Weight and Balance Handbook AC 91-55 Reduction of
Electrical System Failures Following Aircraft Engine Starting AIM
Aeronautical Information Manual AFD Airport Facility Directory
NOTAMs Notices to Airmen

Pertinent Pilot Operating Handbooks and FAA-Ap-proved Airplane Flight
Manual Refer to the latest available issuance of the above references

APPLICANTS PRACTICAL TEST CHECKLIST APPOINTMENT WITH
EXAMINER: EXAMINER'S NAME

LOCATION .

DATE/nME .

ACCEPTABLE AIRCRAFT

n Aircraft Documents:

Airworttiiness Certificate

Registration Certificate

Operating Umitations D Aircraft Maintenance Records:

Logbooi( Record of Airworttiiness Inspections

and AD Compliance D Pilot's Operating Handbook, FAA-Approved

Airplane Fligtit Manual D FCC Station License

PERSONAL EQUIPMEm'

D View-Umiting Device



D Current Aeronautical Cfiarts

D Computer and Plotter

D Flight Plan Form

0 Rigtit Logs

D Current AIM, Airport Facility Directory, and Appropriate Publications

PERSONAL RECORDS

D D D D

Identification - Ptioto/Signature ID

Pilot Certificate

Current and Aopropnate Medical Certificate

Completed FAA Fomi 8710-1. Aimian Certificate an*or

Rating Application with Instnjctor's Signature (if

applicable) AC Fomi 8080-2, Aimian Written Test Report, or

Computer Test Report Pilot Logoook with appropnate Instructor
Endorsements. FAA Form 8060-5, Notice of Disapproval (if applicable)
Approved School Graduation Certificate (if applicable) Examiners Fee (if
applicable)
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Fig. 21-1. A practical test checklist.

(for example, AC 00-6A, -B, -C, or -L).

Each OBJECTIVE lists in sequence the important elements that must be
satisfactorily performed to demonstrate competency in a TASK. The



OBJECTIVE includes

1. Specifically what you as an applicant should be able to do.

2. The conditions under which the TASK is to be performed.

3. The minimum acceptable standards of performance. (You may be
required to do some of the TASKS in a complex airplane on the flight test.)

TASK: TAXING (ASEL)

REFERENCES: FAA-H-8083-3 Airplane Flying Handbook; Pilot's
Operating Handbook (POH) or FAA-Approved Airplane Flight Manual

OBJECTIVE: To determine that the applicant

1. Exhibits knowledge of the elements related to recommended taxi
procedures, including the effect of wind on the airplane during taxiing and
the appropriate control position for such conditions.

2. Positions flight controls properly, considering the wind.

3. Performs a brake check immediately after the airplane begins moving.

4. Controls direction and speed without excessive use of brakes.

5. Complies with airport markings, signals, and ATC clearances.

21 / THE FLIGHT TEST

7. Completes the appropriate checklist.

When the examiner determines during the pertormance of a TASK that the
knowledge and skill OBJECTIVE of a similar TASK has been met, it may
not be necessary to require the performance of that similar TASK.

When the demonstration of a TASK is not practicable, such as operating
over a congested area or unsuitable terrain or a demonstration that does not



conform to the manufacturer's recommendations, competency can be
evaluated by oral testing.

The examiner may not follow the precise order in which the AREAS OF
OPERATION and TASKS appear in each standard. The examiner may
change the order, or in some instances combine TASKS to conserve time.
Examiners should develop a plan of action that includes the order and
combination of TASKS to be demonstrated by the applicant in a manner
that results in an efficient and valid test. It is of utmost importance that the
examiner accurately evaluate the applicant's ability to perform safely as a
pilot and also recognize the applicant's weaknesses as well as satisfactory
performance.

Examiners place special emphasis on the areas of aircraft operation that are
most critical to flight safety, such as precise aircraft control and sound
judgment in decision making. Although these areas may not be listed under
each TASK, they are essential to flight safety and will receive careful
evaluation throughout the practical test. If they are shown in the
OBJECTIVE, additional emphasis is placed on them. The examiner will
also emphasize stall/spin awareness, spatial disorientation, collision
avoidance, wake turbulence avoidance, low-level wind shear, and checklist
usage (other areas will be determined by future revisions of the test
standard).

When you get the latest copy you'll find that practical test standards will
also refer to the metric equivalent of various altitudes throughout. The
metric altimeter is arranged in IOmeter increments, so the numbers are
rounded off to the nearest lO-meter increment for simplicity.

Use of Distractions during Practical Tests. Numerous studies indicate that
many accidents have occurred when the pilot was distracted during phases
of flight. And many accidents have resulted from engine failure during
takeoffs and landings where safe flight would have been possible had the
pilot used correct control technique and proper attention. Distractions that
have been found to cause problems are

1. Preoccupation with situations inside or outside the cockpit



2. Maneuvering to avoid other traffic

3. Maneuvering to clear obstacles during takeoffs, climbs, approaches, or
landings

To strengthen this area of pilot training and evaluation, the examiner will
provide realistic distractions throughout the flight portion of the practical
test in order to evaluate the applicant's ability to divide attention while
maintaining safe night:

1. Simulating engine failure

2. Simulating radio tuning and communication

3. Identifying a field suitable for emergency landings

4. Identifying features or objects on the ground

5. Reading the outside air temperature gage

6. Removing objects from the glove compartment or map case

7. Questioning by the examiner

Practical Test Prerequisites. As an applicant for the

commercial practical test, you are required by Federal Aviation Regulations
to

1. Possess a private pilot certificate with an airplane rating, if a commercial
pilot certificate with an airplane rating is sought, or meet the flight
experience required for a private pilot certificate (airplane rating) and pass
the private airplane written and practical test;

2. Possess an instrument rating (airplane) or the following limitation will be
placed on the commercial pilot certificate: "Carrying passengers in
airplanes for hire is prohibited at night and on cross-country flights of more
than 50 nautical miles";



3. Pass the appropriate pilot knowledge test since the beginning of the 24th
month before the month in which the practical test is taken;

4. Obtain the applicable instruction and aeronautical experience prescribed
for the pilot certificate or rating sought;

5. Possess a current medical certificate appropriate to the certificate or
rating sought;

6. Meet the age requirement for the issuance of the certificate or rating
sought; and

7. Obtain a written statement from an appropriately certificated flight
instructor certifying that you have been given flight instruction in
preparation for the practical test within 60 days preceding the date of
application. The statement shall also state that the instructor finds you
competent to pass the practical test and that you have satisfactory
knowledge of the subject area(s) in which a deficiency was indicated by the
airman written test report.

The airplane must be a complex airplane furnished by you for the
performance of takeoffs, landings, and appropriate emergency procedures.
A complex landplane has retractable gear, flaps, and controllable propeller
or turbojet propulsion.

Use of FAA-approved flight simulator or flight training device: You may be
authorized to use an FAA-qualified and FAA-approved flight simulator or
flight training device (FTD) for certain requirements on the practical test, as
given in the Practical Test Standards book. You should check with your
flight instructor to confirm whether a flight simulator or FTD at the flight
school (if so equipped) meets FAA standards for the practical test.

Aircraft and Equipment Requirements for the

Practical Test. You are required to provide an appropriate and airworthy
aircraft for the practical test. This aircraft must be capable of, and its
operating limitations must not prohibit, the pilot operations required on the
test. It must have fully functioning controls except as provided in FAR 61.



Flight Instructor Responsibility. An appropriately

rated flight instructor is responsible for training you as a commercial pilot
applicant to acceptable standards in all subject matter areas, procedures, and
maneuvers included in the TASKS within the appropriate commercial pilot
practical test standard. Because of the impact of their teaching activities in
developing safe, proficient pilots, flight instructors should exhibit a high
level of knowledge, skill, and the ability to impart that knowledge and skill
to students. Additionally, your flight instructor must certify that you are
able to perform safely as a commercial pilot and are competent to pass the
required practical test.

Throughout your training, the flight instructor is responsible for
emphasizing the performance of effective visual scanning, collision
avoidance, and runway incursion avoidance procedures.

Satisfactory Performance. Satisfactory performance to meet the
requirements for certification is based on your ability to safely

1. Perform the approved areas of operation for the certificate or rating
sought within the approved standards;

2. Demonstrate mastery of the aircraft with the successful outcome of each
task performed never seriously in doubt;

3. Demonstrate sound judgment; and

4. Demonstrate single-pilot competence if the aircraft is type certificated for
single-pilot operations.
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Unsatisfactory Performance, if, in the judgment of the examiner, you don't
meet the standards of performance of any TASK performed, the associated
AREA OF OPERATION is failed and therefore the practical test is failed.
The examiner or you may discontinue the test any time after the failure of
an AREA OF OPERATION makes you ineligible for the certificate or
rating sought. The test will be continued ONLY with your consent. If the



test is either continued or discontinued, you are entitled credit for only those
TASKS satisfactorily performed. However, during the retest and at the
discretion of the examiner, any TASK may be re-evaluated, including those
previously passed.

Typical areas of unsatisfactory performance and grounds for
disqualification are

1. Any action or lack of action by you that requires corrective intervention
by the examiner to maintain safe flight.

2. Failure to use proper and effective visual scanning techniques to clear the
area before and while performing maneuvers.

3. Consistently exceeding tolerances stated in the objectives.

4. Failure to take prompt corrective action when tolerances are exceeded.

When a disapproval notice is issued, the examiner will record your
unsatisfactory performance in terms of AREA OF OPERATION
appropriate to the practical test conducted.

PREFLIGHT PREPARATION

Certificates and Documents. You should understand and be able to explain
pilot certificate privileges and limitations applicable to flights for
compensation or hire, medical certificates, personal logbooks or flight
records.

DOCUMENTS THAT STAY IN THE AIRPLANE Airplane Registration.
The certificate of registration contains the name and address of the owner,
the aircraft manufacturer, the model, the registration number, and the
manufacturer's serial number. The registration number is painted on the
airplane. You can change the registration number of your airplane by
applying to the FAA and paying a small fee, assuming that the number and
letter combination you have chosen is not already in use. Many corporation
planes use this system; for instance, the Jones Machinery Corporation may



decide that the registration "N1234P" is too ordinary so they apply for, and
get, "NIOOJM" or some other "more suitable" number-letter combination.

The manufacturer's serial number, however, is permanent and a means of
identifying the airplane even when the registration number has been
changed several times. The serial number 6-1050 means that the airplane is
a Zephyr model 6, the 1050th airplane of that model manufactured. The
manufacturer's serial number is used for establishing the airplanes affected
by new service notes or bulletins ("Zephyr Sixes, serials 6-379 through 6-
614, must comply with this bulletin"); you can check the registration
certificate for the manufacturer's serial number to see if your airplane is
affected. If you own an airplane you'll know the serial number-or should.

When an airplane changes owners, or the registration number is changed, a
new registration certificate must be obtained.

Certificate of Airworthiness. The certificate of airworthiness is a document
showing that the airplane has met the safety requirements of the Federal
Aviation Administration and is "airworthy." It remains in effect indefinitely,
or as long as the aircraft is maintained in accordance with the requirements
of the FAA. Unhke the certificate of registration, it must be dis-

played so that it can be readily seen by pilot or passenger. The airworthiness
certificate itself will stay in the airplane indefinitely, but in order for it to be
valid, the following must be complied with:

1. Privately owned aircraft (not operated for hire)-The aircraft must have
had a periodic (annual) inspection within the preceding 12 calendar months
in accordance with the FARs. The logbooks and inspection forms will be a
voucher for this.

2. Aircraft used for hire-In addition to the periodic (annual) inspection, an
airplane used for hire to carry passengers or for flight instruction must have
had an inspection within the last 100 hr of flight time in accordance with
the FARs. This interval may be exceeded by not more than 10 hr when
necessary to reach a point at which the inspection may be accomplished. In
any event such time must be included in the next 100-hr interval. The
annual inspection is accepted as a 100-hr inspection. Both the annual and



100-hr inspections are complete inspections of the aircraft and identical in
scope. In order to perform an annual inspection, however, the mechanic or
facility must have inspection authorization.



3. Progressive inspection-The airplane you're flying may use the
progressive inspection system. The owner or operator provides or makes
arrangements for continuous inspection of the aircraft, so the inspection
work load can be adjusted or equalized to suit the operation of the aircraft
or the need of the owner. This plan permits greater utilization of the aircraft.
The owner using progressive inspections must provide proper personnel,
procedures, and facilities. Progressive inspections eliminate the need for
periodic and 100-hr inspections during the period that this procedure is
followed.

Check the logbooks and the inspection forms before taking the flight test to
make sure that the airplane is airworthy. It would be plenty embarrassing
for the flight examiner to find that the airplane has not been inspected as
required and is not airworthy. No matter whether you begged, borrowed,
hired, or stole the airplane, the final responsibility rests on you at the flight
test. The owner/operator will be in trouble too, but this won't make it any
easier on you.

If there is no record of the required inspections, then the airworthiness
certificate is null and void. For information on Airworthiness Directives,
service letters, and service bulletins, see the section "Repair of Maintenance
Notifications" at the end of Chapter 13 of this book.

Airplane Flight Manual or Pilot's Operating Handbook. The POHs for

general aviation airplanes are laid out as follows for standardization
purposes:

Section I —General

This section contains a three-view of the airplane and descriptive data on
engine, propeller, fuel and oil, dimensions, and weights. It contains
symbols, abbreviations, and terminology used in airplane performance.

Section 2 ~ Limitations



This section includes airspeed limitations. 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
airplane, depends on the stall speed, which decreases as the airplane gets
lighter. (Review Chap. 11.)

Included here also are power plant limitations (engine rpm limits, maximum
and minimum oil pressures, and maximum oil temperature and rpm range).
Weight and CG limits are included for the particular airplane.

Maneuver and flight load factor limits are listed, as well as operations limits
(day and night, VFR, and IFR), fuel limitations (usable and unusable fuel),
and minimum fuel grades.
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An airplane may not be able to use some of the fuel in flight; this is listed as
"unusable fuel." For example, one airplane has a total fuel capacity of 24
U.S. gal with 22 U.S. gal being available in flight (2 gal unusable).

Copies of composite or individual aircraft placards are included.

Section 3 — Emergency Procedures

Here are checklists for such things as engine failures at various portions of
the flight; forced landings, including ditching; fires during start and in
flight; icing; electrical power supply malfunctions; and airspeeds for safe
operation.

Included are amplified procedures for dealing with these "problems," such
as how to recover from inadvertently flying into instrument conditions,
recovering after a vacuum system failure, spin recoveries, rough engine
operations, and electrical problems.



Section 4 — Normal Procedures

This section has 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
summarized, as well as given in the amplified procedures. Noise
characteristics of the airplane may be included here.

Section 5 — Performance

Performance charts (takeoff, cruise, landing) with sample problems are
included, with range and endurance information, airspeed and altimeter
calibration charts for normal and alternate static sources, and stall speed
charts.

Section 6— Weight and Balance and Equipment List

Airplane weighing procedures are given here, as well as 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 diagrammed. The
landing gear, engine and engine controls, etc., and fuel, brake, electrical,
hydraulic, instrument, anti-icing, ventilation, and heating systems are
covered here.

Section 8 —Airplane Handling, Service, and Maintenance

Here is the information you need for preventive maintenance, ground
handling, servicing and cleaning, and care for a particular airplane.

Section 9—Supplements

This covers optional systems, with descriptions and operating procedures of
the electronics, oxygen, and other nonre-quired equipment.



OTHER AIRCRAFT DOCUMENTS-AIRFRAME, ENGINE, AND
PROPELLER MAINTENANCE RECORDS. The FARs State that the
registered owner or operator must maintain a maintenance record in a form
and manner prescribed by the FAA administrator, including a current and
accurate record of the total time in service on the aircraft and on each
engine, propeller, and appliance of the aircraft, and a record of inspections
and the record of required maintenance. Such records shall be

1. Presented for required entries each time inspection or maintenance is
accomplished on the aircraft or engine.

2. Transferred to the new registered owner or operator upon disposition of
the aircraft or engine involved.

3. Made available for inspection by authorized representatives of the FAA
administrator or NTSB.

Number 3 is the reason you should have the logbooks and inspection
reports with you for the flight test.

he/tisH'i/tK

Fig. 21-2.



Logbooks. The logbook entry must include the type and extent of
maintenance, alterations, repair, overhaul, or inspection and reflect the time
in service and date when completed. The logbook should have entries when
mandatory notes, service bulletins, and airworthiness directives are
complied with. The regulations call for a separate, current, and permanent
record of maintenance accomplished on the aircraft and engine, and the
logbook is the record. You could carve the information on a piece of
granite, but this would be unhandy to haul around, so the usual procedure is
to use a logbook.

The airframe and each engine and propeller must have separate records.

Before taking the flight test, make sure your logbooks are the right ones and
are up-to-date.

Record of Major Repairs and Alterations. This is FAA form 337, a special
form for major changes done after the plane leaves the manufacturer. The
owner/operator keeps a copy, and an entry is made in the logbook with a
reference to the date or work order by number and approving agency. The
FAA 337 notes the new empty Weight, useful load, and empty CG (as in the
logbook) and is normally attached to the Weight and Balance form in the
airplane. Review Chap. 13 for information on service bulletins and other
maintenance requirements.

SUMMARY OF THE AIRCRAFT DOCUMENTS. You can accomplish a
great deal by going over the documents with the owner/operator of the
airplane you plan to use on the flight test. Examiners can ask embarrassing
questions that would have been simple to answer had you just spent a few
minutes checking the airplane's papers (Fig. 21-2). By the way, be sure you
can explain limitations imposed on airplane operations with inoperative
instruments or equipment, when a special flight permit is required, and
procedures for obtaining a special flight permit.
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Obtaining Weather Information. Be able to obtain Aviation Weather
Reports, Area and Terminal Forecasts, and Winds Aloft Forecasts pertinent



to a proposed flight. Know what is pertinent and be able to interpret and
understand the significance.

A chapter on such information is not included in this book because the
methods of presenting weather are constantly changing. The times of
release and symbols used in the various reports will probably be changed
from the time this book is printed to the time you are ready for the practical
test. You'll be graded on reading actual information at the time of the
practical test. If you haven't dealt with the workings of the National
Weather Service lately, you'd better go to an FSS or Weather Service Office
and get up-to-date on what information is currently available and the best
way to interpret it.

Break out your copies of Aviation Weather and Aviation Weather Services
beforehand for a good review of weather theory and how to interpret the
information provided by the National Weather Service.

There will be emphasis on PIREPs, SIGMETs and AIR-METs. Know how
to use wind shear reports.

Cross-Country Flight Planning. Your knowledge and ability to plan a cross-
country flight may be based on the most complex airplane used for the
practical test. In-flight demonstrations of cross-country procedures will be
tested under the area of operation NAVIGATION. You'll be expected to
promptly and systematically plan a VFR cross-country flight near the
maximum range of the airplane, considering maximum payload and fuel,
including one leg for night operations. (For Pete's sake, select and use
current and appropriate aeronautical charts.) You'll plot a course with fuel
stops, available alternates, and a suitable course of action for various
situations.

You'll pick the best checkpoints and the most favorable altitude or flight
level considering weather and equipment capabilities. You'll be expected to
select appropriate radio aids for navigation and get pertinent information
from the Airport/Facility Directory and other flight publications, including
NOTAMs. You'll fill out a navigation log and simulate filing a VFR flight
plan. When you select the route, check the airspace, obstructions, and



terrain features. Planning on flying through a Prohibited Area can cost
points.

Airplane Loading and Baggage Capacities. You'll be expected to refer to the
approved Weight and Balance data for the airplane. You might review the
section on Airplane Weight and Balance in Chap. 10. You'll probably be
asked for some practical computations of permissible fuel and payload
(baggage and passenger) distributions. The FAA considers the following as
standard for Weight and Balance computations:

Fuel—6 lb per gallon

Oil-7'/alb per gallon

Actual weights of persons Remember that the baggage compartment is
placarded for two reasons: (1) structural and (2) CG considerations.

Weight and Balance. You'll be expected to be able to work a Weight and
Balance for the airplane being used to determine that the Weight and CG
are within limits. You'll naturally use the charts and graphs furnished by the
manufacturer. Don't use the sample empty Weight, as given in the POH,
unless the examiner just wants a general example. At least know that you'd
use the actual empty Weight and empty CG of the airplane you're flying.

Review Chap. 10, particularly with respect to the effect of CG positions on
stability and control. Also note the effects of Weight on performance and
airplane stresses (Chap. 11).

Determining Performance and Limitations. You'll be expected to know the
limits of your airplane, such as limit load factors and airspeeds (see Chap.
11) and to demonstrate proficient use of the appropriate performance charts,
tables, and data-including cruise control, range, and endurance (Chap. 7).

You'll be expected to determine the airplane's performance in all phases of
flight, so Chaps. 5 to 9 of this book might be reviewed. Be sharp with your
weight and balance work, and a review of that section in Chap. 10 would be
in order.



Know the effects of seasonal and atmospheric conditions on the airplane's
performance (for instance, High, Hot, and Humid Hurts). You'll be expected
to use sound judgment in making a competent decision on whether the
required performance is within the airplane's capabilities and operating
limitations. (If you come back after the flight test with a wrinkled airplane,
don't expect to get a commercial certificate that trip.)

Operation of Aircraft Systems. You'll have to be familiar with the primary
flight controls and trim, wing flaps, spoilers, and leading edge devices
(Chap. 2).

Know the pitot-static system and the associated flight instruments (Chap. 4)
as well as the vacuum/pressure systems and associated instruments that may
have possible problems associated with the flight instruments and systems
(Chaps 4 and 19).

Be aware of the foibles of retractable landing gear with particular emphasis
on the retraction system (normal and emergency), the indicators, the brakes
and tires, and the nose-wheel steering (Chap. 14).

As far as the power plant is concerned, know the controls and indicators as
well as the induction, carburetor/fuel injection, exhaust and turbocharging,
and cooling and fire detection systems (Chaps. 4, 12, and 19).

Be very familiar with the propeller type and controls (Chaps. 2 and 12).

As far as the fuel system is concerned, you'd better have full knowledge of
its capacity, pumps, control, and indicators plus fueling procedures
(approved grade, color, and additives) and the low-level warning system.
For Pete's sake know where the fuel drain valves are and in what order they
should be used (Chap. 13).

The oil system information includes capacity, grade, and indicators (Chaps.
4 and 13).

The hydraulic system will be discussed with attention paid to the controls
and indicators plus pumps and regulators (Chap. 14).



You might review Chap. 4 and the Pilot Operating Handbook for the
electrical system of your airplane.

[Does your airplane have an alternator(s) or generator(s), and what are the
advantages and disadvantages of each?] You might check Fig. 4-67 to see a
simple electrical system. Know where the battery is located and note if your
airplane has an auxiliary power plug. What circuit breakers or fuses protect
what components? If you lost all electrical power, what systems and
instruments would you lose? Be very famiUar with the internal and external
Ughting and controls.

You might review Chap. 18 and your POH for the environmental system of
your airplane, including heating, cooling and ventilation, oxygen and
pressurization, and the controls and indicators for all this.

Check out the ice prevention and elimination systems for your airplane
(Chap. 19).

Avionics is a most important system. Which antenna (top or bottom) is for
what communications system?
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National Airspace System. Know the basic weather mln-imums for all
classes of airspace and be able to prove your knowledge of Class A, B, C,
D, E, and G airspace. You'll probably be asked questions on special use
airspace and other airspace areas.

Aeromedical Factors. The Airman's information Manual has an excellent
chapter on "Medical Facts For Pilots," and there you can get information on
hypoxia, hyperventilation, middle ear and sinus problems, spatial
disorientation, motion sickness, the effects of alcohol and drugs, carbon
monoxide poisoning, and stress and fatigue. (Review Chap. 18 of this book,
also.) If you scuba dive and then fly too soon afterward, you could get the
bends.

Night Flight Operations. You will be asked questions about night operations
but won't likely be required to fly at night.



You should be able to answer questions on night visual perception,
including functions of rods and cones, how the eyes adapt to changing light
conditions, and how to cope with illusions created by various light
conditions. Know about aids for increasing vision effectiveness.

Be aware of personal and required airplane lighting and equipment and how
a pilot can judge another airplane's probable path by light interpretation. Be
able to explain airport and navigation lighting, including pilot-controlled
lighting.

You could be asked to explain the steps of a night flight from preflight to
landing, including possible emergencies.

PREFLIGHT PROCEDURES

Preflight Check or Visual Inspection. Be prepared to

answer why you are checking certain things on the airplane.

Start the line check in the cockpit. Make sure the ignition switch (or
switches) and battery (master) switch are OFF.

Use the manufacturer's recommended procedure or your own line check
procedure. A pilot who finally makes up a line check only in order to pass a
flight check doesn't deserve to get a higher certifipate or rating. Of course,
you have used a thorough line check for every flight since the student pilot
days, so the only difference on the flight test will be explaining why each
item is inspected.

It's amazing how little some pilots know about the internal workings of
their airplanes. This is more often the case when the pilot has rented
airplanes all along and has a blind faith in the operator. It may be possible
that the pilot has never drained fuel strainers, always assuming that "the
operator did it this morning." These pilots may not even know where to
drain the fuel to check for water or dirt. It has happened. Know by feel
where all the switches, circuit breakers, and spare fuses are hidden for both
day and night operations.



When you become a commercial pilot or buy your own airplane you'll be
carrying more of the preflight responsibility. As a commercial pilot you
may operate away from the home base for days or weeks on a charter
operation. Good ol' Joe, the mechanic, won't be around to drain the fuel
strainer and check the oil for you. It'll be up to you to decide whether repair
work should be done and whom to contact at the strange field. (Review
Chaps. 12, 13, 14, and 15.)

Airplane Servicing. You'd better know the proper grade and type of fuel and
oil for your airplane and determine that there is an adequate supply of both
on board. The examiner could ask questions about possible types of fuel
contamination and how to eliminate it. If your airplane has oxygen

equipment, know how to check the adequacy of the supply and how to use
it (Chap. 18).

Cockpit Management. You'll show that you know good procedures in
cockpit management by making sure that passengers and cargo are secure
and full-control movement is possible. Brief passengers (the examiner) on
safety belt use and emergency procedures. Make sure that your material
(charts, etc.) and equipment are readily available. Discuss with your
instructor beforehand the factors of crew resource management.

Engine Starting. Use the checklist! Be able to explain the correct starting
procedures, including use of external power sources and the effects of
incorrect starting procedures. Don't abuse the equipment. You'll be judged
on positioning the airplane to avoid creating hazards, determining that the
area is clear, setting up the engine controls properly, setting (holding) the
brakes, avoiding excessive engine rpm and/or allowing the airplane to move
too soon, and checking the engine instruments after the start.

Taxiing. Be able to discuss all aspects of safe taxiing procedures, including
the effect of wind on the airplane and the other elements in the flight test
taxiing excerpts at the beginning of this chapter.

Before Takeoff Check. Use the manufacturer's, or a recommended,
checklist. If you start and make a run-up without a checklist the examiner
will terminate the flight (and is right to do so). You are now working to



become n professional pilot and probably have used a checklist during
every flight anyway. If your chandelles or lazy eights aren't so hot but your
other flying has been good, and if you've been conscientious about using a
checklist, you're much more apt to pass than if you have outstanding
chandelles but no checklist.

If you position the airplane improperly (blasting other airplanes), run up
over sand or gravel (sandblasting your airplane's propeller), or make a long
run-up headed downwind (maybe overheating the engine), you could fail
this TASK.

Touch each control or switch or adjust it to the prescribed position after
calling it out from the checklist.

Recognize any discrepancy and determine that the airplane is ready for
flight. ("The left mag always drops 600 rpm.") Review critical takeoff
performance, airspeeds, and distances and describe emergency procedures.
Catch the takeoff and departure clearances and note the takeoff time.

AIRPORT OPERATIONS

Radio Communications and ATC Light Signals. Be

sure to think before transmitting (or listening for) a particular service and to
transmit and report correctly using the recommended standard phraseology
(no CB chatter). You'll be expected to be sharp in receiving,
acknowledging, and complying with communications and to follow
prescribed procedures for a simulated or actual communications failure. Be
able to interpret and comply with ATC light signals.

Traffic Patterns. You'll be judged on your professionalism in the traffic
pattern operations at controlled and uncontrolled airports and will be
expected to use proper collision avoidance procedures and established
traffic pattern procedures and to stick to instructions and rules. Avoid wake
turbulence! Fly a precise pattern and make good corrections for wind drift.
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Maintain adequate spacing from other traffic (formation flying is out) and
maintain the traffic pattern altitude within ± 100 ft and the desired airspeed
within ±10 K. Don't forget the checklist and don't land on the wrong
runway.

Airport Taxiway and Runway Signs, IMarkings, and Lighting. You'll be
expected to identify, interpret, and conform to airport, runway, and taxiing
marking aids. To land on the wrong side of a displaced threshold or ignore
the taxiway hold line could result in some disappointment.

Know and conform with airport lighting aids.

TAKEOFFS, LANDINGS, AND GO-AROUNDS/REJECTED
LANDINGS

Normal and Crosswind Takeoff and Climb. Review Chaps. 5 and 6 for
takeoff and climb factors. Be able to explain the elements of normal and
crosswind takeoffs and climbs, including airspeeds, configurations, and
emergency procedures. Adjust the mixture control as recommended
(manufacturer or other reliable sources) for the existing conditions.

Note obstructions or other hazards and make sure the airplane is capable of
performing the takeoff. Other factors to be considered are wind, alignment,
necessary aileron deflection at the start and during the takeoff run, engine
instrument check, smooth throttle operation, positive directional control (on
centerline), rotation at proper airspeed, maintaining V, ±5 K, good wind
drift correction on climbout, retraction of gear and flaps at the proper point
and airspeed in climb (after a positive rate of climb is indicated), setting
desired climb power at safe altitude, maintaining a straight track over the
extended centerline until a turn is required, and completion of an after-
takeoff checklist. If you pull the prop control back first (if the manufacturer
insists that it should be the other way around) or forget to retract the gear
and climb laboriously up to altitude, it could result in disqualification. Use
proper noise abatement procedures. (Refer to your airplane's POH and
Chaps. 5, 6, 12, and 14.)

Normal and Crosswind Approach and Landing.



You'll be asked to explain the elements of normal and cross-wind
approaches and landings, including airspeeds, configurations, performance,
and related safety factors.

For normal landings, the tailwheel-type airplane should touch down all
three wheels simultaneously at or near the power-off stall speed. In strong
gusty surface winds you'd better be prepared to use a wheel landing. In the
nosewheel-type airplane, the touchdowns should be on the main gear with
little or no weight on the nosewheel.

Your crosswind corrections should be made throughout the final approach
and touchdown. (Don't think you can wander all over creation on final,
make a last second "save" and

Fig. 21-3. The mark used for power-off accuracy landings is considered to
be a deep ditch —don't undershoot.

be given a lot of credit for headwork.) Don't relax your guard during the
landing roll while congratulating yourself after an extra-smooth touchdown.
Don't exceed the crosswind limitations of the airplane and don't ground
loop.

You'll be judged on takeoff and landing technique, judgment, drift
correction, coordination, power technique, and smoothness. Keep the final
approach speed within ±5 K with a gust correction applied and touchdown
within 200 ft beyond a line or mark specified by the examiner.

For review purposes, take a look at these points on power-off accuracy
landings. In a power-off approach to hit a spot, it is always better to be
slightly high. If there's any question, you may slip or use flaps. Things may
work out so that neither slipping nor flap application is necessary. Nothing
is more embarrassing on a flight test than to think you're high, apply full



flaps or make a steep slip, and discover that enthusiasm caused you to
undershoot. The line or mark that you are required to land within 200 ft
beyond is considered to be a ditch (Fig. 21-3). If you are going to
undershoot, recognize the fact and apply power. An examiner who catches
you trying to "stretch the glide" may get a bad impression of your flying
ability.

About correcting for overshooting: although the rate of sink will increase
considerably by slowing up the airplane in the glide, this is not the place to
get cocked up and dangerously slow. Violent maneuvering, excessive slips,
or dangerously low airspeeds will be disqualifying. One aid in telling
whether you'll hit the spot or not is to watch its apparent movement as you
glide toward it on final. If it moves toward you, an overshoot may occur;
away, you may undershoot the spot.

Ground effect -will tend to carry you farther down the field than you can
determine by the apparent movement of the spot (Fig. 21-4).

Every approach will have some small amount of "float." The amount
depends on the approach speed. If you approach at 140 K (normal approach
speed 80 K), the float distance will

Fig. 21-4. Ground effect.
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be extremely long. If you should approach at 61 K (stall speed 60 K), the
float distance will be quite short (the airplane kind of "squashes" onto the
ground).



Don't get so engrossed in the accuracy landing that you forget to put the
wheels down, or skip other checklist items.

For points on various takeoffs and landings review Chap. 5 and 9.

A last note on the flight test landings: Improper or incomplete prelanding
procedures, touching down with an excessive side load on the landing gear,
and poor directional control will be disqualifying. Although it's not
specifically mentioned, landing gear-up will terminate the flight test
(probably this would be considered a result of improper or incomplete
prelanding procedures).

Be aware of the possibility of wind shear or wake turbulence.

Soft-Field Takeoff and Climb. Know why you are using specific techniques,
configurations, and airspeeds for this TASK. You should also be able to
explain the emergency procedures and hazards associated with attempting
to climb at airspeeds less than V,.

Taxi onto the takeoff surface at a speed consistent with safety, align the
airplane on the takeoff path without stopping, and advance the throttle to
full power smoothly. Check the engine instruments and maintain a pitch
attitude that transfers the Weight from the wheels to the wings as soon as
possible. Maintain directional control, lift off at the lowest possible
airspeed, and stay in ground effect while accelerating. Accelerate to V^ +5,
-0 K, if obstructions are to be cleared, otherwise to V, ±5 K. Retraction of
flaps, gear, power use, and the flight track after takeoff will be judged.
Checklist requirements are the same as for the short-field takeofif just
covered (Chaps. 5, 6, 12, and 14).

Soft-Field Approach and Landing. You'll be judged on your knowledge of
what's involved in a soft-field approach and landing and why techniques
different from the normal or short-field procedures must be used.

On the flight (practical) test you are to evaluate obstructions, landing
surface, and wind conditions and select a suitable touchdown point.
Establish the recommended soft-field approach and landing configuration
and adjust the pitch and power to maintain a controlled approach to the



touchdown point. (Maintain a controlled descent rate at the recommended
airspeed (gust correction factor appHed), ±5 K or in its absence, not more
than 1.3 Vs„.) Be aware of the possibility of wind shear and/or wake
turbulence. Make smooth and timely corrections as necessary throughout
the procedure and touch down smoothly at minimum descent rate and
airspeed with no drift or misalignment of the longitudinal axis. Don't
ground loop. Keep the airplane moving so that you wouldn't bog down (in
an actual situation).

Short-Field Takeoff and Climb. Be able to explain why

special techniques are required, the significance of specific airspeeds and
configurations, and the expected performance for existing operating
conditions. Know your emergency procedures for this phase of flight. Use
the recommended flap setting and adjust the mixture control as
recommended. (Start at the very beginning of the takeoff surface.) Use
smooth throttle, check the engine instruments, and keep it straight on the
runway. Rotate at the recommended airspeed and accelerate to V, -1-5, -OK
until any obstacle is cleared or until at least 50 ft above the surface, then
accelerate to V, and maintain it within ±5 K. Retract the flaps and landing
gear as recommended. (Don't retract the gear until you can no longer land
on the runway.) Set desired power at a safe maneuvering altitude, maintain
a straight track until a turn is required, and complete the after-takeoff
checklist (Chaps. 5, 6, 12, and 14).

Short-Field Approach and Landing. You'll be expected

to touch down smoothly and within 100 ft of a specified point, with little or
no float, no drift, and with the airplane longitudinal axis aligned with the
runway centerline. Maintain a stabilized approach, controlled rate of
descent, and recommended airspeed (or in its absence not more than 1.3 \^)
with gust correction applied, ±5 K. (Remain aware of wind shear and/or
wake turbulence.) Use that checklist! Fig. 21-4 shows ground effect. You
will be expected to maintain positive directional control and apply smooth
braking, as necessary to stop in the shortest distance consistent with safety.
(Review the section on short-field landing and braking in Chap. 9.)

Go-Around from a Rejected (Balked) Landing. You



will likely have to explain the go-around procedure, including the
recognition of the need to make a go-around, the importance of making a
timely decision, the use of recommended airspeeds, the Drag effects of
landing gear and flaps (retract the gear after a positive rate-of-climb
indication), and properly coping with undesirable pitch and yaw tendencies.
Trim the airplane to accelerate to V, before the final flap retraction and
climb at V, ±5 K. Watch that wind drift and obstruction clearances and use
that checklist. The examiner will present a situation on the flight check in
which a go-around from a rejected landing is required and check that you
recognize it and that your performance is acceptable. (The main
requirement is to maintain good control of the airplane during the cleaning-
up process and establishment of climb.)

SLOW FLIGHT AND STALLS

Slow Flight. You will do slow flight at a safe altitude and will maneuver at
an airspeed at which controllability is minimized to the point that further
increasing the angle of attack or load factor would result in an immediate
stall.

For good practice beforehand, do slow flight in medium-banked level,
climbing, and descending turns, and straight and level flight with various
flap settings in both cruising and landing configurations.

You'll be checked on your competence in establishing the minimum
controllable airspeed and positive control of the airplane and in recognizing
incipient stalls. Your straight and level flight should be held within limits of
±50 ft altitude and ± 5° of the assigned heading. If you don't look around
before and during the maneuver, or if you stall the airplane, the examiner
will disqualify you. Primary emphasis will be placed on airspeed control.

You might review the following while getting ready for the flight test:

Remember to keep turns shallow because the stall speed increases with
angle of bank. You may have to use more power to maintain altitude in the
turns.



The problem that most pilots have in the straight portions is that of
maintaining heading. They concentrate so hard on airspeed that the airplane
is allowed to turn at will.

The following tolerances are suggested for straight and level and turning
flight:

Heading-±\Q°

Altitude —no change of altitude in excess of ±50 ft

Airspeed-S\.[xb\\\zt and maintain the airspeed at which an increase in angle
of attack or g force or reduction in power would result in an immediate
stall.

Bank— ±10° in coordinated flight

A good exercise for you to practice for airplane cruise configuration is as
follows:

1. Throttle back to less than the estimated power required to maintain
altitude at the maximum endurance speed. Maintain altitude and heading as
the airplane slows and adjust power as necessary. Fly straight and level for
2 min.
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2. Increase power for climb as you raise the nose. Don't let the airspeed
change. Maintain your heading - torque will now be more of a problem.
Climb straight ahead for 1 min. Make shallow climbing turns in each
direction (15° to 20° banks).

3. Throttle back and resume level slow flight.

4. Carburetor heat ON, throttle closed. Set up a gUde, mamtain the slow
flight airspeed. Don't jerk the throttle closed but ease it back as the nose is
lowered to the glide position (Fig. 21-5).

5. Make shallow gliding turns (20° to 30° banks) in each direction.



Repeat the exercise with the airplane in landing configuration, in straight
and level flight, and in constant altitude turns. The transition to the various
attitudes will give you the most trouble. The stall wamer may be sounding
off throughout the exercise. Roll out on specified headings within ±10°.

Common Errors

1. Poor altitude control during the transition from cruise to slow flight.

2. Heading problems during straight and level and during climb.

3. Stalling the airplane.

4. Excessive changes of speed during transition from straight and level to
climb or glide.

5. Failure to maintain a continuous surveillance of the area before and
during the procedure. (Don't stare at the airspeed indicator or altimeter.)

6. Getting below 1500 ft AGL.

Straight-Ahead Stalls. Always clear the area by making two 90° turns in
opposite directions, or one 180° turn before doing stalls straight ahead.
There will be a blind spot over the nose during the stall. Some pilots
mechanically make these turns but don't look around. This is not only
unsafe but a waste of time. If you don't look around during the turns it's as
bad as no attempt to clear the area at all.

Be sure in all stalls that you have recovered at least 1500 ft above the
ground.

POWER-OFF STALLS. You will maintain a heading ± 10° in straight
stalls.

Procedure

1. Clear the area.



2. Carburetor heat ON (if your airplane requires it), allow about 10 sec for
any ice to be cleared, then set power to approach configuration. (Practice
clean or in the landing configuration.)

3. Raise the nose to an angle of 10° to 15° above the horizon. Have some
prominent object picked to help keep the nose lined up.

4. Pin the nose at that attitude by continued back pressure. Keep the wings
level.

5. When the stall occurs, promptly lower the nose and apply full power
smoothly-don't ram the throttle open.

The check pilot could ask you to make a power-oflF recovery, which only
means that the recovery is not quite as quick as that using power but is still
positive. The reason for a no-power recovery would be to simulate a dead
stick glide during an emergency when you've let it get too slow and are
approaching a stall (with no power available to help recover). Keep looking
around during the stall process, even though you cleared the area before
starting.

After the recovery, allow the airplane to accelerate to approach speed and
resume the approach.

POWER-ON STALLS. The only difference between this stall and the
power-off version is that cruise power is used throughout, which makes it
necessary for you to raise the nose slightly higher in order to get stall
indications without too much delay. Power makes a difference in nose
attitude and stall speed because of the added slipstream over the wings and
the airplane's vertical component of Thrust. Fig. 21-6 shows a comparison



of the nose positions for the power-on and power-off approaches to a stall
(pitch angles exaggerated).

The recovery for the stall consists of promptly reducing the pitch attitude
and applying full throttle. Get in the habit of automatically applying full
power on all stalls unless you are told otherwise by the check pilot.

In a few high-performance aircraft, the power setting may have to be
reduced below the PTS guideline (no less than 55-60 percent of full power)
so that you don't have excessively high-pitch attitudes (greater than 30°
nose up). Such low power settings may be deemed inappropriate for this
TASK for the initial commercial pilot certification. (You'll usually use the
manufacturer's power setting.) Don't pull back on the wheel or stick too
rapidly (easy!) or you might pitch the nose up to an uncomfortable position.

You'll be expected to recover to the point where adequate control
effectiveness is regained with the minimum loss in altitude. Allow the
airplane to accelerate to the best angle of climb with simulated obstacles, or
the best rate of climb without simulated obstacles, and resume the climb.
(See Takeoff and Departure Stalls.)

Common Errors

1. Failure to clear the area.

2. Lowering the nose before there are definite indications of the stall.

3. Not keeping the wings level throughout.

4. Letting the nose wander.

5. Not maintaining a heading within ±10°.

COMPLETE OR FULL STALL. This Stall is a good exercise for keeping
the wings level-and little else-but you should be
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POWER-OFF

POWER-ON

Fig. 21-5. Slow flight attitudes.

Fig. 21-6. A comparison of the attitudes of the power-off and power-on
versions of a stall.
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familiar with it, if only for academic interest. The maneuver may be done at
cruise power or at idle, as with the first stall types mentioned.

In performing this stall pull the nose up higher than for the normal stall (up
to about 30° above the horizon) and continue easing the control wheel back
until the break occurs. In the complete stall do not start a recovery until the
nose has fallen to the horizon (keep that wheel all the way back!) at which
point you release back pressure and apply full power.

You'll find that the power-on version may give you a little trouble in
keeping the wings level and that the nose tends to wander. As you can see,
this is an exercise —you certainly wouldn't deliberately wait until the nose
had fallen through to the horizon before starting recovery in an accidental
stall at low altitudes!

SUMMARY OF SOME STRAIGHT-AHEAD STALLS

Approach to a stall—Recover before the break. (Not required on the
practical test.)

Normal stall—Recover immediately after the break or when full up-elevator
travel has occurred.



Complete stall—The nose is higher; recover after the break when the nose
has moved down to the horizon. (Not required on the practical test.)

Always clear the area.

Note that there are six possible combinations of the above stalls —each one
with and without power.

Keep the wings level with coordinated controls as the nose is lowered and
don't let the nose wander.

Turning Stalls. The heading of this section may be a little misleading
because you should also practice the takeoff and departure stalls and
approach to landing stalls straight ahead. However, in most cases pilots
seem to get into trouble in climbing or gliding turns at low altitudes —
hence the heading.

TAKEOFF AND DEPARTURE STALLS. These Stalls simulate a situation
that happens too often —a stall occurring during the takeoff or climbout. It
may be caused by the pilot's distraction at a critical time or by just showing
off.

The maneuver should be done at slightly above takeoff speed, in takeoff
configuration (this means flaps if you normally use them for takeoff and, of
course, gear down), and at recommended takeoff power. They should be
done from straight climbs and climbing turns of 20°, ±10° constant bank.

You may find that the "high" wing will stall first in most airplanes and the
airplane will roll in that direction, the reason being that as the stall is
approached the wings start losing Lift and the airplane mushes and starts to
slip. The highest wing gets interference from the fuselage and quits first.
You can check this by watching the ball throughout the approach and stall;
if you can no longer keep the ball centered (it will indicate a slip) the high
wing will stall first. Don't blindly expect this to happen because if you stall
at a higher airspeed and are skidding, the bottom wing may be slowed to a
point where it might stall first. There is one model trainer on the market that
has a tendency in a balanced climbing right turn to have the inside (right
wing) drop first (the left turns are as expected). Also, your particular



airplane may have been rigged laterally after leaving the manufacturer so
that funny things happen in the stall. Of course, that's why you practice
them anyway —to see what your airplane does and to find the best method
of recovery. But normally, you can count on an "over the top" type of stall
(the airplane rolls away from the ball).

To recover, get the nose down and level the wings with coordinated
controls. Unless the roll is particularly vicious you can usually recover by
merely relaxing back pressure.

Procedure

1. Gently slow the airplane to about 5 K above the stall in the takeoff
configuration (lift-off speed).

2. Apply climbing power and start a shallow-banked turn in either direction,
pulling the nose up steeply. (Practice them from straight climbs, also.) Note
the altitude at the "lift-off."

3. When the stall breaks, relax back pressure, use opposite rudder if
necessary to stop rotation, and then level the wings with coordinated
controls.

In practicing these stalls you'll find that if the bank is steep you'll have
trouble getting a clean break. The nose may drop, causing the airplane to
descend in a tight circle, shuddering and buffeting-with no stall break.

Keep your head swiveling all during the approach and stall.

Practice the stall in both directions as well as straight ahead.

Common Errors

1. Too steep a bank in the turning stalls —no definite stall break. The bank
angle must be 20°.

2. Too early a recovery — recovering before a definite break.



3. Too late a recovery —the airplane is allowed to rotate too far before
recovery is started.

4. Failure to make a steep climb and thereby delaying the stall as the
airplane mushes.

5. Overeagerness to get the nose down; abrupt forward pressure on the
wheel or stick, with the result that the nose is pushed too low and excessive
altitude is lost during recovery.

APPROACHTOLANDING, OR GLIDING-TURN STALLS. These Stalls

might be considered a power-off version of the departure stalls. The
airplane will be in the landing configuration and the engine throttled back.
This stall demonstrates what could happen if the airplane is allowed to get
too slow during a landing approach. This type stall will be harder to get to
break cleanly, particularly if you are practicing solo. Of course, you may
have a great deal of trouble getting the airplane to stall cleanly during
practice and then be complacent someday and find that the airplane can stall
if you get sloppy and distracted. Practicing these stalls is intended to help
you recognize what could happen and learn how to recover as quickly and
safely as possible.

Procedure. Keep looking around throughout the approach and stall.

1. With the airplane in landing configuration, establish a normal gliding
turn of 20°, ±10°, bank in either direction (after applying carburetor heat if
called for). Be sure to practice the stalls in both directions —not all
approaches are made from left-hand patterns. For straight-ahead versions,
keep the heading within ± 10° of that selected.

2. Flatten the glide through continued back pressure until the stall occurs.

3. Stop any rotation as you simultaneously release back pressure and apply
full power.

4. Clean up the airplane and establish a climb or continue the approach as
required.



Practice this stall from straight glides as well as from moderately banked
(20°) turns.

It requires no will power to lower the nose when you're practicing stalls at
3000 ft. It's very easy up there-you just get the nose down and don't pay any
attention to it. But at 200 ft or so you'd have to force yourself to release
back pressure to recover from a stall. Fatal accidents have occurred because
pilots have gone back to their instincts and ignored training when under
stress.

Practice with your instructor recoveries without power-note the difference.
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Common Errors

1. Too steep a bank in the turning stall.

2. Allowing the wings to become level through inattention during the stall
approach. You wouldn't have this problem during an actual landing
approach because you'd be watching the runway and would be turning as
necessary to line up.

3. Too early a recovery; not allowing the stall to break.

4. Overeagerness in getting the nose down; excessive forward pressure
during the recovery.

Accelerated Stalls. Here is proof positive that a stall is a matter of angle of
attack, not airspeed.

You don't do any of the accelerated stalls at an airspeed of more than 1.25
times the unaccelerated stall speed because of the possibility of
overstressing the airplane, particularly in gusty air. The flaps will be
retracted for this same reason.

Accelerated stalls are done from a turn of 45° bank. There are two reasons
for this: (1) this is the condition under which most pilots actually encounter
the accelerated stall in flight-when they try to tighten the turn by pulling



back on the wheel or by trying to maintain altitude without sufficient power
and (2) this avoids inadvertently pulling the nose straight up abruptly in
practice, getting a whip stall (the airplane stalls with the nose up so steeply
that it tends to slide backward).

Unless you are skidding, the high wing will usually stall first, as in the
departure and approach stalls, but the roll will be faster. The recovery is
standard; release back pressure and return to level flight through use of
coordinated controls. Plan on adding power during recovery.

In practice, recover (1) immediately upon stall recognition and (2) after a
full stall develops and the nose falls below level flight attitude.

In situation 1 the recovery is simple. Relaxing the back

pressure at the right time can result in the airplane's recovering in straight
and level flight, if the high wing stalled first and roll occurred.

In situation 2 the nose will be low, and the airplane will probably have
rolled over into a steep bank. Relax back pressure and then bring the
airplane back to straight and level flight through use of coordinated
controls.

Recover quickly with a minimum loss of altitude, but don't get overeager
and restall it.

Don't get over cruise speed at any time during the recovery. (This stall is not
required by the PTS.)

Procedure

1. Using power as needed to maintain altitude, make a 45° (or more)-
banked turn. Slow the airplane to no more than 1.25 times the normal stall
speed.

2. Increase the angle of attack in a moderate cHmb or constant altitude until
a stall occurs. Power may be reduced below cruising to aid in producing the
stall, but any decrease in the rate of climb or loss of altitude will relieve the



load factor (and the stall is not "accelerated"). Remember the term
"accelerated" means that above-normal load factors are present at the stall.

3. Release back pressure, open the throttle, and recover to straight and level
flight using coordinated controls.

The 1.25 factor does not apply to an acrobatic category airplane, but keep it
below the maneuvering speed or recommended speed for accelerated
maneuvers.

Incidentally, some airplanes do not give a sharp stall break and, with these,
when the wheel or stick is full back, initiate your recovery.

Common Errors

1. Jerking the wheel or stick back.

2. The opposite-timid appHcation of back pressure.

Fig. 21-7. The pilot sees on approach that unless the rate of turn is increased
he'll fly past the runway and have to turn back to it.



Fig. 21-8. This is sloppy flying and the other pilots will notice. He knows
that the stall speed Increases with a steeper bank so he decides to cheat by
using inside rudder and skidding it around (and maybe using just a touch of
opposite aileron).
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Fig. 21-9. Inside rudder means that the outside (left) wing will speed up,
steepening the right bank. He applies more opposite (left) aileron. The cycle
continues until he is in a shallow banked skid with well-crossed controls at
a very low speed (he is using added back pressure to keep the nose up).



Fig. 21-10. A view of the runway as seen from a near inverted position just
after the stall occurs. Another statistic!

3. Too brisk forward pressure on recovery, which hangs occupants on seat
belts and puts undue negative stress on the airplane.

Cross-Control (Skidding) Stalls. This stall is most

likely to occur during the turn onto the final approach. A typical situation
might be as follows:

You see that in the turn onto final you will go past the runway unless your
turn rate is increased. Now, everybody knows that the stall speed increases
with an increase in bank, so you figure that the best way to turn is by
skidding around —and not increasing the bank. You start applying inside
rudder, which increases the turn rate, but the outside wing is speeded up and
the bank starts to increase. You take care of this by using aileron against the
turn, which actually helps drag the inside wing back farther. As the airplane
is in a banked attitude, application of inside rudder (and opposite aileron)
tends to make the nose drop, which is counteracted by increased back
pressure. The situation is perfect —for having one wing stall before the
other, that is. True, the wing with the down aileron has more coefficient of
Lift (the down aileron acts as a flap, increasing the coefficient of Lift), but
the Drag of that wing increases even more sharply, which slows it more. So
the inside wing starts dropping, which increases the angle of attack — and



it stalls before the outside wing. Another term for this stall is "under-the-
bottom stall" —an apt description.

Look back at Fig. 2-11 (the NASA (X)06 airfoil) to see the theory behind
why the wing with the down aileron stalls first. The coefficient of Lift (C,)
versus angle of attack curve, without flaps, stalls at about 9°. When flaps
are used, the stall occurs at about 6° angle of attack. The C^ is higher at the
stall but that flapped wing stalls "sooner" as both wings' angle of attack is
increased from some point of reference. The down

aileron acts as a flap and the Lift of each wing is about equal, since Lift is a
combination of calibrated airspeed (q) and angle of attack, or Cl, for a given
airplane (the use of inside rudder speeds up the outside, unflapped wing).
The stall occurs as the critical angle of attack is reached first for the wing
with the down aileron.

You should be familiar with this stall and know that it could happen and
note the best means of recovery.

Figs. 21-7 through 21-10 show the probable sequence of such an actual stall
at a low altitude. The series shows a right-hand approach —an even more
likely setup for such a stall, as you would be more apt to misjudge the turn.

Procedure

1. Practice these stalls at a safe altitude and keep an eye out for other traffic.
Use carburetor heat, if required. Make a shallow gliding turn in either
direction. You may have to carry some power during the practice sessions to
help get a good break. Sometimes it seems it is easily accomplished only
when you don't want to stall. In practice stalls it's probably best not to use
flaps because of the possibility of exceeding the max flaps-down speed
during the recovery. In an actual stall on an approach turn, you'd have the
flaps down but wouldn't be worrying particularly about the max flaps-down
speed during the recovery.

2. Apply more and more inside rudder to cheat on the turn. Use opposite
aileron as necessary to keep the bank from increasing.



3. Keep the nose up by increasing the back pressure.

4. When the stall break occurs, the roll will be rapid. Neutralize the
ailerons; stop any further rotation with opposite rudder as you relax the
back pressure.

5. Then return to normal flight with coordinated controls and add power as
the recovery progresses.
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As the roll is fast, the bank may be vertical or past vertical. The nose will be
low and speed will build up quickly. The usual error in practice is allowing
the airspeed to build up too high during recovery, which wastes altitude.
Recover to straight and level flight with coordinated controls as soon as
possible without overstressing the airplane or getting a secondary stall.

The bad thing is that this stall is most Hkely to occur at lower altitudes
where recovery is less sure. Practice it until you are able to recognize the
conditions leading up to it-and then avoid those conditions. This stall is not
required to be demonstrated on the commercial practical test but is included
for information.

Common Errors

1. Not neutralizing the ailerons at the start of the recovery.

2. Using too much opposite (top) rudder to stop rotation, causing the
airplane to slip badly.

3. Hesitation in recovering, with a greater than necessary altitude loss.

Spin Awareness. While spins are not required on the commercial practical
test you should have some idea of the theory behind them. A spin is an
aggravated stall resulting in autoro-tation.

The airplanes that you've been flying are generally spin resistant; you have
to make them spin. They should show no uncontrollable spin characteristics
no matter how you use the controls. Some of the older light trainers would



come out of a spin of their own accord with the pilot's hands and feet
removed from the controls, but this is not the most effective spin recovery
method. You remember in the departure and approach stalls and the cross-
control stall that one wing stalled before the other and a rolling moment was
produced. If you had held the wheel back and used rudder in the direction
of roll, a spin would have hkely followed. The whole theory of the spin can
be understood by realizing that one wing is stalled before the other,
producing an imbalance of Lift and Drag (autorotation). If you continue to
hold back pressure and hold rudder into the roll, this stalled condition
remains and the roll continues as the nose "falls off" downward.

BACKGROUND. Spins and spirals are sometimes confused. The spiral is a
high-speed, low-angle-of-attack, descending turn; normal control pressures
are used to recover. The spin is at low airspeed and a high angle of attack;
mechanical control movements are used for recovery. (More about spin
recovery procedures later.)

The following factors about upright (normal) spins aren't generally known.

Rate of Descent. In the developed spin, the average two-place trainer has a
rate of descent of from 5500 to 8000 fpm, depending on the spin mode.
(Usually, the flatter spin mode has the lower rate of descent, but even a
"mere" 5500 fpm can be fatal.)

One question often asked is. How much altitude is lost per turn? There's not
a simple answer because the greater the number of turns, the less the loss
per turn. For instance, you'd probably do well to allow for a loss of 1000 to
1500 ft for a 1-turn spin, as altitude is also required for entry and recovery
from that one turn. On the other hand, a 21-turn spin in a current trainer
resulted in a total altitude loss of 4100 ft from start to level-off after
recovery-an average of 195 ft per turn. In that longer spin the altitude used
for entry and recovery is spread out among the 21 turns instead of being a
major factor, as for the 1-turn spin.

Rate of Rotation. One popular trainer averages 1.3 sec per turn (277° per
second) in the first 5 or 6 turns, then pitches up slightly from the 6th to 9th
(or 10th) turn with the rotation rate slowing to about 170° per second. You
may find that the engine quits (the prop stops) in prolonged spins, but this



does not affect the effectiveness of recovery After the airplane is out of the
spin, the starter can be used to get things going again. (Holler "Clear!"
before using the starter, naturally)

Instrument Indications. The airspeed will be low and remain so if the
airplane stays in the spin. If, as the rotation progresses, the airspeed
continues to increase from stall or near-stall indications, the airplane is
easing into a spiral and recovery should be effected immediately to avoid
high-airspeed and/or high-stress problems. As mentioned, one light trainer
in an extended spin changed modes, that is, moved from a comparatively
steep nose-down attitude to a more pitched-up one; and the airspeed varied
from 45 K in the steep mode to zero in the more pitched-up attitude.

The turn and slip needle, or the small airplane in the turn coordinator, is
always leaning in the direction of the spin, but the ball is normally
unrehable. For instance, the reaction of the ball depends on its relative
position to the CG. (The airplane is rotating around its CG, which is moving
around the spin axis, which in turn is moving in relation to a vertical, or
earth-related, axis. If you think about this in a spin you may get confused
enough to forget how to recover—a procedure that will be discussed
shortly.) On several side-by-side airplanes, with the turn and slip or turn
coordinator located on the left (pilot's) side of the panel, the ball always
goes to (and stays on) the left side of the instrument for both left and right
developed spins. (A slip indicator placed on the right side of the panel
moved over to and stayed on the right side of the instrument in spins in both
directions.) It has been noted in some sources that the ball always goes to
the outside of the spin, and for recovery the pilot should "step on the ball."
In some airplanes with the slip indicator in the center of the panel, a slight
tendency for the ball to move outside of the spin has been noted, but don't
"predict" it for your airplane.

In a current tandem military basic trainer, the ball in the front cockpit (near
the CG) has a reaction different from the one in the rear cockpit. (In one
experiment spinning in either direction, the ball in the front cockpit T/S had
very small oscillations on each side of neutral and the rear cockpit ball
deflected slightly into the spin.)

PRACTICE SPIN TO THE LEFT



1. Before doing any spins in an airplane you haven't spun before, it would
be wise to have an instructor experienced in spinning it ride with you to
demonstrate the entry and recovery procedures. Even if you've spun earlier
models of an airplane, you'd better review the recovery procedure and either
talk to some of the local instructors or get them to ride with you. In later
models the manufacturer may have changed the geometry of the airplane or
added other factors that affected the airplane's recovery characteristics.
Such changes can surprise you on that first spin.

Of course, you should make sure that the airplane is certificated for
spinning and is properly loaded. The control cables should have the proper
tension because it would be "interesting," after getting into the spin, to
discover that full-opposite rudder pedal deflection used for recovery only
moves the rudder a few degrees.

2. Get enough altitude so that you'll be recovered by 3000 ft above the
ground.

3. Clear the area and start a normal power-off stall (use carburetor heat if
recommended).

4. Just as the stall break occurs, apply-and hold-full left rudder; keep the
wheel or stick full back. Some airplanes
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require a blast of power to get the spin started; the prop blast gives the
rudder added effectiveness to yaw the airplane.

5. The nose drops as the airplane rolls, but the full up-elevator does not
allow the airplane to recover from the stall. The unequal Lift of the wings
gives the airplane its rotational motion.

The spin is continued as long as the rudder and wheel are held as above.
The rotation of the airplane tends to continue the imbalance of Lift; the
"down-moving" wing keeps its high angle of attack and remains well



stalled. The "up-moving" wing maintains a lower angle of attack (and more
Lift).

If you should unconsciously relax back pressure before the developed spin,
a spiral will result.

The properly executed spin is no harder on the airplane than a stall. A
sloppy recovery puts more stress on the airplane than the spin itself.

Don't have the flaps down when practicing spins because it might change
the airplane's spin characteristics, plus the fact that you might exceed the
maximum flaps-down speed during the recovery.

SPIN RECOVERY. It would be well to take the recovery step-by-step from
a theoretical standpoint first, and then bring in some practical recovery
procedures.

1. You used the rudder to induce the yaw in the spin entry, so opposite
rudder should be applied to stop the yaw, equalize the Lift of the two wings,
and stop autorotation. If the rudder effectively does this, it should be
neutralized as soon as rotation stops or a spin in the opposite direction (a
progressive spin) could be started.

2. At this instant, in a theoretical look at recovery procedures, the rudder is
neutral (the rotation has stopped) but you're still holding the wheel or stick
full back and the airplane is still stalled, even though the nose appears to be
pointed almost straight down. If you continued to hold the wheel full back
the airplane would be buffeting and could, because of rigging, tend to whip
off into a new spin in either direction.

The autorotation, or imbalance of Lift and Drag, has been broken, and now
the stall recovery is initiated by relaxing the back pressure or giving a brisk
forward motion of the wheel or stick (depending on the airplane). For older
and lighter trainers such as the J-3 Cub, Aeronca Champion, Tay-lorcrafts,
or Cessna 120-140s a slight relaxing of the back pressure was enough to
assure that the stall (and spin) was broken. In some later airplanes with
higher wing loadings, the wheel or stick must be briskly moved forward,
well ahead of neutral, to get the nose farther down and break the stall.



3. The third step is recovery from the dive after the autorotation and stall
are broken. Sometimes the airspeed is allowed to get too high or too much
back pressure is used on the pull-out (or both). Sometimes a pilot in a hurry
to recover relaxes back pressure (or uses a brisk forward motion as
required) and immediately pulls back on the control wheel to "get it out of
the dive," which results in a quick restalling of the airplane and possibly
setting off a progressive (or new) spin. You've had this experience with
plain everyday stalls —a too-quick recovery can put the airplane back into a
stalled condition, and the process has to be started again.

Okay, the three steps mentioned were just that, a listing of required control
movements for discussion purposes. You'll find that with some airplanes the
use of rudder alone won't stop the rotation, so you wouldn't wait for it to
take effect before applying forward pressure, which would help not only to
break the stall but also to aid the rudder in stopping the yaw and unbalanced
Lift-Drag condition. In other words, you would apply full opposite rudder
followed about a quarter turn later by brisk forward movement of the wheel,
holding the controls this way until rotation stops. Usually in this pro-

cedure, because of the almost simultaneous application of elevator with the
rudder, the nose is down and the airspeed starts picking up as soon as the
rotation stops; at this point the rudder is neutralized and back pressure is
again applied to ease the airplane from the dive. (Some POHs suggest
simultaneous use of rudder and elevator in the recovery.)

For some airplanes, ailerons against the spin speed it up, but for others the
rate of rotation slows if ailerons are used opposite to the roll. A suggested
all-around procedure, however, is to leave the ailerons neutral throughout
the spin and recovery to avoid adding some unknown factors to the
recovery.

Usually, the steeper spin modes are more easily recoverable and have a
faster rate of rotation, as was discussed earlier in this section. If in extended
spins the airplane moves into a flatter mode (which usually means more
time and turns required for recovery), the recovery process may move it
back through the earlier, faster rotation mode as it goes back to the normal
flight regime. The initial reaction by the pilot is to think that the recovery
inputs are making things worse (the rotation speeded up!) when actually



this is a good sign for many airplanes. Fortunately the airplane often moves
through the increased rotation rate and on to recovery before the pilot has
time to "start thinking" and back off from this proper recovery technique.
Sometimes it seems to take longer to recover than anticipated, there's
always the temptation to Try Something Else. If you are using the PO//-
recommended recovery, give it a chance, although it may seem a long time
before good things start happening.

In theory, it would seem that adding power during recovery would increase
the slipstream by the rudder, thereby increasing its effectiveness. The
problem is that in a standard configuration, pitch-up results from added
power —and that you don't need. A NASA study has shown that even in
jets of high Thrust-to-Weight ratios, addition of power has little measurable
effect in aiding recovery and in some cases may be detrimental. Also, in an
extended spin, the engine may stop completely, as noted earlier, which
would make academic the subject of power helping or hurting the recovery.

SUMMARY OF SPINS. The POH (of an instructor who has experience in
spinning a particular airplane) will take precedence over the general look at
spins given here, but you might keep in mind the following notes about spin
recoveries.

1. Most airplanes recover more promptly if the throttle is closed before
using the aerodynamic controls. Neutrahze the ailerons. Then,

2. A general recovery procedure is to use full rudder opposite to the spin,
followed almost immediately by a brisk forward movement, well ahead of
neutral, of the wheel or stick. (Don't violently yam the wheel full forward
—the airplane could be overstressed or an inverted spin entered.) For some
airplanes the rate of rotation appears to speed up as the recovery starts,
which could fool you into thinking that things are getting worse.

3. As soon as rotation has stopped, neutralize the rudder and use the
elevator to help further break the stall or ease the airplane from the dive.
One error made by pilots with comparatively little spin recovery experience
is continuing to hold opposite rudder after the rotation has stopped and
airspeed builds up; this can cause heavy side loads on the vertical tail.



4. Normally docile airplanes can bite back if the CO is near or at the aft
limits of the envelope. Of course, you would not deliberately spin an
airplane with people in the rear seats or with baggage back there; if you get
into a stall situation with this type of loading, don't let a rotation get started.
For most airplanes the first two turns are an incipient spin condition and the
spin can be stopped relatively easily. After that, moments of inertia can be
such in the developed spin that
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recovery is impossible. If it looks like the stall is getting out of hand, get
that nose down farther with a brisk forward movement of the wheel (and
you may decide that opposite rudder and wheel action is the best move to
make-you can apologize to the passengers later).

For the oral part of the Practical Test, you should know the following:

1. Aerodynamic conditions required for a spin: One wing is stalled before
the other; both wings are stalled in the developed spin but have a different
angle of attack with resulting differences in lift and drag, thus maintaining
autorotation.

2. Flight simations and conditions where unintentional spins may occur
Pilot distraction and uncoordinated flight are the most likely culprits.

3. Instrument indications during spin or spiral. Check "Instrument
Indications" section under Spin Awareness in this chapter.

4. Techniques and Procedures used to recognize and recover from
unintentional spins. See the "Spin Recovery" section under Spin Awareness
in this chapter.

PERFORMANCE MANEUVERS

Steep Turns. Maximum performance maneuvers are required on the
commercial flight test so that you may demonstrate your ability to fly in a
precise manner. They are a measure of airmanship and are specifically
planned so you fly the airplane through all speed ranges and in varying



attitudes. The precision maneuvers are practice maneuvers and are seldom
used in normal flying.

The maneuvers done at higher altitudes (1500 ft above the surface or
higher) are considered "high work" and are normally all done at the
beginning of the flight test, although there is no written law about it. High
work and low-altitude maneuvers are grouped as such here to give a clearer
picture of the probable sequence of the flight test. The stall series and slow
flight have been covered as a separate unit.

Here's a suggestion for any climbs or glides during the flight test (or
anytime). Don't climb or glide straight ahead for extended periods.
Remember that there is a blind spot under the nose. Make all climbing turns
shallow and keep a sharp lookout for other airplanes (a steeply banked
climbing turn results in much turn and little climb).

You've done steep turns before but now have closer limits to stay within. To
review the maneuver briefly:

The steep turn required on the commercial flight test is a steep turn with a
bank of 50° ±5°. You will be allowed up to a ± 100-ft altitude lapse, a ±5-K
entry airspeed variation, and a rollout ±5° of the entry heading.

No slip or skid will be maintained.

You may use chmb power in the turns to help maintain altitude at the steep
angle of bank.

Procedure. You may have to do a steep turn in either direction, and the
check pilot may require that you roll directly from one into another.

At a safe altitude and clear area pick a road or a prominent landmark on the
horizon to use as a reference point. Don't just peer ahead when looking for a
point-an outstanding one may be oflF the wing tip. Head toward the
reference point and get settled on the chosen altitude.

Choose the direction of the first steep turn and, after looking to make sure
that you aren't turning into another airplane, start rolling into the turn and



smoothly opening the throttle to climb power. You should use a 50° bank
and have climb power established before you have turned the first 45°. Your
job will be to maintain a near-constant bank.

A bank of 50° is pretty steep and the usual tendency is to lose altitude. If
this occurs, you know that the bank must be

shallowed in order to regain altitude. If you have a tendency to climb, a
slight steepening of the bank may help yon-but you only have about 5° of
bank to vary on each side of the 50°.

In several places in earlier chapters it was mentioned that the load factor
was 2 in a 50° bank and that the stall speed was increased by the factor of
V2, or 1.414. The stall speed increases by 41% in a 50°-banked, constant-
altitude turn. The stall speed increases because of the bank. The airplane
slows because the angle of attack is increased to maintain altitude, and you
are being squeezed in the middle even at the slightly lesser bank here of
50°. The power you are using helps to lower the stall speed as well as
allowing you to maintain a constant altitude at a higher airspeed.

Check the nose, wing, and altimeter as you turn. Keep a sharp eye out for
the reference point and keep up with your turn. The earlier you catch
deviations, the fewer problems you'll have.

If the airplane is holding the bank and ahitude, don't do anything. The most
common problem is that the pilot spoils the ideal setup by trying to be
doing something at all times.

Remember "torque" effects: the airplane is slower than cruise and you are
using climb power. The tendency is to skid slightly in the left turns and shp
in the right turns. Slight right rudder may be needed to keep the ball
centered. There's no need to go into detail about the fallacy of trying to hold
up the nose with top rudder during the turn-don'tI

The ± 100-ft altitude allowance means that at no time during the maneuver
may you exceed those Umits. Some pilots figure that it doesn't matter how
far they are off the original altitude during the turns as long as they are



within 100 ft of it when they roll out. They find that the check pilot
disagrees.

As you roll out, throttle back to cruise power, even if you plan on rolling
right back into a steep turn in the opposite direction. The biggest problem
most pilots have is keeping the nose from rising during the roll-out even if
they have started throttling back. Imagine how tough it would be to keep
from gaining altitude with excess power being used. If the check pilot wants
an immediate turn in the opposite direction, you can smoothly reapply
climb power as you establish the new bank.

Common Errors

1. Too much back pressure at the beginning of the roll-in; the nose rises and
the airplane climbs.

2. Improper throttle handling; rough throttle operation at the beginning and
end of the maneuver.

3. Attempting to use back pressure alone to bring the nose up, if it drops;
forgetting that the bank must be shallowed.

4. Failure to keep up with the checkpoint.

5. Letting the nose rise on roll-out, causing the airplane to climb.

6. Slipping or skidding throughout the turns. Summing up the check pilot's
expectations for the steep

power turns: you'll be asked to enter a 360° turn maintaining a bank angle
of 50°, ±5° in smooth, stabilized, coordinated flight. Keep the altitude
within ±100 ft and the desired airspeed within ±10 K. Keep your attention
divided between orientation and airplane control. After rolling out within
±5° of the initial heading, you are to immediately set up a steep turn of at
least 360° in the opposite direction, with the same limits. Avoid indications
of an approaching stall or a tendency to exceed the structural limits of the
airplane during the turns.



Chandelles. The chandelle is a maximum performance climbing turn with a
180° change in direction (Fig. 21-11). It is a good training maneuver
because of the speed changes and the requirement for careful planning.
Clear the area.

21 / THE FLIGHT TEST

379

Fig. 21-11. A chandelle to the right. During the transition back to cruise,
don't vary ±50 ft from the final altitude attained.

Procedure. Use the recommended entry speed given in the POH or on the
appropriate placard. Stay below the maneuvering speed, if you aren't sure
about the entry speed. Cruise plus 101^0 is a quick and dirty figure for
chandelle entry for many airplanes. However, for some complex airplanes
the maneuvering speed is lower than the usual cruise CAS, and the airplane
should be slowed to V^ before starting the chandelle. As the proper speed is
reached, set up a medium bank (approximately 30°). The ailerons are then
neutralized. You may have to hold slight left rudder in the dive because of
offset fin effect, but check it for your airplane. Apply back pressure
smoothly. The airplane's bank will tend to steepen slightly as the nose
moves up and around because of the pitch change, but the examiner will
want you to maintain a constant bank. You'll be changing rudder pressure
because of the torque effects as the speed changes.



The airplane will be turned slightly before you get the back pressure started
—this is expected. The wrong thing to do during the initial dive and bank is
to try to keep the airplane headed for the reference point by holding top
rudder. Expect the slight turn and don't worry about it.

As the climb is started and the airspeed drops, smoothly increase power to
full throttle but don't cause the engine to overspeed. It's better to start the
dive at cruise rpm (assuming a fixed-pitch prop) and try to maintain this by
opening the throttle as the airspeed decreases in the climb.

At the 90° turn position the roll-out is started; the airplane should be in a
wings-level attitude with the airspeed just above the stall at the 180°
position. The nose is then lowered and the airplane returned to cruise
attitude. (The nose should not be raised or lowered further after the 90°
position; the first 90° is used to bring it up to the proper pitch attitude,
which is maintained during the roll-out.) The throttle is eased back to
maintain cruise rpm as the speed picks up. Use whatever right rudder is
necessary to take care of torque during this part of the maneuver.

Your main problem will be setting up the proper bank; too shallow and the
airplane will stall before completing the turn; too steep and little climb is
attained. You can visualize this by exaggeration — the effect of a 0° bank or
a 90° bank in

the dive portion. The exact amount of bank depends on your airplane's
characteristics, but for most trainers the initial bank should fall between 25°
and 30°.

It's best to do chandelle turns into the wind so you won't drift so far. The
initial dive is done crosswind, and the turn is made into the wind. Pilots
practicing chandelles have made the turns downwind and after several
maneuvers have found themselves a considerable distance from the practice
area. This is a very slow way to go cross-country but is fast enough to get
you to a new area before you realize it. Remember that the check pilot is
interested in your planning as well as smoothness In the maneuver.

A straight stretch of highway, railroad, or power line right-of-way is the
best aid in doing a precise chandelle. You may prefer to start (and end) the



maneuver parallel to the highway, but some pilots find that starting and
ending perpendicularly to the reference gives them a better check at the
90°-of-turn point.

Basically the first 90° of the chandelle is the pitch change (constant 30°
bank), with the pitch at the 90° point held through the rest of the maneuver.
(Don't let the nose move up or down after that point.) The second 90° is the
constant changing (reduction) of the bank, so that with perfect timing (it
says here) the roll-out is completed and the airplane is at the final airspeed
(within -t-5 knots of the power-on stall speed) just as the 180° point is
reached. Incidentally, make certain that the airplane is always at least 1500
ft AGL in the chandelle or lazy eight. If you have a reliable safety pilot it's
fun to do chandelles under the hood.

Common Errors

1. A too-shallow initial bank, resulting in the airplane's stalling before 180°
of turn is reached.

2. A too-steep initial bank, resulting in all turn and little climb.

3. Poor coordination throughout, particularly failing to comoensate for
torque during the last 90° of turn.

4. Failing to roll out at 180° of turn; becoming so engrossed in the nose
attitude and airspeed that the turn is neglected. You are expected to roll out
within ±10° of the desired heading.

5. Excessive back pressure, stalling the airplane, or too weak back pressure,
resulting in the airplane "dragging" itself
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around with little evidence of a high-performance maneuver.

With underpowered airplanes you may be lucky to finish the chandelle at
the same altitude you started, much less gain a great deal of altitude. This
will be understood by the check pilot, who is more interested in your



technique than in outstanding performance—which the underpowered
airplane does not have—and who knows that if you have the skill, when
you do get a chance to fly a more powerful airplane you'll get the extra
performance.

You'd better perform chandelles consistently within W of the desired
heading and recover within +5 K of the power-on stall speed.

Lazy Eights. The lazy eight is one of the best maneuvers for finding out if a
pilot has the feel of the airplane. It requires constantly changing airspeed
and bank, and because of this is more difficult than the chandelle.

The lazy eight gets its name from the figure the nose apparently transcribes
on the horizon-a figure 8 lying on its side (a "lazy" eight) (Fig. 21-12). For
the sake of clarity you can consider the lazy eight as a series of wingovers.
Unlike the wingovers, however, it has no transition between maneuvers.

The turns of the lazy eights, like the chandelle, should be done into the
wind to avoid drifting too far from the original area.

The airspeed should vary from cruise, or the recommended entry speed, to
just above a stall at the 90° turn (max bank) point. The maximum bank at
the 90° turn point should be 30°. (Divide your attention and keep an eye out
for other airplanes.)

Remember that you'll want a constant change of pitch, bank, and turn rate,
and the altitude and airspeed should be consistent at the 90° points, ± 100 ft
and ± 10 K. Your heading tolerance is ±10° at each 180° point.

Procedure. Pick a well-defined reference point off the wing tip, preferably
one that is into the wind. A point on the horizon is best so you won't be
moving in on it and distorting your pattern. Clear the area.

Leaving the throttle at cruise setting, lower the nose and pick up an airspeed
at cruise or V^, whichever is lower (use the recommended entry speed, if
available). Pull up smoothly and as the nose moves through the level flight
pitch position start



Fig. 21-13. The reference point as seen during the initial dive (lazy eight).

rolling into a bank toward the reference point (say, to the right). The
maximum bank should be at the 90° point of turn. The airspeed should be
just above a stall.

An extension of your line of sight over the nose should pass through the
reference point at the 90° point of turn. The second 90° of turn consists of a
shallow diving turn, rolling out until at the completion of 180° the wings
are level and the reference point is off the left wing. Ease the nose up
smoothly and make a climbing turn to the left, following through as before.
You may continue the maneuver indefinitely.

To sum up: The maneuver is a climbing turn of ever steepening bank until
the 90° point of turn is reached, after which it becomes a descending turn of
ever shallowing bank until the 180° point is reached, at which the wings are
level. This is followed by a 180° combination climb and descending turn in
the opposite direction. Figs. 21-13, -14, and -15 show how the reference
point would appear as seen from the cock-



Fig. 21-12. The lazy eight.
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Fig. 21-14. The reference as seen at the 90° point of turn (30° bank) in the
lazy eight.

pit at difiFerent parts of the first 180° of the maneuver. The nose should
have its highest pitch at 45° of turn; the lowest pitch will be at 135° of turn.

Keep the maneuver "lazy." One of the faults of most pilots is that as they
get further into the series of turns, the faster and more frantic their
movements. You may have to make yourself relax as the series progresses.

You should always be at the same altitude at the bottom of the dive. If you
tend to climb, decrease power slightly. If you tend to lose altitude, increase



power as necessary. The maneuver should be symmetrical; that is, the nose
should go the same distance below the horizon as above it. By judicial use
of the power, you'll attain starting altitude and airspeed at the completion of
the maneuver, ± 100 ft and ± 10 K respectively.

You may have to consciously apply bottom rudder (and maybe opposite
aileron) at the top of the "loop" to keep the ball centered at all times. Back
pressure usually is needed at the peak to make sure your line of sight goes
through the point without the airplane slipping.

Common Errors

1. Poor coordination; slipping and skidding.

2. Too steep a bank at the peak of the maneuver.

3. Failing to maintain the same altitude at the bottom of the descents.

4. Losing the reference point.

You will be judged on planning, orientation, coordination, smoothness,
altitude control, and airspeed control.

Steep Spirals. This maneuver has the same principles and is close to the
tums-around-a-point maneuvers you did earlier in your flying career and the
eights on pylons to be discussed; that is, you have to vary the bank to
correct for wind effects and maintain a constant radius about the point on
the ground.

This maneuver is more difficult and so is more advanced than turns around
a point because it requires stcep)cr banks and the airplane is descending
(power at idle), which changes the perspective of the point. Also you'll be
expected to (1) look around for other airplanes. (2) correct for wind drift.
(3) keep the airplane from getting too fast in the spiral, and (4) level off at a
safe altitude.

Your attention will be outside the cockpit most of the time (with occasional
checks of airspeed and altimeter). Your directional orientation will be on



trial here.

The required maneuver is a several-tum spiral in each direction with a bank
of 50° to 55° at the steepest sector of each turn. You know that the point of
steepest bank will be when you are headed directly downwind. The
shallowest bank will be when you are headed directly upwind in the turn.

Fig. 21-15. The point as seen in the shallow dive after 180° of turn (lazy
eight).

You will be evaluated on your drift correction, airspeed control,
coordination, and vigilance for other traffic.

Your tolerances are airspeed ±10 K and bank of 50° to 55° maximum at the
steepest point. Keep up with the number of turns and look around!

Make sure that you have sufficient altitude to complete the turns. It
wouldn't look too good from a headwork standpoint if you expected to start
a 3-tum spiral at 1000 ft above the ground— the check pilot might wonder a
little. If you aren't sure there's enough altitude to do the job, tell the check
pilot and climb to a better altitude. You should be recovered from the spirals
at 1000 ft or better

Practice 3 turns in each direction. Use carburalor heat as recommended in
the POH. Fig. 21-16 is the spiral from a side perspective.
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Fig. 21-16. The spiral. The maneuver can be used to stay over a chosen
landing spot for simulated or actual emergency landings. (Student Pilot's
Flight Manual)
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Fig. 21-17 shows part of the steep spiral as seen by an observer directly
above the point. The 360° turns are treated separately; perspective requires
that the lowest turn appear to be of a smaller radius, but all turns should be
of equal radius.



The check pilot normally will require the spirals as the last maneuver of the
high work, since you can also use them to get down for the low-work
maneuvers. He may say "forced landing" during one of the turns, requiring
you to set up a simulated dead stick pattern to a nearby field. Because you
have been correcting for the wind, you should know its direction, but it's
funny how blank your mind can go sometimes.

Back to the spiral itself—watch your coordination. Pilots who normally
make extra-smooth gliding turns sometimes get so engrossed in the
reference point that they'll do anything to keep it where they want it, and the
ball in the turn and slip instrument just barely stays in the cockpit.

The airplane will be in the clean configuration throughout the maneuver,
and an airspeed of about 50% above the stall is a rough figure for glide
speed. Don't get too fast or the airplane may get out of hand for a few
seconds (or at least appear that way to the check pilot). If you are too slow,
you could stall by pulling excess back pressure in the steep bank.

Common Errors

1. Poor correction for wind drift.



2. Poor coordination; slipping or skidding.

3. Airspeed too fast in the spiral.

4. Failure to keep up with the number of turns.

5. Failure to look around for other traffic (fixating on the point).

6. Poor planning; not being able to complete the maneuver without getting
excessively low.

7. Not clearing the engine.

Fig. 21-17. Steep gliding spirals about a point. The turns would actually be
a descending helix rather than the "separate" turns shown. Consider the
need for varying the bank to maintain a constant radius; point 1 on the
circle will require the steepest bank (headed directly downwind) and point 3
will require the shallowest bank in order to follow the circle. At points 2
and 4, the airplane will have comparable banks, but you will actually have a
crab set up. (The turns will be balanced and the ball centered at all times.)
The required bank and crab will vary smoothly around the circle.

Since the airplane must start at a fairly high altitude in order to complete the
turns, the point is harder to see (and hold) at the beginning of the maneuver.
In fact you'll find that things start really falling into place during that
lowest, final, 360° turn. Because of the required higher initial altitude, this
maneuver is more difficult than turns around a point, which are done at a
constant lower altitude.

Eights on Pylons. This maneuver (also called on-pylon eights) is a ground
reference maneuver, but in this case, rather than flying a constant path with
respect to the pylons, the airplane is flown so that the wing maintains a
constant reference to them. You'll keep the wing on the pylon; that is, while
in the turning part of the maneuver you should see the pylon remaining at a
constant spot with reference to the airplane's lateral axis (or more properly,
your line of sight). If you had a fixed telescopic sight at your eye level,
pointing at 90° to the airplane centerline, the cross hairs should stay
centered on the pylon as the airplane turns on it, although, as will be noted



later, the pylon will be closer or farther away as the wind affects the pattern.
The examiner could require an emergency descent (covered later) to get you
down to the eights-on-pylon altitude.

At cruising airspeed (assuming no wind), you'll find that at a certain altitude
you'll be able to lay the wing on an object and keep it there indefinitely as
you circle in a balanced turn. This pivotal altitude (PA) is a function of the
square of the airspeed and can be found by the equation PA = TAS^ (mph)/
15, or (TAS)^ (K)/11.3. (The number 11.3 is easier to work with than the
more accurate 11.26.) A trainer flying at a TAS of 100 K would have a
pivotal altitude of 100V11.3 = 10,000/11.3 = 885 ft above the surface.

The pivotal altitude depends on the relative speed (squared) of the airplane
to the pylon, and if wind is a factor (as it normally is) the groundspeed is
the value to be used in the formula. An airplane flying on a pylon with a
wind existing would have to change altitudes around the "circle" in or-
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der to keep the reference line (the pilot's line of sight) on the pylon. With a
10-K wind for a 100-K trainer, the pivotal altitude could vary from 717 ft
when traveling directly upwind to 1071 ft when headed directly downwind.
The angle of bank has nothing to do with the pivotal altitude; a 15° bank
has the same pivotal altitude as a 60° bank for a given TAS (or
groundspeed) (Fig. 21-18).

Fig. 21-19A shows the eights on pylons in a no-wind condition at a constant
TAS. The airplane is circling each pylon at a constant bank and altitude and
the circles are symmetrical. Note the "circles" in the maneuver in a wind
(Fig. 2I-19B) are more egg shaped than round and the line of elongation is
90° to what would be "predicted"; it would seem that the longest part of the
"eggs" should be pointed downwind but this is not the case, as you will see
when you do the maneuver.

Procedure. Pick the pylons as shown in Fig. 21-20. A medium-banked
(30°^0°) pylon eight is best for getting the idea of the maneuver. A short
straightaway may be used between circles, and with a wind those legs will
require a crab correction.



Enter the pattern at cruise power (or less, for the higher-performance
airplanes) and make the roll-in. Generally it's better to time it so that the
roll-in is started comparatively late and is a positive one, rather than rolling
in too early and then having to shallow out. resteepen. etc.

The pylon is kept at the same relative position around the circling part of
the maneuver but the distance from the reference (and the bank required to
keep it at the proper spot) changes as the airplane is affected by the wind.
When the airplane is flying downwind it will be closer to the pylon than
when flying directly upwind (Fig. 21-19B). Also, the altitude must change
to maintain the proper pivotal altitude for the speed relative to the plyon
(groundspeed).

You might think of it as keeping the pylon centered in the cross hairs (Fig.
21-21). All flying must be coordinated and the bank varied to keep the
pylon "centered." As the airplane moves into the pylon (flying downwind)
the bank must be

Fig. 21-18. The angle of bank does not affect the pivotal altitude if the
airspeed (or more accurately, the speed relative to the pylon) is constant.
The chances are very great that you would not be doing eights on pylons in
a twin, particularly at such steep banks-this is only an example.

steepened (or the reference will move down out of the proper position), and
as it moves away from the pylon the bank must be shallowed. You control
the relative "up" and "down" motion of the pylon with bank angle change.



A. NO WIND

Conttsnt Radius ~

I. WITH WIND Varying Radius

Fig. 21-19. A. A no-wind eights-on-pylons pattern. B. The same pattern in a
moderate to higfi wind (wind effect exaggerated to make a point). The
arrows indicate the path in both cases but do not represent the heading in
the on-pylon eights with wind.

Fig. 21-20. Picking pylons precisely prevents the prolonging of practice
periods.

Note in Fig. 21-21 that you are looking along the imaginary dashed line
along the wing; the right-seat occupant in a side-by-side trainer would use
that same line (if the person in the left seat isn't in the way). However, a



rear-cockpit occupant of a tandem trainer who tried to use that same point
on the wingtip would be turning into the pylon (Fig. 21-22).

The correct pivotal altitude must be maintained (varied with groundspeed),
or the pylon cannot be held. If the altitude is too high for the groundspeed,
that is, the airplane is above that particular pivotal altitude, the airplane will
fall "behind" the pylon. If the airplane is too low it will gain on the pylon,
or the pylon will start dropping behind.

In the first case (the airplane falling back) the tendency is to use outside
rudder to keep the wing on the point, with a slip
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resulting. On the other hand, if the airplane is gaining on the pylon you'll
want to hold inside rudder (skid) to move the wing back to "where it
belongs." The maneuver should, in theory, be perfectly coordinated
throughout (it says here), but in turbulence it's more easily said than done.

So the problem of fore or aft motion of the pylon must be corrected by an
altitude change. Suppose that the pylon is apparently moving ahead of the
wing tip reference. The problem is either that the altitude is too high for the
groundspeed or that the groundspeed is too low for the altitude. You would
ease the nose over (no power change) and gain on the pylon, because (1) the
increased airspeed (groundspeed) raises the pivotal altitude and (2) the loss
of altitude brings you closer to the required pivotal altitude. You are
bringing the airspeed and altitude requirements together with one move and
would adjust altitude as the airspeed decays back to normal. As the airplane
descends in the pattern, the bank must be decreased to keep the pylon at the
same relative position.

If the airplane is too low and is gaining on the pylon, back pressure is used
to (1) gain altitude and (2) slow the airplane up; this combination hastens
the correction. The bank will have to be increased as the new, proper
altitude is reached so that the correct relative position of the pylon is
maintained. (Use a model and a desktop "pylon" to see the relationship.)
Check Fig. 21-23.



Steep eights on pylons may be easier than medium or shallow ones because
the circle portion is complete before you have a chance to get too far off the
proper path. (A shallow eight can be a real challenge to some people, and as
they slowly move around the larger circles, altitude and bank can vary
considerably.) If you aren't organized on the roll-in of the steep eight,
however, you won't catch up until that part of the maneuver is over. There's
always hope for that other pylon, though.

Eights on pylons are excellent for learning to fly the airplane only by
outside references. An airspeed or altimeter watcher will have problems
with these maneuvers. By watching the pylon the pilot can maintain the
proper pivotal altitude all the way around without reference to the altimeter.

Common Errors

1. Poor pylon picking; too close, too far, or easily lost.

2. Overconcentration on one pylon.

3. Poor wind drift correction in straightaways.

4. "Losing" a pylon.

5. Rolling in too soon, particularly when the pylon is on the right (in a side-
by-side airplane) and is hidden.

6. Poor bank control.

7. Too slow rollout in back-to-back eights.

8. Failure to keep looking around for other traffic.

9. Skidding or slipping to hold a pylon.

10. Poor altitude control in the straightaway.



Fig. 21-21. The bank angle controls the "up" or "down" relative motion of
the reference; A and B show what would be seen at positions A and B in
Fig. 21-19B. The relative positions of the pylon are the same at both
positions, as shown by the crosshairs, but the wind effect has changed the
distances to the pylon - and the bank required to maintain the "bullseye." A
is the closest point, steepest bank, and highest altitude, and B is the farthest
point from the pylon, the shallowest bank, and the lowest altitude in Fig.
21-19B (slightly exaggerated).

(Opyu)n

Front pilot's wing reference point

RIGHT

PYLON

\

Rear pilot \\ attempts to \i use same point . . .



The result is that the airplane turns to Inside of circle.

WRONG

Fig. 21-22. The rear-cockpit occupant has to use a different wing tip
reference or he will turn into the pylon.
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Fig. 21-23. Effects of being above or below the proper altitude for tfie
groundspeed. A. Above tne pivotal altitude tfie pylon moves ahead of the
airplane. B. Below it the pylon appears to be falling behind.

NAVIGATION

Pilotage and Dead Reckoning. You'll be expected to

know the elements related to pilotage and dead reckoning. You'll correctly
fly at least the first planned checkpoint, to demonstrate that you were



accurate in your computations. You'll consider available alternates and set
suitable action for various situations, including possible route alternation by
the examiner.

Follow the course solely by reference to landmarks and identify landmarks
by relating the surface features with the chart symbols.

You're expected to navigate by means of precomputed headings,
groundspeed, and elapsed time, and you'd better be able to verify at all
times the airplane's position within 1 NM of the flight's planned route.

You'll have an ETA margin of 3 minutes for arriving at enroute checkpoints
and the destination.

Correct and record the differences between the preflight fuel, groundspeed,
and heading calculations and those determined enroute.

Be sure to maintain altitude (±100 ft) and heading (± 10°) during the level
portion of the flight.

Don't forget to use the checklist.

Navigation Systems and ATC Radar Services.

You'll demonstrate a knowledge of radio navigation and ATC radar
.services and select and identify the appropriate facilities. You will locate
the airplane's position relative to the navigation facility and intercept and
track on a given radial or bearing.

You'll locate your position using cross radials or bearings and will
recognize and describe the indication of a station passage.

You will be expected to recognize signal loss, take appropriate action, and
use proper communications whenever utilizing ATC radar services.

Limits are ±100 ft, heading ±10°.

Diversion. The examiner may ask for a diversion route to an alternate
airport and you'll divert to that airport promptly. You'll give an accurate



estimate of heading, groundspeed, ar-

rival time, and fuel consumption to that point. Stay within ± 100 ft of the
appropriate altitude and ± 10° of your heading.

Lost Procedure. Select the best course of action when you're given a lost
situation and maintain the original or appropriate heading. If necessary,
climb and attempt to identify the nearest prominent landmark(s).

Use available communications and navigation aids for help. Plan a
precautionary landing if deteriorating visibility and/or fuel exhaustion is
impending.

EMERGENCY OPERATIONS

Emergency Descent. You'll be required to recognize situations that require
an emergency descent, such as decompression, cockpit smoke, and/or
cockpit fire.

Establish the prescribed airspeed (±5 K) and configuration for the
emergency descent as recommended by the manufacturer, without
exceeding safety limitations, and be sure to know the proper engine control
settings.

Use proper planning and keep your orientation (divide your attention as
necessary). Keep positive load factors during the descent and, for Pete's
sake, use the checklist.

Emergency Approach and Landing. You'll be expected to know and be able
to explain approach and landing procedures to be used in various
emergencies. When the examiner sets up the simulated emergency you are
to establish and maintain the best glide airspeed (±10 K) and the
configuration required for the various parts of this problem. (One of the
common errors in this exercise is to let the airspeed get too fast, above the
best glide speed.) You are to pick a suitable landing area within gliding
distance. Bank and look directly under the airplane; many a pilot has
headed off to the far horizon, ignoring a 640-acre pasture right below. Keep
the airplane in the clean configuration until the landing area (pattern) is



made. Set up an emergency pattern (see Chap. 16), considering altitude,
wind, terrain, obstructions, and other factors. You'll be expected to follow
an appropriate checklist.
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You should work out your own procedure, perhaps moving across the
cockpit from right to left (or vice versa) to set up the most logical sequence.
One airplane is set up so that a right-to-left sequence works well:

1. Fuel management (on floor between seats). Depending on the altitude of
the emergency and the system, it could mean switching tanks or turning the
fuel oflF.

2. Mixture RICH (on panel)

3. Carburetor heat ON

4. Ignition switch —check mags or turn them OFF if the landing is
inevitable

5. Master OFF after needed electrical components (flaps, radio, etc.) are
used, but before touchdown

Review Chapter 16 for ideas on gear-up or -down landings.

After the glide is established and the landing site selected, you are to try to
determine the reason for the simulated malfunction and try to remedy it.
You must remain in coordinated control of the airplane at all times.

On the Practical Test be prepared for a low approach, landing, or go-around,
as specified by the examiner.

You'll be checked on your judgment, planning procedures, and positive
control during the simulated emergencies.

Systems and Equipment Malfunctions. You'll be expected to explain
indications and courses of actions for various systems and equipment
malfunctions. Review the POH for your airplane and Chaps. 12, 13, 14, 16,



and 19 of this book (and Chap. 15, too, if you're taking the test in a twin).
You'll analyze the situation for simulated emergencies:

1. Partial power loss (Chap. 16 and POH)

2. Rough-running engine or overheating (Chap. 16 and POH)

3. Carburetor or induction icing (Chap. 16 and POH)

4. Fuel starvation (Chap. 16 and POH)

5. Smoke or fire in flight (Chap. 16 and POH)

6. Electrical malfunctions (POH)

7. Gear or flap malfunction (including asymmetrical flap position) (Chap.
16 and POH)

8. Door or emergency exits opening in flight. (Chap. 16 and POH)

9. Trim inoperative (POH)

10. Loss of pressurization (Chap. 19 and POH)

11. Loss of oil pressure (POH)

12. Icing (POH)

13. Pitot-static/vacuum system and associated flight instruments (POH)

14. Engine failure during various phases of flight (Chapter 16 and POH)

15. Any other emergency unique to the airplane flown

16. And, very important, make sure that there is an emergency checklist
available.

Emergency Equipment and Survival Gear. You'd better know the following
about the emergency equipment for your airplane by describing its



1. Location

2. Method of operation

3. Servicing requirements

4. Method of safe storage

In addition, you should be well familiar with the facts of survival gear
appropriate for operation in various climatologi-cal and topographical
environments.

HIGH ALTITUDE OPERATIONS

Supplemental Oxygen. Know the FARs concerning use of supplemental
oxygen and distinctions between "aviators

breathing oxygen" and other types. How can you determine availability of
oxygen service? Know (and be able to describe) the operational
characteristics of continuous flow, demand, and pressure demand systems.
Are you familiar with the care and storage of high-pressure oxygen bottles?
Review Chapter 18 and your POH.

Pressurization. Review Chapter 19, the FARs, and your POH, so that you
know the regulatory requirements for the use of pressurized airplane
systems. Review the operational characteristics of the cabin-pressure
control system. What are the hazards associated with high-altitude flight
and decompression?

How about the operational and physiological reasons for completing
emergency descents? Be able to describe the need for wearing safety belts
and for rapid access to supplemental oxygen.

Can you operate the system properly and react promptly and accurately to
pressurization malfunctions?

If the test airplane is not equipped with supplemental oxygen and/or
pressurization, these two TASKS will be knowledge TASKS only and no
demonstration is required. (Makes sense.)



POSTFLIGHT PROCEDURES

After Landing. Know thoroughly the after-landing procedures, including
local and ATC procedures. Pick a good parking spot and check your wind
correction technique and watch for obstacles. (If you taxi into another
airplane or the gas pump, you'll hkely flunk the practical test.)

Parking and Securing. Review ramp safety factors such as taxi and parking
signals and proper shutdown, securing, and postflight inspection. Be careful
not to damage persons or property as you park and secure the airplane.

Use the checklist for sequence of shutdown, but get the engine shut down
without undue delay; don't sit in the cockpit with the engine running and
your head down in the cockpit, reading a complicated shutdown procedure.
You should be able by now to do a good job of chocking and/or tying down
the airplane and setting the control lock(s) as applicable. Perform a careful
postflight inspection using a prescribed checklist.

AFTER THE PRACTICAL TEST

After you've passed the practical test and are a commercial pilot you'll find
a new attitude toward flying. You are a professional and will have to
maintain closer standards than before. You are on your own and will have to
make decisions on maintenance, weather, and airport operations — maybe
in situations where there is no one else to discuss it with. Don't let
passengers or other pilots talk you into flying when you don't feel right
about it. You know your hmitations better than anybody else, and as a
professional you shouldn't let outside pressures push you. Maybe you're
thinking of going with the airlines or corporate flying; don't let a poorly
planned charter trip (with passenger pressure) get you into a spot that could
result in a violation or an accident, which could affect your chances for later
advances in your career. You'd be surprised how a firm No to a bad
situation lets passengers know who is in command of the airplane.

Keep up your proficiency and you'll find that you're starting on the most
rewarding career possible.

Happy (and safe) flying.
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172,

(in-

Absolute pressure controller, 224 Accelerate-stop distance, 189-90
Accelerometer, 145, 146 Acrobatic airplanes, 147, 149, 155 Aeroembolism,
219 Aileron, 14, 85, 141-42, 143 Air density

lift and, 75

at sea level, 75

thrust and, 75-76 Airfoil

angle of attack vs. coefficient of lift, 11-12

boundary layer, 13-14

coefficient of lift, 10-11

laminar flow, 14

in lift, 9-15

nomenclature, 10

pressure distribution, 9, 10

propeller as, 19

spanwise, variation, 15

stabilizer-elevator, 128 Airplane, constant-speed-propeller, 156-58, 161

checkout, 156

climb, 157-58

cruise, 157, 158



landing, 158

power setting table, 156

preflight check, 161

takeoff, 157

throttle and propeller controls, 156-58 Airplane, retractable-gear

checklist for gear-down landing, 172

emergency gear-down procedures, 172-75

forced landing, 197

forgetting to put gear down, 171-72

gear-up landing, 174-75

ice, 175

systems, 172-73

takeoff in, 175 Airplane, tail wheel

crosswind takeoff, 85-86

ground roll, 118

gusty and crosswind landing, 117-18

normal takeoff, 82

short-field takeoff, 83-84

soft-field takeoff and landing, 84-85, 116 Airplane, tricycle-gear

crosswind takeoff, 85-86



ground roll, 118

gusty and crosswind landing, 117-18

normal takeoff, 81-82

short-field takeoff, 83-84

soft-field landing and takeoff, 84-85, 116 Airplane, twin-engine

approach and landing, 183

checking out in, 176-92

cruise and airwork, 182-83

electrical system, 181

emergency procedures, 183-92

engine loss, 183-92

engine run-up, 179

fuel system, 180

preflight check, 176-77

pretakeoff check, 178-81

single-engine minimum control speed, 182-83, 185-87, 189

starting, 177-78

synchronization of propellers, 181-82, 183

takeoff and climb, 181-82, 184-85

taxiing, 178



weight and balance, 192 Airspeed

calibrated (CAS), 41, 43, 44, 45, 46, 47, 103, 148

design, 149

equivalent (HAS), 41-42, 148

errors, 43

FAR defmitions of, 49

flaps and, 12

gust envelope, 152, 153, 154

indicated (IAS), 41, 43, 44, 45, 103, 148

in knots, 103

Mach and, 42-43

maneuver envelope, 149-51

outside air temperature (OAT) and, 48

the "step," 97-98

stress of airplane and, 148-49

true(TAS), 41, 42, 49, 148

weight change and, 7 Airspeed indicator, 40-41, 43, 48-49 Air temperature
gage, 180, 194 Airworthiness, 171 Altimeter, 49-52, 76 Altitude

absolute, 49, 208-9

aeroemboHsm (bends) and, 219

critical, 225



density, 7, 39, 49, 75, 78, 92

glide, effect on, 110-11

hypoxia and, 218-19

indicated, 49, 51

indicator, 60-62

landing roll, effect on, 113-14

oxygen requirements, 216

physical condition and, 216, 218

pressure, 49, 51

single-engine minimum control speed and, 186-87

takeoff, effect on, 12, 75-76, 80

tobacco and alcohol effects, 218

true, 49, 208-9

true and absolute, in navigation, 208-9

turbocharging, 220 Ammeter, 74 Angle of attack

boundary layer separation and, 14

coefficient of lift and, 11-12, 17, 18

ground effect and, 18

indicators, 14

max endurance and, 7



max range distance and, 7

speed and, 29

stall speed and, 6

weight change, 6-8 Angle of climb, 5-6, 93-94, 227 Approach, emergency,
385 Asymmetric loading, 22-23, 191 Attitude indicator (A/I), 60-62, 69

Bends, 219 Bobweight, 129 Bootstrapping, 225 Boundary layer, 13-14
Brake

horsepower (BHP), 24-25

mean effective pressure (bmep), 156, 157, 220 Braking, 114, 115, 119
Bungees, 130

Cabin pressurization, 181, 223-24 Cahbrated airspeed (CAS), 41-42, 43, 44,

45, 46, 47, 103, 148 Carburetion, 193-95 Carburetor

air temperature instrument markings, 72

fuel mixture control with, 166-67, 195

heat, 180, 181, 193-94

ice, 167, 168, 180, 193-94, 195 Carburetor inlet temperature gage, 167
Center of gravity (CG)

in control and stability, 123-26, 131, 138

control surface, 143

in cruise, 98

location of, 132-33 Chandelles, 37, 378-81 Climb, 90-96

constant-speed propeller, 157-58



factors, computing, 211

forces in, 31-33, 38

light twin, 181-82, 184-85

maximum angle, 5-6, 83, 93-94

maximum except takeoff (METO), 182

power, maximum, 182

thrust horsepower (THP), and rate of, 26-27, 83, 90, 227

turbocharged engine, 222 Compass. See Magnetic compass Compressor,
224 Constant-speed propeller. See Airplane,

constant-speed-propeller Control, of airplane, 121-44

center of gravity (CG) and, 131

control surfaces, 143-44

lateral, 141-42

longitudinal, 128 Control surface, 143-44. See also Aileron; Elevator;
Rudder Critical altitude, 225 Crossfeed system, 179 Crossfeed valve, 178
Cruise

cUrab, 93

constant-speed propeller, 157, 158

control, 96-106, 222

design speed, 149

establishing, 96-99



forces and moments acting in, 28-31

fuel injection engine, 168

leaning engine, 166

light twin, 182-83

maximum endurance, 101-3, 107

maximum range conditions, 99-101

performance charts, 103-6

power setting charts, 105

"step," 97-98

temperature effects, 98

turbocharged engine, 222 Cyhnder, 170-71

Cyhnder head temperature gage, 71-72, 166

Datum, 131-32 Deck pressure, 225 Density, of atmosphere, 39, 75 Density-
altitude, 39, 49 calculating, 75 in rate of climb, 92 slope of runway and, 78
Density controller, 225 Descent, 33-34, 211, 223

388

389

Detonation, 157, 167, 194, 221

Differential pressure controller, 225

Dihedral, 140, 187

Ditching, 198-99



Door, unexpected opening, 199-200

Drag, 14, 15-19, 28

airspeed, effect on, 77, 78

angle of attack, effect on, 18

climb, 31-33

coefficient of, 15-16

form, 16

glide, 33-34, 107, 108

ground effect and, 17-18

induced, 16-18

interference, 16

lift-to-drag ratio, 18, 99-101, 108

parasite, 15-16, 18, 26

skin friction, 16

straight and level flight, 28-31

takeoff, 77, 78, 81 Drift, gyro, 63-67 Dutch roll, 138-39, 141 Dysbarism,
219

Eight, on-pylon, 381-83 Electrical system, 72-73, 181 Elevator, 122, 127-28

flutter, 143

ground effect and, 18, 131

trim tabs, 129-30 Emergencies



ditching, 198-99

engine failure on takeoff, 199

fire, 196

forced landing, 196-99

icing, 193-95. See also Ice

landing gear, 172-75

loss of oil pressure, 196

magneto or plug problems, 195-96

open door, 199-200

precautionary landings, 199

rough operation or loss of power, 193-96

running fuel tank dry, 195

seat belt in door, 200

twin-engine, 183-92

wake turbulence, 200-202 Emergency frequency, 199 Endurance 7, 101-3
Engine

critical, 191-92

cylinders, 170

factory remanufactured, 170

failure on takeoff, 199

fire, 196



instrument marking, 72

instruments, 69-74

loss in light twin, 183-92

maintenance and repair, 170-71

manufacturer service notifications, 171

new, defined, 170

overhaul, 170

power loss, 193-96

reciprocating, 6, 24, 72, 76, 102

rough operation, 193-96

run-up in light twin, 179

starting, 168, 177-78

turbocharged. See TUrbocharging Envelope

gust, 151-55

maneuver, 149-51 Equation of state, 39, 75 Equivalent airspeed (EAS), 41-
42, 148 Exhaust gas temperature gage (EGT), 166

Failure, in-flight, 151, 183, 187-89 Feathering, 160, 179, 187-88, 191
Federal Aviation Regulations

airspeed, definitions, 49

airspeed indicating system, 43

minimum control speed, 182



static pressure system, 47

supplemental oxygen, 216 Fin, 22, 138, 141 Fire, in-flight, 196 Flap, 12-13

airspeed and, 12

during approach, 112-13

coefficient of lift, effect on, 6, 11, 12, 13

drag, effect on, 12, 83

in forced landing, 198

in landing, 11, 115, 116, 117

in light twin takeoff, 179

in short-field takeoff, 83 Flight mechanics

axis of reference, 28, 227

climb, forces in, 31-33, 38

cruise, forces and moments in, 28-31

glide, forces in, 33-34

turn, forces in, 34-38 Flight plan, 199 Flight (Practical) test, 364

accelerated stalls, 374-75

after-landing procedures, 386

aircraft and equipment requirements, 365

airplane servicing, 369

airport and traffic pattern operations, 369-70



approach procedures, 370-71, 385

approach-to-landing (gliding-turn) stalls, 373

cockpit management, 369

cross-control stalls, 375-76

cross-country flight planning, 368

distractions during, 365

documents required, 366-67

emergency operations, 385

engine and systems pretakeoff check, 369

fuel and oil information, 368

ground reference maneuvers, 381-84

high work, 378

landing procedures, 370-71, 385

maximum performance maneuvers, 378-83

night flight operations, 369

obtaining weather information, 368

performance, satisfactory and unsatisfactory, 365-66

preflight check or visual inspection, 369

prerequisites, 365

slow night, 371-72



spins, 376-78

starting engine, 369

straight-ahead stalls, 372-73

systems and equipment malfunctions, 385

takeoffs and climbs, 370-71

taxiing, 369

turning stalls, 373-74

weight and balance computation, 368 Flutter, 143-44 Force, 23

climb, 31-33

glide, 33-34

straight and level flight, 28-31

turn, 34-38

vector of, 28 Forces, four, 9, 28, 37-39, 227. See also

Drag; Lift; Thrust; Weight Fuel, 169

gage, 72

mixture, power loss, 194-95

pressure, 72

vaporization, 167

VFR requirements, 101 Fuel flow indicator, 168 Fuel gage, 72 Fuel
management, 162-65

crossfeed and, 178-79



emergency, 195

leaning and, 103, 165-67, 168-69 Fuel system

carburetor and fuel niixture, 166-67, 168-69

crossfeed, 179

fuel and oil in, 169-70

fuel boost pump, 162

fuel injection, 167-69

light twin, 180

tank-type, 162-65

wobble pump, 162

G force, 145, 146

airplane stress limitations, 147, 148

physiological effect, 146 Gimbal, 60 Glide

altitude effects on, 110-11

characteristics, 106-12

farthest distance, 106, 108-10

forces in, 33-34, 108

max distance and minimum sink glide, 34

minimum rate of sink, 106-8

and speed brakes, 112



wind, effect of, 111-12 Governor, 21, 158-60, 195 Ground effect

airspeed system and, 44-45

downwash and induced drag, 17-18

elevator effectiveness and, 18, 131

landing, 17-18, 370

longitudinal stability, effect on, 18

takeoff, 18 Ground roll, 118 Gust envelope, 151-55 Gyro, 59-69

electric-driven, 59, 62

vacuum-driven, 59, 62

Heading indicator (H/1), 62-67 High-Hft devices, 12-13 Horizon reference
indicator, 62 Horsepower, 24-27

altitude and, 101

brake (BHP), 24-25, 101

friction, loss, 24

indicated, 24

jets, 26-27

rate of climb and, 27, 32-33, 90

rate of sink and, 34

shaft, 24

thrust (THP), 24-25, 26, 27



turbocharging and, 220 Humidity, 75-76, 114, 194 Hydroplaning, 118-19
Hyperventilation, 217 Hypoxia, 218-19, 223

braking on, 115

carburetor, 167, 168, 180. 193-94, 228

INDEX

Ice (continued)

flutter and, 144

impact, 167, 194

retractable gear, 175

stabilator, 144, 145

static pressure port, 47

structural, 194 Ignition

problems, 195-96

surface, 167 Indicated airspeed (IAS), 41, 43, 44, 103,

148 Instruments, 39-74. See also individual instruments

Jets, 26-27, 106 Jet stream, 215, 216

Landing, 113

approach, normal, 112-13, 370-71

coefficient of lift in, 11

constant-speed-propeller airplane, 158

drag in, 18



emergency, 385

flaps, use in, 115, 116, 117

with flat tire, 175

forced, 108, 196-99

fuel injection engine, 169

gear-up, 18, 172-75

gear-up vs. gear-down, 197-98

ground, effect on, 17-18

ground roll, 118

gusty, crosswind, 117, 391

hydroplaning in, 118-19

light twin, 183, 184

with one engine out, 188-89

performance charts, 119-20

power approaches, 106

power-off, 370

precautionary, 199

retractable-gear airplane, 171, 172-75

roll, 113-16, 183

short-field, 116, 119



soft-field, 116

traffic pattern, 113

in wake turbulence, 201-2

weight, effect of, 113, 114

wheel, 117 Lazy eights, 380-81 Leaning, fuel mixture, 102-3, 165-67,

168-69, 182 Lift, 9-15, 28

air density and, 12, 75

airfoil in, 9-15

angle of attack indicators, 14

boundary layer, 13-14

climb, 31-33

coefficient of, 6, 7, 10-13, 17, 18

glide, 33-34

ground effect and, 18

high-lift devices, 12-13

humidity and, 75-76

lifl-to-drag ratio, 18-19, 99-101, 108

lift-to-weight ratio, 38

mathematics of, 10-11

straight and level flight, 28-31



turn, 34-38

weight and load factor, 7, 228

wing design, 14-15 Light twin. See Airplane, twin-engine Limits,
operational, of airplane, 145-55 Load factor, 145-47

bank and stall speed, 146, 228

effect on stall speed, 8, 146

gust envelope and, 153,154

limit and ultimate, 147-48

limits, 149-51

maneuver envelope and, 149-51 Loading

directional stability and, 138

lateral stability, effect on, 139

longitudinal stability, effect on, 122, 125-26

takeoff, effect on, 76-78 Logbooks, 367 Longitudinal trim, 129-30

Mach meter, 43

Mach number, 42-43

Magnetic compass, 52-59

Magnetic field, 52-56

Magnetos, 161, 166, 179, 195-96

Maintenance and repair, 161, 170-71

Maintenance records, aircraft and engine,



367 Maneuver envelope, 149-51 Maneuvering speed, 7-8 Manifold pressure
(mp), 225

rpm relationship, 71, 156 Manifold pressure gage, 70-71, 72 Mathematics
for pilots, 2-5 Maximum angle cHmb, 5-6, 93-94, 227 Maximum chmbing
power, 182 Maximum continuous power, 182, 187 Maximum endurance, 7,
101-3 Maximum range distance, 7, 99-101 METARs, 392

Minimum control speed, 182-83, 185-87,189 Moment, 28, 98, 123

lift-weight, 28

nose-down, 29-30, 123

in straight and level flight, 28-31

tail-down, 30, 123

thrust, 29

Navigation, advanced, 202-14 ADF and relative bearings, 212 chmb and
descent factors, computing,

211 computer, 210-11

correcting for true and absolute altitude, 208-9 landfall navigation, 213, 214
no-wind plot, 212-13 off-course problems, 209-11 radius of action, 206-8
"rule of 60," 205, 210,211 time between bearings, 211-12 wind, finding,
202-6

Needle and baU, 68

Net accelerating force, 77, 79

Normalizing, 225

Oil, 169-70



pressure, loss of in flight, 196 Oil pressure gage, 71, 72, 196 Oil
temperature gage, 71, 72 Oscillations, 122, 126, 127, 144 Outside air
temperature (OAT) gage, 48 Overboost, 225 Overhaul, 170 Overshoot, 225
Oxygen, 216-19

Paint, and flutter, 144

Periodic motion, 122

P-factor, 22-23, 191

Pilot's Operating Handbook (POH), iv,

366-67 Pitch, 21, 121, 122-24 Pitot/static system, 49 Pilot tube, 40, 41 Plug
fouling, 195 Power

change in airspeed and, 25-26

changes, turbocharged engine, 222

curve, 23-27, 99

defined, 23, 24

effect on stability, 124, 141

fuel mixture and, 165-66

horsepower, 24-27

jet vs. propeller, 26-27

loading, 81

loss at high altitude, 193-96

maximum climbing or continuous, 182

maximum except at takeoff (METO), 182



setting, table, 105, 156, 221 Precession, 23, 63-69, 82 Preflight check, 161,
176-77 Preignition, 167 Pressure

and aeroembolism, 219

ambient, 49

dynamic, 40, 41

and dysbarism, 219

equation of state, 39, 75

flight instruments, 39-52

sea level, 49, 75, 216

static, 40, 41, 47 Pressure system, 181, 223-24 Propeller, 19-23

air-oil, 160-61

constant-speed, 21, 156-61

controls, 156-58

feathering, 160, 179, 187-88, 191

fixed-pitch, 19-21

geometric and effective pitch, 19-20

governor, 21, 158-60

maintenance, 161

noncounterweight, 160

oil-counterweight, 21, 158, 160, 188

preflight check, 161, 179



setting, effect on glide, 108, 110

synchronization, 181-82, 183

thrust, 19-23

torque effects, 21-23

windmilUng, 107-8, 110, 179-80, 187 Pylons, picking, 381-83

Ram effect, 158

Range. See Maximum range distance

Rate of climb indicator, 52

Rate of sink, minimum, 106, 107-8

Rate of turn, 9

Record of Major Repairs and Alterations,

367 Registration, airplane, 366 Retractable-gear airplane. See Airplane,

retractable-gear Roll, 121, 140, 142, 187, 201 Rolling resistance, 16-11, 83,
84 Rudder, 22, 82, 83, 86, 138, 143 "Rule of 60," 205, 210, 211 Runway,
76-79, 114, 116

Seat belt, 200

Service notification, manufacturer, 171

391

Shoulder harness, 200

Single-engine minimum control speed,

182-83, 185-87. 189 Slat, 12, 13 Slips, 186, 198



Slipstream effect, 21-22, 23, 123 Slot, 12, 13, 15 Sonic nozzle, 225
Spanwise airfoil variation, 15 Speed brakes, 112 Spins, 376-78 Spin strips,
15 Spiral instability, 139 Spirals, 381-82 Spoiler, 142

Stabilator, 48, 128, 130-31, 143, 144, 145 Stability, airplane, 121-22, 137
axes of movement, 121 center of gravity (CG) and, 131 dihedral, 140-41
directional, 138-39 elevator trim tab, 129-30 flutter and, 143-44 lateral, 14,
140-42 longitudinal, 122-24, 137, 144 longitudinal dynamic, 126-31
longitudinal static, 125-26, 144 power, effect on, 124 stabilator, 130-31
stick (or wheel), 127, 128-31 sweepback, 138 weight and balance in, 131-
37 Stabilizer, 48, 123, 128, 130 Stalls, 14 accelerated, 374-75 approach to
landing (gliding turn),

373-74 boundary layer and, 14 cross-control, 375-76 speed, 6-7, 8, 146
straight-ahead, 372-73 takeoff, 373 turning, 8, 373-74 wing design and, 14-
15 Stall strip, 15

Starting engine, 168, 177-78 Static tube, 40, 41 Stick force per g, 129
Stratosphere, 215-16 Stress, 145-55 airspeed and, 148-49 categories of
limitation, 147 gust envelope, 151-55 load factors, 145-47, 228 maneuver
envelope, 149-51 pilot, 171-72 in wake turbulence, 201 weight and, 149-51
Structural failure, 136, 146, 174, 201 Suction system, 181

Supercharge(r), 224. See also Turbocharg-ing

Tab, 129-30, 143

Tachometer, 69-70, 72, 181-82

TAFs. 394

Tailwheel airplane. See Airplane, tailwheel

Takeoff

altitude, effect of. 12. 75-76. 80

charts, 86-89



constant-speed propeller. 157

crosswind. 85-86

crosswind/headwind component chart,

80 engine failure, 189-92, 199 naps, use in, 83, 179 fuel injection engine,
168 humidity, effect of, 75-76 light twin, 181-82 net accelerating force, 77,
79 normal, 81-84

obstacle clearance charts, 86-89 pilot technique, effect of, 79-80 pressure
altitude, effect of, 80 retractable-gear airplane, 81, 175 rolling resistance,
76-77 runway slope, effect of, 78-79 runway surface, effect of, 76-78 short-
field, 82-84 soft-field, 84-85

tailwheel-type airplane, 23, 82, 84-85 temperature, effect of, 75-76, 80
tricycle-gear airplane, 22, 81-82, 84,

85-86 turbocharged engine, 222 unsupercharged engines, variables, 80 in
wake turbulence, 201-2 weight, effect of, 76-78, 80 wind condition, effect
of, 79, 80 Tkxiing, 178, 183 Temperature altimeter effects, 50-51, 76 cruise
and, 98 density-ahitude and, 49 equation of state, 39 landing roll and, 114
outside air gage, 48 sea level, 75 takeoff and, 75-76, 80 Test, night. See
Flight test Test, written, 229-363 Throttle, 82, 156-58, 181, 222 Thrust, 19-
27, 28

air-density and, 75-76 available, and drag, 19 climb, 31-33

horsepower (THP), 24-27, 32-33 jets and, 26-27 propeller and, 19-23
straight and level night, 29 takeoff, 77, 78, 79 Tires, 118-9, 175 Torque, 21-
23, 86 Tricycle-gear airplane. See Airplane,

tricycle-gear Troposphere, 215-16 True airspeed (TAS), 41, 42, 49, 148
Turbine, 224 Turbocharger, 224 Turbocharging, 220 altitude, 220 automatic
control, 223 cabin pressurization and, 223-24 engine diagram, 222 ground-
boosted engines, 221, 225 horsepower and, 220 manual control, 222-23
operation of engine, 222 terminology, 224-25 waste gate, 220, 221-22, 223,



224 Turbo-supercharger, 224 Turbulence, 103, 155, 200-202 Turn and bank,
68

Turn and slip (T/S), 67, 68-69, 188, 376 Turn coordinator (T/C), 67, 69,
188, 376

Turns, 8-9

chandelles, 37, 378-80 forces in, 34-38, 145 holding pattern, 103 lazy
eights. 380-81 radius of, 35-36. 39 rate of, 9

stalls in, 8, 373-74 steep, 378

Unfeathering, 160, 191 Utility airplanes, 147, 149, 152

Vacuum system, 74, 181, 223 Vapor lock, 168 Venturi system, 59 Vertical
speed indicator, 52 Vortex, 17, 39, 201-2 V speeds, 48-49

Wake turbulence, 200-202 Washin and washout, 14, 22 Waste gate, 220,
221-22, 223, 224 Water, fiight over, 18, 199 Weathercock stability, 85, 86,
139 Weight, 27, 28

airspeed, constant coefficient of lift and, 7

angle of attack and, 6-8

basic empty, 27, 132

in climb, 31-33

descent, 33-34

effect on landing, 113, 114

effect on takeoff, 76-78, 80

empty, 27

gross, 27



licensed empty, 27

lift-to-weight ratio, 38

maneuver envelope and, 149-51

maneuvering speed and, 7-8

minimum design, 149

in straight and level night, 28-31

in turn, 34-38 Weight and balance, 131-37, 192 Wind

calculating, takeoff components, 3, 28

crosswind, on takeoff, 85-86

endurance, effect on, 103

factor in navigation, 202-6

glide, effect on, 111-12

gust envelope and, 151-55

gusty, turbulent, gradient, 200

gusty and crosswind, in landing, 117

landing roll effect on, 114-15

takeoff, effect on, 79 Wing, 14-15, 16, 17, 18, 22, 154 Work, defined, 23

Yaw, 121, 138, 141-42, 191, 192 power loss, 188 propeller, producing, 21,
22 in tailwheel takeoff, 23

APPENDIX A METARs and TAFs



The following is a reprint of a directory published by the FAA for use in
interpreting surface observations and terminal forecasts.

METAR

METAR (or SPECI for Special Report) KPIT 201955Z (COR for correction
to observation) 22015G25KT 3/4SM R28R/2600FT TSRA OVC010CB
18/16 A2992 RMK SLP013 T01760158

Note: When METAR data is misslns from the body of the repKjrt (e.g. dew
point), it is simply omitted and the user must know the sequence to
recognize this. Some exceptions apply in remarks such as RVRNO, or
SLPNO when RVR or SLP are normally reported but not currently
available.

To help remember the sequence, think of 3W's at the besinning— Where,
When, and Wind. This works for METAR as well as TAF!

METAR KPIT 201955Z 22015G25ICT

Where

KPIT is the ICAO station identifier. The usual 3 letter identifiers we are all
familiar with are now preceded by a "K" for the contisuous United States.
Alaska and Hawaii will use 4 letter identifiers beginning with "PA" and
"PH" respectively. Changes are planned to incorporate alphabetic identifiers
for those weather reporting stdtions where numbers and letters are now used
(e.g.,W10toHEF).

When

201955Z is the 20th day of the month. 201955Zat1955Ztime

Wind

22015G25KT is reported as the 3 digit direction to the nearest 10 degrees.

22015G25KT next is the 2 or 3 digit speed.



22015G25KT a "G" comes next if the wind is gusting.

22015G25KT followed by the 2 or 3 digit maximum speed and units (KT).

OOOOOKT for calm winds.

20015KT 180V260 When wind direction varies 60 degrees or more and
wind is greater than 6 knots.

VRB Used when wind direction is vanable and speed is less than or equal to
6 knots.

RMK Peak wind data shall be reported in the remarks section whenever the
maximum instantaneous speed is greater than 25 knots. 22030/15 means a
maximum /nsfanfaneous wind at 30 knots occurred 15 minutes past the
hour from 220 degrees.

Visibility

3/4SM meaning 3/4 statue mile visibility. Miles and fractions are also
reported (e.g., 2 3/4SM for 2 and 3/4 statute miles visibility).

R28R/2600FT Means Runway Visual Range (RVR). Signifies that the
runway visual range for runway 28 Right is 2600 feet. The format is
R(XXX) Runway Designator including (L)eft (C)enter or (R)ight /(XXXX)
4 digit visibility in feet.

Some coding pilots may also see for RVR include:

M Indicates that RVR is less than lowest reportable sensor value

(eg. M600FT) P Indicates RVR greater than highest reportable sensor value
(e.g. P6000FT). V Variable If the RVR is variable between 2000 and 4000
feet for runway 6L:

(R06iy2000V4000FD

Significant Present Weather



TSRA: Thunderstorm/Moderate Rain Format is a two character descriptor
(e.g. TS, SH, DR) followed by a two character weather phenomenon (e.g.
RA, SN, FG). (See Abbreviations Section)

Intensity values include:

"-- Light

"+" Heavy

"no sign" Moderate

Clouds

OVC010CB: Specifies cloud amount, height, and type. Overcast clouds are
present at 1000 feet consisting of cumulonimbus clouds.

Cloud height is reported in hundreds of feet. When clouds are composed of
towering cumulus or cumulonimbus TCU or CB will follow cloud height.

The clouds are categorized based on eighths (octas) of the sky:

SKC Sky Clear

FEW 1-2 octas

SCr 3-4 octas

BKN 5-7 octas

OVC 8 octas

VV may be listed here for indefinite ceiling such as "VV004" for Vertical
Visibility 400 feet "VV///" means indefinite ceiling, height not available.

18/16 Temperature/Dew Point listed in degrees Celsius. When temperatures
are below zero degrees Celsius, they are preceded by "M" for Minus (e.g.,
10/M06 for temperature 10 degrees C, dew point Minus 6 degrees C).



A2992 Altimeter Setting "A" indicates setting in inches of mercury for
United States. Consists of 4 digits: inches and hundredths.

RMK SLP013 T01760158

RMK SLP013 T01760158. Remarks come last.

RMK SLP013 T01760158. Selected stations will contain SLP for Sea Level
Pressure reported as the last three digits in hectoPascals (milibars) (e.g.,
1013 is reported as SLP013).

RMK SLP013 T01760158. Also, at selected stations, the 9 character code
(T01760158) breaks down the temperature and dew point to the nearest
1/10th of a degree Celsius. The "T" stands for temperature and the "0"
means positive temperature. A "1" in place of the "0" stands for negative
temperature. At selected stations, ottier temperature codes, such as 10142,
20012, or 401120084, may appear to document temperatures not related to
aviation.

METAR ON ASOS/AWOS

Pilots will notice the METAR/SPECI code and sequence replaces the
format on automated weather observations (AWOS/ASOS). Also when a
METAR/SPECI is supplied by an automated source, ttie notation "AUTO"
for automated observation will appear in the report. The Remarks (RMK)
will then contain an abbreviation for the type and number of sensors (A01,
A02). If the site is attended, the METAR may contain information that has
been manually provided by the observer, as in the case of some weather
phenomena. The observer's comments will appear in tiie RMK section.

An example of a fully automated AWOS/ASOS METAR without human
intervention contains the word AUTO:

APPENDIX A
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METAR KOn'251955Z AUTO 30008KT 10SM CLR 22/10 A3010 RMK
A02 SLP138 T02180096

When AWOS/ASOS reported sky condition is dear (CLR) it means no
clouds at Of below 12,000 feet.

TAF

Let's try a TAF

TAF contains a definitive forecast for specific time (Deriods and will
replace the tenninal forecast.

TAF (TAF AMD is Amended Forecast when included) KPIT 091720Z
091818 22020KT 3SM -SHRA BKN020

FM2030 30015G25KT 3SM SHRA OVC015 PROB40 2022 1/2SM TSRA
OVC008CB

FM2300 27008KT 5SM -SHRA BKN020 OVC040 TEMPO 0407
OOOOOKT ISM -RAFG

FM1000 2201OKT 5SM -SHRA OVC020 BECMG 1315 2001OKT P6SM
NSW SKC

Once you know how to pick out tfie TAF forecast time periods, the same
logical sequence that we saw in METAR will follow. Below, a TAF is
broken down to highli3ht its individual segments Key words, and tfieir
definitions, indicating a new time penod fias started are highlighted in red.

TAF KPIT 091720Z 091818 22020KT 3SM -SHRA BKN020

FM2030 30015G25KT WS015/30045KT 3SM SHRA OVC015 PROB40
2022 1/2SM TSRA OVC008CB

FM2300 27008KT 5SM -SHRA BKN020 OVC040 TEMPO 0407
OOOOOKT 1SM -RA FG



FM1000 22010KT 5SM -SHRA OVC020 BECMG 1315 2OO10KT
P6SMNSW SKC

The Where, When, and Wind trick works with TAF, too. There's a little
twist v^th ttie "when," txjwever.

TAF KPrr 091720Z 091818 22020KT

Where

KPIT is the ICAO station identifier. The usual 3 letter identifiers we are all
familiar wnth preceded by a 'K' for ttie contiguous United States Alaska and
Hav^ii will use 4 letter identifiers t)eginning with 'PA' and 'PH' respectively.
Changes are planned to incofporate three letter identifiers for ttiose weather
reportingsXaUoos wtiere numbers and letters are now used (e,g., WIG to
HEF).

When

After KPIT, we see

091720Z This IS the forecast for the 9th day of the month with an issuance
time of 1720 Z or UTC. This is a 2 digit date and 4 digit time

091818 IS the valid period with the first two digits containing the day of ttie
month (09).

091818 the second tvi/o digits specify the hour beginning ttie forecast
period (1800Z)

091818 the last two digits are the hour ending the forecast period (1800Z on
tfie next day, (the 10th).

Wind

22020KT

See description under METAR



WS015/30045KT means at 1500 feet v^ expect wind to be 300 degrees at

45 KT. This indicates low level wind shear, not associated with convectrue

activity

Time Periods, Etc.

FM2030 From 2030Z or LFTC time. Indicates hours and minutes.

PROB40 2022 There is a 40 percent probatjility of this condition occurring
between 2000Z and 2200Z.

FM2300 FROM 2300Z.

TEMPO 0407 Temporary changes expected between 0400Z and 0700Z.

FM1000 FROM 1000Z.

BECMG 1315 Conditions Becomins as described between 1300Z and
1500Z.

Once the specific time periods can be discerned, the sequence of wind,
visibility, significant weather, cloud cover and doud height follows and is
repeated for each time block. The only exception is after qualifiers such as
PROB40, TEMPO, and BECMG, some of the components may be omitted
if these are not expected to change. Notice after PROB40 2022, there is no
wind given and after TEMPO 0407, there is no cloud cover listed. TAF's
will also contain wind shear information not associated with convective
activity.

It's BECMG CLR now, isn't it?

International Differences

Pilots and operators wfio fly to international destinations are cautioned to
be alert to differences between U.S. AAETAR/TAF and international
METAR/TAF Some key differences follow.



Altimeter Setting

The United States reports the altimeter setting in incfies of mercury

(eg., A2992) and internationally it will be reported in hectoPascals
(milibars)

(eg, Q1013)

Wind

Internationally wind may iDe reported in knots (KT), kilometers per hour
(KMH) or meters per second (MPS). Appropriate units are indicated on
both METAR and TAF.

Wind Shear

Low level wind shear, not associated with convective activity (e.g.,
WS015/30O45KT, see TAF) will appear in TAFs in the United States,
Canada,

and Mexico only.

Visibility

Internationally, visibility is reported in 4 digits using meters with the
direction of the lowest visibility sector (eg, 6000SW - meaning visibility is
lowest at 6000 meters to ttie southwest). In the United States, we use
prevailing visibility, in statue miles, not the lowest visibility, so tfie same
conditions wciuld be reported differently.

International visibility reports also contain a trend such as:

D Down

U Up

N No ctiange



V Variable

Other

Remarks (RMK) included in U.S. METAR are transmitted to only Canada
and AAexico and no other international stations.

Pilots may also see the notation on International METAR/TAF: CAVOK.
This means ceiling and visibility OK and is used to replace weather and
clouds if visibility IS 10 kilometers or more, there are no clouds below
1500 meters (5000 feet) or below the highest minimum air traffic control
sector altitude, whicfiever is greater Also, ttiere must be no otfier
significant weather. NSC means no significant clouds.

APPENDIX A

International TAFs may include temperature, turbulence, and icins
forecasts.

Abbreviations

A01 Automated Observation without precipitation discriminator
(rain/snow) A02 Automated Observation with precipitation discriminator
(rain/snow) AMD Amended Forecast (TAF) BECMG Becomins (expected
between 2 digit tDcginnins hour and 2 digit ending hour) BKN Broken
CLR Clear at or txlow 12,000 feet

(AWOS/ASOS report) COR Correction to the observation FEW 1 or 2 octas
(eighths) cloud cx>verage FM From (4 digit beginning time in

hours and minutes) IDG landing M In temperature field means 'minus'

or tDelow zero M In RVR listing indicates visibility less than lowest
reportable sensor value (e.g. M600) NO Not available (e.g. SLPNO,
RVRNO) NSW No Significant Weather OVC Overcast

P in RVR indicates visibility greater than highest reportable sensor value
(e.g. P6000FT) P6SM Visibility greater than 6 SM(TAf only) PROB40
Probability 40 percent



R Runway (used in RVR measurement) RMK Remark Ry/Rwy Runway
SCT Scattered SKC Sky Clear StP Sea Level Pressure (e.g., 1013

reported as 013) SM Statute mile(s) SPECI Special Report TEMPO
Temporary changes expected

(between 2 digit beginning hour and 2 digit ending hour) TKOf Takeoff
T01760158,10142, 20012 and 401120084 In Remarks—examples of
temperature information

V Varies (wind direction and RVR)

VC Vicinity VRB Variable wind direction wtien

speed is less than or equal to 6

knots VV Vertical Visibility (Indefinite Ceiling) WS Wind shear (In TAFs,
low level and

not associated with convect'rve

activity)

Descriptors

BC Patches

BL Blowing

DR Low Drifting

FZ Supercooled/freezing

Ml Shallow

PR Partial

SH Shov^ers



TS Thunderstorm

Weather Phenomena

BR Mist

DS Dust Storm

DU Widespread Dust

DZ Drizzle

FC Funnel Cloud

+FC Tomado/Water Spout

FG fog

FU Smoke

GR hiail

GS Small Hail/Snow Pellets

HZ Haze

IC Ice Crystals

PE Ice Pellets

PO Dust/Sand Whirls

py Spiay

RA Rain

SA Sand

SG Snow Grains



SN Snow

SQ Squall

SS Sandstorm

UP Unknown Precipitation (Automated

Obsen/ations)

VA Volcanic Ash

Cloud Types

CB Cumulonimbus TCU Towering Cumulus

METAR (SPECI or Special Report)

Note: When METAR data is missins (e.g. dew point), it is simply omitted
and the user must know the sequence to recognize this. Some exceptions
apply in remarks such as RVRNO, a SLPNO when RVR or SLP are
normally reported but not currently available.



METAR KPIT 201955Z 22015G25(a 3/4SM R28R/2600FT TSRA
OVC010CB 18/16 A2992 RMK SLP013 T01760158

Where: KPIT

When: 201955Z 20th day of month at 1955Z

Wind:

V:

VRB Visibility:

22015G25KT 220 degrees at 15 gusting to 25 knots Variable direction e.g.,
SOOISKT 220V280 Variable direction when speed is less than or equal to 6
knots 3/4SM 3/4 statute miles, typical: 2 3/4SAA, ISM,

RVR R28R/2600FT Runway 28 Right visibility 2600 feet

M: Used for RVR less than lowest reportable sensor value

(eg. M600FT) P: Used for RVR greater ttian highest reportable sensor value

(e.g. P6000FT) V: Variable Significant Weather; TSRA
thunderstorm/moderate rain (See Abbreviations) Sky Condition:
OVC010CB overcast clouds at 1000 feet consisting of cumulonimbus
Typical: SKC, FEW, SCT, BKN, VV004 indefinite ceiling (Vertical
Visibility) 400 feet or V V/// indefinite ceiling height not available
Temperature/Dew Point: 18/16 18 degrees Celsius/dew point 16 degrees
Celsius M = Minus (below zero) Altimeter: A2992 inches of mercury and
preceded by an "A"

RMK SLP013 T01760158 10142 20012 401120084 At selected stations.
Sea Level Pressure is reported as the last three digits in hectoPascals
(milibars) (e.g., 1013 is reported as SLP013). Codes such as T01760158
10142 20012 and 401120084 are climate temperature information.

TAF (TAF AMD Is Amended Forecast when included)



KPIT 091720Z 091818 22020KT WS015/30045KT 3SM -SHRA BKN020

FM2030 30015G25KT 3SM SHRA OVC015 PROB40 2022 1/2 TSRA
OVC008CB FM2300 27008KT 5SM -SHRA BKN020 OVC040 TEMPO
0407 OOOOOKT ISM -RA FG

FM1000 2201OKT 5SM NSW SKC

-SHRA OVC020 BECMG 1315 20010KT P6SM

Where: When:

KPIT

091720Z issuance day and time; 9th day at 1720Z

091818 valid period; 9th day at 1800Z to next day (lOth)at 1800Z

22020KT WS015/30045KT 220 degrees at 20 knots with low

level wind shear at 1500 feet forecast to be 300 degrees at 45

knots (only nonconvective, low level, wind shear is forecast)

3SM 3 statute miles, typical - 2 3/4SM, iSM,

Greater than 6 statute miles

- SHRA light rain showers (See Abbreviations)

BKN020 broken clouds at 2000 feet.

FEW, Sa, BKN, OVC.

VV004 indefinite ceiling (Vertical Visibility) 400 feet or W///.

Indefinite ceiling height not available CB and TCU clouds

noted when present.



Sequence of Wind, Visibility, Significant Weatfier and

Sky Condition repeats preceded by:

Wind;

Visibility:

P6SM:

Significant Wx;

Sky Condition:

Typical

FM2030 PROB40 2022:

FM2300: TEMPO 0407;

FM1000 BECMG 1315

From 2030Z

There is a 40 percent probability between 2000Z and 2200Z.

From 2300Z

Temporarily between 0400Z and 0700Z

From 1000Z

Becoming between 1300Z and 1500Z

Note; Weather conditions such as wind and sky condition may be omitted
after PROB40, TEMPO, and BECMG if no change is expected from those
same conditions given in tfie previtxis time block.
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