Original from




LBRARY
__OF THE




Original from
LINIVERSITY OF CALIFORMIA

uﬂg[a:

—
3

Digitized by

216006-nd#9sn”ssadde/Hlo asniaiuaeu mmm//:diau / paznibip-a1boon ‘uiewon diial






[ TM 1-205
a -
/: 0; ( - :"

WAR DEPARTMENT\% .
et b T oo L lesy

S AR

TECHNICAL MANUAL
-
- v

AIR NAVIGATION

-
o

df\‘

-

t
\

N\ 2 &

\ 0 ‘-’1\‘

p A \l\/
\‘.\_.U\ME&;TS o\

S v 25 W

1Y OF CALy
/ '_;-.‘-b‘ ¢ ':;; '
/\\;' e Ay v ‘\
( SEPLTI






/ WA o

TECHNICAL MANUA
“AIR NAVIGATIONL\ N\ \ A *

CHANGES IS war DEPARTMENT
No. 1 WASHINGTON 25 ‘D. C., 6 October 1943.

TM 1-205, 25 November 1940, is changed as ‘follows:

170.1. (Added.) Drift by timing and bearings.—a. General.—(1)
This method of reading drift is designed specifically for use when
flying with a solld undercast. However, mountain tops must be
showing above such an undercast. It is not necessary to know the
geographical position of the mountains nor is it necessary to know
their distance from the airplane. In fact, the greater the distance
from the airplane the greater the accuracy of the drift reading.

(2) Such conditions as described are prevalent in the Alaskan
theater of operations. Heretofore, a navigator flying under these
conditions found it impossible to determine his drift. Therefore, it
was impossible for him to keep his airplane on course resulting in
- great danger to equipment and personnel.

b. Equipment required.—(1) A pelorus, astro compass, or any other
instrument by which a relative bearing can be taken.

(2) An accurate watch and preferably a stop watch especially when
the airplane is a short distance (1 to 5 miles) from the mountain top.

¢. Procedure.—The first step in determining drift is to set the pelorus
to a relative bearing of 45° and wait for the object to come into the
sight, at which instant the time is recorded. The pelorus is then set
to a relative bearing of 90° and the instant the mountain comes into
the sight the time is again recorded. The same procedure is used
with a bearing of 135°.

d. Example.—(1) Figure 109.1 represents a case in which the time
interval necessary to change the relative bearing from 45° to 90° is
the same as that necessary to change the bearing from 90° to 135°.
A is the position of the airplane when the relative bearing of the
mountain i8 45°; Bis the position when C
the relative bearing is 90°; and C is the
position when therelative bearingis 135°,
Line ABC represents the true heading
and the track since there is no drift.
T, is the time interval necessary to
change the relative bearing from 45° to
90°. T, is the interval necessary to
change the relative bearing from 90°to Tt
135°. When thereisnodrift, T} equals 7.

(2) In figure 109.2, assume that the
airplane is on the same true heading, A
360°. The drift is 20° left or right and thetrack,therefore,340°0r20°,
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FIGURE 109.1,
With no drift, 7' equals 7%,
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FiaURE 109.2.
Drift 20° left or right.

(a) Consider the first case, a drift 20° left. A again represents the
airplane’s position when the relative bearing is 45°; B is the position

FI1aURE 109.3.
Derivation of factors
for construction of
tables A and B.

when the relative bearing is 90°; C is the position
when therelative bearingis 135°. T:isgreaterthan 7.

(5) Now consider the second case, a drift 20° right.
A is still the position of the airplane when the
relative bearing is 45°; B, is the position when the

‘relative bearing is 90°; C, is the position when

the relative bearing is 135°. T; is less than 7.
(¢) After T) and T; are recorded, the latter is di-
vided by the former. The quotient is a factor which
necessitates reference to certain tables. Table A is
used when the object from which the relative bear-
ing was taken is on the right side of the airplane;
table B when the object is on the left side. Op-
posite the factor is found the drift correction.

(d) When the object is on the left side of the airplane, the relative
bearings are in turn 315°, 270°, and 225°. The factors are derived
from the geometric construction shown in figure 109.3.
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e. Disadvantages of method.—(1) Since drift alone is obtainable, if the
course must be changed, the navigator is not aware of the new drift.

(2) If the landmark is a considerable distance away (50 miles or
more), by the time the relative bearing of 135° or 225° is reached,
the object may be obscured.

(3) If the landmark is very close (5 miles or less), the relative
bearing changes so quickly that the navigator will experience diffi-
culty in obtaining accurate T, and T, values. If these values are
inaccurate, the resultant factor may be in considerable error.

TABLE A.—Drift by timing

If object on which bearing is taken is to the right of the airplane, use this table.
Divide T by T to determine factor.

Drift correction Factor Drift correction Factor
+1 1. 0355 —1 0. 9657
2 1. 0724 2 . 9325
3 1. 1106 3 . 9004
4 1. 1504 4 . 8693
5 1. 1918 5 . 8391
6 1. 2349 6 . 8098
7 1. 2799 7 . 7813
8 1. 3270 8 . 7536
9 1. 3764 9 . 7265
+10 1. 4281 —10 . 7002
11 1. 4826 11 . 6745
12 1. 56399 12 . 6494
13 1. 6003 13 . 6249
14 1. 6643 14 . 6009
15 1. 7321 15 . 5774
16 1. 8040 16 . 5543
17 1. 8807 17 . 5317
18 1. 9626 18 . 5095
19 2. 0503 19 . 4877
+20 2. 1445 —20 . 4663
21 2. 2460 21 . 4452
22 2. 3559 22 . 4245
23 2. 4751 23 . 4040
24 2. 6051 24 . 3839
25 2.7475 . 25 . 3640
26 2. 9042 26 . 3443
27 3. 0777 27 . 3249
28 3. 2709 28 . 3057
29 3. 4874 29 . 2867
+30 3. 7321 —30 . 2679
31 4. 0108 31 . 2493
32 4, 3315 32 . 2309
33 4. 7046 33 . 2126
34 5. 1446 34 . 1944
35 5. 6713 35 . 1763
36 6. 3138 36 . 1584
37 7. 1154 37 . 1405
38 8. 1443 38 . 1228
39 9. 5144 39 . 1051
40 11. 4301 40 . 0875
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TasLE B.—Drift by timing

If object on which bearing is taken is to the left of the airplane, use this table,
Divide T3 by T to determine factor. .

Drift correction Factor Drift correction Factor
41 0. 9657 -1 1. 0355
2 . 9325 2 1. 0724
3 . 9004 3 1. 1106
4 . 8693 4 1. 1504
5 . 8391 5 1. 1918
6 . 8098 6 1. 2349
7 . 7813 7 1. 2799
8 . 7536 8 1. 3270
9 . 7265 9 1. 3764
+10 . 7002 —10 1. 4281
11 . 6745 11 1. 4826
12 . 6494 12 1. 5399
13 . 6249 13 1. 6003
14 . 6009 14 1. 6643
15 . 5774 15 1. 7321
16 . 5543 16 1. 8040
17 . 5317 17 1. 8807
18 . 5095 18 1. 9626
19 . 4877 19 2. 0503
~+20 . 4663 —20 2. 1445
21 . 4452 21 2. 2460
22 . 4245 22 2. 3559
23 . 4040 23 2. 4751
24 . 3839 24 2. 6051
25 . 3640 25 2. 7475
26 . 3443 26 2. 9042
27 . 3249 27 3. 0777
28 . 3057 28 3. 2709
29 . 2867 29 3. 4874
+30 . 2679 —30 3. 7321
31 . 2493 31 4. 0108
32 . 2309 32 4, 3315
33 . 2126 33 4. 7046
34 . 1944 34 5. 1446
35 . 1763 35 5. 6713
36 . 1584 36 6. 3138
37 . 1405 37 7. 1154
38 . 1228 38 8. 1443
39 . 1051 39 9. 5144
40 . 0875 40 11. 4301

[A. G. 300.7 (1 Oct 43).] (C 1,6 Oct 43.)

BY ORDER OF THE SECRETARY OF WAR:

G. C. MARSHALL,

OFFICIAL:
J. A. ULIO,
Major General,
The Adjutant General.

Chief of Staff.

U. S. GOVERNMENT PRINTING OFFICE: 1948
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CHAPTER 1°

PILOTAGE AND ELEMENTARY DEAD RECKONING

Section 1
GENERAL

Paragraph
Purpose and SCOPe—_ e 1
Definition and development of air navigation _— e 2
Methods used in air navigation e —_ - 3
Pilotage __.___ _— — e e 4
Dead reckoning_____ - _— — 5
Radio navigation_____________________ e 6
Celestial navigation_____________________ ____ _________ o ___ 7
Marine and air navigation compared______ —— 8

1. Purpose and scope.—The purpose of this manual is to describe
and illustrate the various methods of air navigation used by pilots of
the Army Air Corps. Pilotage, elementary dead reckoning, and the
use of the Federal aids to air navigation will be covered in detail in
this chapter, so that this manual may be used as a text for students
undergoing flying instruction.

2. Definition and development. of air navigation.—a. Air
navigation is the art of determining the geographical position and
maintaining the desired direction of an aircraft, relative to the
earth’s surface, by means of pilotage, dead reckoning, radlo aids, or
celestial observations. It is not an exact science.

b. The basic principles of air navigation are very similar to those
used centuries ago by mariners. Present day navigators depend upon
the magnetic compass for direction as did Columbus when he sailed
the Atlantic. Gradually, through the centuries, better instruments
have been developed, and methods have been refined. When air-
planes were developed to the point where they could fly for short. dis-
tances on cross-country flights, there was an immediate need for nawvi-
gation methods suitable for use in the air. Following the path made
by rivers, railroads, and highways was one of the earliest methods, but
with improvement of airplanes and engines, overwater flights were
made and a better method of navigation was required. It became nec-
essary to borrow methods from the marine navigator. The air sur-
rounding the earth is simply an ocean through which aircraft may
cruise, guided by navigational methods very similar to those used to
guide boats over the surface of the sea. With long flights, many of
them over water, now a routine thing, it is apparent that there is need
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for a scientific method of air navigation. This must include one or
more ways of flying accurate courses when—

(1) Over poorly mapped country.

(2) Over water.

(38) Over fog and in any condition of poor visibility.

(4) Making flights at night.

- 3. Methods used in air navigation.—There are four general
methods used in air navigation: pilotage, dead reckoning, radio navi-
gation, and celestial navigation. Two or more of these methods are
usually combined in actual practise, but for purposes of instruction
they are treated separately. An explanation of their combined use
during flight conditions will be made in section X.

4. Pilotage.—Pilotage is the method of conducting an aircraft
from one point to another by observation of landmarks either pre-
viously known or recognized from a map. This method is, therefore,
very limited when navigating over poorly mapped country, over
bodies of water, at night, off regularly established airways where no
beacons exist, or during weather when visibility is poor. However,
pilotage is always used, whenever possible, in conjunction with the
other methods of navigation. The use of ranges and cross bearings
is included in this method and can often be used to good advantage.
This method is analogous to that used by the motorist, where the high-
way is equivalent to the compass course and towns passed through are
the check points.

5. Dead reckoning.—Dead reckoning (D. R.) is the method of
determining the geographical position and maintaining the required
course by applying the ground speed and track, as estimated or calcu-
lated, over a certain period of time from the point of departure or from
the last known position. It is deduced reckoning and is the basic
method of navigation, being used at all times, by itself, and in con-
junction with the other methods of navigation. The use of this method
allows flights to be made with very little or no reference to outside
objects. It is used extensively on over-water flights where pilotage
methods fail because of the lack of check points.

6. Radio navigation.—Radio navigation is the method of con-
ducting an aircraft from one point to another by radio aids, such as
the radio beacon, radio direction finder, or radio bearings. Develop-
ment of this method of navigation is receiving considerable attention.
Its possibilities are great due to the fact that no view of the ground is
necessary and that instrument landings are made possible. The re-
liability, accuracy, and power of radio equipment in the hands of a
skilled operator constitute the only limiting factors of this method.

3
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Should this equipment fail or the radio signals be interfered with,
some other method of navigation must be relied upon. It is likewise !
used in conjunction with other methods. This method has a doubtful -
value in time of war, due to radio interference or to restrictions
imposed by “radio silence.”

7. Celestial navigation.—Celestial navigation is the method of
determining the geographical position of an aircraft by observation
of celestial bodies.. The use of celestial bodies for determining posi-
tion is as old as history, and although the basic principles have been
unchanged for some time, constant improvements in methods and

~ procedure have made celestial observations a fairly simple and yet
accurate means of navigation.

8. Marine and air navigation compared.—The ocean currents
are plotted on charts so that the navigator can refer to them and can
accurately gage their effect on the vessel. In the air this is not the
case; there are variable currents moving in many directions, so that
it is impossible to plot them on a map. It is necessary to resort to some
other method to determine the effect of air currents. There is a great
difference in the relative speeds of the currents; in the ocean they
seldom exceed 4 knots, while in the air they may move more than 90
knots. On board a ship the visibility is usually about 8 or 10 miles,
while in the air at 5,000 feet the calculated visibility is 81 miles,
although under normal conditions, depending upon the atmosphere,
it is usually about 20 miles, The heading of an airplane cannot be as
accurately maintained due to the smaller compass that is used. The
patent log of the mariner 1s much more accurate for determining
distance traveled on a course than is the determination of ground
speed from the air. The mariner can fix his position by celestial bodies
to within 1 mile, while in the air 5 to 10 miles is average under normal
air conditions, The modern airplane travels at speeds of more than
200 miles per hour as compared to the 80 knots of the modern ocean
liner. The ocean vessel may be stopped completely when danger
threatens in conditions of poor visibility, while the airplane must
continue to travel at relatively high speeds in order to maintain its

altitude. :
Section IT
MAPS AND CHARTS

Paragraph
Definitions___ I - S 9
Latitude and the Equator_____ ____ _____________ . . 30
Longitude and the prime meridian_____ - - 11
Latitude and the nautical mile - 12
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Paragraph
Longitude, arc and distance__ e~ 13
Conversion, nautical and statute units___________________ ________________ 14
Mercator, Lambert conformal, gnomonic, and polyconic projections__________ 15
Aeronautical charts of the United States -— 16
Chart reading_ e _ 17
Sectional aeronautical charts____ - e 18
Regional aeronautical charts_____________________ - - 19
Other aeronautical charts of the United States_____ ——— 20

9. Definitions.—a. Map and chart.—A map is a representation of
a sphere or a portion of a sphere on a flat surface. The term “map”
is used for areas that are mostly land. Ordinarily, the term “chart”
isused for representations of areas that are mostly water ; however, the
Civil Aeronautics Administration applies the term to publications pre-
pared by them, although many of these charts cover only land areas.
In order to represent a sphere or a portion of a sphere on a flat
surface it must of necessity be distorted. The methods of repre-
senting portions of the earth on a map or chart are known as “projec-
tions.” There are four main types of projections in general use:
the Mercator, Lambert conformal (conic), gnomonic, and polyconie.
Each type of projection has its use, and no one projection has every
feature which is desirable in a map.

b. Sphere—A sphere is a body bounded by a surface all points of
which are equidistant from a point called the “center.” For the
purposes of navigation the earth is usually considered to be a sphere.
Actually it is an ellipsoid whose polar diameter is 7,899.7 and equa-
torial diameter is 7,926.5 statute miles. It is apparent that the earth’s
deviation from the spherical is slight.

¢. Great circle—A great circle is a circle on the earth’s surface
whose plane passes through the center of the earth. The great circle
equidistant from the two poles is known as the Equator. Great cir-
cles passing through the two poles are known as meridians.

d. Small circle—A small circle is a circle on the earth’s surface
whose plane does not pass through the center of the earth. Small
circles whose planes are parallel to the great circle plane of the
Equator are known as parallels of latitude.

¢. Rhumbd line—~A rhumb line is a line which crosses all meri-
dians at the same angle. Tt does not necessarily represent the short-
est distance between points. Any two points on the earth’s surface
may be connected by a rhumb line. The rhumb line drawn on the
sphere is known as a loxodromic curve. According to the foregoing
sl.eﬁnition, the meridians, the Equator, and the parallels are rhumb
lines, but the meridians and the Equator being also great circles are

b
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usually not considered rhumb lines. The parallels are a special type
of rhumb line since they intersect every meridian at 90°. All other |
rhumb lines are curves which approach but never reach the poles.
The path of an airplane maintaining a constant course is a rhumb
line. Rhumb lines appear as straight lines on the Mercator projec-
tion. This is true of no other projection.

10. Latitude and the Equator.—Latitude (Lat.) is the angular
distance north or south of the Equator, as subtended at the center ‘
of the earth, measured from the Equator as a plane of origin. Lati- -
tude is measured in degrees, minutes, and seconds of arc, and may |
have any value from 0° at the Equator to 90° north or south, which |
would indicate the North or South Pole. North latitude is some-
times designated by the + sign and south latitude by the — sign;
it is better practice, however, to use the letters N. or S. to designate
the latitude of a point.

11. Longitude and the prime meridian.—Longitude (Long.) is
the angular distance, at the axis of the earth, between the plane of a
meridian and the plane of the prime meridian of Greenwich, Eng-
land, measured to the eastward or westward. Longitude is measured
in degrees, minutes, and seconds of arc, and may have any value
from 0° at Greenwich, England, up to 180° east or west. The area
of the United States is in latitude north (of the Equator) and longi-
tude west (of the prime meridian).

12. Latitude and the nautical mile.—The angular distance be-
tween the Equator and the North or the South Pole is 90° or 5,400
minutes. If.we use the actual length of a minute of latitude as a
unit of linear distance, we have 5,400 of these units as the distance
between the Equator and either the North or South Pole. This unit
of distance is called a nautical mile and is 6,080 feet'in length. The
statute mile, an arbitrarily selected unit of measure, is 5280 feet
in length. The relationship between latitude and distance, 1 min-
ute of arc of latitude equaling 1 nautical mile, makes the nautical
mile very useful in navigation and led to its adoption as the stand-
ard measure of distance in marine navigation. Although 1 minute
of arc of latitude equals 1 nautical mile, the same relationship does
not exist between arc of longitude and the nautical mile except at the
Equator.

13. Longitude, arc and distance.—Although arc of latitude may
be converted directly into distance as shown above, arc of longitude
may be-directly converted into nautical miles only at the Equator.
There, and there only, 1 minute of arc of longitude equals 1 nautical
mile. Methods of determining the linear distance represented by

6
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arc of longitude at various other points on the surface of the earth
are described in section IX, chapter 2.

14. Conversion, nautical and statute units.—The nautical mile
is longer than the statute mile, the ratio being as 115 is to 100. This
relationship makes it possible to convert a specified distance, known
in one of these units, to the other unit by use of one of the following
formulas:

(Distance in) statute miles = nautical miles X 1.15
statute miles

1.15
Thus if the distance from A to B is 100 nautical miles we have

Statute miles=100 X 1.15 or
__statute miles
100= 1.15

15. Mercator, Lambert conformal, gnomonic, and polyconic
projections.—a. Mercator—A map made on the Mercator projection
has all meridians of longitude represented by parallel vertical lines
and all parallels of latitude shown as parallel horizontal lines. Thus
the straight lines representing meridians and parallels all cross each
other at right angles. It is used extensively in marine navigation
and in air navigation when the airplane carries a navigator as a
member of the crew. Most of the hydrographic office charts for the
U. S. Navy and the U. S. Coast and Geodetic Survey charts are con-
structed on this projection. 4

b. Lambert conformal projection.—(1) In the Lambert conformal
projection, the meridians of the earth are represented by straight
lines converging toward a common point outside the borders of the
chart, and the parallels by curved lines which are sections of concen-
tric circles whose center is at the point of intersection of the merid-
ians, Meridians and parallels intersect at right angles.

(2) The scale error of any chart is small, and distances may be
measured directly by means of the graphic scales printed on the bor-
der. If the entire United States is shown in a single chart, the max-
imum scale error for nearly 90 percent of the chart is about 15 of 1
percent—an error quite negligible in practice.

¢. Gnomonic.—A map or chart made with this projection has all
meridians shown as converging straight lines and the parallels of lati-
tude shown as curved lines with the exception of the Equator which
appears as a straight line. Charts made on this projection are some-
times called “great circle charts” because a straight line drawn on
such a chart will indicate a great circle, which is the shortest distance

(Distance in) nautical miles =

(f
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between points. Courses drawn on the gnomonic chart are trans-
ferred to another kind of chart or map for actual use in navigation.

d. Polyconic—A map made on this projection has the central
meridian shown as a straight line and all other meridians shown as
curved lines. The parallels are arcs of circles, each with a different
radius. This type of projection is not used for navigation maps in
the United States but is used for Geological Survey, engineer, and many
military maps. Maps based on the polyconic are sometimes the only
ones available when navigating over land areas outside the United
States. '

e. Reference—A more complete description of these and other pro-
jections is given in section III, chapter 2.

16. Aeronautical charts of the United States.—a. List.—The
following aeronautical charts of the United States are now being pub-
lished or prepared. All but the last two are based on the Lambert-
conformal projection.

(1) Sectional charts of the entire United States, in 87 sheets, at a
scale of 1: 500,000, or about 8 miles to the inch.

(2) Regional charts to cover the United States, in 17 sheets, at a scale
of 1: 1,000,000, or about 16 miles to the inch.

(8) Radio direction finding charts of the entire United States, in 6
sheets, at a scale of 1:2,000,000, or about 32 miles to the inch.

(4) Aeronautical planning chart of the United States (chart No.
8060a), at a scale of 1: 5,000,000, or about 80 miles to the inch.

(5) Great circle chart of the United States (chart No. 3074), at ap-
proximately the same scale as chart No. 3060a.

(6) Magnetic chart of the United States (chart No. 3077), showing
Tines of equal magnetic variation, at a scale of approximately
1:7,500,000, or about 115 miles to the inch.

b. History—(1) The Air Commerce Act of 1926 provided for the
charting of airways and the publication of aviation maps necessary for
safety in flying and for the further development of air transportation.
At that time there were no suitable maps of the country as a whole,
nor even maps which could serve as an adequate base for the addition
of aeronautical data. A new type of map, especially designed to meet
the needs of a new industry, was urgently required, and the technical
work of investigating this-field and of compiling and publishing the
new maps of the airways was assigned to the United States Coast and
Geodetic Survey of the Department of Commerce, with instructions “to
provide as adequate charts for air navigation as it now provides for
ocean navigation.”

(2) In order to satisfy the most immediate and pressing demands,

8
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the first maps published for this purpose by the Coast and Geodetic
Survey were strip maps of the principal airways. However, it was
realized that strip maps could not long meet the need, and in December
1930 an experimental edition of the first sectional airway map was
published. _

(3) Although these early maps were very favorably received, they
were little more than topographic maps showing the characteristic
details of the terrain. Many experiments have since been made, re-
sulting in a number of changes and improvements. With the develop-
ment of more advanced methods of navigation, features that once were
considered essential were replaced by others of greater relative im-
portance. Certain items which should be included in a topographic
map are now omitted in order not to obscure details of more importance
to the navigator. Other features are exaggerated beyond topographic
justification because of their landmark value. Thus, with the addition
of the system of highly developed aids to navigation, the airway maps
gradually assumed the character of the nautical charts so essential for
safety at sea, and the designation of these highly specialized publica-
tions was changed to aeronautical charts.

(4) The aeronautical chart cannot yet be considered as having
reached its final form. Changing conditions of flight -(such as higher
speeds, longer flights, and higher altitudes) are fairly certain to result
in changed methods of navigation, and further changes and improve-
ments in the charts will be required. The chart should not merely
keep pace with these advances but should anticipate them.

(5) Maps in general may be thought of as containing information
which is subject to comparatively little change even over a considerable
period of time. By way of contrast, the aeronautical charts include
25,000 miles of airways equipped with beacon lights, radio ranges,
teletype service, and other related features. Over such an extensive
system it is obvious that many changes must occur. New airways are
being established and old routes are being rebuilt for more efficient
operation ; improved equipment is being installed; and aids are even
being provided for the navigation of air routes across the oceans. The
frequent correction of these charts to show the changes as they occur
is a most important function of the Government and is imperative for
safety in all forms of cross-country flying.

17. Chart reading.—a. Importance—(1) An aeronautical chart
is a small scale representation of a portion of the earth and its culture,
presenting to the trained eye a description of the charted region more
nearly perfect than could be obtained from the pages of a book. It
depicts the landmarks and other information found of value by pilots

9
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long familiar with the region. Consequently, any time spent in learn-
ing to read and interpret its detailed information will be well repaid ;
that this is beginning to be appreciated is evidenced by the growing
demand for these charts.

(2) In charting the details of the terrain and the system of aids to
navigation, many conventional symbols are employed. Some of these
have been in use for many years and their significance is generally
understood. Others have been adopted recently and therefore are not
as well known. The following description of these symbols and their
significance has been prepared as an aid to chart reading. It applies
primarily to sectional charts, since the scale of that series permits the
charting of fairly complete information. On the smaller scale charts
many details must be omitted, but with few exceptions those that can
be included are shown by the same symbols.

b. Features.—Features shown on these charts may be divided into
two groups:

(1) Those necessary to a clear and accurate topographic representa-
tion of the region, such as—

(a) Water,including streams, lakes, canals, swamps, and other bodies
of water.

(b) Cultural, such as towns, cities, roads, railroads, and other works
of man,

(¢) Relief,including mountains, hills, valleys, and other inequalities
of the land surface.

(2) Aeronautical data and information of interest chiefly for use in
air navigation.

c. Water features—(1) Water features are represented on the aero-
nautical charts in blue, the smaller streams and canals by single blue
lines, the larger streams and other bodies of water by blue tint within
the sohd blue lines outlining their extent.

(2) Intermittent streams are shown by a series of long dashes sepa-
rated by groups of three dots. suggesting the scattered pools into which
the diminished streams sink during the dry season.

(3) Intermittent lakes and ponds are shown with broken shore lines
and cross ruling in blue.

(4) In some sections of the country, the beds of dry lakes and ponds
are conspicuous landmarks. Such features are mdlcated by brown
dots within the broken “shore line” of blue.

(5) Marsh areas are shown by horizontal blue lines, with scattered
groups of short vertical dashes suggesting the clumps of marsh grass
common in such areas.

(6) Glaciers are indicated by blue shading, representing the form
lines of the glacial area, superimposed on the conventional brown,
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Large river and stream---pl—:, Dry lake ‘g:EE v_}:@
: TSGR

Intermittent stream_.____.._ a\/ Marsh e

Glacier on
contoured peak____________

FIGURE 1.—Water features.

Intermittent lake

d. Cultural features.—(1) Cultural features are generally indicated
in black. Towns with a population of less than 1,000 are indicated by
a conventional black circle, Towns having a population between 1,000
and 5,000 are shown by a yellow square outlined by purple, while the
actual shapes of larger cities are shown in yellow within a purple
outline,

(2) (¢) Prominent highways are indicated by a heavy purple line,
secondary highways by lighter lines in purple. In a few instances very
poor roads are charted because of unusual landmark value, and such
roads are shown by a broken purple line (the conventional symbol for
a trail).

() Prominent highways and secondary highways must be under-
stood as only relative terms. In some of the thinly settled districts,
roads are so few that practically all of them are shown. The most
important. through highway may be only a well-graded dirt or gravel
road, yet it is so prominent in its own vicinity that it is charted with a
heavy line, On the other hand, in the thickly settled sections there are
so many roads that it is impossible to include all the highly improved
roads. The treatment of highways, then, varies with the region under
consideration, but in each case an attempt is made to delineate the
distinctive road pattern as it would be seen from the air.

(3) Railroads are represented by fairly heavy lines with cross
ties at 5-mile intervals, electric railways (trolleys) by lighter black

less than 1,000 O one track_____ _
Cities
and towns_{ 1,000 to 5,000________ D tv;)ogg tracks. _H=—i-
more than 5,000____ s abandoned____ —
(actual shape) r:] Railroads; + -+
Prominent highway-____. —— trolley_ . S S T
Secondary highway With tunnel-_ - qfmmm)::faje

F1GURE 2.—Cultural features.
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lines with cross ties at 215-mile intervals. Thus, when the route
parallels a railroad or electric railway, the spacing of cross ties
provides a convenient check on ground speed and distance covered.

(4) Single-track railroads are shown with single cross ties, while
for railroads of two or more tracks the cross ties are in pairs.

(3) Even if a railroad has been abandoned or torn up, the old
roadbed is sometimes a prominent feature from the air. When this
is the case, it is indicated on the chart by a broken black line.

(6) Tunnels are indicated not only because they serve as land-
marks but also because they are a source of potential danger. If a
pilot is following a railroad through territory with which he is not
familiar and the railroad enters a tunnel, he may find himself sud-
denly confronted by a mountainside without sufficient space either
to turn or to climb above it. This difficulty is seldom encountered

Race track . @_3 ‘

Forest ranger station___________

Prominent
transmission line_____ - Quarry or mine______________

Coast Guard station_._______ ‘ cw

;\y/ )
Miscellaneous landmark_ Look-out tower________________ @.

Figurp 3.—Cultural features (landmarks).

in the case of highways; but any highway tunnels are shown by the
same symbol.

(7) Race tracks are prominent landmarks, and whenever possible
their characteristic oval shapes are indicated in black. In congested
areas where the actual shape cannot be shown, the location is some-
times indicated by a heavy dot, and the words “Race Track” or the
letters “R. T.” are printed in the nearest open space with an arrow
leading to the dot.

(8) Prominent transmission lines are shown by a symbol represent-
ing the poles or towers with wires between. These lines may be con-
sidered either as landmarks or as obstructions, and because of their
importance to air traffic they are shown in red (fig. 10). Usually,
only steel tower lines are shown on the aeronautical charts, but occa-
sionally pole lines are shown if they are particularly prominent
when viewed from the air.

12
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(9) Forest ranger stations are shown by small symbols sugges-
tive of the ranger station and its flag.

(10) A quarry or a mine is represented by a symbol suggesting the
pick and hammer of the miner.

(11) A Coast Guard station is indicated by a small black boat,
accompanied by the number with which it has been marked for
identification from the air. '

(12) Lookout towers in the State and National forests are lo-
cated on the highest ground in the vicinity and are usually quite
prominent. In some cases they have been airmarked with a num-
ber, and these numbers appear on the chart adjacent to the symbols,
in vertical black figures. Elevations of the ground at the towers
are added in black italics. ' '

(13) In addition to the foregoing, there are in many localities a
number of unclassified distinctive landmarks which are of great
assistance in identifying position. These are usually indicated on
the sectional charts with a dot and descriptive note.

e. Scale change necessary.—It should be understood that even on
the larger scale charts certain features must be exaggerated in size.
For example, if a prominent highway is measured by the scale of
statute miles on a sectional chart, the highway appears to be about
650 feet in width, but this exaggeration is necessary for the sake of
clarity and emphasis. Again, in a narrow canyon it may be required
to show a stream with a railroad on one side and a highway on the
other. On the ground the three features may occupy a space no more
than 75 feet in width, yet on the chart, showing the three symbols
as close together as possible, they appear to occupy about 2,000 feet.
Or, in the case of water features, a lake 300 feet wide and 2,000 feet
long may be an outstanding landmark; at the actual scale of the
chart 300 feet would be reduced to a fine single line; it must be ex-
aggerated in width enough to show a small area of blue tint between
two limiting shore lines of solid blue, and in length enough to pre-
serve in a general way, at least, the shape of the lake. Whenever
possible, symbols are centered on their true locations and exaggerated
only as much as may be essential to a clear representation.

f. Relief—(1) Relief is shown by contour lines in brown and
is emphasized by a series of gradient tints ranging from green at
sea level to a dark brown above 9,000 feet.

(2) Some prominent peaks or steep cliffs are also accentuated by
hachuring or shading with elevations in black italic figures.

(3) Many other critical elevations—mountain passes and high

13
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Mountain pass

Hachured peak with elevation____.

with elevation___..

3-foot depth curve__. L o Sand dunes___-_-___.

GRADIENT OF ELEVATIONS

0 1000 2000 3000 5000 7000
Green | Light Pale Light | Medium | Deep | Dark | |
green brown brown brown brown brown ‘

F1GURE 4.—Relief (elevation).

points—are shown on the charts with a dot to designate the location.

The elevations of a number of cities and towns are also shown.
9. Contours—(1) A contour represents an imaginary line on the

ground every point of which is at the same height above sea level.

. P T L T T
P A .
bl TP ——"

Ficurp 5.—Contours illustrateé by a sand pile.

The varied curves of the contour show the ridges, valleys, canyons,

bluffs, and other details. With a little practise, one may read from
the contours not only the elevations but also the shape of the terrain

as easily as from a relief map and much more accurately.

14



TM 1-205
AIR NAVIGATION 17

(2) Any contour is the intersection of an imaginary horizontal
plane with the surface of the terrain. To illustrate, figure 5 repre-
sents a pile of sand from the nearer side of which sand has been
carried away until a *“valley” has been formed. The top of the
sand pile is 5 feet above the pavement, and an imaginary plane is
passed through the pile at a height of 2 feet. In the lower part of
the figure is shown the “contour” or the trace of the intersection of
the plane with the sand. The trace of the lower edge of the pile
of sand on the pavement may be considered as the “shore line” or the
line of zero altitude.

(3) If it were raining, water would flow down the “valley” in the
direction indicated by the arrow, which may be considered as a
“stream.” Thus we see that when contours cross a stream they bend
toward the source of the stream which is, of course, on higher
ground; conversely, when crossing a
ridge the contours bend away from the
higher ground.

(4) In figure 6 the curvesat V, V, V, ~— v R
represent valleys of varying width and D
depth, while B, R, R, represent ridges v v
or hills.

(5) One way of visualizing more |R
readily the significance of the contours
~ is to think of them as successive shore Ficure 6.—Ridges and vaHeys
lines if the sea should rise to the levels shown by contours.
indicated by the respective contours. The line of the seacoast itself
is a contour, every point thereon having the same altitude (zero)
with respect to mean high water. Valleys sloping down toward the
shore line are represented by a curve or indentation landward. Ridges
result in a curve seaward (fig.-7). Now if the sea should rise 1,000
feet, the 1,000-foot contour would become the shore line; valleys
would still be indicated by a curve toward the higher ground (which
could now be called landward), and ridges would be indicated by a
curve toward the lower ground (seaward).

(6) If a cliff should rise almost vertically above the shore line for
1,000 feet, the 1,000-foot contour would appear on the chart very close
to the shore. When the terrain slopes gently upward from the coast,
the 1,000-foot contour is a considerable distance inland. Thus,
contour lines that are far apart on the chart indicate a gentle slope,
while lines that are close together mdlcate a steep slope; contours
that run together indicate a cliff.

(7) The manner in which contours express altitude, form, and de-
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FIGURE 7.—Seashore as contour.

gree of slope is shown in figure 8. The sketch in the upper part of
the figure represents a river valley that lies between two hills. In
the foreground is the sea, with a bay that is partly enclosed by a
hooked sand bar. On each side of the valley is a terrace into which
small streams have cut narrow gullies. The hill on the right has a
rounded summit and gently sloping spurs separated by ravines.
The spurs are cut off sharply at their lower ends by a sea cliff. The
hill at the left terminates abruptly at the valley in a steep and almost
vertical bluff, from which it slopes gradually away and forms an
inclined tableland that is traversed by a few shallow gullies. In the
lower part of the figure, each of these features is represented directly
beneath its position in the sketch by contour lines.

(8) In figure 8 the contours represent successive differences in
elevation of 20 feet—that- is, the “contour interval” is 20 feet.. For
the sectional and regional aeronautical charts a contour interval
of 1,000 feet has been adopted. (On a few of the charts, because of
unusual local conditions, intermediate contours at 500-foot intervals
are shown.)

h. Safe altitude—(1) In order to maintain a safe flying altitude,
unless the elevation of the top of a ridge or peak is given in figures,
it should be assumed that the elevation is a full thousand feet above
the highest contour shown. For example, the highest charted con-

- tour along a ridge may be only 2,000 feet, yet the ridge may be
topped by minor summits rising to 2,800 feet or more. Assuming
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trees approximately 100 feet in height, the extreme elevation of
the ridge may be almost 3,000 feet, yet the addition of the 3,000-foot
contour is not warranted. It should be noted that the gradient tint
used in this case (pale brown, see fig. 4) indicates not merely an eleva-
tion of 2,000 feet but includes any elevation short of 3,000 feet. Unless
absolutely certain of their position, whenever visibility is poor, pilots
should be careful to fly at a safe margin above the highest ground in
the entire region.

(2) The 3-foot-depth curve in water areas (fig. 4) may be thought
of as an under water contour, and every point aleng the curve is 3 feet
below low water. It is shown by a row of black dots, and serves as a
sort of danger line within which seaplanes should not attempt to land.
Three feet of water is not sufficient for large flying boats. On new
editions the 3-foot curve is being replaced by a 6-foot curve.

(8) Sand and sand dunes are indicated by brown dots.

(4) All the foregoing features are combined by the cartographer

Ficure 8.—Altitude, form, and slope expressed by contours.

270209°—40——2 17
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in such a manner as to reproduce the characteristic details of the region
accurately but without confusion. Then to this basic topographic
representation are added those features of special interest for air
navigation.

i. Aeronautical information.—(1) Aeronautical information and
features of interest chiefly for use in air navigation, such as airports,
beacon lights, radio ranges, and radio identification signals, are usually
shown in red print. The data are subject to constant change, and it
is well to remember that charts are safe only as long as their data are
correct. The elimination of certain airports, with changes in beacon
lights or radio aids to navigation, makes the use of an obsolete chart as
dangerous in the air as at sea. For this reason, new editions are fre-
quently printed, showing the latest information available, with the date
of the edition printed in red in the lower left corner of each chart.

Seaplanebase____________________

Army, Navy, or Marine Corps ﬂeld_O (with ramp, beach, and @
handling facilities)
Anchorage_______________________
Commercial or municipal alrport_{:} (with refueling and usual +

harbor facilities)

Department of Commerce inter-
mediate field__________________ O Anchorage__ 1 4

(with limited facilities)

Marked auxiliary fleld___________ + Mooring mast o
&

FIGURE 9.—Airport classifications.

(2) The same date also appears in small red italic figures immedi-
ately under the black border in the same corner, this being known as
the “print date.” When the chart is printed again, if only minor
changes are made the edition date (in large type) is not changed, but a
second print date is added, and so on. The aeronautical information
may therefore be considered as corrected for reports received to the
latest print date indicated. Whenever an extensive revision is made,
all previous dates are removed and a “new edition” is issued with new
edition date and new print date. The pilot’s own interests and the
safety of the public make it imperative that obsolete charts be dis-
carded and replaced by new editions as they are issued.

(8) Airport and airway changes subsequent to the date of printing
are listed in the Air Commerce Bulletin (published monthly) and
in the weekly “Notices to Airmen.” All such changes are kept on file
in the various operations offices together with other pertinent data
concerning Army fields. A pilot should note such changes on his
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own copies of the charts affected. Even then, whenever possible, he
should obtain local information as to the continued availability of
facilities shown upon the chart.

(4) Airports are classified as to their operation (whether commer-
cial, municipal, Army, etc.) and are shown in accordance with the
accompanying legend (fig. 9). It is important to consider the classi-
fication of a field before landing in order to know what supplies or
services may be obtained there.

(5) With the growth of international air traffic, information re-
garding airports of entry (customs airports) is becoming increasingly
important. Accordingly, when an airport has been designated as
a port of entry, this fact is noted near the airport name.

(6) Elevations of airports above sea level are indicated by slantmg
numerals adjacent to the airport.

(7) The letters LF adjacent to an airport symbol indicate that
the field is equipped with lighting facilities for landing at night.
Sometimes these facilities are operated only at certain hours or on
request. The same is true of certain other beacon lights and aids,
and for complete information on these points pilots should refer to
the information on file at the local operations office.

j. Beacons.—(1) A rotating beacon is indicated by a star with an
open center. Arrows in conjunction with the beacon symbol indicate
that the beacon is equipped with course lights, and show the direction
in which they are pointed. Adjacent to the symbol are placed the
number of the beacon and the corresponding code signal which is
flashed by the course lights for identification at night. When there
is a power shed at the beacon, the site number is also painted on
the shed roof for daylight identification.

(2) The number of any intermediate field or beacon is obtained
by dropping the final digit of the mileage from the origin of the
airway on which it is located.

(3) At some places the rotating beacon is supplemented by an
auxiliary beacon which flashes an identifying code signal. In this
case, rays are added to the chart rotating beacon symbol, and the
code signal flashed by the auxiliary beacon is placed nearby.

(4) A flashing beacon or other nonrotating beacon is indicated
by a solid star, smaller than the rotating beacon symbol; for a beacon
flashing in code, rays are added around the star.

(5) If an alrport is equlpped with a beacon light, the proper
beacon symbol is placed in the center of the airport symbol.

(6) A light for marine navigation is shown by a large dot. It
should be noted that a powerful light of this kind is often incon-

19



T™ 1-205
17 AIR CORPS

spicuous from the air, because its light is directed along the surface
for the benefit of surface navigation.

(7) A landmark beacon, operated by private interests or by a com-
mercial establishment for advertising purposes as well as for the
benefit of airmen, is represented by the proper beacon symbol (ro-
tating or flashing) as described above. As a rule these beacons are
located neither on an established air route nor at an airport, but they
serve to identify a point from which a pilot may proceed to his

Radio marker beacon __________ N
Rotating beacon.._ . ______. (with frequency and 'l
identification signal) -
Rotating beacon__-_-____‘____i__ﬁ_ E==
(with course lights) Fan marker beacon._ . . ___. (" ‘\)
(with identification signal) "~ _ -~
Rotating beacon_ . __________ v Radio station R
(with flashing code beacon) B& (yith call lottors and CS'/ Ve
frequency)
Flashing beacon . ___________. *
Radio direction finderstation© #¢
(with call letters and frequency )
Flashing code beacon___________. *
Marine radio beacon_________ COr 2
Marine navigational light________. o (with frequency and

identification signal)

+~—270° 9o*—> = O —— 270" 90°—

Radio range
(bearings are magnetic at the station)

i tion or Obstnlction______; _______________
Alrspace reservation or Y N v e wemp—m—
in feet)
Prominent
High explosive area marked__*. "'éx . transmission llne-———T—_ _T—
Lines of equal .
unmarked.- - b magnetic variation____. _—o” 7t

F1GURE 10.—Aeronautical data (miscellaneous).

-destination. A rotating landmark beacon usually rotates at two
revolutions per minute, in order to distinguish it from an airway
beacon which makes six revolutions per minute. An arrow in con-
junction with this symbol indicates that the beacon is equipped with
a course light; on the chart the arrow is placed so that it points
to the airport toward which the course light is directed.
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k. Reserved area.—(1) Air space reservations and danger areas
are indicated by prominent cross ruling and appropriate notes. The
former have been designated by Executive order and may not be
flown over at any altitude. Danger areas are shown by request of
the Army and Navy and should not be flown over at altitudes below
5,000 feet.

(2) High explosive areas should not be flown over except at such
altitude as to permit landing outside the area in case of complete
power failure—in no case less than 1,000 feet above the ground.
“Marked” areas are ground-marked with the same symbol used on the
charts.

(8) Flying is also prohibited in other limited areas for special
reasons—for example, in the vicinity of the White House and the
Capitol in Washington. In such localities the charts are already
too congested to indicate the restricted area, and pilots should keep
informed of such matters through the Air Commerce Bulletin, No-
tice to Airmen, and through local sources.

(4) Isolated obstructions are shown as indicated in figure 10, to-
gether with numerals indicating the height of the obstruction above
the ground, in feet. The center of the symbol marks the location
of the obstruction. ’

l. Radio ranges.—(1) A radio range station is indicated by a dot
within a small circle, and the positions of the range courses are
shown by a pink tint. Magnetic courses toward or away from the
station are indicated, and large letters mark the A and N quadrants
of the system. Smaller letters are placed adjacent to and near the
end of many of the range courses to avoid any confusion as to
quadrant designation. The method of flying the radio ranges is
treated in detail in section VIIL.

(2) A radio marker beacon is indicated by a broken circle around
the location of the station. The fan-type marker beacons are shown
by a broken ellipse suggesting the space pattern of these stations.

(3) Weather broadcast schedules, as well as the call letters and
identifying signals of the various radio stations, are shown adjacent
to the airports to which they apply.

(4) A number of commercial broadcasting stations are shown on
the charts. Originally, they were included chiefly because of their
danger as obstructions: With the development of the aircraft radio
compass, however, these stations have also become of navigational
importance. Radio stations suitable for this purpose are shown by
the conventional circle and dot symbol, the initials R. S., and the -
~ frequency. Stations operating at less than 500 watts are not charted.
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For stations with power between 500 and 1,000 watts, the power is
indicated on the chart as some guide to the distance at which satis-
factory reception may be expected. For stations of 1 kilowatt or
more, the power is omitted. '

(5) Radio direction-finder stations are seldom used by aircraft to-
day. However, these stations are indicated by a circle and dot symbol
and the initials R. C. (from their former designation as radio compass

)
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F1gURD 11.—True compass rose.

stations). Marine radio beacon stations are indicated by the same
symbol and the initials R. Bn.

m. Isogonic lines.—Places at which the magnetic variation is the
same in direction and magnitude are connected on the charts by broken
lines known as lines of equal magnetic variation or isogonic lines. The
amount and direction of variation are also shown.

n. Compass rose—Compass roses (fig. 11), oriented to true north,
are printed on the sectional and regional charts. If a protractor is not -
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available, these roses may be used for the approximate measurement
of courses and bearings. Because of the convergence of meridians in
the Lambert projection, some inaccuracy is introduced if a compass
rose is used for the measurement of direction at a point more than
1° or 2° of longitude away. Therefore, compass roses are printed at
intervals sufficiently close that courses may be measured from them
with practical accuracy, and one is usually available no matter how
the chart is folded. On some charts, the direction and amount of
magnetic variation are represented on the compass roses, in addition
to their representation by isogonic lines.

18. Sectional aeronautical charts.—a. Scale.—The expressions
1: 500,000 and 1: 1,000,000 used to denote the scale of a chart are read
as “one to five hundred thousand” and “one to one million.” They
represent, the proportion existing between the chart and the portion
of the earth represented thereon. In the first case, 1 inch on the chart
represents 500,000 inches on the ground; similarly, any other unit, as
1 foot, 1 yard, or 1 centimeter, represents 500,000 of the same units on
the ground. . Such a proportion is sometimes written as a fraction as
5 vlooo, and is occasionally referred to as the fractional scale or
representative fraction of the chart to which it applies. The scale
of the sectional charts is one to five hundred thousand, or about 8 miles
to the inch. .

b. Number.—The area of the United States has been divided into 87
sections, each of which is shown on one of the charts. (See fig. 12.)

¢. Use—Sectional charts are suitable for all forms of navigation.
They show all of the detail needed for use when pilotage methods are
used. They are somewhat bulky and on long flights many of them are
usually required, but no other maps now available are as well suited
for filling the pilot-navigator’s requirements when flying over the
United States.

19. Regional aeronautical charts.—a. Scale.—The scale of the
regional charts is one to one million, or about 16 miles to the inch.

b. Area—These charts cover such area that the United States is
represented on 17 sheets. (See fig. 13.)

¢. Use—The regional charts are designed to be used in methods of
air navigation other than pilotage or in conjunction with that method.
They are more convenient than the sectional charts for comparatively
long flights with faster planes, since pilots do not need to change
charts as often while in the air. They are also convenient for planning
routes which extend beyond the limits of a sectional chart, one regional
chart often covering the route which would require two or three sec-
tional charts. Because of the larger scale and the more complete
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information shown on the sectional charts they are necessary supple-
ments to the regional series. They will always be required for detailed
studies of an area. Most of the landmark data appearing on the sec-
tional charts have been eliminated from the regional charts, since, for
their intended purpose, clarity is more essential than completeness of
detail. _

20. Other aeronautical charts of the United States.—a. Radio
direction-finding charts (fig. 14).—(1) These charts show the area
of the United States on six sheets and use a scale of one to two
million, or about 32 miles to the inch. They are designed especially
for use in the plotting of radio bearings. Their smaller scale and
wider extent make it possible to plot bearings from radio stations
which would frequently be

outside the limits of the local - },??

chart when using either of \\?\\“\‘m\“ 0 '“'“"/"'5,{?
the larger scale series of S \‘ i 7,
charts. The method of plot- H

ting bearings on these charts
which are constructed on the
Lambert conformal projec-
tion is treated in detail in
section X, chapter 2.

(2) Specially designed
compass roses (fig. 15), ori-

0Lt

ented to magnetic north, are %y, 29 T

. . . l(/ \\\‘
used. on the radio direction B, PR XWX
finding charts. These roses b

are graduated to read both
from magnetic south and
from magnetic north. The outer figures are ordinarily used and are
therefore larger; they are sometimes used to plot reciprocal bearings
(the radio compass bearing observed at the plane plus or minus 180°),
and for that reason read from 0 at magnetic south. For certain other
problems a rose reading from 0 at magnetic north is more convenient,
and for such problems the inner (smaller) figures are also available.
These magnetic compass roses should be used to plot bearings taken
by an airplane only when the airplane-is relatively close to the trans-
mitting station, i. e., close enough so that the difference in variation
existing at the airplane and at the station is negligible. Otherwise
a correction is necessary to account for this difference in variation.
These roses should not be confused with the conventional compass
roses appearing on the sectional and regional charts, nor used .in the
same manner. (See sec. VIIIL.)

F1GuRB 15.—Magnetic compass rose.
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b. Aeronautical planning chart (No. 3060a).—This chart shows
the entire area of the United States on one sheet, with a scale of one
to five million, or about 80 miles to the inch. This is exactly one-
tenth the scale of the sectional charts. It affords a high degree of -
accuracy in the measurement of distances between widely separated
points and may also be used for the plotting of radio bearings, the
necessary instructions for performing these operations being printed
on the chart itself. About 40 of the principal broadcasting stations
and 250 of the most important airports are shown in red, facilitating
radio compass navigation and the plotting of routes. The plotting -
of routes is further simplified by an overprint showing the limits of
each sectional chart; in this way the pilot may see at once which sec-
tional charts will be required for a projected flight, and also the
approximate location of the intended route on each chart. Lines of
equal magnetic variation are shown. Courses may also be measured
thereon, although in general they should be measured on one of the
larger scale charts. - A straight line on this chart is a close approxi-
mation to the path of a great circle, and for all practical purposes
may be regarded as the shortest route between two points.

e. Great circle chart (No. 3074).—The sectional, regional, radio
direction. finding, and aeronautical planning charts are constructed
on the Lambert-conformal projection. The great circle chart is con-
structed on the gnomonic projection and is on approximately the
same scale as No. 3060a. It is not suitable for the measurement of
navigation courses, bearings, or distances, but any straight line on
this projection represents a precise great circle track. The chart is
therefore very useful for an exact determination of the great circle
route over long distances. The airports shown on chart No. 3060a
are included on this chart also. The radio stations are omitted, how-
ever.

d. Magnetic chart (No. 3077) —This chart shows the entire area
of the United States on one sheet, with a scale of one to seven and
one-half million, or about 115 miles to the inch. Lines of equal mag-
netic variation at 1° intervals are shown on this chart.

Secrion IIT
TIME, DIRECTION, AND BEARING
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21. Time.—Time is of primary importance to the navigator. By
its use he can calculate the distance traveled along his course or in
celestial navigation he can calculate his longitude. There are three
different kinds of time:

a. Mean or civil time.—Mean time is based on the travel of an imag-
inary or fictitious sun. This is the time as kept by watches or chro-
nometers, and the time we use in our time zones. At the same instant
the civil times of two points of different longitude are never the same.
Mean or civil time is not to be confused with standard or zone time
which is based on the civil time of certain selected meridians. Stand-
ard time is described in paragraph 24.

b. Apparent or solar time.—Solar time is time based on the travel
cf the real sun. The real sun is also known as the true sun or appar-
ent sun. The time read from a sun dial is apparent time. Solar time
is used extensively in celestial navigation.

¢. Sidereal or star time.—This time is used in celestial navigation
when determining the relationship between time and the position of
the stars. It is based on the travel of the stars. _

22. Day.—The time interval between two successive transits of a
heavenly body is a day. The civil day, solar day, and sidereal day are
not of the same duration. The difference between these various kinds
of days is described in TM 1-206. The civil day is the only one of
particular interest to the pilot and is the interval between two suc-
cessive transits of the mean sun, not the real sun. The interval be-
tween transits is divided into 24 hours, each of 60 minutes.

23. Time and longitude.—a. There is a definite relationship be-
tween time and longitude—24 hours of time is equal to 360° of arc
of longitude. Thus each hour of time equals 15° of longitude. Other
subdivisions are shown as follows:

Time: Arc of longitude
24 hours . ___ _— 360°
1hoore oo - — 15°
4 minutes_ ___________________ 1°
lminute « . e 15’
4seconds_ - 1
1 second oo e 15"

Using the above relationship, if the longitude and time of one place
are known and the longitude of a second place is known, the time of
the second place may be determined.
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b. (1) Problem—If it were 10: 00 A. M. at longitude 98°80’ W.,
find the time at longitude 115°20’ W., at the same moment.

(2) Solution—~The difference of longitude (DLo) is found by sub-
tracting 98°30’ from 115°20’, the result being 16°50’. Converting
this arc to time, it is found that 16°50” of longitude is equivalent to
1 hour 7 minutes and 20 seconds of time. The second location is west
of longitude 98°30’ W., and so the difference in time is subtracted from
the original time given. Answer: 8" 52™ 40s A. M.

24. Time 2zones.—a. Division—For our own convenience in
everyday life we use time zones which are areas using the same civil
time throughout. These zones are 15° wide over the ocean areas.
Over land areas, limits of the time zones are adjusted arbitrarily to
suit the convenience of population centers. The standard meridians
used to determine the time zones in the United States and Canada are
the 60th, 75th, 90th, 105th, and 120th meridians west from Greenwich.
Actually, the boundaries between these zones are very irregular. The
60th meridian, together with the area up to 714° of longitude on each
side, comprises the zone known as “intercolonial.” Likewise the
eastern standard time zone is based on the area on each side of the
75th meridian. Thus, eastern standard time is the mean or civil time
of the 75th meridian, and this same time is used for convenience be-
tween longitudes 6714° W. and 8214° W., roughly. The central stand-
ard time zone centers on the 90th meridian, mountain standard time
on the 105th, and Pacific standard time on the 120th. .

b. Sumset tables.—(1) General.—Sunset tables (figs. 16 and 17) are
printed in the handbook Radio Data and Aids to Airways Flying,
which is carried on each cross-country flight. These tables enable the
pilot to determine the time of sunset for any position of latitude and
longitude.

(2) Problem.—Find the sunset time for May 20 at latitude 33°00” N.
and longitude 94°30° W. (Follow instructions printed with the table.)

(a) Enter the top or bottom scale with the proper date, May 20.

(5) Move vertically down or up to the curve for observer’s latitude,
33°00’. Interpolate between 30° and 85°.

(¢) Move horizontally to the right or left and read the local civil
time on the vertical scales at the side, or 1855 hour (24-hour system of
keeping time, par. 25).

(d) To find exact zone or standard time as carried by your watch
add 4 minutes for each degree west of the standard meridian, etc. The
longitude given, 94°30’, is 4°30’ west of the standard 90th meridian
(central standard time), so 415 X4 or 18 minutes is added to 1855 for
the sunset time. Answer: 1918 hour, CST.
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SUNSET
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INSTRUCTIONS FOR USE

1. Enter the top or bottom scale with proper date.

2. Move vertically down or up to the curve for observer's latitude.

3. Move horizontally to right or left and read local civil time on
vertical scales at the side.

4, To find exact zone or standard time as carried by your watch,
add 4 minutes for each degree west of standard meridian and sub-
tract 4 minutes for each degree east of standard meridian.

Ficurp 16.—Sunset table, summer.

25. The 24-hour system.—This system of keeping time elimi-
nates the use of the abbreviations A. M. and P. M. The values for
A. M. time are unchanged except that four figures are always used:
8:00 A. M. becomes 0800 hour; 8:15 A. M. becomes 0315 hour; and
11:38 A. M. becomes 1138 hour. The value of P. M. time is increased
by 1200, hence 1:15 P. M., 7:42 P. M., and 11:19 P. M. become 1815
hour, 1942 hour, and 2319 hour, respectively. The use of this system
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INSTRUCTIONS FOR USE

1. Enter the top or bottom scale with proper date.

2. Move vertically down or up to the curve for observer's latitude.

3. Move horizontally to right or left and read local civil time on
vertical scales at the side.

4. To find exact zone or standard time as carried by your watch,
add 4 minutes for each degree west of standard meridian and sub-
tract 4 minutes for each deeree east of standard meridian.

Fi1GURE 17.—Sunset table, winter.

decreases the chances of making errors by eliminating the A. M. and
P. M. abbreviations, and for this reason it has been adopted for use in
Air Corps operations.

26. Direction and bearing.—a. Marine method.—The mariner
divides the circle into 32 equal parts called “points,” each point equal-
ing 11°15’. To sail two points east of north means, therefore, to sail
22°30 east of north, or north northeast (N.N.E.), ete. This system 1s
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not used in air navigation and is becoming outdated in surface naviga-
tion.

b. Second system.—In a second system somewhat similar to the above,
the circle is divided into four equal parts, indicating the four cardinal
directions, N, E, S;-and W. The direction from 4 to B, in figure 18,
is called “North 30° East”; A to F is “South 60° East”; 4 to C is
“South 30° West”; A to D is “North 60° West.” Each direction in
this system is referred to as north (or south) so many degrees east
(or west). This way of designating direction has a special use in cal-

i

B

C

S

F1eurp 18.—Directions and bearings.

culating courses and distances. These calculations are described in
section IX, chapter 2.

c. Air navigation system.—(1) The system of measuring and naming
directions used in air navigation is easier to use than either of the
above. It consists of designating directions in relation to north by
measuring them clockwise from north through any arc up to 360°.
In this system it is not necessary to refer to north, east, south, or west,
as the numerical value shows the exact direction. Thus in figure 18,
AN =3860° or 0°, AB=30°, AE'=90°, AF =120°, AS=180°, AC=210°,
AW =270° and AD=300°. To measure the direction from a point A
to a point B, the angle between the meridian which passes through A
and the line connecting A and B is measured clockwise from north,
If this angle equals 80°, it may be said that—

270209°—40——8 33
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- (@) The bearing from A4 to B is 80°.

(5) B bears 30° from A4, or A bears 210° from B.

(¢) The direction from A4 to B is 30°.

() The true course from 4 to B is 30°.

(2) Another example of the difference between a direction (or
course) and a bearing (or azimuth) may be seen by referring to
figure 19.

(@) Angle a is the course angle from 4 to B.

(b) Angle b is the course angle from B to 4.

(¢) Angle Z is the bearing or azimuth of B as measured at the
point 4.

(d) Angle Z’ is the bearing or azimuth of 4 as measured at the
point B, . _

27. Directions on a map.—a. How measured.—(1) When it is
desired to find the course or direction between two points on a map.
a connecting line is drawn between
these points. Then, if the map is
based on the Lambert projection.
the angle between the connecting
line and the meridian which is near-
est to midway between the points
is measured. Thus, in figure 19
(Lambert projection) the course
angle between A and B is angle ¢
rather than angle Z or angle & rather than angle Z’. For usual
flights the use of an ordinary protractor to measure the angle will
give sufficient accuracy.

(2) It should be explained that when the course is measured on the
meridian nearest halfway, a plane following that course will not ex-
actly follow the straight line on the chart but will slightly depart
therefrom near the middle of the route. However, when courses are
measured as recommended in the following paragraphs, the departure
is so slight that it may be considered that the plane does track the
straight line throughout its entire length. '

b. Long courses.—(1) When the two points are separated by not
more than 3° or 4° of longitude, the true course may be measured on
the meridian nearest halfway as described above and as illustrated in
figure 19. The entire distance is then flown as one course.

(2) When the difference of longitude between the two points is
more than 3° or 4°, the straight line on the chart should be divided
into sections crossing not more than 3° or 4° of longitude each. The
true course to be flown for each section is then measured on the
middle meridian of that section.

Fi1GUurE 19.—Courses and bearings.
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(8) Exzample—(a) Figure 20 illustrates the method of determin-
ing the series of true courses to be flown between St. Louis and
Minot. The distance is 862.7 statute miles. The difference of longi-
tude is nearly 12° which is too great to be flown satisfactorily in
one course. The route is therefore divided into three sections cross-

107 9%’ %0’

RMINOT

N

/

\
AN

F1GURE 20.—Subdividing long route.

ing approximately 4° of longitude each. The true course to be
flown throughout the total length of each section 1s measured on
the middle meridian of that section, and the course is changed in
flight as the end of each succeeding section is reached.

(6) For the flight from St. Louis to Minot only two regional
charts are required. It is a simple matter to join these two charts
and draw the straight line between the two places. When using the
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sectional series, six charts are necessary, and it is inconvenient to
join so many charts; in this case, therefore, the route should first
be plotted on one of the small-scale planning charts and then trans-
ferred to the regional and sectional charts.

-6. Computing course and distance—The course and dlstance be-
tween two points may be computed mathematically with great ac-
curacy. The methods are described in section IX, chapter 2.

" SectioN 1V

COMPASSES AND COMPASS ERRORS .

: Paragraph
Need for compass____ e S 28
Magnetism ________________________________ S 2
Magnetic compass______________ . R |
Aperiodic or Air Corps type D compass__ _______ . ____ o __ a
Earth-inductor compass_________________-______-'_-___;_-_:_____;_-______;.. -3
Variation ____ e e e L 3
Compass installation errors.__ I e 34
Magnetic devnatlon__________________--.._-“_____; ______________________ 3
Compass calibration on ground___- ______ B e 36
Errors of compass in ﬁight_______“_-_-___________.____._____'__'_'_’-_'__‘____ 31
Summary ________________________ e 38

28. Need for compass.—Human beings do not have that sense
which will allow them to move in any direction without some outside
means of orientation. Certain animals, such as pigeons, the wild
duck, and the domesticated cat, have this sense highly developed and
their exploits are well known. Man, however, must depend on some
mechanical means or must use the celestial bodies to find his way
along the surface of the earth. Even the ancient mariners depended
upon the sun and stars to give them directions when at sea. When the
sky was covered with fog or clouds they were forced to anchor if they
were out of sight of land. It was not until the 12th century that the
use of the magnetic compass became known in Europe.

29. Magnetism.—a. Lodestone.—It was discovered that a certain
ore called “lodestone” had the particular property of always point-
ing in the same direction when freely suspended in space. This dis-
covery led to the development of the first instrument for indicating
direction. It was discovered that.this pecuhar property of lode-
stone was due to magnetic mﬂuence, and this in turn brought the
further discovery that the earth is a huge magnet. »

b. Some laws of magnetism.—(1) The general law applymg to all
magnets is that 11ke magnetlc poles repel and unlike poles attract.
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(2) The field is the space surrounding a magnet in which the mag-
netic forces act.

(8) The poles of a magnet are the places where the lines of force
enter the magnet

(4) Dip is the vertical angle between the longitudinal axis of a
magnetlzed needle, freely suspended, and the horizontal. The dip
angle is zero at the magnetic equator. As the compass is carried
north or south, the angle increases until the maximum dip is reached
at the magnetic poles. The magnetic equator is an imaginary, irreg-
ular line circumventing the earth. It does not coincide with the
geographic Equator.

(5) A bar magnet. freely suspended in a magnetic field will take
a position parallel to the magnetic lines of force.

(6) A compass is simply a magnetized steel needle which is sus-
pended to allow it to rotate freely in a horizontal plane. The com-
pass needle will aline itself with the earth’s magnetic field when
it is not influenced by local magnetism.

(7) The earth being a huge magnet has a north magnetic pole
and a south magnetic pole. The earth’s north magnetic pole is the
one situated in the Northern Hemisphere. To aveid confusion it is
customary to refer to that end of the compass needle which points
to the earth’s north magnetic pole as the “north seeking” end of the
needle. The other end is the “south seeking” end of the needle. The
narth seeking end of the needle or a bar magnet is said to have “red”
magnetism and the south seeking end is said to have “blue”
magnetism.

(8) Unfortunately the geographical poles and the magnetic poles
do not coincide, thus the compass needle does not usually point
toward true north. This discrepancy in direction is known as
“variation.”

30. Magnetic compass.—a. Methods—There are four general
methods by means of which direction is established without visual
reference to the surface of the earth:

(1) Some type of magnetic compass which reacts to the magnetic
lines of force of the earth.

(2) A gyro compass which keeps its axis lined up with the rota-
tional axis of the earth. This type has not yet been developed for
use in aircraft.

(3) Radio reception, using a radlo compass or a radio range.

(4) Celestial observations, using an instrument such as a sun com-
pass.

b. Classes—There are two general classes of magnetic compasses
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which depend upon the magnetic field of the earth for their operation :

(1) A type having a magnetic needle which tends to line up parallel
to the earth’s magnetic field. The Air Corps types B and D operate
on this principle.

(2) A type in which a generator rotates, using the earth’s magnetic
lines of force for its field. The earth inductor compass operates on
this principle.

e. Air Corps type B compass—(1) This type of magnetic compass is
the one in general use by pilots. It may be mounted on the instru-
ment panel with the other instruments and its card is read through a
window on the rear side of the case or bowl. (See fig. 21.)

Ficure 21.—Type B—-15 magnetic compass.

(2) The card has a mark or graduation for each 5°. (Some new
compasses have 1° graduations.) There is a number or a letter at each
30° interval on the card. Each cardinal direction, north, east, south,
and west, is designated by its first letter. Other directions are num-
bered, with the final zero of the actual value omitted. For example,
the direction of 240° would be indicated by the number 24, If the
entire card could be removed from the compass and be split in half near
the letter N, and then could be unrolled into a straight band, the letters
and numerals would appear in the following order (there would be
only one N):

N33 30 W24 21 S15 12 E6 3N
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Each of the 30° markings is divided into smaller graduations (fig. 22).
Each smallest subdivision represents 5°.

d. Parts—The principal parts of the magnetic aircraft compass are
as follows:

(1) Bowl, which is usually spherical or cylindrical in shape and
made of a nonmagnetic material.

(2) Card assembly, which comprises the card, card magnets, spider,
pivot, and float when one is used.

(3) Lubber line, which is a wire or thin piece of material fixed with
reference to the compass and by which the compass card is read.

(4) Damping fluid, a water white, acid free kerosene which com-
pletely fills the bowl.

(6) Compensating chamber, where the compensating magnets are
held.

(6) Expansion and contraction device, which allows for tempera-
ture changes of the liquid.

24 Fd|
[T I T B

FIGURE 22.—S8ection of compass card.

(7) Antivibration mount, which is the frame by which the compass
is attached to the airplane.

(8) Light for illumination of the card at night.

e. Construction—(1) A magnetic compass is actuated by one or
more bar magnets held parallel in a common frame. This frame or
card assembly is pivoted at a point above its center of gravity in such a
manner that it will balance horizontally. The movement of the card
assembly is damped by a liquid in order to minimize the effects of
vibration and the relative unsteadiness of the airplane. A shock-
absorbing system, consisting usually of springs and felt pads, is also
provided to take up a certain amount of vibration in the interest of
Preserving the pivot and jewel. The liquid serves two other functions:
one to prevent corrosion of the pivot and the other parts inside of the
bowl; and the other to keep the jewel washed clean of insoluble par-
ticles which tend to settle to the bottom of the bowl. A cross-sectional
diagram of a magnetic compass is shown in figure 23. The card, which
varies in diameter in different types, carries two cylindrical bar mag-
lets of tungsten steel mounted on the under side. The outside rim of
the card is marked in 5° graduations. The cardinal points are indi-
cated by the letters N, E, S, and W.
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(2) From the center of the card a pivot points downward, and
when the card is in place it rests in a jewel cup at the top of a post
extending into the bowl from the bottom. The card is kept in place
by a cage and hemisphere, forming a retaining device which prevents
the pivot from leaving the cup. The pivot is made of steel. Owing
to vibration it becomes somewhat blunt with use, but this does not
affect the performance appreciably. Sapphire is used for the jewel
cup. The vertical lubber line is mounted inside the bowl so as to be
close to the glass face. In addition to the liquid, the damping system
consists of a mechanical combination of springs and cushions to help
absorb vibration.

f. Operation.—If a bar magnet is suspended so as to turn in any
direction about its center of gravity, it will take a position with one
end pointing northerly and the other end pointing southerly. For this
reason the ends of the magnets are known as the north seeking or
Nend, and the south seeking or S end, respectively. Since the mag-
netic force acting on the N end is equal and opposite to the force on
the S end, the effort on the N end only is considered. The position
taken by the magnets in the usual compass is parallel to the earth’s
magnetic field. Hence, the needles hold the card in one position
(errors will be discussed later), so that the direction of the longitudinal
axis of the airplane with respect to magnetic north may be deter-
‘mined by reading that part of the card which is designated by the
lubber line. When the airplane is turned, and the card comes to rest,
the magnetic needles hold the card in the same previous directional
position,. The window and lubber line have been moved around the
card to show a different section of it, and hence a different direction is
indicated by the lubber line.

31. Aperiodic or Air Corps type D compass.—This type of com-
Pass is used extensively in airplanes which carry a member of the crew
designated as navigator. Its description and operation are contained
in section ITI, chapter 2.

32. Earth-inductor compass.—a. This type of compass is essen-
tially a magnetic compass, It is actuated by the force of the earth’s
magnetic field and therefore indicates magnetic directions, It differs
from the conventional magnetic compass in that magnetized needles
are not employed to detect the earth’s field. It operates upon the
Principle of the electric direct-current generator. An armature ro-
tated by mechanical means cuts the earth’s magnetic lines of force,
thus generating an electric potential which is used to operate an indi-
cating instrument. The indicator is a small galvanometer which is
arranged to show a deflection when the aircraft is steered from the
tourse for which it is set. The controller is set for a given course to
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be flown, and as long as the aircraft is headed directly upon the course
the indicator points to zero. It points to left or right when the air-
plane is headed off the course. The indicator also points to zero when
a course 180° from that set is being flown. In this case a turn to the
right causes a deflection of the pointer to the left and vice versa.

b. The earth-inductor compass is heavier and has more working
parts than the magnetic-needle type compass. It has a few minor
advantages over the magnetic-needle type, but these advantages have
been largely offset by the development of the directional gyro to assist
in holding a steady heading when using the magnetic-needle compass.
The earth-inductor compass is used but little today.

33. Variation.—a. Definition.—The magnetic compass needle if
operating perfectly and undisturbed by outside forces will point to
the magnetic north pole. The earth’s magnetic poles, with the mag-
netic field which controls the compass, are not located at the geographic
poles of the earth. The magnetic pole in the Northern Hemisphere
is at approximately lat. 71° N. and long. 96° W., while the southern
pole is at lat. 73° S. and long. 156° E. Variation (Var.) is the angle
between the plane of the true meridian and a line passing thru a
freely suspended compass needle which is influenced solely by the
earth’s magnetism. It is named east or west according to the direction
of the compass needle from true north. Variation changes with time
and place, : _

b. Isogonic lines—If the earth’s crust were composed of a homo-
geneous material, the magnetic lines of force would be great circles
joining the magnetic poles. The composition of the earth’s crust is
such, however, that in most localities the direction of the magnetic
lines of force deviates considerably from the great circle. Fortu-
nately, science not only has accurately located the magnetic poles but
has also determined, with sufficient accuracy for the navigator, the
direction of the magnetic lines of force at all places on the earth’s
surface; furthermore, the small changes in the direction which are
gradually taking place have also been computed. An imaginary
line connecting points of equal variation is called an “isogonic line.”
At all points along any given isogonic line the magnetic variation is
the same. Figure 24 shows the lines of equal magnetic variation in
the United States in 1935 at 5° intervals. Referring to the figure,
it may be seen that in the eastern part of the United States the mag-
netic compass points west of true north (that is, the variation is west-
erly) ; in the western part of the country the magnetic compass points
east of true north (easterly variation). The dividing line between
these two areas of opposite variation, the line of 0° variation, is
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known as the “agonic line.” At all points along this line the direc-
tion of magnetic north and true north are the same. Minor bends
and turns in the isogonic lines are chiefly the result of local attrac-
tion. The isogonic lines shown in the figure are not magnetic merid-
ians and should not be so called.

c. Importance—When a course is referred to magnetic north
rather than true north it is known as a magnetic course. The mag-
netic course is the true course with variation applied, or the true
course plus or minus variation. A magnetic course has no importance
of its own to a pilot; it is simply a necessary step in converting a
true course to a compass heading, and it must have some name for

Easterly Variation Westerly Variation
20° }5’ 10° s° 0° 5° 10° , 15° 20°

] (4
zo.

/- W e T

15

10° s° 0°

FIGURE 24.—Magnetic variation in United States, 1935.

reference. The correct application of variation is, however, one of
the most important steps in navigation. Ships have been piled on
the rocks and airplanes have become completely lost because of mis-
application of magnetic variation.

d. Rule—In applying variation it is necessary to learn the follow-
ing rule so thoroughly that a wrong application is impossible: To
convert a true course into a magnetic course, add westerly variation.
Many pilots have found it helpful to remember the rhymes “East
is least, west is best”. or “East is minus, west is plus.” It is impor-
tant to note that the rule applies only when changing from true to
magnetic course. It must be reversed to change from magnetic to
true course. If the pilot can fix in his mind the relation pictured
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in figure 25, there will be no question as to the correct application
of magnetic variation. In the figure, N represents the true geo-
graphic meridian, and angle 1 is the true course for the route shown.
M represents the direction of magnetic north in the vicinity of
point O and is west of true north as indicated. Angle NOM is the
magnetic variation which is westerly. When magnetic north lies to
the west of true north, the angle NOM must be added to the true
course (angle 1) to obtain the magnetic course (angle 2), or the mag-
netic direction of the route. If:westerly variation is to be added,
easterly. variation must be subtracted; but by always remembering
the rule, add westerly variation, there will never be any danger of an
erroneous treatment. For instance, near Portland, Maine, the varia-
tion is about 17 ° west, a.nd the compass reading is 17° greater than
: .. . the cerresponding true course; near
N , Portland. - Oregon, the variation is
: .about 22° east, and the compass read-
ing is 22° less than the true course
for any chosen course. '
.e. How variation is applied:—(1)
In order to usé the magnetic compass
in air nav1gat10n it is necessary to
measure the course angle to get the
true course, and then to make the cor-
rection for variation in order to know
~ the magrietic course which will corre-
spond to the true course. This mag-
netic course .is later converted to
compass course as will be descrlbed in the following paragraphs. For
long flights, after dividing the route into sections of practical length
and determining the series. of true courses, the average magnetic '
variation for each section is applied in order to find the series:of
magnetic courses. (This is unnecessary on short flights in United
States latitudes.)
(2) If the above procedure is disregarded and a long route is

Magnetic
variation.

FIGURE 25. —Magnétic variﬁtion N

flown on one mean magnetic course, considerable departure from the |
intended track may result. For example, figure 26 shows the. condi-
tions actually existing.in 1935 along the Canadian .border between
longitudes 90° and 96°, a distance of 273 miles. The true course for
the route from point O to point (' is 270°, the magnetic course at
the point O is 268°. While .the mean magnetic course is flown for
the entire distance beginning at O, the course is in error by about 4°,
and the plane will track the broken line south of the parallel. At
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the center of the route the track will be 4.1 miles south of the parallel,
gradually returning to meet it at . The departure from this course
is greatest where the greatest differences in magnetic variation occur.
The maximum departure does not always occur at the midpoint of
the route. It will only occur at the midpoint when the isogons are
equally spaced.

(8) Variation cannot be reduced or eliminated, but it is constant
for all headings of the aircraft in any one locality.

34. Compass installation errors.—QOne of the reasons why a
compass fails to indicate correct magnetic direction is faulty installa-
tion. The compass must be installed so that the lubber line is par-
allel to the fore-aft axis of the airplane. Lubber-line error may be
totally eliminated or it may be partially but satisfactorily eliminated.
The total elimination is a difficult task which must be performed by
an installation expert. The partial elimination may be accomplished

F1GURE 26.—Departure from intended track.

by the pilot just before he compensates the compass as described in
paragraph 36. The fact that the lubber-line error is not totally
eliminated is taken into account when the compass is swung to deter-
mine deviations.

35. Magnetic deviation.—a. Definition.—Another reason why
the compass fails to indicate correct magnetic direction is due to
magnetic deviation. The earth’s lines of force are deflected from their
normal path by the magnetic properties of the aircraft itself. All
aircraft of necessity contain a certain amount of magnetic material;
any iron in the structure is either permanently magnetized or has
magnetism temporarily induced into it by the earth’s magnetic field.
In addition, wires carrying electric current produce magnetic fields
of their own. This local magnetism disturbs the earth’s magnetic
field in the vicinity of the airplane. Thus the indication of any
compass installed in an aircraft will be in error an angular amount
equal to the number of degrees that the earth’s lines of magnetic
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force are deflected from their normal path by the magnetic proper-
ties of the airplane. This error-is known as deviation. Deviation
is defined as the error caused by the aircraft’s magnetism and is
the angle between the magnetic meridian and the axis of the compass
needle when the latter is deflected by the aircraft’s magnetism. Since
the magnetism in an airplane is not symmetrically distributed with
respect to the compass, deviation will vary with the heading of the
aircraft. Deviation is referred to as east or west according to the
direction in which the needle is deflected.

b. Determination.—Deviation may be determined and tabulated by
the process known as calibrating the compass (par. 36). The record
of the compass deviations is posted in the airplane, and therefore
the pilot must usually wait until he is actually in the airplane before
he can know the deviations of the compass in that airplane.

¢. How deviation is applied; rule.—(1) When a magnetic course
is corrected for deviation it becomes a compass course. The com-
pass course has no importance of its own as it is merely one of the
steps in the process of arriving at a final compass heading.

(2) The application of deviation to the magnetic course is the
same as the application of variation to the true course (par. 33d.)
When changing from true to magnetic to compass, add westerly
variation or deviation. Use the rhyme “East is least, west is best”
or any other reminder. To avoid any possibility of a misunder-
standing, the sequence shown here applies when changing from true
to compass course, and.the large arrow indicates that the correction
for east is minus and for west is plus when changing from true
toward compass course.

E- True Course
Variation E or W
W+ Magnetic course
Deviation E or W
Compass course

A 4

(8) Since the amount and direction of deviation change as the head-
ing of the airplane is changed, each new heading of the aircraft
requires a check to see what allowance must be made for deviation.
The values for making this correction are obtained from the compass
correction card posted in the airplane.

(4) It should be remembered that variation is measured from true
north and is named with respect to north, while deviation is measured
from magnetic north and is named with respect to the magnetic
meridian.
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36. Compass calibration on ground.—a. Definitions.—Com-
pass calibration is the process of determining the magnetic deviation
of the compass. It consists of three steps: removal of lubber line
error; compensation ; and swinging. Compass compensation is defined
as a practical method of applying magnets or other correctors to
neutralize the magnetic forces exerted on a compass by the aircraft
and its equipment. Swinging the compass is the process of determin-
ing the compass deviation after it has been compensated.

b. Frequency of calibration—The calibration of a compass installed
in an aircraft cannot be expected to remain accurate for a very long
time, as it has been found that gunfire, engine vibration, rough land-
ings, etc., change the residual magnetism of the aircraft to an ap-
preciable extent. Also the compensating magnets lose strength with
age. Where accuracy for a particular flight 1s required, the aircraft
compass should be swung before the flight and the deviations recharted.
All compasses are swung and compensated at regular intervals of
time or of flying hours of the aircraft, and also after the change of an
engine or any electrical equipment which is likely to affect the compass.

c. Master compass and swinging base.—In order to calibrate an air-
plane’s compass it is necessary to have available a master compass or
a compass swinging base. A master compass is one from which all
compensating magnets have been removed, which is in excellent work-
ing order, and which is portable, so that it may be located at a spot
unaffected by any magnetic properties other than those of the earth.
A compass base is a magnetic compass rose laid out on the ground.
These compass bases are arranged so that the airplane may be accu-
rately headed in magnetic directions from zero degrees magnetic
through 360° at 15° intervals. Each Air Corps station has a compass
swinging base. The master compass and the magnetic base serve to
establish the correct magnetic direction of the longitudinal axis of the
airplane. The reading of the airplane’s compass while on any given
magnetic heading (determined from the master compass or the swing-
ing base) is compared with the correct magnetic direction of the
airplane to determine the deviation on that heading.

d. Instructions preparatory to calibrating.—The following general
instructions apply to the calibration of all magnetic aircraft com-
passes:

(1) See that compass is properly filled with liquid. This may be
accomplished by removing compass from mount and turning it face
up. If a bubble appears, it is an indication that more liquid is required.

(2) Remove all compensating magnets from slots, if compass has
removable magnets.
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(8) See that airplane is as far as possible from other aircraft, and
any steel structure, underground cables, and drainage pipes.

(4) With wheels securely locked, elevate tail wheel on a support so
that airplane is in flying pos1t10n with tail secured or weighted down
to prevent nosing over when engine is started.

‘(5) See that there is no lateral inclination of airplane.

(6) Keep all unused magnets at least 2 feet away from compass.

(7) Cause compass card to deflect through a small angle, using small
permanent magnet for this purpese, and insure that card rotates freely
on pivot.

(8) Place all controls, guns, etc., in ﬁymg position except that,
-when engine is running, elevators W1ll be used to assist in keeplng
tail of airplane down.

(9) See that compass card does not list, that is tha,t lts path of
rotation is in a horizontal. plane _

(10) With engine or engines running and speeded up so that
maximum charge is shown on ammeter, head airplane toward mag-
netic north and then to magnetic east to determine error caused by
vibration and induced magnetic influences. -

~e. Removing lubber line error.—The method of finding and re-
ducing the lubber line error, when a compass is ﬁrst installed in the
airplane, is as follows:

(1) Head airplane, in turn, on headlngs of magnetlc north east
south, and west, recording deviations on these headings. = -

(2) Add easterly deviations together and westerly deviations to-
gether. Subtract smaller from greater and divide by four. The
result, named east or west for the larger value, glves the angular

~ error of the lubber line or the lubber line error.

(8)-The correction for this error, necéssary only if it is more
than 1°, is made by changing the installation of the compass mount- -
ing in the airplane. The base of the compass is provided with- slots

- or other means of rotating the entire compass on the mount.

f. Compensation.—After the correction has been made for the lub-
ber line error, the compass is ready for compensation. = This is
accomplished as follows: ’

(1) Head airplane toward magnetic north. Insert required num-
ber of -compensating magnets in the athwartship -compensating
chamber (so that magnets are at right angles to compass needle) to
obtain a reading of exactly N. ‘

(2) Head magnetic east and insert reqmred number of magnets
in fore and aft compensating chamber (at rlght angle to compass
needle) to obtain a reading of exactly E.
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(3) Head-magnetic south and note error. Reduce error by one-
half by reducing or changing magnets inserted in (1) above. This
throws one-half of the error back to north reading. FEwmample: If
the reading on magnetic south is 184°, the magnets will be changed to
make the reading equal 182°.

(4) : Head - magnetic west and reduce error by one- half by chang-
ing magnets inserted in (2) above. This throws one-half of the error -
back to -east. -

9. Swinging. —Swing" airplane at 15° .intervals, around the com-
plete circle.: Make a record of the deviations, at each position, under
conditions of radio “on” and “off”” and lights “on” and “off.” Record
these deviations on the compass correction card or, in lieu of the-devi-
ations, record the compass courses .which must be steered to make
good the various magnetic courses. This card is posted in a suitable
holder near the compass.

37. Errors of compass in flight.—a. Gemeral —Whenever the
compass card is tilted to the eastward or westward it is acted upon
by.the vertical .component of the.earth’s magnetic force and is ro-
tated so as to give a false -reading. In the magnetic compass the
vertical component exerts its greatest downward pull:at the north-
seeking. énd of the card in. north latitudes and at the south-seeking
end in south latitudes. In either case the force causing rotation
will be the greatest when the card is tilted about the N-S line; that
18, when either the east or west side of the card is depressed.

b. Acceleration errors.—Compass cards are held level under nor-
mal conditions, due to the fact that the card ‘is designed with its
center of gravity below the pivot, and it therefore acts like a
pendulum. When acceleration forces act upon the pendulum com-
pass card assembly, it will swing away from the vertical like any other
pendulum, and the plane of the compass needles will be tilted with
respect to the horizontal. As stated before, the resulting rotation
of the card will be a maximum when the acceleration forces cause
the card to tilt about its N—S line; in other words, when the accelera- °
tion is in an east or west direction. Such accelerations occur when -
2 plane headed east or west speeds up or slows down (speed error),
and when a plane headed north or south turns toward the east or
west (northerly turning error). In every case in northern latitudes
the north side of the card will rotate from north toward the low
side of card. In south latitudes the south side of the card will rotate
from south toward the low side of the card. At the magnetic equator,
where there is no vertical component, there will be no errors due
to acceleration.
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(1) Northerly turning error—When making a turn, the forces of
acceleration act at right angles to the heading of the plane. Thus,
in northern latitudes, if the aircraft is headed in a northerly direc-
tion but is making a turn to the east, the pendulous assembly will be
pulled to the west by the forces of acceleration, and the east side of
the card will be depressed below the horizontal. The vertical com-
ponent of the earth’s magnetism will then cause the north point of
the card to rotate toward the east or low side. Thus, the compass
reading will be less than it should be and may, in certain cases, even
falsely indicate that a turn is being made to the westward. When
flying blind this is a dangerous thing as the pilot applying sufficient
rudder to make the compass indicate a turn to the eastward may place
the aircraft in a spinning attitude. This same action occurs when
a turn is made to the westward from a northerly heading, in that the
compass will read less than it should and may even indicate a turn
in the opposite direction. On southerly headings in north latitudes
a turn is not so dangerous, because the card indicates the turn in the
correct direction but of greater magnitude than actually made. In
southern latitudes the situation is reversed, and a turn from southerly
headings is the most dangerous, since here the compass will indicate
a turn of less magnitude than is being made, or may even indicate
a turn in the opposite direction.

(2) Speed errors—Speed errors due to acceleration or deceleration
of speed are maximum on east and west headings. In normal flight,
speed accelerations are small. The accelerations become large when
entering and pulling out of a dive, however, and if the dives are
made on east or west headings large deviations of the compass will
be noted. The compasses will also be slightly deflected during take-
offs and landings on east and west headings.

(8) Swirl errors—Swirl errors occur whenever turns are made.
They are caused by the fact that the liquid in the compass is rotated
a certain amount due to the friction with the compass case. The
movement of this liquid rotates the card in the direction the turn
is made, the amount of rotation being dependent upon the design
of the compass, the liquid used, and the magnitude of the turn.

c. Vibration error—A certain engine speed may cause vibrations
which affect the compass. Instances have been recorded when com-
passes have begun spinning due to vibration and continued to spin
until the “period” of the vibration was changed. A change in engine
speed will usually break the period of the vibration.

d. Minimizing errors—It will be apparent from the above that
the compass should be read only when the airplane is flying straight
and level at a constant speed. By reading the compass only under
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these conditions, acceleration errors can be held to a minimum. The
compass is not a satisfactory instrument for determining the rate of
a turn or even the direction when acceleration is taking place.

38. Summary.—a. The compass is the most important naviga-
tional instrument in the aircraft and its use is essential except for
short flights in excellent weather. The magnetic compass is subject
to the laws of magnetism.

b. Compass readings should be taken while the airplane is flying
straight and level at a comstant speed. The compass will not record
correctly when the airplane is accelerating or decelerating as occurs
when the airplane is turning, diving, or climbing. Nor will the com-
pass indicate correct magnetic direction when the needle is vibrating.

e. Variation cannot be reduced or eliminated but it is constant for
all headings in any one locality.

d. Deviation error may be either eliminated or reduced and is
different for different headings in the same locality. The deviations
of the compass are determined by a process called calibration. Since
these deviations are determined with the airplane in flying position,
the deviations will only hold good when the airplane is flying straight
and level.

e. When changing a true course to a magnetic course use the rule
“Bast is least, west is best.” Subtract easterly and add westerly
variation.

f. Use the same rule for applying deviations when changing from a
magnetic course to a compass course.

SecTioN V

TIME. SPEED, AND DISTANCE

Paragraph
Time, speed, and distance___________ _____________ e 39
Knots and miles per hour___ __ o Y 40
Air speed and ground speed____ ___________ _____________________________ 4
Triangular scale— . . 42

39. Time, speed, and distance.—a. Relationship.—There is a
definite relationship between time, speed. and distance. Speed is a rate
of motion or a ratio between time and distance.

__distance
Speed =" e —
Time — distance
speed
Distance =time X speed
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These formulas may be used as shown above, but care should be taken |
to use the correct units. If speed is given in miles per hour, then
distance should be in miles, and time should be in hours.

b. Example—(1) Using the formula "

__distance
Speed = time
and substituting numerical values might result in

45 miles
25 hours

This formula is correct numerically.. If the time is changed to 15 min-
utes it would appear to be

180 m. p. h.=

a5

180=12 |

which would be incorrect. It could be changed to read
45 miles

il te=
3 miles per mmu =I5 min.

and it would again be correct. As a rule it is better to use miles and
hours (m. p. h.) as the units.

(2) If any two of the above values are known, the third one may be
found by using the suitable formula. Thus, if the time is required
when the distance is known to be 134 miles and the speed to be 170
m. p. h., the formula would be

Time=distance
speed
or
134
Time= 170
=788 hours

=788 X 60 minutes
=47.28 minutes

40. Knots and miles per hour.—a. Definition.—A knot is a unit
of speed equal to 1 nautical mile per hour. (It is.equivalent to 1.15
statute miles per hour.) It is frequently used by navigators of air-
planes which have a crew member designated as such. The word
“knot” is complete without the additional words “per hour”; for ex-
ample, 120 knots is the same as 120 nautical miles per hour.

b. Use—The formulas given in paragraph 14 for statute miles also
apply to nautical miles. For example, if distances and speeds are
given in nautical miles and knots, the same formulas would be used.
(Par. 14 gives the conversion factors for changing one of these units
to the other.) No attempt should be made to work a problem with-
out insuring that the distances and rates of travel are in the same units.
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41. Air speed and ground speed.—The air speed of an airplane
depends on its rate of movement in the air, while the ground speed is
its speed in relation to the ground. (See sec. VI.) The difference be-.
tween the two is caused by the movement of the air or the wind.

42. Triangular scale.—a. Type.—The triangular engineer (not
architect) scale, which is useful in constructing vector triangles, has
six different edges and six scales on it (K & E #1631 P or similar).
These scales are very useful in constructing vector diagrams which
represent velocities and distances to scale. (See sec. VI) The 12-
inch scale allows the rapid and accurate use of. scales rangmg from 1
inch=10 units to 1 inch=60 units.

b. The six scales.—(1) Scale 10, the scale edge of which is designated
by the figure 10 at the left end (or in the center), is the scale which is
best used for a diagram where the values are represented by 1 inch=10
miles. - Each smallest subdivision then represents 1 mile, and the
figure 1=10 miles, 2=20 miles, etc., up to 12=120 miles. By mentally
adding a zero to each printed figure, any required value is instantly
determined.

(2) Scale 20 likewise is divided into small subdivisions, and each one
may represent 1 mile. By adding the final zero to each figure printed
on this scale, any distance up to 240 miles may be quickly determined
without shifting the position of the scale.

(3) Seale 30 shows, by the smallest subd1v1smns, 1 mile up to 360
miles. )

(4) Scale 40 shows from 1 mile up to 480 miles.

- (5) Scale 50 is divided to show from 1 to 600 miles.

(6) Scale 60 is divided to show from 1 to 720 miles.

_¢. Example.—To insure that each student thoroughly understands
the use of the triangular scale, the following example is given:

(1) Draw a straight line with cress marks exactly 814 inches apart.
Then, in order, place the six edges of the scale along this line and note
the number of units represented by this 814-inch distance.

(2) As the rule edges indicate the scale as shown in the first column,
the distances shown in the second column will be indicated :

. Dlstance,
Scale, 1 inch 8%-inch line

Miles Miles
10 85
20 170

. 30 N 255
40 340
50 425
60 510
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Secrion VI

EFFECT OF WIND

Paragraph

Definitions @ e e 43
Vector diagrams ___ e e e e 44
Usual problem, type 1 ____________ e 45
Rules and helps_ . _______________ - _ —_— _— 46
Compass heading. - 47

. Reverse problem, type 2 e 48
Solving for wind_—________ e 49

43. Definitions.—a. (1) Air speed.—True speed of an aircraft
relative to the air. It is the true air speed unless otherwise stated. Air
speed is obtained by correcting the calibrated air speed for density,
using temperature and pressure altitude corrections.

(2) Ground speed.—Actual speed relative to the earth’s surface.

(8) Drift—Angle between the heading and the track. It is named
right or left according to the way the airplane is drifted.

(4) Drift correction—Angle added to or subtracted from an air-
craft’s course (true) to obtain heading. In case of a right drift the
angle is subtracted from the course to obtain the heading, and in case
of a left drift it is added. A 5° drift correction to the right would be
written as +5°; the drift would be L.5°. A 5° drift correction to the
left would be ertten —5°; the drift would be R. 5°.

(8) Course (C.) —Dlrectlon over the surface of the earth, expressed
as an angle, with respect to true north, that an aircraft is intended to
be flown. It is the course laid out on the chart or map and is always the

~ true course unless otherwise designated.

(6) Magnetic course (M. C.).—Course (true) with variation ap-
plied.

(7) Compass course (C. C.).—Magnetic course with deviation
applied.

(8) Course made good.—Resultant true direction the aircraft bears
from the point of departure. (All courses are measured from north
through east of 360°.)

(9) Track.—Actual path of an aircraft over the surface of the earth.
Track is the path that has been flown. Course (true) is the path
intended to be flown.

(10) Heading.—Angular direction of the longitudinal axis of the
aircraft with respect to true north. It is the course with the drift cor-
rection applied. It is true heading unless otherwise designated.

(11) Magnetic heading.—Heading with variation applied.

(12) Compass heading—Magnetic heading with deviation applied.
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(18) Wind direction and force.—Wind is designated by the direc-
tion from which it blows. Force of the wind is expressed as the
speed in miles per hour or knots.

(14) Velocity—Rate of change of position in a given direction. .
It involves both speed and direction.

(15) Line.—A straight line may represent a velocity; dlrectlon is
represented by the position of the line; speed by the length of the
line.

b. No wind.—(1) General.—An airplane in flight, when there is no
wind, will have the same air speed and ground speed. It will also
have the same heading and course. This eondition seldom prevails,
so the effect of the wind must usually be taken into consideration.
The change in rate of travel (air speed or ground speed) and the
change in direction (course or heading) may be solved by the same
vector diagram. There are two simple cases which do not need a
diagram, and these are the rare occasions when the airplane course
is exactly downwind or into the wind. .

(2) Ezample—(a) An airplane, air speed 150 m. p. h., is flown
directly into a 20 m. p. h. head wind. The ground speed then equals
130 m. p. h. and the headmg is the same as the course.

(b) An airplane, air speed 150 m. p. h., is flown directly down
wind in a 20 m. p. h. wind. The ground speed then equals 170
m. p. h. and the course and heading are the same.

44. Vector diagrams.—a. Velocities—A velocity may be repre-
sented in a vector diagram by a straight line. The direction of the
line is drawn in the same direction as the motion, and the length of
the line represents the rate of motion. Two component velocities
may be resolved into the resultant velocity.

b. Wind diagrams.—In the wind vector diagram the heading and
air speed are drawn as one component and the wind direction and
wind speed as the second component. The resultant then indicates
the course and ground speed. (In the actual movement of the air-
plane over the earth, the resultant is the track.)

45. Usual problem, type 1.—a. To determine heading and
ground speed.—(1) The type of diagram described in this paragraph
will hereafter be called type 1 in order to shorten the nomenclature.
This type of diagram is constructed when it is desired to determine
the heading and the ground speed, knowing the course, the air speed,
and the wind velocity. A diagram of this type may be drawn
directly on a map, using the map scale, or it may be constructed on
an ordinary sheet of paper.
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(2) In order to make the necessary allowance for the effect of
wind and to find the compass heading from the compass course, the
action of the wind upon an aircraft must be fully understood. A
free balloon is carried with the wind and at the same speed as the

" wind, just as a cork is carried on the surface of a stream. If we
substitute for the cork a toy motorboat which requires a minute to
cross a small stream, and the stream is flowing at the rate of 10 feet
per minute, even though the boat is headed directly across stream it
will still feel the full effect of the current. During the minute of
its crossing it will be swept 10 feet downstream and will reach the
opposite bank at a point 10 feet below the point of departure. The
solid line of figure 27 represents the path of the boat in crossing the
stream. In exactly the same way an airplane in flight is subject to

Sm— o P m————
’\\ — ' TNN— —
.\' \_
’-—”"— —

Fi16URE 27.—Effect of current on a boat.

the full effect of the wind, even though the plane may be moving
under its own power in an entirely different direction.

(8) For example, if a plane were headed due east from A4 at an
air speed of 100 m. p. h., it would reach a point B 100 miles away
in just 1 hour if there were no wind. If a wind were blowing from
the north the plane would actually arrive in 1 hour at a point to the
south of point B. In order to be able to make good the desired course
to the east, the airplane must be headed 7nto the wind by an amount
which will counteract the tendency of the wind to cause the airplane
to be drifted south of the 90° course. This change of heading (the
heading will be less than 90°) will also cause a change in the ground
speed. The example in b below shows how the heading and ground
speed are determined by constructing a diagram.

b. Type 1 diagram.—(1) First example—To find heading and
ground speed.
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(¢) Given: Desired course 90°.
. Air speed 100 m. p. h.
Wind velocity 20 m. P. h. from 315°.

Requlred Heading. o :

Ground speed. ‘

(b) The first step is the construction of a north-south line. A
mental calculation or rough sketch indicates that this line may be
placed close to the left side of the paper, as all of the diagram will
be on the right side of it. So it is drawn close to the left border
of the paper and then a starting pomt A is chosen.

(¢) From A the course line 90° is drawn as AX. (See fig. 28)

(d) From A the wind line AB is drawn down wind from 315°.

(e) The distance AB . is made. equa.l to 20 units of the scale it is
desired to use.

FIGURE 28_.—First. example of type 1 diagram.

(f) From B the point C is located so that by construction the dis-
tance BC equals the air speed for 1 hour or 120 m. p.'h.

(g) The triangle ADC is constructed in this example so that
ABC(C' D’is a parallelogram.

(%) The required heading will be the direction indicated by the
line AD (same as shown by line BC).

(?) The required ground speed will be shown by the number of
units in the length of the line AC.

(7) It usually is not necessary to complete the parallelogram, as
the required heading and ground speed may be determined from
the triangle ABC. Note that the angle ¥NAD, which is the heading
angle, is the same as the angle NEC (CB is continued through B
to £). The heading may therefore be determined by finding the
direction of BC and so the side AD is not actually needed.

(2) Second example.—To find heading, ground speed, and time.
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(a) Given: Course 243°.
Air speed 140 m. p. h.
Wind 20 m. p. h. from 278°,
Distance 4 to M 248 miles.
Required : Ground speed out.
True heading out.
Time for flight.
(b) Determine the position of the north-south line and point A.
(See fig. 29.)
(¢) Draw AX 243°,
Nore.—This line need be only long enough to help complete a 1-hour diagram.
In this type of problem it does not have to extend all the way to the point M.
(d) Draw AB, wind velocity 20 m. p. h. from 278°,
(¢) Draw BC, air speed 140 m. p. h.

F1eUury 29.—S8econd example of type 1 diagram.

(f) Measure AC, ground speed.

(9) Measure angle D, heading angle.

(#) Divide distance 248 by ground speed 123.

(¢) Change resulting hours and fractions to hours and minutes.

(7) The required answers are given in (f), (¢), and (¢) above.

46. Rules and helps.—a. The principal source of accuracy in
diagrammatical solutions is neatness. Lines should be drawn with
a hard lead pencil sharpened to a fine point. The paper should be
placed on a hard surface and in sufficient light.

b. To avoid mistakes, all lines should be labeled as soon as they
are drawn. This will insure easier checking of the diagram after
completion.
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¢. Read the problem through two or three times so that there is
no doubt as to what is required and the methods to use. It is help-
ful to make a rough approximate sketch before starting the detailed
accurate diagram.

d. Place the diagram correctly in the available space. If the dia-
gram will all be done on one side of the N-S line, do not draw this
line down the center of the paper.

e. Use 1 hour units unless there is a reason for using more or less
than this amount. '

f. There are sometimes several ways to work some types of dia-
grammatical solutions. The ones shown in this manual are best for
all types of such problems.

g. Wind always blows the aircraft from the heading to the course.

k. Course and ground speed are always on the same line.

i. Heading and air speed are always on the same line.

j. In all diagrams illustrated in this section of the manual the
wind is always plotted downward. '

k. Only true directions are used in diagrams. If the data give
a compass course, change it to a true course. using arithmetic, before
drawing the diagram. If the problems give a compass heading,
change it to a true heading, arithmetically, before starting to draw.

47. Compass heading.—a. Course and heading.—(1) It has
already been shown that the compass course is the direction by com-
pass in which a plane should be headed in order to reach its destination
in still air or with the wind parallel to the course. It was also defined
as the true course plus or minus variation and deviation but with no
allowance for wind. To avoid any confusion at this point remember
that—

(@) Compass course is the true course plus or minus variation and
deviation but without allowance for wind effect.

(b) Compass heading is the true course plus or minus variation and
deviation and including allowance for wind. It is the direction by
compass in which the plane is pointed.

(2) Another method of illustrating the differences between course
and heading is to enumerate them as follows:

1. True course. 1. True course.

2. Drift correction.
8. 3. True heading.
4. Variation. 4. Variation.
5. Magnetic course. 5. Magnetic heading.
6. Deviation. 6. Deviation.
7. Compass course, 7. Compass heading,
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In the first group of seven lines there has been no correction for drift,
while in the second group the drift correction has been made. Each
starts with true course and each ends with a compass direction. If the
drift correction is applied to line 5 of the first group it will then
hecome line 5 of the second group. Line 7 may be changed in the
§Ame manner. :

b. Application—(1) In actual use the true heading is changed to
the compass heading before it is used by a pilot. To do this, he applies
variation and deviation.to the true heading which then becomes the
compass heading.

Example: If the problem illustrated in paragraph 45 b (2) had in-
cluded, in the data given, variation 11° east and deviation 2° west, it
would be possible to complete it for a required compass heading. The
true heading was determined to be 24714° or 248°. Taking the latter
figure, the next steps would be—

True heading 248°.

Variation 11° east (subtract).
Magnetic heading 237°.
Deviation 2° west (add).
Compass heading 239° (answer),

(2) In order to make good a course of 243°, with the wind and air
speed as shown in paragraph 45b(2), and variation and deviation as
shown above, the pilot would head the airplane so that the compass
reading would be 239°. The resulting compass heading in this case
would not be many degrees different from the original course. Often
in actual practice this difference will be quite large.

48. Reverse problem, type 2.—a. To find course and ground
speed.—(1) In the preceding discussion the usual type of problem has
been considered, namely, determining from the chart and from the
wind data, when planning a flight and before taking off, the distance
between points, the compass heading to be followed, and the ground
speed. )

(2) The second case is concerned with plotting on the chart while in
flight, from the observed compass heading and ground speed, the track
being made good and the position of the plane along the track at any
time. It may seem that this should never be necessary if the course is
properly determined before beginning the flight; however, wide de-
partures from the charted route are altogether possible, intentionally
or otherwise. In this event it may happen that after leaving a certain
position the only data which can be obtained are compass heading,
approximate ground speed, and elapsed time.

(3) Essentially, this problem is the reverse of the first. In type 1
we start with the true course measured on the chart and apply the
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drift correction, variation, and deviation in order to obtain the com-
pass heading. In type 2, starting with the compass heading observed
in flight, all these factors are included and must be taken away in
order to obtain the true course to be plotted on the chart. Obviously
then all the rules of type 1 must be reversed. Whatever would have
been added then must be subtracted now, and vice versa.

. (4) (@) This process of taking away or changing may be called
“rectifying,” and to do so requires three steps:

1. Rectify the compass heading for deviation to obtain the
magnetlc heading (magnetic direction in which the plane
is pointed).

2. Rectify the magnetic heading for varlatlon to obtain the
true heading (true direction in which the plane is
pointed).

3. Rectify the true heading for wmd to obtain the true course
(track) being made good over the ground

(5) The first two steps are done by arithmetic in order to obtam
the true heading. The last step may be done graphically or by me-
chanical means, by use of tables, by using a computer, or even by.
mathematical means,

b. Type 2 diagram.—(1) Fzrst example.

(a) Given: Compass heading 82°.

' Air speed 100 m. p. h.

Wind 20 m. p. h. from 315°,
Variation 10° east.
Deviation 2° west.

Requlred Course (or track) being made good.
Ground speed.

(5) By arithmetic find the true headmg ThlS may be done by
reversing the rule of “East is least, west is best,” or it may be done
by filling in the known values as follows: :

A B
E— True heading=1 =90° (answer)
W+ Variation=10° E.or — =-—10

Magnetic heading=%  =80°
Deviation=2° W. or + =+2
Compass heading=82° =82°

(¢) Although this may seem longer than the method of reversing

a previously learned rule, it has the advantage of allowing a rapid

check of the arithmetic by using, from top to bottom of column B,
the same rule used before.
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(d) The diagram is now drawn as follows (fig. 30) : From point
A on the N-S line draw AB equal to the true heading 90° in direc-
tion and to the air speed in length. Then from point B draw BC

equal to the wind velocity. Connect 4 and C, and AC will represent
the course (or track) and also the ground speed.

Heading O e

-— Air Speed of Plane 100 mph 8
—“-‘ G’O . o
—--~ “”dSDeed eq; ©
_____ NI . ¥ 4
-t ====_115 ) s
—~ =2 mph %
r ‘§~~_~.
vack $r-

F1GURE 30.—First example of type 2 diagram.

(e) Note that in this diagram, type 2, the wind is drawn from a
point 1 hour’s air speed away from the starting point. Also that the

rule of the wind blowing the airplane from heading to track applies
as it should.

(O3]

A TH - 229° (E-
. Var = +11° W ]W*
MH = g4o‘
Dev = +R°W
CH = 242°

FI1GURD 31.—8Second example of type 2 diagram.

(2) Second example.
(@) Given: Compass heading 242°.
Air speed 100 m. p. h. -
Wind 18 m. p. h. from 200°.
Variation 11° west.
' Deviation 2° west.
Required : Course (or track).
Ground speed.
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(5) Change compass heading to true heading.

(¢) Draw AB (fig. 31) equal to heading and air speed.

(d) Draw BC equal to the wind velocity.

(¢) Draw AC, which equals the course (track) and the ground speed.

49. Solving for wind.—Another type of wind diagram may be
used if the heading and air speed and also the course and ground speed
are known,

Example (fig. 32) : Let AB equal the true heading and air speed.
Let AC equal the course and ground speed. Then BC will represent
the wind velocity, and the wind would be blowing in the direction from
B to C with speed equal to the length BC.

F1GURE 32.—Solving for wind.

SecrioNn VII
ELEMENTARY DEAD RECKONING
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50. Advantages of dead reckoning (D. R.).—a. Definition.—
Dead reckoning is the method of determining the geographical posi-
tion of an aircraft by applying the track and ground speed, as esti-
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mated or calculated, over a certain period of time from the point of
departure or from the last known position.

b. Use.—(1) Cross-country flying by elementary methods of piloting
is simple under conditions of good visibility. Piloting a plane by ref-
erence to visible landmarks is fundamental and must be combined with
any other form of navigation that may be used ; however, when a pilot
is limited to flying by landmarks alone, he loses the saving in distance
of the direct air route. Furthermore, if the weather should close in
unexpectedly during the flight and the familiar landmarks could not
be found, the results might be extremely serious not only to the pilot
but to the life and property of others as well.

(2) By means of dead reckoning between check points, a pilot can fly
directly to or fairly close to the landmarks for which he is looking.
Because he knows when and where to look for them, he will often suc-
ceed in finding them. when a pilot without such training would miss
them altogether. If he has an accurate knowledge of his own course
and speed, and of wind direction and force, he may proceed even under
adverse weather conditions with more certainty than an untrained pilot
might in clear weather. In any event, the ability to navigate by more
advanced methods results in increased safety and greater operating
efficiency, gives considerable confidence and mental satisfaction to the
pilot, and is essential for the missions required of military personnel.

(83) Dead reckoning, or deduced reckoning as it was originally called,
consists of keeping the position of the aircraft known by means of
estimating the path and distance traveled since a last known check
point. This method is really the basis of all navigation. All other
methods may be said to supplement dead reckoning.

(4) A pilot can fly cross country with no instruments and equip-
ment except a map, and even without that if he has sufficient knowl-
edge of the terrain to be covered, but only very foolish and inexperi-
enced pilots attempt such flights. Elementary dead reckomng methods
require the use of several instruments.

51. Air speed meter.—a. Definitions.—(1) Air speed is the true
speed of an aircraft relative to the air. It is the true air speed unless
otherwise stated. Air speed is obtained by correcting the calibrated
air speed for density, using temperature and pressure altitude cor-
rections.

(2) Indicated air speed is the reading of the air speed indicator.

(8) Calibrated air speed is the reading of the air speed indicator,
corrected for instrumental and installation errors.

b. Relationship.—(1) The air speed indicator indicates the cali-
brated air speed of the airplane traveling through the air only when
the instrumental and installation errors are so small that they may be
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ignored. Instrumental errors are usually so small that they may be
neglected, but the installation error is so large that the air speed in-
stallation is always calibrated when precision results are desired. In
elementary dead reckoning the difference between indicated air speed
and calibrated air speed is ordinarily ignored or estimated. In nearly
all air speed indicator installations, it will be found that the indicated
air speed is less than the calibrated air speed by an amount varying
considerably between different airplanes and also at different speeds
in the same airplane. The calibration of air speed meters is described
in paragraph 154.

(2) Except in still air at normal sea level temperature and atmos-
pheric pressure, the calibrated air speed is different from the true air
speed. However, the pilot may calculate the true air speed from the
calibrated air speed if he knows the pressure altitude at which he is
flying and the free air temperature. The conversion of calibrated air
speed to true air speed may be accomplished by formula. However,
the conversion is usually made by using the type D-3, E-6B, or E-1
dead reckoning computers. The procedure when using the D-3 is de-
scribed in paragraph 55. The procedure when using the other two
computers is described in paragraph 145. If a computer is not avail-
able, the air speed may be obtained from calibrated air speed by the
following rule: For every 1,000 feet of altitude above sea level,
increase the calibrated air speed by 2 percent. For example, at 10,000
feet above sea level, the true air speed is 20 percent greater than the
calibrated air speed.

¢. Use.—Specific uses of the air speed indicator are as follows:

(1) To aid in estimating the actual ground speed of the airplane.
This is necessary in cross-country flying when the time required to
reach a landing field must be determined, during bomb sighting and
gunnery missions, and in aerial camera work.

(2) To aid in determining the best throttle setting for the most effi-
cient flying speed.

(83) To aid in determining the best climbing and gliding angles.

(4) To determine whether the speed attained in a dive is within the
limits of safety for the structure of the airplane.

(5) To indicate to the pilot when the airplane has attained flying
speed during the take-off and when the stalling speed is being ap-
proached when landing. This is especially true when flying closed
cabin airplanes. Pilots are trained to judge these speeds without the
aid of instruments, and in open cockpit airplanes this is easily done.
In large, enclosed types, the air speed indicator is a very essential
aid.
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d. Principle of operation—The air speed meter is operated by
changes in air pressure, introduced into the instrument through tubing.
If leaks or stoppages develop in the tubing the result will be a lower
instrument reading. The indicator is a sealed unit with a pressure
sensitive cell inside. The cell is a hollow circular box made of thin
sheet bronze. It is capable of expanding and contracting as the
pressure is varied on its surfaces. The movement of the cell is trans-
mitted to a pointer through a system of levers and gears, and this
pointer registers the rate of travel on the scale on the instrument face.

52. Altimeter.—a. Purpose and use.—Altimeters are used for two
distinct purposes in an aircraft:

(1) To measure the elevation of the aircraft above some point on
the ground (regardless of its elevation above sea level). This method
of altitude measurement is used in instrument landing procedure and
will give a zero altimeter reading upon landing. It is called the
“zero setting” system.

(2) To measure the elevation of the aircraft above sea level. This
method of altitude measurement is used for cross-country and air-
ways flights and is called the “altimeter setting” system. Specific uses
of the altimeter setting system are as follows:

(a) To show at all times elevation of the airplane above sea level so
that the indication can be compared with maps for the purpose of
clearing critical points and mountain peaks safely.

(6) To use advantageously meteorological data which is supplied
by weather stations, such as wind velocities and directions, and cloud

. and storm formations which are to be avoided in flight when possible.

(¢) To observe and follow correctly airways traffic regulations.

b. Principle of operation.—Altimeters and barometers operate on
the same principle. The mechanism is actuated by changes in atmos-
pheric pressure. Atmospheric pressure varies with altitude, decreas-
ing as altitude increases. Air is compressible so the atmospheric
pressure does not decrease uniformly with a uniform increase of
altitude. In the standard atmosphere at sea level the atmospheric
pressure is 14.7 pounds per square inch; at 10,000 feet it is 10.8
pounds per square inch; at 20,000 feet it is 7.06 pounds per square
inch; and at 30,000 feet the pressure is only 4.9 pounds per square
inch. Atmospheric pressure is usually determined by measuring
the height of the column of mercury it will support. This height at
sea level in the standard atmosphere is 29.92 inches; at 10,000 feet it
is 20.73 inches; at 20,000 fet it is 14.38 inches; and at 30,000 feet it
is 9.97 inches. Any instrument which will indicate variations in
pressure can be calibrated to indicate the approximate altitude. It
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; cannot, however, always indicate the exact altitude, because the tem-
| peratures and the pressures, and therefore the pressure altitude rela-

tion, change with time and place. Consequently the altitude pressure

. relation in the standard atmosphere is assumed, and the altimeter is

adjusted to conform to it.

¢. Description.—(1) The altimeter in most common use is a modi-
fication of the aneroid barometer. The dial, instead of being gradu-
ated in units of pressure, is graduated in units of height. All of the
altimeters used on military aircraft are the sensitive type. Standard
models for tactical operation have a calibrated range of from—1,000

Figure 35.—Sensitive altimeter with barometrie setting.

feet below sea level to +35,000 feet above. By use of a multiple
pointer system, the instrument can be accurately read to at least one-
half the smallest unit graduation on the scale which is 20 feet. Late
types of altimeters have one altitude scale, one barometric scale and
index marker, two reference markers, and three pointers. A setting
knob located at the bottom front of the instrument case drives two
pinions in opposite directions. One of these pinions rotates the baro-
metric scale and reference markers and the other pinion rotates the
aneroid mechanism assembly and the pointers. The altitude scale is
graduated from 0 to 10. This scale is fixed, and all the pointers, the
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reference markers, and the barometric scale rotate and indicate with
reference to it.

(2) The aneroid mechanism is exceptionally well built. It is very
sensitive and well balanced. A temperature compensator is included
in the mechanism to correct for any mechanical error from this
source that results when changing from one altitude to another.

(8) The minute hand makes one revolution for a change of 1,000
feet, each numeral being 100 feet, and the small graduations corre-
spond to 20 feet. Due to the wide spacing between the 20-foot gradu-
ations a change of 5 feet is readily apparent. The hour hand makes
one revolution for a change in altitude of 10,000 feet, each numeral
being 1,000 feet. The second hand indicates the 10,000 feet, each
numeral being 10,000 feet. To cover the full range of the instru-
ment the long hand makes a total of 36 revolutions, the intermediate
hand 3.6 revolutions, and the small hand 0.36 revolution. The stand-
ard range for the barometric scale is from 28.1 to 31.0 inches Hg,
with unit graduations of 0.02 inch Hg. When the limit of the range
of the barometric scale is reached at either extreme, a shutter blanks
out the indication of the barometric dial, and the barometric pres-
sure is read from the position of the reference markers. Thus, by
introducing a limited range barometric scale, the actual unlimited
possibilities of setting barometric pressure by means of the reference

markers are not in any way affected.

d. Operation—(1) General—Since the altlmeter mechanism con-
sists of an aneroid which is designed to measure absolute pressure,
its operation is entirely automatic. Extreme sensitivity is obtained
by use of a high ratio multiplying mechanism in the linkage and
the use of the multiple pointer system. When installed on an air-
plane it is essential that the aneroid be subjected to undisturbed
(static) air. The air in the cabin or cockpit of an airplane under
flight conditions is highly disturbed and if allowed to enter the case
of the altimeter would cause serious errors in the instrument’s in-
dication. The extent of these errors varies; on high-speed airplanes
they may be as much as 500 feet. Consequently, for correct opera-
tion and indication, the altimeter must be vented to the static line,
and the instrument case and entire static system must not have any
leaks.

(2) Definitions.—(a) Altimeter setting is a pressure in inches of
mercury, and is the existing station pressure reduced to sea level in
accordance with the United States standard atmosphere. Altimeter
setting is also the standard atmesphere pressure corresponding to
pressure altitude variation.
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(6) Station pressure is the existing atmospheric pressure at the
elevation of the mercurial barometer located in the weather station.

(¢) Field elevation pressure is the existing atmospheric pressure
at a point 10 feet above the mean elevation of the runway and is
obtained by applying a suitable correction to the station pressure.
It is assumed that the altimeter in an airplane is 10 feet higher than
the landing surface.

(@) Pressure altitude is the altitude in the standard atmosphere
corresponding to the existing barometric pressure.

(¢) Pressure altitude variation is the algebraic difference between
the existing pressure altitude and the surveyed elevation of the field.
The pressure altitude variation is also the equivalent in feet of the
altimeter setting in accordance with the standard atmosphere.

(f) Meteorological sea-level pressure is the station pressure reduced
to sea level in a manner dependent upon the prevailing conditions of
station temperature. Meteorological sea level pressure should not be
confused with altimeter setting, should never be broadcast to aircraft,
~ and should never be used in connection with aircraft altimeters. It is
. designed to give smooth, consistent isobars on the sea level plane for
- the purpose of drawing weather maps.

(8) Zero setting system.—(a) When it is desired to set the altimeter
so that the pointers indicate the height of the airplane above the ground
or runway at some specific point, regardless of its elevation above sea
- level, the pilot in the airplane will contact the ground station at that
- point by radio and ask for the pressure altitude at that station.

(6) On late type altimeters which have the barometric scale, the
pilot would call for the field elevation pressure.

(¢) After the pilot sets these on his altimeter, his altimeter pointers
would then indicate the elevation of the airplane above the runway and
upon landing would read zero within the tolerance of the instru-
ments. (See fig. 34.)

() The accuracy of this system on properly maintained instru-
ments will be very close, normally, within + 30 feet; however, it is not
recommended to depend on the altimeter for an indication accuracy
closer than + 75 feet.

(¢) For stations below an elevation of approximately 1,200 feet,
either field elevation pressure or pressure altitude setting of the zero
setting system will give a zero altimeter reading upon landing, and
one may be used as a check against the other within the operating limits
of the instrument. For elevations above approximately 1,200 feet,
only pressure altitude can be set on the zero setting system due to the
limited range of the zero setting scale graduated in pressure.
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(4) Altimeter setting system.—(a) Upon receipt of altimeter set-
ting by radio, the zero setting scale graduated in inches of mercury
pressure is set to correspond. For example, if the altimeter setting
received from a nearby ground station is 30.03 inches of mercury, this
should be set on the zero setting scale by turning the knob. The altim-
eter will then read altitude above sea level (uncorrected for atmos-
pheric temperature) within the operating limits of the instrument
and the accuracy of measurement of the altimeter setting. If the air-
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PIGURE 34.—Use of pressure altitude.

craft is landed, the instrument will read the surveyed elevation of the
field within the operating limits of the instruments. :

(5) The older types of Air Corps altimeters (type C-7 and earlier)
are not equipped with a zero setting scale graduated in inches of mer-
cury pressure but are provided only with reference marks reading on
the altitude dial. These instruments may readily be used with the al-
timeter setting received by radio by referring to a table (par. 148) to
obtain the pressure altitude variation, which is the altitude in feet cor-
responding to the altimeter setting, and by setting the reference marks
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on the altimeter to correspond. The pressure altitude variation may be
plus or minus, depending upon existing conditions. Care should be
taken in setting negative pressure altitude variations because the
numerals on the dial do not apply in this case.

(¢) For example, if the altimeter setting received is 30.03, then
from the table the pressure altitude variation is found to be —100
feet. The hundred-foot zero reference mark is rotated counterclock-
wise from zero until it reads 9, and the thousand-foot zero reference
mark is slightly to the left of zero.

Referencs
Moavrks

What /s the \
Pressure Altitude
Varia tion?

Pressure Alt-
tvde Voriation
is Minvs 180,

| | %o

Airdrome Level

4

3500’ 1500’

”h V See Legve/

FIGURE 35.—Use of pressure altitude variation.

(d) Altimeter settings are continuously changing and as a rule
are never the same at any two stations. It is therefore imperative
that the pilot obtain the altimeter setting by radio at every scheduled
broadcast from the ground station nearest his location at the time in
order to permit the safe execution of traffic control.

(e) For accuracy in clearing mountains, elevations, and critical
points along a route it is necessary to correct the altimeter reading
for atmospheric temperature. This may readily be done by using the
type C-1 true altitude computer or the E-6B dead reckoning com-
puter. Caution: It should be noted that for obtaining the prescribed
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flight level for the purpose of traffic control, all aircraft operators
must use the altimeter reading uncorrected for atmospheric tempera-
ture or all operators must correct their altimeter readings for atmos-
pheric temperature. It is considered impracticable to require
altimeter readings to be corrected by all operators at the present time
for traffic control purposes. Therefore, prescribed flight levels will
be altitudes uncorrected for atmospheric temperatures. Flight and
traffic control personnel must realize that adequate margin of clear-
ance must be allowed over mountains, etc., in order to use indicated
altitudes uncorrected for atmospheric temperature. In preparing
and maintaining flight plans, this should be carefully considered.

1. The latter case is one which may bring real danger to a
pilot in case of bad weather. When the barometer reading
is low the visibility is often poor. Under these conditions
the altimeter, if not properly set, will indicate an altitude
above the actual height of the airplane. A pilot, depend-
ing on the altimeter reading in such a case, might think
his altitude is 1,000 feet above sea level when it is actually
several hundred feet (or more) below the 1,000 foot level
he desires to use.

2. Many accidents have been caused by the failure to allow
properly for the above adjustment of the altimeter. Safety
demands that under conditions of poor visibility the pilot
will allow a big margin of clearance when judging what
altitude he should use. Without knowledge of the baro-
metric pressure, increase this allowance to make up for a
possible low pressure.

53. Turn indicator.—a. Purpose and use.—The purposes and uses
of the turn indicator are— . .

(1) To determine accurately the magnitude of any turn made by
the airplane.

(2) To relieve the pilot of the strain and mental fatigue resulting
in attempting to maintain a directional bearing with a magnetic
compass.

(3) To provide a positive azimuth indication at all times.

(4) To help locate radio beacons.

(5) For straight course keeping and for exact course changes when
necessary.

(6) To show bank, by showing turn, and by movement of the
inclinometer.

(7) To keep the alrplane out of acrobatics under instrument flight
conditions.

(8) To direct the pilot in bombing exercises.
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(9) To keep a straight course on photographic mapping missions.

b. Description.—The type A-2 turn indicator is a two in one instru-
ment. It contains a gyroscopic rotor for showing turn, and a ball,
in a glass inclinometer, for showing bank. The gyro turn mechanism
consists of a small rotor, spun by means of a moving column of air
striking small cups on the rotor wheel. A circular card graduated in
degrees is attached to the vertical ring in which the rotor and its
gimbal ring are mounted. The vertical ring and card are free to turn
in vertical bearings, and a rectangular opening in the front of the
instrument case permits a view of an ample section of the card. The
rotor is horizontal in normal operation. This entire assembly is
placed inside of a sealed case. A lubber line painted on the window
is used as a fixed reference mark with which to aline and read the
instrument. The gimbal ring which carries the gyro and card is
mounted so that it can be set to any degree in azimuth. This is ac-
complished by means of a caging knob which meshes with the azimuth
gear. In the bottom at the rear of the case two vents are pro-
vided for connection of the instrument to the vacuum system of the
airplane. An atmospheric vent located in the bottom of the instru-
ment case is covered with a screen. The air passing through this vent
is directed onto the gyro which causes its spin. At the top and in
front of the window in the rectangular opening a small 12-volt light
bulb is inserted into a recess, providing light for use at night.

¢. Operation—(1) To use the turn indicator the pilot determines
the course which he desires to follow. He gets on this course by
means of the magnetic compass. He sets the turn indicator to the
same reading as the compass, or to zero if he desires. Now every turn,
however great or small, will be indicated instantly by this instrument.
Each 10 or 15 minutes it should be checked with the magnetic com-
pass and reset if necessary. Any time that a change of course is
desired it can be accomplished accurately with this instrument. It
neither lags, swings, nor oscillates, and it is therefore an accurate
and safe indicator of directions and turns. The gyro will maintain
its fixity in banks, climbs, and dives up to 55°. Any maneuver in
excess of this amount is beyond the operating limits of the instru-
ment. Such turns may cause the gyro to upset, with the result that
its indications cannot be depended upon until level flight is resumed,
the gyro caged, and the instrument reset by compass.

(2) The following points must be understood and observed to use
the instrument properly :

(a) It is not a direction seeking instrument.
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(5) It does not contain any magnets and can only be used to main-
tain a direction after the course has been found by means of the
magnetic compass.

(¢) It will not perform satisfactorily when maneuvers of the
airplane exceed its operating limits.

(d) Due to the torque of the rotor and slight friction in the bear-
ing, it will drift slightly from a set plane. This drift will not exceed
5° in 15 minutes on any properly operative indicator.

54. Clock.—An accurate timepiece is essential to navigation. Time
is the basis for all computations in determining ground speed and
subsequently estimated time of arrival, or in determining position
from terrestrial bearings or dead reckoning methods. Standard
equipment in' Air Corps airplanes is the 8-day, sweeping second-hand
clock. It is mounted with the other instruments on the instrument
board. There are many types of navigation watches issued by the
Air Corps. One that incorporates a “stop watch” feature has some
advantages over the usual watch.

55. D-3 computer.—a. Description and use.—The D-3 computer
is for the use of the pilot in solving speed, time, distance problems and
altitude, temperature, air speed problems. It is of convenient pocket
size and consists of a circular slide rule about 814 inches in diameter
with a suitable scale on each side.

b. Front side— (1) Using the front face of the computer, if any two
of the three factors of speed, time, and distance are known, the third
factor can be obtained with one setting. The following are examples
of typical problems of this type:

(2) Given: Time 12 minutes.

Distance 85 miles.

Required: Speed.

Solution: Set the time (12 minutes) on the inner scale (smaller
disk) opposite the distance (35 miles) on the outer -
scale. The speed will then be shown on the outer scale
opposite the large arrow (1 hour or 60 minutes) which
is printed on the inner disk. Answer: 175 m. p. h.

(8) Given: Distance 360 miles. :

Speed 148 m. p. h.
Required : Time.
Solution: Set the large arrow (1 hour) of the inner disk opposite
~ the speed 148 on the outer scale. Then find the dis-
tance 860 on the outer scale and read the time opposite
this figure on the inner scale. Answer: 2 hours 26
minutes.
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(4) Any such problems may be quickly worked by using the inner
disk for time and the outer scale for distance and speed.

¢c. Back side.—(1) On the reverse side of the computer are scales for
applying the pressure altitude and temperature correction to the cali-
brated air speed in order to obtain the true air speed. To use, rotate
the transparent disk until the calibrated air speed on the disk is oppo-
site the free air temperature scale, which is printed on the background
so as to be read through the disk. Then read the true air speed oppo-
site the mark which agrees with the altitude of the airplane. Note
that the altitude used is the pressure altitude and not the altitude above
the terrain. Also that the air speed used is the calibrated and not the
indicated air speed. The temperature used is the temperature of the
free air outside the airplane and not the ground temperature.

(2) The transparent disk is constructed with a roughened surface
so that the corresponding indicated air speeds may be penciled on it;
the data being transcribed from the air speed meter calibration card,
or the estimated calibrated air speed if no calibration card is available.

56. Thermometer.—The air thermometer shows the temperature
of the air at the altitude being maintained by the aircraft. Ground
temperature is the temperature of the air at a ground station. All Air
Corps thermometers installed in airplanes read degrees Centigrade.
Free air temperature is used to correct air speed readings as well as
altimeter readings, and also to determine if icing conditions are
present.

57. Elementary methods.—a. General.—Very accurate results
from dead reckoning methods may be obtained when a well-trained
navigator with a complete set of instruments and equipment is present
in the airplane. The pilot in the smaller airplanes does not have the
drift meter, the aperiodic compass, the pelorus, and the other aids to
precise navigation. He usually does not have the range for long over-
water flights, or for long periods of flight during instrument flying
conditions.

b. Desired accuracy.—(1) The pilot navigator usually combines ele-
mentary dead reckoning with pilotage methods, together with aids
from radio. He uses dead reckoning for short periods of time when he
maintains a certain heading for a definite period and then expects to
be within sight of the next check point.

(2) The following example illustrates how elementary dead reckon-
ing is used. In figure 36 a pilot is flying along an easily followed
course 4, B, to C. At C the combination of highway and railroad,
which has provided his check points, changes direction toward the
south. The pilot wishes to go on to D, but the terrain between ¢ and
D is such that no check points are available, so he uses simple dead
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reckoning methods to proceed from C to D. He checks his exact con-

pass heading along the course from A, through B, to C, and also de-
termines his ground speed on this part of his course. When he passes
C, he merely continues the same compass heading and figures his esti-
mated time of arrival (E. T. A.) at D, using the figure for his known

speed.

D
A B c I

Ficure 36.—Elementary dead reckoning.

(8) Using the above method, the pilot may arrive at his destination
a minute or two early or late. Also, he may be a mile or two to the
right or left of D when he comes within sight of it. For this method,
such accuracy is sufficient, and in actual practice it frequently gives

very precise results.
C
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F1GUuRe 87.—Line of position.

58. Line of position and fix.—a. The “line of position” is a line
on which the aircraft is observed to be. The intersection of two lines
of position determines a “fix.” The following example shows clearly
a line of position. In Figure 37 a pilot proceeds from A4 to B, flying
over terrain which offers little chance for him to identify his position
positively. He knows that his course is approximately due east but
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cannot check his ground speed. When he comes to the € railroad it
gives him a chance to identify his position as being somewhere along
the railroad, as shown on his map. He cannot be sure whether he is at
D, E, or F, but by knowing that he is on the line of position (the rail-
road) he has an excellent check on his ground speed.

b. If, in the above example, the pilot had been able as he crossed the
railroad to see that he was in line with the tops of the two hills ¢ and
H, he would have had a second line of position 7, @, H. The inter-
section of the two, or in this case the point 7', would then be a fix. Then
he would know his position as well as his speed.

59. Steering a range.—a. In order to keep on a desired course it
is good practice, when convenient, to select two landmarks ahead,
which are known to be on the course, and to steer the plane so as to
keep the two objects in line. This is known as “steering a range.”
Before the first of the two landmarks is reached, another more distant
object in line with them may be selected and a second range steered.

b. Sometimes the selection of a range is very easy, as when a road
or railroad parallels the route; at other times, the selection of a
continuous series of ranges may prove difficult. For this reason,
and also as an added factor of safety, it is desirable to use the mag-
netic compass for keeping a constant direction. For this purpose
we need not be concerned with magnetic variation, compass devia-
tion, or wind drift. It is only necessary, while steering a range that
is definitely known to lie along the route, to note the compass head-
ing. This heading is the correct course to steer, and it should be
maintained until another range is available. Then, if the compass
heading is compared again, any change in magnetic variation or
wind conditions will be taken care of in the new compass heading
noted. ,

c. As an example, the route from Springfield airport to Marion
airport, in Ohio, lies between and roughly parallel to the Erie Rail-
road and the Springfield-Marion highway. Flying this route, when
a plane was about opposite Marysville a compass heading of 35° was
noted. Shortly afterward an area of poor visibility was encountered
unexpectedly, but the compass heading of 35° was maintained. Fly-
ing into better conditions again, near Claiborne, it was found that
the plane was still on the intended track, and its position could easily
be identified from the highway pattern east of Richwood.
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FEDERAL AIDS TO NAVIGATION
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60. Federal aids.—a. Present facilities.—Facilities provided on
the Federal airways usually consist of the following:

(1) Radio range beacons for directional guidance.

(2) Radio marker beacons for assistance in locating strategic
points, such as intermediate landing fields, and in many cases giving
directional guidance over short distances. _

(3) Rotating beacon lights at approximately 15-mile intervals.

(4) Intermediate landing fields so located, relative to airports, that
established landing areas are available at intervals of approximately
50 miles.

(5) Radio communication stations for weather broadcasts and
emergency messages to aircraft.

(6) Weather reporting service, involving the use of teletypewriter
circuits and point to point radio. The teletypewriter circuits are
used not only for transmission of weather reports and forecasts but
also for transmission of reports on progress of alrcraft en route along
the airways.

(7) Airway traffic control.

b. Radio aids—(1) In many respects, radio navigation offers the
simplest and easiest method of position finding in flight. Its impor-
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tance is steadily increasing not only because of improved equipment
and an increasing number of aids, but also because it continues to
function during instrument flying, when other methods fail or become
very uncertain.

(2) Data concerning radio ranges is kept up to date in Technical
Orders, Handbook of Instructions: Radio Data and Aids to Airways
Flying; and Air Corps Radio Facility Charts. A copy of each is
carried in the airplane as part of the cross-country equipment.

¢. Advantages and disadvantages—(1) The advantage of the use
of radio in navigation is that it greatly simplifies the effort in good
weather, and in conditions of instrument flying it is the only means
of navigation available. It not only enables a cross-country flight
to be performed in fog or under conditions of zero visibility, but it is
the only means of allowing the pilot to make an “instrument land-
ing” at his destination.

(2) Its chief disadvantage is that under certain bad-weather flight
conditions the pilot is wholly dependent upon his radio. Should the
radio reception fail, he might then be in a dangerous situation which,
had he not depended on the use of radio, he would have avoided.

61. Radio range system.—In the United States are numerous
radio ranges located adjacent to important landing fields and spaced
at intervals along the important airways. (See fig. 38). The distance
between these ranges, and the power output of the radio equipment
used is such that several nearby ranges may usually be received from
any point along an airway. These ranges serve as a directional guide
for approaching toward and also for departing from the station. '

62. A and N zones.—a. Each radio range station marks four
courses or equisignal zones which are normally 90° apart, although
this spacing is often varied in order that the courses may coincide
with the established airways. For example (fig. 39), the northerly
course of the Nashville radio range station is directed along the Nash-
ville-Louisville airway ; the southeasterly course is directed along the
airway to Chattanooga; and the southwesterly course serves the air-
way from Memphis. The easterly course serves no particular airway.

b. Into two diagonally opposite quadrants (fig. 39) the letter
N (— .) is transmitted in Morse code, and into the remaining pair of
quadrants the letter A (. —) is transmitted. Each quadrant slightly
overlaps the neighboring quadrants, and in the narrow wedge formed
by the overlap the two signals are heard with equal intensity, the dots
and dashes of the two signals interlocking to produce a continuous
signal or monotone. Thus, a pilot will hear the continuous dash while
he is on course, If he deviates to one side of the course he will hear
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the dot-dash (A) signal, and if he deviates to the other side he will
hear the dash-dot (N) signal.

¢. On the aeronautical charts, the radio range system is shown in
pink tint, and the A and N zones of each station are indicated in
conspicuous red letters. On the radio facilities charts, the A zones
are indicated by inking in the angle at the station. By reference to
the chart, pilots may know from the signals received whether they are
on course or to the right or left of the course. The range signals are
interrupted about twice each minute for the transmission of the station
identifying signal. If a pilot is near the bisector of an N zone, he will
hear the dash-dot (N) signal, followed by the station identifying

F1GUurE 39.—Nashville radio range station.

signal, but will not hear the dot-dash (A) signal, or the identifying
signal which is transmitted into the A zones. If he is on the beam, he
-will hear the identifying signal transmitted into the N zones, im-
mediately followed by the same signal transmitted into the A zones
and at the same signal strength. If the first of the two station
identification signals is weaker, the pilot knows he is favoring the A
zone; if the second is weaker, he knows he is favoring the N zone.

d. The Air Corps radio facility charts are published each month
and should always be used to ascertain the location of ranges and the
directions of the legs. These numerical directions are printed on the
legs as magnetic bearings toward the station. The radio facility
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charts are drawn to accurate scale and can be used, if necessary, the
same as a map. The name of each radio range station, the frequency
upon which it broadcasts, and the identifying code letters are listed on
these charts.

e. As an aid to orientation, a uniform procedure is followed in the
designation of quadrants. The letter N is always assigned to the
quadrant through which the true north line from the station passes;
or if the center of an equisignal zone coincides with true north, the
letter N is assigned to the adjacent quadrant on the west.

63. On-course signal.—a. Change of signal.—(1) The on-course
(equisignal) zone is about 3° in width, depending largely upon the
orientation of the courses, the receiving equipment used, and the
technique "of the observer. Maximum sharpness of course is ob-
tained with the receiving set tuned to the minimum practical volume.

(2) If the pilot is on course, he will hear a dash or monotone
25 seconds long (the A and N signals interlocked), followed by the
identifying signals, which are transmitted first into the N quadrants
and then into the A quadrants. As long as a pilot remains in the
equisignal zone, the identifying signal from both the A and N quad-
rants will be heard with equal intensity. When flying a radio range
course, therefore, some pilots steer so as to keep these two signals
of equal strength instead of trying to maintain the on-course mono-
tone. If a departure from the course occurs, one identifying signal
becomes noticebly weaker than the other; if the first of the two sig-
nals received is the weaker, the pilot knows he is in an A quadrant;
if the second signal is weaker, he is in an N quadrant. In-either
case, of course, he knows his position with reference to the equi-
signal zone. When off course, experienced pilots are able to esti-
mate approximately the angular departure from the course by means
of the relative strength of the two identifying signals received.

(3) Under good receiving conditions, the first method (flying so
as to maintain the on-course monotone) is more precise; under un-
favorable atmospheric conditions the latter method is generally
preferred. i

b. Weather reports—Brief weather reports are transmitted at
scheduled intervals for information to those flying the airway on
which the station is located. On some ranges the weather reports
cause an interruption of the range signals. In order to provide con-
tinuous range operation in emergencies, weather broadcasts may be
omitted on request; for the same reason, provision has been made
at some stations for broadcasting all voice communications on a
standard frequency of 236 kilocycles. Equipment providing for si-
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multaneous transmission of range signals and broadcasts on the same
frequency is now being installed, thus eliminating the necessity of
omitting either the range or voice service.

¢. Radio range stations.—(1) The radio range stations are usually
located near a terminal airport or an intermediate landing field,
and whenever possible théy are so situated that one of the four
courses lies along the principal runway or landing area of the air-
port, thus facilitating radio approach landings under conditions of
low visibility.

(2) In addition to the airway radio range stations operated by the
Civil Aeronautics Administration, a number of important terminal
airports are also equipped with privately operated airport radio
range stations. These are exactly similar to the radio range stations
already described, except that they are of quite limited power and
range. They are always so located as to localize the landing area
very definitely and provide a positive control of landings in bad
weather. The courses from the airport radio range stations are shown
by a pink tint on the aeronautical charts. To avoid confusion in
the congested area surrounding major airports, full information is
not indicated on the charts. Pilots desiring complete data should
obtain them from the “Tabulation of Air Navigation Radio Aids”
which is issued by the Civil Aeronautics Administration and may be
had free upon request.

(8) From the foregoing it is evident that the use of the radio
range system is basically quite simple, and should present little
difficulty even for pilots with no previous training in this type of
navigation; however, there are several factors which may prove
confusing until the principles involved are understood.

(4) It is obvious that as a plane passes over a radio range station
there is an apparent reversal of the directions of the A and N quad-
rants. For example, a plane approaching the radio station of figure
39 from the west will have the A quadrant on its right, the N quad-
rant on its left, but as soon as it has passed the station the N quadrant
will be to the right and the A quadrant to the left.

64. Cone of silence and twilight zone.—a. Cone of silence.—
(1) Directly above the antenna or towers of the radio range station
there is a cone of silence, a limited area shaped like an inverted cone,
in which all signals fade out. Just before entering the cone of
silence the volume of the signals increases rapidly ; as the plane enters
the cone, the signals fade out abruptly for a few seconds, the length
of time depending on the speed of the plane and the diameter of the
cone at the level of flight. When the plane first leaves the cone, the
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signals surge back with great volume before they begin to fade as the

distance from the station increases. If the plane passes over the sta-
tion a bit to one side of the cone, and the receiver is not kept to
minimum volume, the signals do not entirely fade out.

(2) Sometimes there is a momentary fading of signals or a false

cone of silence at other points along the airway, but this can be dis-

tinguished from the true cone of silence by the absence of the surge
of volume at the edges of the cone, and by the nonreversal of signals,
which should have taken place in passing over the station. In order
to avoid any uncertainty from the cause, ranges are now being
equipped with a new type of marker beacon (Z-type), which emits
a distinctive, high-frequency radio signal in the cone of silence.

b. Twilight zone—In flying across a radio range beacon beam, an
airplane flies from an A or N zone toward and through the beam.
As the plane approaches the beam or equisignal zone, the pilot begins
to hear, along with the zone and identifying signal of his zone, a
faint beam signal, and a faint identifying signal from the opposite
zone. As the plane continues to move into the equisignal zone, those
faint signals increase in intensity until, when the aircraft is within
the beam, the A and N signals interlock to form a continuous mono-
tone beam signal, and the A and N zone identifying signals will be
of equal intensity. Crossing through the equisignal zone and enter-
ing the new quadrant, the new zone signal and identifying signal
will be heard with increasing volume along with the weakening beam

signal. As the aircraft proceeds out of the equisignal zone into the

new zone, the beam signal will fade away and disappear, and only
the new zone signal and its identifying signal will be heard. These
areas of fading signals, where both beam and zone signals are heard
together, located on each side of the equisignal zone, are termed twi-
light zones. A pilot flying the radio range beacons has several uses for
the twilight zones. A Civil Aeronautics Administration airways regu-
lation requires aircraft to fly on the right hand side of an established
airway or radio range. While flying “on instruments” on the radio
range, a pilot may comply with this regulation by following the
outer edge of the twilight zone on the right-hand side of the range.
keeping well clear of the beam. In orientating himself over a radio
beacon, a pilot recognizes that he is approaching a beam when he
enters the twilight zone.

65. Reliability; errors.—a. (1) When flying away from a radio
range station it is important to check the magnetic course being made
good (the compass heading plus or minus deviation and wind effect)
at frequent intervals, as multiple courses exist at some locations—
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particularly in mountainous country. If the condition of multiple
courses does exist, the effect will be that the equisignal zone, which
is normally about 3° in width, may be broken up into a number of
narrow on-course bands with a total spread of 10° or 15° or even
more. Between the on-course bands the proper quadrant signal is
usually heard, although an A signal is often found in an N quad-
rant, and vice versa. By checking the magnetic course being made
good against the magnetic direction of the range course printed on
the chart, pilots can lessen the danger of following one of these false
courses away from the established airway. A multiple course can
often be recognized by its narrow width in comparison with the true
range course. This item is of less importance when flying toward
the station, since even a false range course would serve perfectly as
a homing device. In this case it should be remembered that such a
course may lead over terrain that is dangerous because of high
mountain peaks.

(2) A related difficulty is found in bent courses. As a rule, the
bend is relatively small and is of little importance since it bends away
from and around the obstruction that causes it. In mountainous coun-
try, bends of as much as 45° have been noted. Seweral such bends
may occur in a short distance, and to attempt to follow them without a
thorough knowledge of their relation to the terrain, previously gained
under conditions of good visibility, might prove impossible. If the
plane continues in straight flight under these conditions, the range
courses seem to be swinging from side to side. Courses from range
stations using the old loop antenna usually swing excessively at night
beyond 25 miles from the station. This phenomenon is known as
“night effect,” and has been practically eliminated in recent installa-
tions by using four vertical radiators instead of two crossed loop
antennas. In view of the difficulties mentioned, when flying on instru-
ments it is important to maintain an altitude well above any nearby
peaks or obstructions; and in interpreting the word “nearby” a gen-
erous allowance should be made for any possible uncertainty as to the
position of the plane.

b. Mention of these weaknesses should not destroy confidence in the
radio range system, which as a whole is very dependable and the most
effective aid to air navigation yet developed. They are presented here
in order that pilots may be ever on the alert, taking nothing for
granted when the safety of life and property is at stake.

¢. Some of these difficulties may be greatly reduced as the result of
development work now being conducted by the Civil Aeronautics
Administration. For example, a supplementary range service on ultra-
high frequencies has already been made available at some stations,
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resulting in definitely improved performance. An experimental in-
stallation has been made of a two-course radio range, also on ultrahigh
frequency, which is expected to afford simpler means of orientation as .
well as certain other advantages. Considerable work has been done on
an omnidirectional radio beacon, which is intended to give the equiva-
lent of a range course from any direction toward the transmitter.

66. Bad weather use.—The maximum use of radio aids occurs
during flights in conditions of poor visibility or at night when there
is no lighted airway to guide the pilot. For most effective use, the
radio range system should be regarded as an aid to dead reckoning.

With any form of radio naviga-
tion there is always the possibility
Qcﬁ{—- of excessive static and of me-
chanical failure, either in trans-
\ A mission or reception. In such

\ ) cases the pilot who has neglected
% other methods of navigation may

4

& v find himself hopelessly lost and

! without the information neces-

El sary for safely completing the
flight.

67. Effect of wind on use of
radio range.—a. Drif{—It has
been remarked that pilots need
not be concerned with corrections
for drift when flying the radio
ranges. In a general way this is
true, but it should not be taken
to mean that drift may be safely
neglected. As long as the air-
plane is kept along the right side of the equisignal zone the track
over the ground is known; but it may be necessary to head the air-
plane into the wind at an appreciable angle in order to stay on course.
It is important that this angle be observed and that every possible check
should be made of current wind conditions and the proper allowance
therefor.

b. Example—Figure 40 illustrates what actually happened in one
case through failure to make the proper allowance for wind. A pilot
was flying south along the right side of the equisignal zone at posi-
tion 1. Due to a pronounced change in wind direction which had not
yet been detected, no allowance was made for the northwest wind.
Under the action of this wind the aircraft drifted into the northeasterly
A quadrant as shown at position 2. The pilot supposed he had crossed
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the westerly course of the range and that he was in the southwesterly A
quadrant at position 3. He therefore turned toward the east with the
‘idea of getting on the southerly course of the range but struck the side
of a mountain near position 2 as indicated.

68. Systems of orientation.—a. Accurate data.—Ordinarily,
the most difficult problem that may arise is that of quadrant identifi-
cation and of finding the range course as quickly as possible from an
unknown position. For the solution of this problem an accurate radio
range chart is indispensable. Only from this source can the pilot learn
the identifying signals of the stations in his vicinity, the relative posi-
tion of the four radio range courses from each station, and the mag-
netic directions of the courses. For this reason radio facility charts
are always carried by the military cross-country pilot.

b. Methods.—There are several favored methods of quadrant iden-
tification and of finding the range course as quickly as possible. No
one method is suitable for all conditions, and the pilot should become
thoroughly familiar with each of them in order to solve any given
problem with the least delay. In the following discussion of the vari-
ous methods, it will be assumed in each case that the pilot knows, from
the signals received, that he is in one of the two A quadrants of the
Harrisburg radio range station, but that he does not know which one.
(See fig. 41.) ,

69. 90° turn method.—This was the first method of orientation to
be developed. It is still popular because of its simplicity and uni-
formity, and is probably as good as any when within reasonable dis-
tance of a range with quadrants which have angles of about 90°.

a. Under this system a course is flown at right angles to the average
bisector of the two possible quadrants (fig. 41). When the course pat-
tern of a station is not symmetrical, it is important to use the average
bisector since it is equally suitable for either of the two quadrants in
which the plane may be located. In this case, a course at right angles
to the average bisector may be either 337° or 157°.

b. (1) If the course of 837° is chosen, then it is certain that courses
2 and 8 are somewhere behind the plane.

(2) The pilot continues on the course of 337° until the on-course
signal is received ; through the equisignal zone until the first N signal
on the other side is heard ; then makes a 90° turn to the right.

(83) He knows he has intercepted either course 1 or course 4. If it is
course 4, the N signal continues after the turn; if it is course 1, the on-
course signals will be heard first, then the A signal again. Thus the
signals received definitely identify the course intercepted.

(4) In either case, the pilot makes a general turn to the left, away
from the station, and gradually eases into the equisignal zone, as
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shown; he then follows the range course in to the station, and from
that point on to the local airport or a more distant destination. When
close to the radio range station and approaching it, pilots may fly in
the on-course zone; pilots flying from a station are definitely required
to fly on the right of the equisignal zone.

c. If the course of 157° is chosen, rather than 837°, the procedure
will still be the same as before (fig. 41).

7

-~ -

FIGURE 41.—Identification, 90° method.

d. Where multiple courses are known to exist, instead of making the
90° turn as soon as the first N signal is heard, it is advisable to fly for
some little distance before making the turn, selecting the true range
course from among the several false ones encountered, if possible.

e. After identifying the course intercepted by means of the 90° turn
to the right described above, instead of making the general turn to the
left it was formerly the practice in some cases to make another turn to
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the right until the range course was again intercepted, and then follow
it in to the station. This has the disadvantage that the plane crosses
the course at a very sharp angle nearer to the station. If the distance
from the station is not great, the course is so narrow that it may be
crossed without the pilot being aware of it, and further time is lost
feeling the way back to the equisignal zone again. If the plane is close
to the range station, making the second turn to the right may cause
it to cross not only the course first intercepted but another course as
well. In this case confusion would certainly result, and valuable time
would be lost while the entire problem is worked out once more.

f. In the example just given it was assumed that the pilot was
near the center of an A quadrant; now suppose he is near enough to
one of the range courses that he can faintly hear the identification
signal transmitted into the N quadrants as well as the identification
signal transmitted into the A quadrants. This means that he is either
just north of course 2 or course 3, or just south of course 4 or
course 1.

(1) If he flies the 337° course at right angles to the average bi-
sector of the quadrants and the faint signal begins to fade, he knows
he is flying away from the nearest on-course zone, and that he is
therefore just north of course 2 or course 3. He makes a 180° turn,
approaching the equisignal zone on the 157° course, and the procedure
from this point is identical with that illustrated in figure 40.

(2) If he flies the 337° course and the faint signal becomes
stronger, the pilot knows he is approaching the equisignal zone, and
that his position is therefore just south of course 4 or course 1. He
therefore continues on the same heading, his further procedure being
exactly as shown in the figure.

g. If flying entirely by instruments, the pilot should make sure
that he is maintaining a safe altitude above the highest elevation
in either A quadrant. The highest contour shown on the chart within
a reasonable distance of the Harrisburg station is 2,000 feet, but the
color gradient of elevation, as shown in the margin, is from 2,000 to
3,000 feet ; therefore an altitude well above 3,000 feet should be main-
tained until the position of the plane is definitely known.

k. This is a very dependable method under favorable conditions.
Its chief disadvantage may be seen by looking at figure 89. If the
airplane is in a quadrant where the angle is greatly in excess of 90°,
(as the northwest quadrant) on a course at right angles to the aver-
age bisector of the quadrants, it may be necessary to fly a considerable
distance before picking up the on-course signals. This might be
especially true in case of a large drift due to wind.
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70. Fade-out method.—a. Under this system the pilot flies a
course paralleling the average bisector of the two quadrants (in-
stead of at right angles thereto), with the volume of his receiver as
low as possible. If the signal fades out he knows that he is flying
away from the station; if the volume increases he knows that he is
approaching it. This procedure identifies the particular quadrant

in which he is flying, unless some of the difficulties mentioned later

prevent.

b. (1) For example, referring to figure 42, if the pilot is flying a
course of 67° and the signal fades out, he knows he is in the easterly
A quadrant with the station.behind him. He makes a 180° turn and
flies to and through an equisignal zone. As soon as the first N signal
is received, he turns left not more than 180° until the on-course signal
is again received.

- (2) Then with volume as low as practical, he straightens out along
the right side of the range course and flies until the volume fades out
or builds up appreciably. If it is increasing, he follows it in to the
station ; if it fades out, he makes a 180° turn and then follows it in
to the station as a new point of departure.

¢. One weakness of this system is that for some stations the signal
strength is variable due to irregularities of the terrain or night effect.
The signals from these stations alternately increase and fade so that

it is difficult to decide definitely, without undue loss of time, whether |

the volume is increasing or fading out. In the case of “squeezed
courses” (that is, when the courses are not 90° apart), it is possible
to fly away from a station and have the signals become stronger
instead of weaker.

d. Several combinations of the 90° and the fade-out method will
suggest themselves. For example, after intercepting an equisignal
zone, the range course may be identified and followed in to the sta-
tion by essentially the same procedure as that illustrated in figure
41. As in the 90° method, if the two identification signals are heard.
one loud and one weak, and the weak one begins to fade out, it is
evident that the pilot is flying away from the nearest range course
as well as from the station. The 180° turn is made at once, and the
procedure is then as shown.

e. The individual conditions at any one station must be considered
in choosing the method to be used. For example, for a pilot in one of
the N quadrants at Newark, it would be generally desirable to fly the
average bisector toward the northwest., If he were in the southeast
quadrant, either the reverse course or a course at right angles to the
bisector might carry him out to sea.

90



T™™ 1-205
AIR NAVIGATION 70-71

f. It should be understood that under any conditions the greatest
signal strength is found along the bisectors of the quadrants, the
lowest signal strength along the edges, where the on-course zones are
located. Therefore, flying parallel to the bisector but at a considerable
distance from it, the signal strength may decrease as the on course is
approached, even though the station is nearer. If the decreased signal
strength is due to approaching an on-course zone, the double signals
of the twilight zone should be heard upon turning up the volume. If
the twilight signals are not heard with the increased volume, it is

Ficurp 42.—Identification, fade-out method.

definitely known that the airplane is proceeding away from the station.
In either case, the quadrant is identified, the direction with respect to
the station is known, and the pilot may proceed as outlined above and
as illustrated in figure 42.

71. Standard method.—For a particular situation, one procedure
may have certain advantages; at another time a different method is
preferable. To prevent confusion and loss of time in trying to choose
the most suitable method when the position of the aircraft is un-
certain, some standard procedure is desirable—one that will fit any
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conditions that may arise. It has already been pointed out that the 90°
turn method first described is not practical under some conditions.
Others object to the fade-out method because of the excessive turn-
ing required after intercepting a course. The following method—in
principle at least—has been adopted as standard by some of the major
air lines, since it may be used satisfactorily on any and all ranges.

a. First, the quadrant is identified by the fade-out method described
above, and the airplane is headed parallel to the bisector of the quad-
rant, toward the station (fig. 43). It will intercept either course 1
or course 2,

FI1GURE 43.—Identification, standard méthod.

b. On the Harrisburg range (fig. 43), the final approach should be
made from the west over course 4. It would be desirable, therefore, to
intercept course 2 rather than course 1, continuing on course 2 past the
cone of silence and out on course 4, then making a 180° turn for the
final approach. Under this standard method, the pilot assumes that
he actually will intercept the desired course (course 2). As he enters
the twilight zone he changes heading so as to approach course 2 (if
his assumption is correct) at an angle of 30°; an easy turn on reaching
the equisignal zone then brings him on course. If his assumption is
wrong (a fifty-fifty chance), he will intercept course 1 and pass quickly
through it. The fact that the course was crossed so quickly is notice
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that he has intercepted course 1, rather than course 2. He may either
turn back to course 1 and by a series of turns settle down on that course
ultimately following it in to the station, or he may fly on into the
northwest N quadrant for a time, then turn toward course 4 at an
angle of 90° thereto, and follow it in to the station upon reaching the
on-course zone. In a narrow quadrant this latter method (approach-
ing a known course at right angles) materially reduces the time re-
quired for identifying an equisignal zone and beginning the approach.

72. Parallel method.—a. Description.—Under this system the
quadrant is identified by flying along the average bisector and noting
the fading or increase in volume. Then, if it is desired to reach the
station over a particular course of the range, the pilot flies parallel
to the other range course limiting that quadrant until the desired on-
course zone is reached, and follows it in to the station.

b. Ewample of use—A pilot determines his position as being some
place in the northeast quadrant of figure 43. He desires to approach
the station by way of the easterly leg, 113° out or 293° in, magnetic.
Noting that the northerly leg out is 14°, he flies parallel to it (194°)
until the easterly leg is intercepted and then he follows it in to the
station. ‘

73. Other methods.—Various other methods of quadrant identi-
fication have been used but it is believed that those just described
represent the simplest and most practical methods yet developed.

a. Radio compass (par. 75).—With a radio compass which has
a visual indicator, quadrant identification is generally unnecessary.
The pilot may determine the direction of the station and fly directly
to it, setting a new course from that point toward his destination.

b. Orientator—The airport orientator is a valuable aid in all prob-
lems of quadrant and range course identification. In this instrument
a circular chart showing the airport in relation to the courses of the
radio range, with other pertinent data, is directly attached to a disk
member on the top of the directional gyro. Once the chart of the
orientator has been properly alined with the corresponding features
on the ground, it remains so as the result of gyroscopic action. There-
after, regardless of the number of turns, a faithfully oriented picture
of the attitude of the airplane with respect to the range courses is
given by the orientator chart—without mental effort on the part of
the pilot.

c. Quadrant identification—(1) It is possible at times to identify
the quadrant of a radio range by tuning in on one or more adjacent
ranges. In many cases, the A or N signal heard from the second or
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third station will conclusively prove that the position of the aircraft
is in one certain quadrant of the original station.

(2) An example of the use of this method is shown in figure 44. A
pilot tuned in on the Atlanta range and received an N signal. Not
knowing whether he was in the north or south N quadrant, he tuned
his receiver to the frequency of the Birmingham station. This sta-
tion gave him an N signal, which showed that he was in the south N

‘Birming ham
N
9 '\\ | Atlanta
<A
M\ 49
Alma
<4 |»
v 9

FIGURE -44.—Identification from adjacent ranges.

quadrant of Atlanta. To make sure, however, he tuned in on the
Alma station. This time he received an A signal, again showing that
he was in the south N quadrant of Atlanta.
d. Precautions.—In addition to the general problem of the identifi-
cation of radio range quadrants, certain other rules must be observed.
(1) For example, in order to prevent meeting aircraft flying in the
opposite direction, it is important that pilots fly to the right of the

94



TM 1-205
AIR NAVIGATION 73-74

radio range courses. As an added safeguard, the Civil Air Regula-
tions require that flights along an airway be made at definite altitudes—
in one direction at the odd thousand-foot<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>