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PART ONE 
PILOTAGE AND DEAD RECKONING 

CHAPTER 1 
GENERAL 

1. Purpose 
This manual provides a reference for basic 

and advanced air navigation as applied to Army 
aviation. It is also to be used as an instructional 
text for students undergoing Army aviation 
training in schools or in the field. 

2. Definition of Air Navigation 

As discussed in this manual, air navigation is 
defined as the art of directing the aircraft along 
a desired course and determining position along 
this course at any time. Such navigation may 
be by means of pilotage, dead reckoning, or radio 
aids, as explained hereafter, and includes those 
procedures which are used during instrument 
flight in directing the aircraft to a safe landing. 
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3. Scope 

The scope of this manual is as follows : 
a. Part One, Piwtage and Dead Reckoning. 

Part One includes basic concepts of air naviga­
tion which will assist the Army aviator in 
planning and completing a flight by means of 
pilotage and/or dead reckoning. 

b. Part Two, Radio Navigatwn. Part Two 
includes information on radio navigational aids 
and their employment in flight. 

c. Part Three, Navigation Peculiar to Instru­
ment Flight. Part Three includes facilities and 
procedures peculiar to navigation under instru­
ment flight conditions. It does not include theory 
and techniques of attitude instrument flying or 
descriptions of flight or navigation instruments; 
this information is covered in TM 1-215. 
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CHAPTER 2 

BASIC CONCEPTS 

Section I. THE EARTH IN SPACE 

4. The Earth as a Sphere 

A perfect sphere is a body whose surface is at 
all points equidistant from a point within called 
the center. Any straight line which passes from 
one side, through the center of the sphere, to the 
opposite side is called the di,a,meter of the sphere. 
Although the earth is actually a spheroid (being 
slightly flattened at the poles), for navigational 
purposes it is considered a perfect sphere. 

5. Rotation of the Earth 

The earth makes one complete rotation around 
an imaginary line called its axis every 24 hou;s. 
The ends of this imaginary line or axis are 
known as the North and South Poles. In addition, 
the earth revolves around the sun in an elliptical 
path (fig. 1). The axis of the earth is inclined 
approximately 23½ 0 from a perpendicular to the 
plane of its orbit around the sun. This inclination 
is such that the North Pole points almost directly 
to the North Star (Polaris). 

'-----.. ,,,.,,,.,,, 

D
\1// 

- -
~ -........ 
//I\"-

Figure 1. West to east rotation of the earth and its revolution around the sun. 

Section II. MEASURING POSITION ON THE EARTH 

6. Position Designated . by Coordinates 

To facilitate the location of a point on the sur­
f ace of the earth, a universal system of express­
ing position without reference to geographic 

features is a necessity. Such a system, known as 
a coordinate or grid system (fig. 2), designates 
location or position and expreMMes angular mag­
nitude with respect to two reference lines which 
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intersect at right angles. By reference t.o these 
lines, any point may be so positioned. This sys­
tem of coordinates is formed by the intersecting 
of great and small circles (par. 7a). 

7. Circles on a Sphere 

a. Great and Small Circles. The cut of a plane 
through a sphere forms a circle. It a straight cut 
passes through the center of the earth, the circle 
formed is a great circle. This is the largest 
circle that can be cut from a sphere. Any other 
circle, regardless of size, is called a small . circle, 
since the plane of a small circle does not pass 
through the center of the sphere and, hence, will 
not divide it in half (fig. 2). 

NP 

SP 

Figure 2. Great and smaU circles and coordinate 
(grid) 81/Stem. 

b. Arcs and Their Measurement. Arcs are 
segments of circlesand aremeasured in degrees, 
minutes, and seconds. A degree ( 0 ) is ½80 of 
the circumference of a circle; thus, if any circle 
is divided into 360 equal arcs, each arc is 1 ° in 
length, regardless of the size of the circle. A 
minute (') is ¼o of 1 ~. a second (") is ¼o of 1 
minute. 

c. The Central Angle. Straight lines drawn 
from each end of an · arc to the center of a circle 
form an angle at the center called the central 
angle. Angles, like arcs, are measured in de-
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grees, minutes, and seconds. The angle at the 
center of the circle contains the same number of 
degrees, minutes, and seconds as the arc which 
subtends it. 

d. Angular and Li.near DilJtances. The angu­
lar distance between two points on a circle can 
be expressed in degrees, minutes, and seconds 
of .arc. This distance is actually a measure of 
the central angle and is independent of the size 
of the circle. The angular distance depends upon 
what portion of the circle separates the two 
points. The linear distance between two points 
depends upon the size of the circle (fig. 3). 

60° 

10 
20 

30 
40---~ 

Figure /J. Angular and linear distances. 

8. Reference Circles on the Earth 

The axis of the earth is the only distinctive, 
natural geometric line of the earth. The North 
and South Poles are distinct points on the earth 
and are used as central points for one set of ref­
erence circles known as parallels of latitude. The 
only great circle of this set of circles is the 
Equator (fig. 2). 

9. Equator 

The Equator is a great circle located halfway 
between the North and South Poles and serves as 
a reference line for all parallels of latitude (fig. 
2). Since the poles are 180° apart, every point 

. on the Equator is 90° from each pole. The plane 
of the Equator is at right angles t.o the earth's 
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axis and divides the earth into Northern and 
Southern Hemispheres. 

10. Parallels 

Any small circle whose plane is parallel with 
the plane of the Equator is a parallel of latitude 
(fig. 2). Every point on a given • parallel is 
equidistant from the Equator, the poles, and any 
other parallel. 'Fhe Equator and all parallels are , 
concentric around the polar axis. An infinite 
number of parallels may be drawn; however, 
only a few are shown on the globe. A parallel on 
the earth's surface is designated· by its angular 
measurement north or south of the Equator. 

11. Meridians 

A great circle passing through both poles is 
called a meridian of longitude (fig. 2). As with 
parallels, . there may be an infinite number of 
IQ.eridians even though few are shown on the 
globe. The meridian passing through the observ­
atory at Greenwich, England, has ar_bitrarily • 
been selected as the reference or prime meridian. 
AU · other meridians are designated by their 
angular distance east or west of the prime 
meridian. 

12. Latitude and Longitude 

a. Latitude. The latitude of a pomt on the 
surface of the earth is its angular measurement 
north or south of the Equator measured on the 
plane of the meridian passing through the point. 
Latitude ranges from 0° at the Equator to 90° 
north or south at the poles. 

b. Longitude. The longitude of a point is its 
angular measurement east or west of the prime 
meridian, measured on the plane of the Equator 
or of a parallel. Longitude ranges from 0° at 
the prime meridian to 180° at the meridian 
diametrically opposite the prime meridian. 

c. Paral,lels of Latitude and M eridi.ans of 
Longitude. Naming the parallel and meridian 
which passes through a point is eE1Sentially the 
same as giving its coordinates. Each is named 
according to its angular measurement from the 
Equator or prime meridian. A meridian of 
longitude is a line, but longitude is an angle; a 
parallel of latitude is a line, but latitude is an 
angle. In giving the coordinates of a place, 
latitude is given first, followed by the longitude; 
for example, 29°45'N 95°22'W (fig. 2). 

Section 111. MEASURING DIRECTION ON THE EARTH 

13. General 

A system of g1vmg directions by use of 
cardinal points (north, east, south, west) or 
intercardinal points (northeast, southeast, 
southwest, et.c.) of the compass is cumbersome 
and easily misunderstood over vo1ce radio. In 
air navigation a simple numerical system is used 
to indicate direction (fig. 4). 

14. Measuring Direction 

The compass rose (fig. ·4) divides the horizon 
into 360 parts or degrees. Starting with north 
as 000° and continuing clockwise through east, 
south, west, directions are expressed in degrees 
measured from north to 360 °. East is 090 °, and 
west is 270°. Figure 5 shows point B in a direc­
tion of 045° (northeast) and C in a direction of 
270° (west) of aircraft A. Aircraft A is headed 
in a direction of 120 °. A line by itself does not 
indicate a single direction; arrows or labels 
along the line may be used to indicate the 
intended direction. 

6 

Nots. The direction of C from A is not the same as 
the direction of C to A. The direction of a line is 
measured by the angle the line f orma with the meridian. 

Fipre 4, • Compo.a, ro,e. 

AGO 21i41A 



·180° 

Figure 5. Meatmrement of direction. 

In figure 5, the direction from A is measured at A. 
If the meridians are drawn as parallel lines, the direc­
tion of a straight line may be measured at any point. 
In measuring the direction from C to A (A from C), 
measurement will be made with reference to the me­
ridian passing through C. 

15. Course 
The direction which an aircraft is to fly to 

reach a given destination is the cQUrse to that 
destination. 

16. Rhumb Line · 

B 

RHUMB 
LINE 

A rhumb line is a line of constant direction 
that crosses successive meridians at the same 
oblique angle (fig. 6). Pa_rallels of latitude, the 
Equator, and meridians are often called rhumb 
lines even though they do not fully conform with 
the definition. A-true rhumb line, if continued, 
will spiral toward the poles never quite reaching 
either of them. Such a spiral is called a wxo­
dromi,c curve (fig. 6). 

Figure 6. Rh:umb line, lo,codromic curve, amd great circle. 
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Section IV. MEASURING DISTANCE ON THE EARTH 

·17. Units of Measurement 

a. Statute Mile. Distance is determined by 
the length of a line joining two points. The most 
eommon unit for measuring distance in naviga­
. tion is the mile. Since the word mile does not 
define an exact distance, it is important to 
specify the type of mile. In the United States, 
one mile is defined by statute as being 1,760 
yards or 5,280 feet. This is called a U.S. statute 
mile. There are some differences in the legal 
definition in other countries. With the growth 
of cross-country flying and the development of 
better aviation charts, the statute mile is rapidly 
becoming obsolete. Pilots will, however, en­
counter statute mile indications on some charts, 
plotters, and a~rspeed indicators. 

b. Nautical Mile. Military .'airmen use the 

8 

nautical mile as a unit of distance. The nautical 
mile (6076.1 ft) is equivalent to one minute of 
latitude or approximately 1.15 statute miles. A 
statute mile is approximately 0.87 nautical miles. 

Note. There is no rule whereby nautical miles must 
be used in air navigation except in filing flight plans. 
Usually, nautical miles are more convenient. The im­
portant thing is not to mix the two units. If informa­
tion is mixed, convert so that all measurements are 
either in nautical or in statute miles. 

18. Great Circle Distance . 
The shortest distance between two points on 

the surface of the earth lies along the minor arc 
of a great circle passing through both points. 
The minor arc of the great circle between two 
points is more nearly a straight line than is the 
arc of any other circle which can be drawn 
between these points (fig. 6). 
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CHAPTER 3 
NAVIGATION'AL CHARTS .. -...... ,,,,... _________________________________ _ 

Section I. CHART PROJECTIONS 

19. General 

An air navigation chart is a diagrammatic 
representation of the earth's surf ace, or a part 
thereof, on a flat surface. The chart, in greater 
·or lesser detail, shows elevation, cities and 
t.owns, principal highways and railroads, oceans, 
lakes, ang,.,river~, radio aids to navigation, dan­
ger ar,as, and other features useful t.o the 
navigator. 

20. Scale 

a. General. The ratio between the distance on 
a chart and the distance it represents on the 
earth is the scale of the chart. A chart showing 
the entire surf ace of the earth is drawn to small 
scale for convenient size. A chart covering a 
small area and much detail is drawn to a larger 
scale. 

b. Types of Scales. The scale of a chart may 
be expressed simply, such as "l inch equals 30 
miles," which means that a ground distance 30 
miles long is one inch in length on the chart. On 

KILOMETERS 

NAUTICAL MILES 10 

STATUTE MILES 

aeronautical charts, the scale is shown in rep­
resentative fractions and/ or graphic scales. 

10 

(1) Representative fraction. A scale may 
be give~ as a representative fraction 
such as 1 :500,000 or 1/500,000. This 
means that one unit on the chart rep­
resents 500,000 units of the same 
dimension on the earth. F<Yr examp"le: 
1 inch on a · chart may represent 
500,000 inches on the earth or ap. 
proximately 6.9 nautical or 8 statute 
miles. 

(2) Graphic scale. A graphic scale (fig. 7) 
shows the distance on a chart labeled 
in terms of the actual distance it rep­
resents on the earth. The distance be­
tween parallels of latitude is a con­
venient graphic scale since one degree··· 
of latitude always equals 60 nautical 
miles. Meridians are often divided int.o 
minutes of latitude with each division 
representing one nautical mile. 

20 30 

10 20 

10 20 30 

Figure 7. Graphic scale. 

21. Distortion 

A developable surface (fig. 8} is a curved 
surface that can be flattened without tearing, 
stretching, or wrinkling. Surfaces such as a 
plane, cylinder, or cone are developable sur­
faces. The surf ace of a sphere or spheroid is 
said to be nondevel.opable because no part of it 
can be laid out on a flat surface without distor­
tion (misrepresentation of direction, shape, and 
relative size of the features on the earth's sur­
face}. This can be understood by attempting to 
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flatten half of an orange peel. A small piece of 
orange peel because it is nearly flat can be 
flattened with little stretching or tearing. Like­
wise, a small area of the earth's surface which 
is nearly flat, can be represented on a flat sur­
face with little distortion. Distortion becomes a 
serious problem in charting large areas and can 
never be completely eliminated; it can, however, 
be controlled and systematized. A chart for a 
particular purpose can be drawn so as to mini­
mize the type • of dist.ortion which is most 
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detrimental. The globe iB the only means of rep­
resenting the entire surface of the earth without 
distortion. 

22. Chart Characteristics 

Each type of chart has distinctive features 
which make it preferable for certain uses; no one 
chart is best for all uses. If it were possible t.o 
construct a perfect chart, the chart would have-­
true shape of all physical features; correct angu­
lar relationship (conformality); representation 
of areas in their correct relative proportions; 
true' scale value for measuring distances ; and 
great circles and rhumb lines represented as 
straight lines. It is possible to preserve one and 
sometimes more than one of the above properties 
in any one projection, but it is impossible to pre­
serve all of them. For example, a chart cannot 
be both conformal and equal area. Desirable 
but less important second properties are--ease 
in finding and plotting coordinates of points; 
ease in joining two or more charts ; cardinal 
directions parallel throughout the chart; and 
simplicity and ease in construction. 

23. The Graticule 

a. General. Exact coordinates of any point 
on the earth may be found by astronomical 
means. With reference to control points estab­
lished in this manner, the exact location of 
nearby features may be found by geographic 
survey or by aerial photography. A chart can 
then be made by drawing the established 
geographical features on a framework of merid­
ians and parallels known as a gratwule. Once 
the graticule iB drawn, features may be plotted 
in their correct positions with references to 
meridians and parallels. 

b. Form and Size. Form of the graticule de­
termines the general characteristics and appear­
ance of the chart; its size determines the scale. 
Since meridians and parallels cannot be shown 
on a plane surface exactly as they would appear 
on a sphere, there is no perfect method of con­
structing the graticule. For example, the merid­
ians and parallels may be shown as straight 
lin~s, as variously curved lines, or some as 
straight and some as curved lines ; they may be 
spaced in various ways and may intersect at 
various angles. 
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24. Projection 

a. Definition. The method of representing all 
or part of the surface of a sphere or spheroid 
on a plane surface is known as a projection. The 
actual projection of a graticule is accomplished 
by application of mathematical formulas. 

b. Classifications. Projections are classified 
primarily as to the type of developable surface 
to which the spherical or spheroidal surface is 
transferred. Figure 8 shows developable and 
nondevelopable surfaces. They are sometimes 
further classified as to whether the projection 
(but not necessarily the chart made by it) . is 
centered on the Equat.or (equatorial), a pole 
(polar) , or some point or line between the 
Equator and the poles (oblique), or tangent at 
a meridian (transverse) . Some cartographers 
drop the term oblique and call all such projec­
tions transverse. The name of a projection often 
indicates the type and its principal feature. 
Charts most commonly used in air navigation 
are classified as Lambert, Mercator, and polar 
stereographic. 

c. Purpose of Charts. Charts are used in 
navigation principally for two purposes-chart 
reading; and plotting and measuring. Chart 
'reading is location of position by identification 
of landmarks (par. 32). Plotting refers to es­
tablishment of points and lines on a chart. 
Measuring means measurement of direction and 
distance on a chart (par. 41). 

25. Lambert Conformal Projection 

a. Appearance of the Gratwule. The Lambert 
conformal projection (Lambert chart) is a conic 
projection using the cone for a developable sur­
face. All meridians are straight lines meeting 
at the apex of the cone. All parallels are con­
centric circles, the center of which is also the 
apex of the cone. Meridians and parallels inter­
sect at right angles and the angle formed by 
any two lines is correctly represented (fig. 9). 

b. Standard Pamllels. As shown in figure 10, 
the cone intersects the sphere at two parallels. 
The parallels are known as standard parallels 
for the area to be represented. In general, for 
equal distribution of scale error, the standard 
parallels are chosen at ¼ and % of the t.otal 
length of that portion of the meridian to be 
represented. 
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DEVELOP ABLE 

NONDEVELOPABLE 

Figure 8. Developable and 1'!0fldevelopable 8Urfaces. 

Figure 9. Appearance of the graticule of Lambert 
pro;ection. 

c. Accuracy. On two select.ed standard paral­
lels, arcs of longitude are represented in true 
scale. Between the parallels, scale will be too 
small ; beyond them, too large. Four-degree 
bands are now in use, placing standard parallels 
2°40' apart. This gives a maximum scale range 
of 0.03 percent too small between standard 
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LIMIT OF 
PROJECTION 

Figure 10. Lambert standard parallels. •· 

parallels and 0.07 percent too large at 1 °10' 
beyond either parallel. The older method, using • 
standard parallel.s 7°-:-20°, 33°-45°, and 55°­
'65°, has a scale change of 0.55 percent between 
standard parallels. Some standard series charts 
still exist using old standard parallels but rapid 
conversion is in effect. For practical purposes, 
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scale can be considered constant for a large scale 
chart of a small area. Accuracy is greatest for 
charts of .~ominantly east-west dimensions. 

d. Ccmformality. The Lambert projection is 
conformal becaUBe the scale is uniform in all 
directions about any point, and angles are shown 
correctly. Because of uniformity of scale, areas 
retain true shape (fig. 11). 

Figure 11. Areas amd angles (Lambert). 

e. Great Circle vs. Straight Line. Any 
straight line on a Lambert chart is nearly a great 
circle (fig. 12). In ·the distance of 2,572 statute 
miles between San Francisco and New York, a 
great circle and a straight line connecting them 
on a Lambert chart are only 91/2 miles apart at 
midlongitude. For shorter distances, the differ­
ence is negligible. For all practical purposes, if 
a flight is only a few hundred miles long, a 
straight line may be considered a great circle. 

f. Rhumb Line. A rhumb line is a curved line 
on a Lambert chart. The closer its direction is to 
east-west, the more a rhumb line departs from 
a straight line. Over distances of 100 to 200 
miles, in the latitude ·of the United States, a 
rhumb line departs little from a straight line; 
but over long distances, the difference is large. 
Between San Francisco and New York, the 
length of a rhumb line differs from a straight 
line by about 170 miles. An accurate rhumb line 
cannot be drawn on a Lambert chart, but it 
can be approximated by a series of short straight 
lines. 

12 

Figure a. Great circle vs. straight line on a 
Lambert chart. 

g. Use. The constant scale and conformality 
of Lambert charts place them among the best 
charts for air navigation. They are suitable for 
use with long-distance radio bearings and, f9r 
problems involving distances and true direc­
tions, are superior to Mercator charts (par. 26). 
For plotting positions and measuring rhumb line 
directions, they are inferior to Mercator charts. 

26. Mercator Projection 

a. Descriptiun. The Mercator chart is a 
cylindrical projection. Meridians appear as 
straight lines which are equidistant and parallel. 
Parallels of latitude are parallel to each other 
and perpendicular to the meridians. The dis­
tance between parallels increases with an in­
crease in latitude. Since the meridians are 
parallel to each other, the east-west scale is in­
creased with increase in latitude. Consequently, 
parallels must be placed in such a manner that 
the north-south scale increases proportionately. 
As a result, the scale at any point is constant in 
all directions. Since meridians and parallels in­
tersect at right angles as on the earth, all angles 
are shown correctly. Every rhumb line appears 
as a straight line, and every straight line is con­
stant in direction. The Equator and the merid­
ians are the only great circles which appear as 
straight lines; all other great circles appear as 
curved lines (fig. 13). 

b. Use, Advantages, Disadvantages. The Mer­
cator chart is used in air navigation only for 
long-range overwater flying. Its greatest ad­
vantage is that on the chart a rhumb line is a 
straight line. Plotting is easier because of the 
rectangular graticule. On the other hand, long­
range radio bearings cannot be plotted without 
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Figure 13. Mercator chart showing rhumb line vs. 
great circle. 

special corrections. Because of . the expanding 
scale of this chart, distances are difficult t.o 
measure. 

27. Polar Stereographic Projection 
a. General. The polar stereographic projec­

tion (fig. 14) is based on a plane, tangent at the 
pole; with the point of projection at the opposite 
pole. Meridians are straight lines converging at 
the pole. Parallels are concentric circles with 
the pole as their common center. For the world 
aeronautical chart (WAC) series, discussed in 
paragraph 29, the polar stereographic is modi­
ii,ed by using a secant plane. This modification 
makes the polar stereographic and Lambert 
charts the same scale at 80° latitude. The polar 
stereographic becomes true scale at 80°14' since 
the secant plane intersects the earth's surface at 
that latitude, with the scale decreasing as the 
pole is approached. The polar stereographic 
chart is the ~t chart for navigation in polar 
regions. 

b. Area of Coverage. A polar stereographic 
chart may include a whole hemisphere; however, 
a chart used for air navigation will not extend 
more than 20° or 30° from the pole. 

c. Scale. Since the interval between parallels 
increases with distance from the pole, the north­
south scale also increases away from the pole. 
The east-west scale increases in the same pro­
portion, so that at any point the scale is constant 
in all directions. For all practical purposes, 
scale is constant within the limits of a naviga­
tional chart. 

d. Angles. All angles are correctly shown 
since meridians appear as radii of circles rep­
resenting parallels, and meridians and parallels 
intersect at 90° on the chart. 

e. Straight Lines vs. Rhumb Lines vs. Great 
Circl.es. Meridians, which are great circles, ap. 
pear as straight lines; hence, any great circle 
passing through the center of the chart appears 
as a straight line. Other great circles appear 
as slightly curved; however, the closer they are 
t.o center, the straighter they appear. Within the 
limits of a navigational chart, a great circle is 
shown as a straight line. Rhumb lines appear as 
curved lines. 

Figure 14. The polar stereographic projection. 

Section 11. AERONAUTICAL CHARTS 

28. United States Sectional Charts 

a. General. United States sectional charts are 
Lambert conformal charts published by U. S. 
Coast and Geodetic Survey. The scale is 
1 :500,000 (1 in. equals approximately 6.9 nauti-

cal miles or about 8 statute miles). The purpose 
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of the charts is to provide coverage for the 
United States and the Hawaiian Islands at a 
scale appropriate for flights of short duration. 
They are intended primarily for pilotage ( visual 
flight) but are suitable for all forms of naviga­
tion. The large scale of the sectional chart per­
mits information to be included in great detail. 
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b. Topographical. Topographical features, 
such as 15odies of water, rivers, and streams, are 
shown in their respective positions; elevation of 
~rrain is indicat.ed by contour lines and color 
variations ; high peaks are shown with the 
highest elevation in italics. 

. c. Cultural. Cultural features, such as rail­
roads and major roads and, in sparsely settled 
areas, even dirt roads or paths, may be shown. 
Cities and towns, 'mines, lookout t.owers, and 
many other good landmarks are indicated by 
symbols. 

d. Aeronautical. Aeronautical features such 
as airports, airways, • radio ranges, et.c., are 
shown in these charts. In a rectangle near each 
airport, information relative to the airport is 
list.ed and includes such data as lighting, type 
and length of longest runway, frequencies avail­
able for contacting the tower, . etc. 

e. Other Information. Most sectional charts 
cover an area containing 2° of latitude and 6° 
of longitude with a marginal overlap on the ad­
joining rhart. These charts are designated by 
name and series (e.g., Des Moine~tional). 
Clarification of chart symbols and other perti­
nent information is printed on the reverse side 
of the chart. Some charts are scheduled ·for re­
vision every six months; others annually. Date 
of the chart and scheduled time for next edition 
is located in the lower right hand margin of the 
chart face. 

29. World Aeronautical Chart 

The world aeronautical chart (WAC) is pub­
lished by the U. S. Coast and Geodetic Survey. 
Scale is 1 :1,000,000 (1 in. equals approximately 
14 nautical or 16 statute miles). From 0° to 80° 
latitude, WAC charts are based on the Lambert 
conformal projection; from 80° to the poles, 
they are based on the modified polar stereo-

graphic projection. Their purpose is to provide 
a standard series of aeronautical charts cover­
ing the world at a size and scale convenient for 
overland navigation. The smaller scale of the 
WAC chart does not permit as much detail as 
the sectional chart. All types of t.opographical 
and cultural features, including · railroads and 
major roads, are shown. All important naviga­
tional aids and air facilities are included on 
the overprint. Scheduled revisions every six 
months (12 months in Alaska) supersede pre­
viously printed charts. Time for the next sched­
uled edition is below the date in the lower right 
hand corner of the margin. 

30. Aeronautical Planning Chart 

The aeronautical planning chart (AP) is used 
for long-range flight planning. One of these 
charts covers the United States. Its scale is 
1 :5,000,000. Information gathered from this 
thart is transferred to other charts for the pur­
pose of navigation. Similar charts for the rest 
of the world are termed world planning charts 
and are of the same scale and are also used for 
flight planning. These charts are based on the 
Lambert conformal projection from 75°N to 
75°S; the modified polar stereographic projec­
tion is used for areas outside these limits. 

31. Photomaps 

Photomaps prepared by the Army Map Serv­
ice, Corps of Engineers, are used for air naviga­
tion over small areas. These maps may be 
constructed by use of a single photomap or 
mosaic of several photomaps. They may be 
printed on the reverse side of tactical maps. The 
scale varies from 1 :5,000 to 1 :60,000. Merid­
ians and parallels are indicated on the margin 
of the map. Positions are located by reference 
to a system of horizontal and vertical grid lines. 
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CHAPTER 4 

CHART READING AND PILOTAGE 

32. General 

Chart reading is the identification of land­
marks with their representation on a chart. The 
degree of success in navigating by observation of 
j]andmarks (pilotage) depends upon the pilot's 
proficiency in chart interpretation. 

33. Accuracy of Charts 

The latest revised aeronautical charts of the 
United States are accurate and oomplete. Charts 
of other parts of the world may not be as ac­
curate or complete due to lack of information or 
utility. Aeronautical charts undergo repeated 
revision. It is important that the chart being 
used by the aviator is the latest revision. 

34. Chart Content 

Although charts do not picture all details, 
those particular features useful to the airman 
are emphasized, and include those features 
which have the most distinctive appearance 
;from the air. For emphasis, many features are 
shown out of proportion to their true size, 
'though ·centered in their correct positions. For 
example, the line representing a road o:n a WAC 
chart may appear to be a quarter of a mile wide 
according to the scale of the chart. Radio sta­
tions are prominently shown even though they 
are inconspicuous from the air. Many lines, 
such as meridians, parallels, isogonics, airways, 
and contours, take up space on the chart even 
though they are invisible on the ground. 

35. Symbols 

Since a chart is a diagram, it consists of 
symbols which do not necessarily resemble shape 
or appearance of objects they represent. Skill in 
chart reading depends on a complete understand­
ing and interpretation of these symbols. 

a. Relief. 
(1) Aeronautical charts show elevation 

and inequalities of the earth's surface, 
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which are known collectively ·as relief. 
Mountains are good landmarks but also 

• a hazard to flying. Aeronautical charts 
give elevations of the highest peaks 
and other spot elevations in italics. 

(2) Most charts represent relief by means 
of contours (lines connecting points of 
equal elevation (fig. 15)). The shore­
line of the ocean might be thought of 
as the O foot contour, since every point 
on it is at sea level. The 1,000 foot 
contour is a line connecting all points 
that are 1,000 feet above sea lev~l. On 
a steep slope, contours are close 
together; on a gentle slope, they are 
farther apart. 

(3) On sectional and WAC charts, contours 
are brown lines, each labeled with the 
elevation it represents (fig. 15). Con­
tour intervals vary from chart to chart. 
On charts where only low elevations 
exist, the contours are at 500 foot in­
tervals; where high elevations exist, 
the contours are 1,000 feet apart. On 
charts where unexplored areas are 
shown, mountains may be indicated by 
hachures or shading with elevations of 
peaks shown as accurately as they are 
known. 

(4) Hachures may be used on contour 
charts to show prominent hills or 
buttes too small to depict otherwise. 
The relief shown by contours is further 
emphasized on sectional and WAC 
charts by a gradient system of color­
ing. The area between sea level and 
1,000 feet is dark green; between 1,000 
feet and 2,000 feet, light green; and be­
tween successively higher contours, dif­
ferent shades of brown from light to 
dark. The darker-colored mountain 
peaks stand out conspicuously. Other 
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HACHURED PEAKS 

Figure 15. Relief. 

aeronautical charts have different color 
schemes, or show only contour lines. 
The color shading block indicates eleva­
tion levels on the chart. 

b. Cultural. Cultural symbols (fig. 16) reP­
resent man-made features. Cities and towns are 
shown by several methods. A circle or square 
denotes a small town, but does not show the 
shape of the town. The town can be recognized 
from the air only by its position relative to 
nearby features such as roads; railroads, 
rivers, streams, etc. A city is represented ac­
cording to its shape and size. Comparatively few 
roads are shown on WAC charts, and on detailed 
sectional charts many conspicuous roads are 
omitted, especially in congested areas. All rail­
roads are shown on aeronautical charts ; nor­
mally they have greater permanence than roads 
and are thus more likely to be accurately 
depicted. A chart may or may not show a bridge 
where a road or railroad crosses a body of water. 
Many cultural features, such as racetracks, oil 
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fields, tank farms, and ranger stations, are 
shown by special symbol. 

Note. There are no sqi.ndard symbols for many con­
spicuous features, such as smokestacks, water towers, 
monuments, and prominent buildings. These are often 
indicated by brief, descriptive notes, and each feature 
is indicated with an arrow and perhaps a dot showing 
the location. 

c. Aeronautical Information. Aeronautical 
information is printed in red or purple on sec­
tional and WAC charts. Classes of airports are 
,distinguished by different symbols, and the ele­
vation of each airport is given (fig. 17). Light 
beacons ( with their code signals) and radio 
stations (with their call letters, frequencies, and 
the position of each radio beam) also are shown 
(fig. 18). Airways, danger areas, and isogonic 
lines are clearly marked (figs. 19 and 20). 

d. Water and Forest. Bodies of water are 
valuable to the navigator because they are 
relatively permanent and easily seen from the 
air. Conventionally, water is shown in blue with 
coastlines accurately drawn. (The color does not 
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Landmarks (wltb appepf'lat• not•) •••••••• .---,. ,.-.. ,,-~,----, 
(Numeral• hldlcate •l•••lon abo•• • s1,c1a 175' 

••• l•Y•l of top) • 

Oil T1111ks•• • .. ••• • • • ••• ••• •••••• • • ... • • • • 
Oil Fields ••••••••••••••••••••••••••. i::::::i,,._=,._==J 
Dams ....... , ...•.........••••••••••• t-----t----t 

Elevations :::::::: :' :-.:!:".:.°!.~iz:~>: 
(In , ... ) Spot •••••••••••••••••••••• 

Mines and Quarries•, ••••.••.. • ....... . 

• 1115 
• 10BlS 

..so 
,t 

.Mountain Passes•••• •••••• •• •.••••••• )( 
Lookout Stations • • • • • • .. • • • . • • . . . . • . . • 75(s;,.) 
(ltleyatlaa. 1• NH of tower) roae (Eln) 

Ranier Stations • • • • • • • • • • • • • • • • • • • • • • • 

Coast Guard Stations • • . . • . . . . . . • . . . . . • CG ,. 

Pipe Lines .....•............ . .....•. ·'-'c:u:,.....,,,.,~ 
Trmamiaaion Line•••• •·············•• 
Race Tracks or Stadiums ..••••. ; • • • • • • • • "! 

Stranded Wrecks • ••• • • • • • • • • • • • • • • • • • • 

Metropolitan Areas••••••••·•· NEW YORK 0 
Large Cities•·•·····.•······ ··· ·RICHMOND 0 
Cities• , • • • • • • • • • • • • • • • • • • • • • • • • • • •ARLINCION <() 

Small Cities•••••••• ••••••••• •• •••••••• •Frothold a 

Large Towns. , ..•.• • .••. • •• • • • ..••••.•. • Con,tlle o 

Towns & Villages••••••• ;•••••••••••••••• •A-.0 

B d . { lntematlonal • • • • • • • • • • • • • • oun anes 
State & Prorioclal • •••••••• 

Abandoned or • • • • • • • • • • • • • • + - + -
Under Conatruction 
Siqle Trade • • • • • • • •••••••• i.....-_....__.--,1 

Railroads 
llultlple Trade• • • • • • • • • • • • • .,I-a-___..___.~ 

UDderpa•• •• • ••• • • • • •• • •• • • 

.u. 
Bridges { Railroad • • • • • • • • • • • • • • • • • • • • • 

Hi&bway • • • • • • • • • • • • • • • • • • • • • l--.:;;'T7"'~----I 

Tunnels.{ Railroad • • • • • • • • • • • • • • • • • • • • • 

Hl&laway ••••••••••••••••••••• 

Dual Lane and Super Highways••••••----

Primary Roads•••• •••••• •••••• ••••••---­

Secondary Roads•• ••••• • ••• , ••••••• •---­

Traila••·•••••······•········•······-----­

U. S. Road Markers••···•···•••··•········@ 

National, State or••• •••••••••• •••••••••• •@ 
Provincial Road Markers 

Road Names ... ................ ·••· .ALA•"A H,.,,.,A.,, 

Figure 16. Cultural symbols. 

mean t;hat the water looks blue from the air.) 
In arid regions, the most important rivers, oft.en 
having little water showing above the ground, 
may have their courses marked by comparatively 
densE! vegetation. European charl8 show forest 
areaa in green; on charts of the United States, 
forests are not shown. 

e. Reverse Side of Chart. The following items 
are shown on the reverse side of sectional and 
WAC charts: aeronautical symbols; a list of all 
airports within the limits of the chart, with in­
fonnation concerning latitude and longitude, 
elevation, number and length of runways, etc.; 
a list of prohibited, restricted, caution, and 
warning areas in the chart area ; a chart of 
rthe United States showing the sectional· charts 
required for each area; and much other inf orma­
tion of value to the pilot. 

36. Checkpoints {Daylight Hours) 

a. A landmark used to fix the aircraft's posi­
tion is called a checlcpoint. A checkpoint must 
be a unique feature, or group of features, in a 
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given area. The value of the type of checkpoint 
will vary with the terrain. In open areas or farm 
country, any town, railroad, or highwiay can be 
used. In more densely populated areas, minor 
features such as roads and small towns, are diffi­
cult to distinguish. It is easier to identify im­
portant highways, large towns with distinctive 
shapes, or towns near lakes or rivers. In forested 
areas, swaths cut for pipe lines and power lines 
are easily traced. In mountainous areas, mines, 
ranger stations, prominent peaks, passes, and 
gorges can be used. In a desert, where check­
points are few, minor features often afford 
checkpoints. 

b. If there is any uncertainty of position, 
every possible detail should be checked before 
identifying a checkpoint. The pilot may have to 
check back and forth from chart to groorui, to 
compare the angles at which roads or railroads 
leave a town, the position· of bridges and inter­
sections, or bends in streams and roads. Because 
the chart shows only significant details, it is 
essential that the pilot select reliable features 
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Aerodromes with facilities Aerodromes with emergency or no facilities 

LAND 

◊-

0 
0 

-
PITTSBURGH 
,use L H80 

Airport of entry 

GCA ILS DF 
3!16 121 .1 118.7 

126.18 257.8 

WATER WATER 

'4), Civil 

LAND 

0 Landing Area 

♦ Joint Civil and Militaly .!, Sheltered Anchorage 

• Military 

Aerodrome with runway length 
of 4000 feet or over 

Landing Area with runway length 
of 4000 feet or over 

AERODROME DAT A 
AND LANDING FAciLITIES INFORMATION 

LAND 

1168 Elevation in feet 
L Minimum lighting 

oo Elevation in feet 
L Minimum lighting 

WATER 

H Hard surfaced runway 
80 Length of longest runway 

in hundreds of feet 

s Normal sheltered take-off area 
62 Length of longest runway 

in hundreds of feet 

The facility cod• ch•acter ta replaced by a daah if ■pectnc 
tn(orm11tlon t• not available or tr the (aclllty lt■elf l■ not available 

GCA ILS Controlled approach systems 
DF Direction Finding Station 

396 121.1 118. 7 126 .18 257.8 2870 Control tower tran■mlttln& (requencle■ 

NAS ANACOSTIA 
OOLS&2 

2870 

Order of (requencle•: tower (m .. e-nta), primary VHF local control (blue), then primary VHF approach control, etc. 

Figure 17. Aero-nautical avmbola---airdromes. 

AIR NAVIGATION LIGHTS 

Rotating Light . , ...... , ........ , . , .. : , . , .. , , , , * 

Rotating Light (With flashing code lights)••••. -·· * 
Rotating. Light (With course li&hts and•••••• •.lt."-

site number) • ' 
Flashing Light .......... .. ............... , .. Fl * 

Flashing Light (With code) •••••••••••..•.•. ~!. * 
Lightship ••••••••••••• , ••• ······,·····,· •••• .z.. 
Marine Light ....... , .... ••••,,,,,,,,,,, 0ccwRoe 

F-Fixed 
Fl-Flashing 
Qlt Fl-Quick Flasbin& 
I Qk Fl-Interrupted Quick Flashing 

Occ-Occulting 
Alt-Alternating 
SEC-Sector 
sec-Second 

Gp-Group 
R-Red 
W-White 
G-Green 

B-Blue 
(U)-Unwatched 

1!{arine ~ights are white unless colors are indicated; altemating lights are red and white unless otherwise 
indicated 

Figure 18. Aeronautical 1111mbols-airnaviga.tion ligl,,ts. 

on the chart to compare with features on the 
ground. Figure 21 shows the charact.eristics of 
good and poor checkpoints. 

37. Estimating Distance 
One method of estimating ground distance is 
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by comparison with the distance between two 
other points measured on the chart. Another 
method (fig. 22) is t.o estimate the angle be­
tween the horizontal at the aircraft and the line 
of sight. This is called the "angle of depression." 
The distance in feet is equal to the absolute 
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AU radio facility data are p-intad in blue with ti!• exception of certain LF /MF facilltlea auch 
•• tower frequenciea, radio rana:ea and aaaociated atrwaya, which are printed in magenta. 

Method• of lndlcatin&: apecilic voice and CW calla ~e ahown 

below 

R d• R ~ a 10 ange••·•·•···••··••• ···~ 
(With voice) 

Radio Range • • .. • • ; ... • .... • • • .. o [209WJ~·.:.·=-! 
(Without voice) No •o;u 

Nondirectional Radiobeacon, •. 
(With voice) 

Nondirectional Radiobeacon• • • .t 
(Without voice) 

Marine Radiobeacon ••••••••• • , , • • 
(Without voice) 

~ 
---i,:ip_ ~!I.=:.!:J No 'fOICe 

Uae of the word "Radio" within the bos indicate■ vole• 
facllitlea. 

cs 
Radio Communication Station••·•-~ 
(With voice) 

cs 
Radio Communication Station••, • ~4r.~ 
(Without voice) Ne -c• 

Radio Broadcasting Station•••••••~ 

AURAL RANGE 

The heavy line indicate ■ the ''N" quadrant. The bearina:• ahown are m■a:netlc and the mapeUc 
variation at the poaltlon of the a:round ■talion I• uaed for computlna: them. 

VHF OMNI-DIRECTIONAL RANGE (VOR) VHF FOUR COURSE VISUAL-AURAL RANGE ( VAR) 
0 

CHICAGO RADIO 
113.0 CGT :7: 

DME 

, 118 

vu.....,,.,,.,,.-.. •• . 

l,.....,.M.,.,AT:'TA'::':WAN RADIO I • 
W 1091V•··-••A •V 

A 
Dlatance M•a■wina: Equlpmant. 

Bearlna:• ••e mapetlc from the atatlon. 

Latter precedlna: frequancy in boa 

indicate• channel lndenUflcatlon. 

Figure 19. Aeronautiecu 1f11171bola--radio facil,itiee. 
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Aural 
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•••••••Prohibited Area - Flipt of aircraft prohibited except by ■pecific authority of u■inii qency 

Reatricted 
or warninii ••a • • • • • • • Restricted or Warning Area -• Invisible hazard■ to air nav111■tion 

(R-32) or (W-46) 

• • • • • • • Caution Area - Viaible hazard■ to air navtiauon 

Figure 20. Aeronautical s11mbols--restricted areas. 

altitude of the aircraft, in feet, times the co­
tangent of the angle of depression. If the angle 
of depression is 45 °, the distance is equal to the 
absolute altitude; if the angle is 30°, the dis­
tance is approximately 1.7 times the absolute 
altitude; if the angle is 60°, the distance is aP­
proximately 0.6 times the absolute altitude. A 
mark may be made on the windshield to assist 
in estimating the depression angle. 

38. Appearance of the Terrain 

a. Effects of the Sun. When the sun is low, 
shadows are long, causing strong contrasts and 
emphasizing relief. At noon-or when the aun is 
obscured, the absence of shadows causes the 
terrain to appear flat. 

b. - Obstructi.cnt.s to Visibility. Smoke, haze, 
and dust reduce visibility, often permitting only 
observation of the ground directly beneath the 
aircraft. A partial undercast may block the 
ground view completely. 

c. Seasonal Changes. Snow on the ground may 
conceal a landmark. The outline of lakes, 
rivers, and ponds, especially in low, flat country, 
may change with the seasons. 

d. Low Altitude Flight. When flying at low 
altitudes, the ground appears to move rapidly, 
and only brief glimpses of checkpoints are pos­
sible. In addition, only small areas of the terrain 
can be seen. Because of the oblique angle of 
sight, depth is increased and detail is pro­
nounced. 

e. High Altitude Flight. From high altitudes, 
the ground appears to move slowly, making it 
difficult to determine when a checkpoint has been 
passed. When visibility is good, a large area 
can be seen. Distance appears small and the 
terrain looks flat with little detail. 
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39. Night Pilotage 

a. General. During hours of darkness, an 
unlighted landmark may be difficult or even im­
possible to see and lights can be very confusing 
because they appear to be closer than they really 
are. In addition, stars near the horizon may be 
confused with lighted landmarks. Ability to lo­
cate the North Star (Polaris) will assist in 
orientation. Polaris is always due north and its 
altitude above the horizon is approximately 
equal to the latitude. Objects can be more easily 
seen by looking at them from the side or rods 
of the eye. Vertigo is easily produced at night 
by staring at objects and must be avoided. 

b. Unlighted Lo:ndma,rkB. In moonlight, and 
occasionally on moonless nights, some of the more 
prominent unlighted landmarks are visible from 
the air. Coastlines, lakes, and rivers usually may 
be seen without difficulty. Reflected moonlight 
causes a stream or lake to stand out brightly for 
a moment; however, this view may be too brief 
to permit recognition. By close observation, 
roads and railroads may be seen after the eyes 
have become accustomed to darkness. 

c. Lighted Lanilmarks. Cities and large 
towns are usually well-Jighted and stand out 
more clearly at night than in the daytime. They 
can usually be identified • by their distinctive 
shapes and frequently can be seen at great dis­
tances, often appearing closer than they actually 
are. Smaller towns that are darkened early in 
the evening are hard to see and • difficult to 
recognize. Busy highways are discernible be­
cause of automobile headlights, especially in the 
early evening. 

d. Beacons. 
Caution: Light lines are becoming obsolete. 

When a light needs major repair, it is deleted 
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CONDITIONS 

AGO 2541A 

GOOD CHECK POINTS 

MOUNTAINOUS AREAS 

Prominent pe■ka, cut• and paaaea, aora:e•. 

General profile of r•na:••• traneml••lon 
Un••• r•llro•d•, Iara:• brlda:e• over IJO"lli••• 
hll(hwaya, lookout atlltlon•. 

Tunnel openlna:• and mine•. 

Clearlne;• and a:r••• valley• . 

Radio Aid•. 

COAST AL AREAS 

Coaatllne with unuau•l feature•. 

Llp,thou•••• marker buoy•, town• and 
cl ti••• atructure •· 

Radio Alda. 

SEASONAL CHANGES 

Unueually ahaped wooded areae In winter. 

Dry river bed• II they contraat with eur­
roundlna: terrain. Dry lllke•. 

HEAVILY POPULATED AREAS 

Lara:e cltle• with definite ehape . 

Small cltlea with aome outatandlna: chack 
point; river, lake, atructure, eaay to Identify 
from other■ . 

Radio aide, prominent etructurea, apeed­
w■y■ , railroad y•d■, underpa■■ea, river■ 

and lllkea. 

Race tracka and atadla, a:,aln elevator•, ate . 

OPEN AREAS FARM COUNTRY 

Any city, town, or vlllaa:e with ldentlfy­
lna: atructur•• or prominent terrain 
feature• adjacent. 

Prominent paved hla:hwllya, Iara:• rail­
road.a, prominent structure■ , race track■ , 

falra:round•, factor!••• brlda:••• and 
underpa••••· 
LIil<••• riven, a:eneral contour of terrain; 
coa■tilne ■ , mountain■ , and rtdce ■ where 
they are dletlnctlve. 

Radio Alda. 

FORESTED AREAS 

Tranamlnlon line• and railroad rla:ht-of­
waya. Road• and hla:hwaye, cltle•, town• 
and vlllaa:e•, foraat lookout towere, farm•. 
Rivera, lake-, marked terrain feature•, 
rlda:e•, mountain•, clearlna:a, open v.Ueya. 

Radio Alda. 

POOR CHECK POINTS 

Smaller peak• and rlda:••• •lmllar In 
•l•e and ahape. 

Gen•r•l rolllna: coa•tllne with no 
dlatlna:ulahlna: point•. 

Open country anJ frosen lake• In winter 
uni••• in foreated area■ • 

Small lake• and rlvera In arid aectlon• 
of country - In aummer - when they may 
dry up. 

Lake• (•mall) In wet ••••ona In lake 
ar•••• where ponda may form by aurface 
water•. 

Small cltle• and town•, clo•e toa:ether 
with no deflnlte ahape on chart. 

Small cltle• or town• with no outatand­
lna: check point• to ldenWy them from 
other•. 
Raa:uiar hla:hwaya and roada, •lna:1• 
rallroada, tranamlaalon llnea. 

Fume, •mall vUlaa:ea rather cloee toa:ether, 
and with no dlatlna:uJ.•hlna: characterlatlca. 

Sina:!• railroad•, tranamlaelon line a and 
road a throul(h f armtna: country. 

Small lakea and atreama In aectlona of 
country where auch are prevalent, ordinary 
hllla In rolllna: terrain. 

Tralla and •mall roada without cleared 
rla:ht-of-w•y• . 

Estended foreat are•• with few brellka 
or outatandlna: characterlatlca of ter,·aln. 

Figure 21. Good and poor checkpoint,, .. 
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HORIZONTAL 

Figure !tit. Estimating distance. 

from the line. The following discussion is based 
on the assumption that all light lines on a leg 
of a flight are in operation. 

(1) Light Lines. Airways are marked at 
night by rotating beacon lights spaced 
at intervals of approximately 10 miles. 
Seen from the air, the beacons form 
an on--course light line which is visible 
from 20 to 40 miles during clear 
weather. Aeronautical charts indicate 
each beacon by a star with an open · 
center. An arrQw combined with this 

symbol indicates that the beacon has 
course lights and shows the direction of 
the light line. · Location of a beacon on 
an airway is indicated by a flashed code 
letter which shows its distance from 
the origin of the airway. 

(2) Numbering. Beacons are numbered 
from west to east and from south to 
north between terminal cities. The 
number of a beacon multiplied by 10 
gives its approximate distance in miles 
from the origin of the airway. For.ex­
ample, beacon number 1 is 10 miles 
from the origin of the airway, while 
,beacon number 5 is 50 miles. The 
beacon number is identified by a letter 
flashed in the international morse code. 
The first letter of each word in the fol­
lowing sentence corresponds to the 
number g·iven with it: (1) When, (2) 
Undertaking, (3) Very, (4) Hard, (5) 
Routes, (6) Keep, (7) Directions, (8) 
By, (9) Good, (10) Methods. Only ten 
letters are used; hence, it is necessary 
that the same letters represent the 
number of beacons that are more than 
100 miles from the origin of the air­
way. The code letter flashed by the 

GREEN 2 

6 7 8 9 

* * * 

---
8 ... 80, 180, 280, ETC. MILES 

FROM ORIGIN OF AIRWAYS 

10 

Figure 28. Light line. 
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beacon represents only the last digit. 
For example, W is the code letter for 
beacons numbered 1, 11, 21, etc., which 
are respectively 10 miles, 110 miles, 
210 miles, etc., from the origin (fig. 
23). 

(3) Identification. Airway_ beacons show 
six clear flashes per minute. The 
identifying code letters are visible only 
to aircraft that are on-eourse. The let­
ter is flashed in green if the beacon is 
located at an airport; if not, it is 
flashed in red. The number of the 
beacon, as well as the corresponding 
oode signal, is printed beside the beacon 
symbol on aeronautical charts. The 
number is also painted on the roof of 
the beacon power shed for daytime 
identification. 

40. Chart Reading In-Flight 

a. Prepa,ra,tion on the Ground. Ground prep­
aration for navigation will save much time and 
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worry in flight. The course line should be drawn 
so that, when in the air, a glance at the chart 
will give an indication of the aircraft's location 
with respect to the desired course. If both de­
parture and destination are on the same chart, 
the course line is drawn along a straight edge 
between them. If they do not appear on the 
same chart, the course line is drawn along a 
straight edge between them. If they do not 
appear on the same chart, the aeronautical 
planning chart may be used to determine the 
principal points over which the flight will pro­
ceed. The course line is then drawn on each of 
the charts being used. The total distance should 
be measured. If the course line is marked off in 
increments (for example) of 20 miles, the trou­
ble of unfolding the ~art and measuring in the 

• air is avoided. 

b. Orienting the Chart. When in flight, orient 
the chart so that north on the chart is toward 
true north. The course line on the chart will then 
parallel the intended course of the aircraft, and 
all objects will be oriented with the chart. 
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CHAPTER 5 

PLOTTING AND MEASURING 

41. General 

Plotting is the establishment of poinra and 
lines on a chart with reference to meridians and 
parallels. Measuring, as used in this chapter, 
refers to the measurement of distance and direc­
tion on the chart. The chart serves as a record 
of the flight and provides information necessary 
for the successful completi_on of the flight. Chart 
work is a fundamental part of navigation and 
must be accurate. 

42. Plotting Tools 

a. Pencil, and Eraser. Use a sharp, soft lead 
pencil and a soft eraser. A sharp, soft pencil 
makes a fine, black line which is easy to see and 
makes chart work more precise. A soft eraser 
will not damage the chart. 

b. Divi,der8. Use dividers to step off distances 
on a chart; The dividers should have the poinra 
separated to the desired distance, using the 
proper scale (latitude or graphic scale), with 
the distance transferred to the working area of 
the chart. In this way, lines of desired length 
can be marked off. By reversing the process, un­
known distances on the chart can be spanned and 
compared with the scale. Manipulate the di­
viders with one hand, leaving the other free to 
move the plotter, pencil, ?r chart as necessary. 

While measurement is being made, the chart 
must be flat and smooth between the dividers. 
A wrinkle may cause an error of several miles. 

c. Plotter8. A plotter is an instrument de­
signed primarily to aid in drawing and measur­
ing lines. The Mark II Weems plotter (par. 43) 
is the type commonly used by the Army aviator. 

43. Description of the Mark II Weems Plotter 
a. General. The Mark II Weems plotter (fig. 

24) is made of transparent plastic and has lines 
,and scales printed in black. The rectangular 
part of the plotter has a straightedge for draw­
ing lines, and scales for measuring distances. 
The semicircular part of the plotter has two cir­
cular scales for measuring direction. 

b. Rectangular Part. Midway between the 
edges of the rectangular part is an inch scale. 
Along each edge is a scale for measuring nauti­
cal miles on a WAC chart. Between this scale 
and the inch scale is another scale for measuring 
statute miles on a 8ectional chart. The rectangu­
lar part of the plotter has several lines parallel 
with the straightedge, to aid in judging when 
the straightedge is parallel with the course line. 

c. Circular Scales. The circular scales are 
calibrated in degrees. The outer scale, reading 
from 0° to 180° (right to left), is for direction 

Figure f4, Mark II Weems plotter. 
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in the first and second quadrants (north through 
east to south). Since these directions are to the 
right on the chart, the outer scale has an arrow 
pointing to the right (fig. 25). The inner scale, 
reading from 180° to 360° (right to left), is for 
directions in the third and fourth quadrants (fig. 
26). The center of curvature of both scales is 
marked by a small hole. 

44. Technique for Using the Mark II Weems 
Plotter 

a. Measuring a True Course. To measure true 
course, place the center hole on the midmeridian 
and the straightedge parallel with the true course 
line (fig. 27). If a ruler or pair of dividers is 
used along the course line, the straightedge of 
the plotter will remain parallel to the course lfne 
as it is moved so that the center hole lies over 
a meridian (fig. 28). Figure 27 shows the 
method of reading direction. Observe the small 
arrows to estimate correct direction. To avoid 
using the plotter inverted, . check to see that 
information on plotter does not read backward. 

b. Drawing Course Line From a Known Poi:nt. 
To draw a given course line from a known point, 
place pencil • at the known point. While the 
plotter is being pushed and pivoted against the 
pencil, the straightedge will remain on the 
known point while the center hole and the scale 
reading are being alined with a meridian. The 
-'pencil will be in place for drawing the course 
line when the plotter has been properly alined 
with a meridian (fig. 29). 

c. Measuring and Drawing Courses Near 
000° or 180°. In drawing a course line that is 
nearly north or south, it may be difficult to use 
the plotter in the usual manner. Courses near 
000 ° and 180° can be read with sufficient ac­
curacy by reading the scale against a parallel 
·and adding or subtracting 90°. Estimating di­
rection will determine whether 90 ° is to be 
added or subtracted from the scale reading (fig. 
30). (The new Mark II plotter has a special 
scale for measuring courses near north and 
south). 

Figure 25. Measuring course in the first and second quadrants. 

Figure 26. Mea.suring course in tlte third and fourtk quadrants. 
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CD DIRECTION OF TC 
USE THIS SCALE 

@ CENTER HOLE . 
OVER MERIDIAN -- --..... ___ 

STRAIGHT EDGE 
PARALLEL WITH TC 

READ DIRECTION ON 
SCALE OVER MERIDIAN 

Figure !7. Measuring course. 

MERIDIAN 

Figure 28. Moving plotter to a meridian. 
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Figure !J9. Drawing a course line from a known point; 
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Figure 80. Meuuring and plotting eoureea near o0 or 180°. 
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CHAPTER 6 

INSTRUMENTS USED FOR DEAD RECKONING NAVIGATION 

45. General 

Instrument.s used by the pilot-navigator for 
dead reckoning navigation are the magnetic 
compass, heading indicator, out.side air tempera­
ture gage, airspeed indicator; altimeter, and 
clock. From these, information can be read con­
cerning direction, airspeed, altitude, and time, 
each of which must be correctly interpreted for 
successful navigation. Information on the in­
struments discussed in this manual is general in 
nature. For complete description, theory, and 
operation of these instruments, see TM 1-215. 

46. Magnetic Compass 

. a. General. The magnetic compass (fig. 31) 
1S the only direction seeking instrument in an 
aircraft. It has a compMs card marked at 5° 
increment.s and numbered 30° apart. A fixed 
line known as the lubberline, is located on a glass 
aperature of the compass case and is a reference 
line for reading the compass. The reading on 
the compass card, under the lubberline, indicates 
the compass heading of the aircraft. 

Figure 81. Magnetic compass. 

28 

b. Magneti,c Variation. Navigational charts 
are printed in geographical true directions. Since 
the magnetic compass derives its directional 
qualities by the needle alining it.self with the 
direction of the earth's magnetic field, it points 
to magnetic north, not true north (fig. 32). The 
angular difference between the true and mag­
netic meridian is called magnetic variation or 
simply variation. It is necessary to correct for 
this error in order to maintain true direction as 
plotted on a chart. Magnetic variations affects 
the compass on any heading and varies with 
latitude and longitude by the amount of existing 
magnetic variation at any particular point. 
Magnetic variation is indicated on navigation 
charts by means of agoni,c and isogonic lines. 

( 1) Agoni,c Line. An agonic line is a line 
on a chart connecting all points ~ere 
no magnetic variation exists and is 
labeled 0°. 

(2) Isogoni,c Lines. An i.sogonic line is a 
line on a chart connecting all points of 
equal magnetic variation. They are 
drawn one or more degrees of varia­
tion apart according to the size of the 
chart. Each line is labeled according 
to the number of degrees of variation 
and shows the east or west deflection of 

TRUE NORTH 

Figure 8ft. Magnetic va1-iation. 
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Figure 88. IBogonic chart of tlt;e UnitedStateB. 

the compass needle. If the magnetic 
pole is to the east of the true north 
pole, variation is east; if to the west, it 
is west (fig. 33). A true course cor­
rected for variation becomes a mag­
netic course. 

c. Magnetic Deviation. A magnetic compass 
is affected by magnetic fields other than those 
of the earth. Any piece of ferrous material or 
electrical equipment close to the compass tends 
to deflect the needle away from magnetic north. 
This angular deflection of the compass needle 
from magnetic north is called magnetic devia­
tion. If the needle is deflected to the east, devia­
tion.is east; if to the west, deviation is west. A 
magnetic course corrected for deviation becomes 
a compass course. 

(1) Compass North. The direction in which 
the compass needle points is called 
compass north. Compass directions 
may be expressed relative to compass 
north just as true or magnetic direc­
tions are expressed relative to true or 
magnetic north (fig. 34). 

(2) Deviation Card. A deviation card re­
cords the errors in the compass indica­
tions. The card is mounted next to the 
compass and includes the aircraft num­
ber, date on which the compass was 
swung, and a compass heading to be 
flown for each magnetic heading in in­
crements of 45° (fig. 35). 

Note. Deviation may change with each 
change of heading of the aircraft, whereas, 
variation changes with change of locality. 

47. Applying Compass Corrections 
a. System for Applying Compass Corrections. 
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TRUE NORTH 

MAGNETIC NORTH 

Figure ,4. Application of variation and deviation. 

AIRCRAFT 1.sosr 
SWUNG : S ,/UNE 58 

TO FLY STEER 

N 001 

045 047 

090 093 

135 /3(, 

180 181 

225 224-

270 2,1 

315 .315 

Figure 85. Deviation card. 

To find what the compass should read to follow 
a given course, corrections for drift, variation, 
and deviation are applied. When drift correc­
rection (par. 53) is applied to a true course 
(TC ± DC = TH), it becomes a true heading. 
A good method for recording application of vari­
ation and deviation is as follows: 
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(1) Write the equation 
TH± V=MH±D=CH 

• . in which TH is the true heading; V 
the variation; MH the magnetic head­
ing; D the deviation; and CH the com­
pass heading. 

(2) Below each fact.or, place the known in­
formation. 

TH+V=MH+D=CH 
168° 12°E 5°W 

(3) When making calculations from a true 
heading to a compass heading, easterly 
error is subtracted and westerly error 
is added. Completing the above prob­
lem, subtracting the 12° E from the 
TH gives a magnetic heading (MH) of 
156° adding the 6°W t.o the MH gives 
a compass heading ( CH) of 161 °. 
Place these headings in their proper 
places in the equation. 

b. Reversing the Equation. To find a true 
heading when the compass heading is known, the· 
same equation is written as in the above prob­
lem. Placing the known information in the 
proper places, it would appear as follows: 

TH+ V = MH ± D =CH 
12°E 5°W '161 ° 

(1) When changing from a compass head­
ing t.o a true heading, easterly error is 
added and westerly error is subtracted. 
It is the reverse of changing from TH 
to CH. 

(2) Subtract the 5°W from the CH (161 °). 
Place this figure (166 °) below the MH. 

(3) Add the 12°E t.o the MH (156°) to 
obtain the TH (160°). Place this fig,. 
ure below the TH. 

48. The Heading Indicator (Directional GYRO) 

The heading indica t.or assist.a in making turns 
to predetermined headings and aids in maintain­
ing a heading. It is not a direction seeking in-

30 

strument and must be adju~ted to agree with 
the magnetic heading of the aircraft. Bearing 
drag causes some precession (failure to remain 
rigid in space) of the instrument and it is nec­
essary to reset it about every 15 minutes. Pre­
cession should not exceed 3 ° in 15 minuteB. 

49. Airspeed, Groundspeed, and the Airspeed 
Indicator 

a. General. True airspeed (TAS) is the speed 
of the aircraft through the air. Groundspeed 
(GS) , of primary interest to the pilot in i:iaviga­
tion, is the speed of the aircraft with reference 
to the ground. Wind determines whether true 
airspeed is greater, equal to, or less than ground­
speed. The airspeed indicat.or is an instrument 
that indicates airspeed but not necessarily the 
true speed of the aircraft through the air. 

b. Indicated Airspeed. The airspeed indicat.or 
does not always indicate true airspeed. The 
reading is called indicated airspeed (IAS) . Since 
calibration cards are not used in Army aircraft., 
indicated airspeed and caUbrated airspeed 
( CAS) are synonymous to the Army aviat.or. 
To find true airspeed, however, corrections must 
be made to the indicated airspeed for pressure 
altitude and temperature. 

c. Changing Indicated Airspeed to True Air­
speed. A "rule of ihumb" for calculating true 
airspeed is to add 2 percent of the indicated air­
speed for each 1,000 feet of altitude. This rule 
of thumb may be used where information neces­
sary for use of other systems is not available. 
Temperature and altitude corrections are calcu­
lated by use of the airspeed computation window 
of the E-6B computer. This procedure is covered 
in detail in paragraph 85. 

50. Pressure Type Altimeter 

The pressure type altimeter measures atmos­
pheric pressure at flight level in terms of feet 
above a specified pressure level. 
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CHAPTER 7 
WIND AND ITS EFFECT 

51. Wind Direction and Speed 

Wind direction is named by the direction 
from which the wind blows. Wind speed is rate 
of wind motion without regard to direction. In 
the United States, wind speed is usually ex­
pressed in knots. Wind velocity (W /V) includes 
both direction and speed of the wind. For ex­
ample, a west wind of 25 knots is recorded as 
W IV 270° /25 knots. "Downwind" is movement 
with the wind ; "upwind" is movement against 
the wind. 

52. Effect of Wind 

a. General. Moving air exerts a ·force in the 
direction of its motion on any object within it. 
Objects that are free to move in air will move 
in a downwind direction at the speed of the wind. 
An aircraft will move as does the balloon shown 
in figure 36. In addition to its forward move­
ment through the air, if an aircraft is flying in 
a 20 knot wind, it will move 20 nautical miles 
downwind in one hour. The path of the aircraft 
over the earth is determined by the motion of the 
aircraft through the air and the motion of the 
air over the earth's surface. The direction and 
movement of the aircraft through the air is de-

termined by the direction in which the nose of 
the aircraft is pointed and the speed of the air­
craft through the air (fig. 37). 

b. Drift. The sideward displacement of the 
aircraft caused by the wind is called drift. Drift 
is measured by the angle between the true head­
ing (true direction in which the nose is pointed) 
and the track (actual path of the aircraft over 
the earth). 

Note. Track must not be confused with true course 
which is the plotted course or intended track. 

c. Exampl,e of Drift. As shown in figure 38, 
an aircraft departs point X on a true heading of 
360° and flies for one hour in a wind of 270° /20 
knots. The aircraft is headed toward point M 
directly north of X. Its true heading is repre­
sented by line XM. • Under no-wind conditions, 
the aircraft would be at point M at the end of 
one hour. However, there is a wind of 20 knots 
and the aircraft moves with it. At the end of 
one hour, the aircraft is at point N, 20 nautical 
miles ~ownwind from M. The line XM is the 
path of the aircraft through the air; the line 
MN shows the motion of the body of air; and 
the ~line XN is the actual path of the aircraft 
over the earth. 

Figure 36. Wind effect on a free balloon. 
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Figure 87. Wind eflect on an aircraft. 
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d. Drift and Groundspeed Change With Head­
ing Change. A given wind causes a different 
drift on each heading and effects the distance 
traveled over the ground in a given time. With 
a given wind, the groundspeed (GS), varies on 
different headings. 

e. Effect of Wind on Different Headings With 
Respect to Track and Groundspeed. Effect of 
wind on different headings in relation to track 
and groundspeed is shown in figure 39. A wind 
of 270 ° /20 knots is affecting the groundspeed 
and track of an airplane flying on headings of 
000 °, 090°, 180°, and 270°. On each heading 
the airplane flies from point X for one hour at 
a constant true airspeed. Length of each dashed 
line represents the distance the aircraft has 
traveled through the body of air or the· distance 
it would have traveled over the ground in one 
hour had there been no wind. Each solid line 
represents the track of the aircraft. The length 
of each solid line represents groundspeed. 

f. Headwind, Tailwind, Crosswind Effect. As 
shown in figure 39, the wind of 270° /20 knots 
causes right drift, on a heading of 000 °, whereas 
on a heading of 180° it causes left drift. On the 
headings of 090° and 270 °, there is no drift. 
Ori a heading of 090 °, the airplane, aided by a 
tailwind, travels farther in one hour than it 
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Figure 39. Effects of different headings on track 
and ground rpeed. 

would with no wind; thus, its groundspeed is 
increased by the wind. On the heading of 270°, 
the headwind reduces the groundspeed. On a 

heading of 000° and 180°, the groundspeed is 
somewhat increased. 

53. Drift Correction 

Drift correction must be applied to a true 
course to determine the true heading. The 
amount of drift correction must be just enough 
to compensate for the amount of drift on a given 
heading. The drift correction angle (DCA) 
(sometimes called crab angle) is equal to but 
in the opposite direction from the drift angle 
(DA). As shown in figure 40, if a pilot attempts 
to fly to a . destination due north of his point of 
departure (TC 000°) on a true heading of 000°, 
and a west wind were blowing, he would arrive 
somewhere east of his destination because of 
right drift (A, fig. 40). To correct for right 
drift so that the aircraft would remain on course 
and arrive at the desired destination, the nose 
would have to be pointed to the left of the true 
course or upwind (B, fig. 40). 
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Figure 40. Drift and drift correction. 
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54. Summary of Drift and Drift Correction 

a. Wind from the right causes drift to the 
left. 

b. Wind from the left causes drift to the right. 
c. If TH is greater than TR or TC, drift is to 

the left. 
. d. If TH is less than TR or TC, drift is to the 

right. 
e. If drift is to the right, DC is to the left. 
f. If drift is to the left, DC is to the right. 
g. Drift is always downwind. 
h. Drift correction is always upwind. 

55. Applied Problems of Drift and Drift Correc­
tions 

a. Problem. TH 160°, TR 170°. Is drift right 
or left? Is drift correction to be made to right 
or left? 

b. Solution. Since TH is less than TR, DR is 
right; DC is left. 

c. Problem. TH 350°, DR 4° left. What is 
the track? What is the drift correction? 

d. Solution. Since DR is left, TH must be 
greater than TR. 

TR equals 346° (350°-4°). 
DC 4° right. 

e. Problem. TR 005°, DR 10° right. What is 
the true heading? What drift correction is re­
quired? 
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f. Solution. Since DR is right, TH is less than 
TR. 

TH equals 355° (005°-10° or 365°-10°). 
DC equals 10 ° left: 

56. Groundspeed (GS) 

Groundspeed is the resultant of wind and the 
forward motion of the aircraft through the air. 
In calm air, the speed of the aircraft over the 
ground (GS) is equal to its true airspeed (TAS). 
If the aircraft is moving against the wind (head­
wind), the groundspeed is equal to the differ­
ence between the true airspeed and the wind­
speed. If the aircraft is moving with the wind 
(tailwind), the groundspeed is equal to the sum 
of the true airspeed and the windspeed. , If the 
aircraft is moving at an angle to the wind, the 
groundspeed may be any speed between the ex­
tremes of the groundspeeds determined by head­
winds and tailwinds. Those groundspeeds that 
are less than the true airspeed are the result of 
hindering winds; those greater than the true 
airspeed are the result of helping winds. Wind 
directions that are approximately 90° to the 
longitudinal axis of the aircraft (beam winds) 
have a minimum effect on groundspeed. Winds 
may be classified as headwinds (hindering 
winds), tailwinds (helping winds), and cross 
winds. 

AGO 2541A 



CHAPTER 8 
VECTORS AND THE TRIANGLE OF VELOCITIES 

57. General 

In dead reckoning, problems involving speed 
and direction are primarily concerned with 
course, groundspeed, heading, true airspeed, 
wind direction, and wind speed. In order to solve 
these problems, it is necessary to understand the 
relationship of these six values. 

58. Representing Vector Quantity 

A vector may be represented on paper by a 
straight line. The direction of the vector is 
shown by the bearing of the line w.ith reference 
to north. It is usually drawn like an arrow, so 
that there can be no doubt as to direction. The 
magnitude of the vector is shown by the length 
of the line in comparison with an arbitra~ 
scale. For example, if 1 inch equals 20 knots, 
then a velocity of 50 knots would be shown by 
a line 2½ inches long (fig. 41). Although the 

TN 
A VECTOR 70° / 50K 

0 10 20 
I I 
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Figure 41. Representing vect~r quantities. 
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line is only a diagram of the vector, the term 
"vector" is loosely applied to the line itself. 

59. Vector 

AB used in air navigation, a vector is a velocity 
(speed in .a given direction). A vector may be 
represented by a line segment which has magni­
tude, direction, and a point of origin. A series 

• of line segments, representing vectors, are used 
in solving problems concerning winds, courses, 
headings, and speeds. The velocity of an air­
craft relative to the air (air vector) includes 
heading and true airspeed; relative to the sur­
face beneath it (ground vector), track or course 
and grouridspeed. • 

60. Vector Diagrams 

When two or more vectors are components of 
a third vector, this relationship may be shown 
by means of a vector diagram. If the components 
are drawn tail to head, in any order, a line from 
the tail of the first component to the head of the 
last component represents the resultant. A dia­
gram of a vector sum forms a closed figure (fig. 
42). 
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Figure 42. Vector dia,gra,ms. 
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61. Triangle of Velocities 

a. General. A tria:nale of velocities is a vector 
diagram drawn for the purpose of analyzing the 
effect of wind on the flight of an aircraft. The 
complete diagram includes an air vector, ground 
vector, and wind vector. The air vector is com­
posed of the heading and true airspeed; the 
ground vector, track or course and groundspeed; 
the wind vector, wind direction and wind speed. 
Each vector must include the factors and on]y 
such factors as are required to form the com­
ponent of the triangle of velocities. When any 
four of the above mentioned factors are known, 
the remaining two can be determined. 

b. Drawing a Triangle of Velocities. The nec­
essary steps for drawing the triangle of veloci­
ties are as follows : 

(1) Draw a vertical datum or reference 
line with an arrow at the top indicating 
true north to facilitate angular and 

' linear measurement. This is the theo-
retical true meridian passing through 
the point of origin to which all vectors 
are referred. 

(2) Draw a very short line intercepting the 
reference line at a convenient point to 
indicate the point of origin in the 
diagram. 

(3) Draw in the known vectors. 
( 4) Close the triangle to determine two 

unknown factors. Known and unknown 
factors will vary but each factor can 
be determined provided each vector 
includes its own factors, namely direc­
tion and length. 

c. Basic Methods of Drawing Triangle of 
Velocities. There are two basic methods of draw­
ing a triangle of velocities. One method is used 
when the wind velocity is known; the other when 
solving the wind velocity. For quick recognition 
of the various vectors, some navigators use 
arrowheads along each vector. One arrowhead 
indicates the air vector; two arrowheads, the 
ground vector; and three arrowheads, the wind 
vector. A system of lettering various points is 
also essential. Regardless of which four factors 
are known they are drawn first and the closing of 
the triangle determines the remaining two. Addi­
tional vertical reference lines may be drawn to 
facilitate angular measurements provided they 
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are parallel to the first. The method used when 
wind velocity is known is shown in A, figure 43; 
B, figure 43 when determining the wind velocity. 
Further explanation of the use of these two 
triangles of velocities will be found in para­
graphs 62, 63, and 64. 

d. Lettering Used in Vector Problems. 
Throughout this manual, except when solving 
for wind, the following lettering is used : 

(1) A is point of origin. 
(2) B is point of intended landing. 
(3) D is the downwind end of the wind 

vector. 
( 4) E is the end of the first hour of flight. 
( 5) When solving for wind, the letter X 

will be used for the upwind end of the 
wind vector; the letter Y for the down­
wind end. 

(6) Letters C, F, G, and E are used only in 
radius of action problems and will be 
explained under discussion of these 
problems (pars. 65, 67, and 68). 

e. Vector Lettering. With the exception of 
the problems solving for the wind, the vectors 
are lettered as follows : 

( 1) Line AD is the wind vector. 
(2) Line AE is the ground vector. 
(3) Line DE is the air vector. 
( 4) In problems involving the solution for 

the wind vector, line AX is the air vec­
tor; line AY, the ground vector; line 
XY the wind vector. 

62. Finding True Heading and Groundspeed 

a. Problem. True course 090 °, wind velocity 
160° /30 knots, true airspeed 120 knots. What is 
the true heading and groundspeed? 

b. Solution. Refer to figure 44 and solve as 
follows: 

(1) Draw vertical reference line and label 
point A (par. 61b (1), (2)). 

(2) Using the Weems plotter to determine 
angular measurement, draw in the 
wind vector at the reciprocal of 160° 
(160 + 180 = 340°) (fig. 44 (D). 

(3) Determine the scale to be used and 
measure along the wind vector to find 
point D. Mark this point with a sharp 
cross line and label D. 

(4) Draw in the true course line ® at 
090° for an indefinite distance. 
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Figure u. Triangle of velocitiee. 

(5) Using the same scale used in (3) 
above, draw a line from D intersecting 
the true course line at 120 nautical 
miles from D. Place a sharp mark at 
this point and label it E. 

(6) Since the air vector crosses the vertical 
reference line, the true heading can be 
determined by measuring the angle be­
tween the vertical reference line and 
the air vector. (If the air vector did 
not cross the reference line, the air vec­
tor could be extended.) In this problem, 
the true heading is 104 °. 

(7) Measure distance AE to find the 
groundspeed (106 knots). 

2 E 

Figure 44. Finding true heodi11g and groundepeed. 
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63. Finding Trut: Heading and True Airspeed 

_a. Problem. True course is 120 °, wind 
velocity 090° /20 knots, groundspeed 90 knots. 
What is the true heading and true airspeed? 

b. Solution. Refer to figure 45 and solve as 
follows: 

(1) Draw vertical reference line and label 
point A (par. 61b(l), (2) ). 

(2) Draw in wind vector (D at 270° 
( 090 ° + 180 °) , 20 knots, and label 
point D. 

(3) Draw in ground vector© at 120° and 
measure 90 nautical miles to find and 
label point E. 

(4) Draw a line@ from D to E. 
( 5) Determine true heading by measuring 

the angle formed by the interception of 
the ref erenee line and the true heading 
line (115 °). 

( 6) Determine true airspeed by measuring 
line DE (108 knots). 

64. Finding Wind Velocity 
a. Problem. True heading 130 °, true airspeed 

100 knots, track 140°, groundspeed 90 knots. 
What is the wind velocity? 
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Figure ,4.5. Finding true heading and true airspeed. 

b. Solution. Ref er to figure 46 and solve as 
follows: 

(1) Draw vertical reference line and label 
point A (par. 61b(l) and (2)). 

(2) Draw ground vector ~y (D at 140° at 
90 knots and label point Y. 

(3) Draw air vector at AX@ -at 130°, 100 
knots and label point X. 

(4) Draw a line from X to Y. 
( 5) Draw another vertical reference line 

through point X, parallel with the orig­
inal to facilitate angular measurement. 

(6) Measure the angle formed @ between 
the vertical reference line and the wind 
vector and subtract 180° so as to name 
the wind by the direction from which 
it blows (075°). (Wind always blows 
from heading to track.) 

(7) Measure line XY (20 knots). 

65. Radius of Action (Fixed Base) 

Radius of action refers to the maximum dis­
tance an aircraft can fly on a given course and 
still be able to return to the original point of 
departure within a given time. The radius of 
action is the distance out only. 

a. Problem. A pilot is ordered to scout as far 
as possible on a true course of 090 ° returning to 
his point of departure in 2 hours. He maintains 
a true airspeed of 100 knots. The wind is 
030° /20 knots. What is the true heading and 
groundspeed on each leg? What is the radius of 
action? 
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Figure, 46. Finding wind velocity. 

b. Solution. Refer to figure 4 7 and solve as 
follows: 

(1) Draw vertical reference line and label 
point A (par. 6lb(l) and (2)). 

(2) From point A, draw in the wind vector 
(D 030° /20 knots, and label point D. 

(3) Through point A, draw in the true 
course line@, 090° and 270°, for both 
the outbound and inbound flight. This 
line is indefinite in length in both 
directions. 

( 4) Draw a line from D intercepting the 
outbound course line at an airspeed dis­
tance (100 knots) from D, and label E. 

(5) Draw a line from D intercepting the 
inbound course line at an airspeed dis­
tance from D and label E'. 

( 6) Draw a parallel reference line through 
D and measure the angle (080°) be­
tween the reference line and the out­
bound air vector. This is the true 
heading outbound. 

(7) Measure line AE (89 knots). This is 
the groundspeed on the outbound leg. 

(8) Measure the angle (280°) between the 
reference line and the inbound air vec­
tor. This is the true heading on the 
inbound leg. ' 

(9) Measure line AE' (108 knots). This 
is the groundspeed on the inbound leg. 
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(10) The distance out (radius of action) is 
the product of the total time in hours 
multiplied by the product of ground­
speed out and the groundspeed back 
divided by the sum of these two speeds. 
The mathematical formula is--

TX GS1 X GS2 = RIA 
GS1 + GS2 

in which T is the total time in hours; 
GS1 is the groundspeed on the outbound 
leg; GS2 is the groundspeed on the in­
bound leg; and RI A is the radius of 
action or, in the above case. 

2X :: ~ :~~ = 97.6 nautical miles (RIA). 

c. Checki,ng Accuracy of Computations. To 
check the accuracy of computations, the time on 
each leg is calculated and added. The sum must 
agree with the total time allowed. Calculate as 
follows: dividing the radius of action 97.6 
nautical miles by the groundspeed out (89 knots) 
equals 1.1 hours or 66 minutes (time on out­
bound leg). Dividing 97.6 nautical miles by 
groundspeed back (108 knots) equals 0.9 hours 
or 54 minutes. Time utilized on both headings is 
equal to the total time (2 hours) allowed. 

66. Finding Track and Groundspeed 

a. Problem. Wind 300° 120 knots, true head­
ing 045°, true airspeed 100 knots. What is the 
track and groundspeed? 

b. Solution. Refer to figure 48 and solve as 
follows: 

(1) Draw vertical reference line and label 
point A (par. 61b (1) and (2)). 

... __ _ --- ------------

(2). Draw wind vector at 120° (the reciP­
rocal of 300 ° ) , 20 nautical miles from 
A, label point D. • 

(3) Draw another vertical line through D 
that" is parallel with the original ref­
erence line. 

(4) From D, draw in the air vector at 
045°, 100 nautical miles and label E. 

( 5) Close the triangle by drawing a line 
from A to E. 

(6) Measure the angle between the refer­
ence line and the track line AE (055 °). 

(7) Measure the length of AE (107 knots) 
to determine the groundspeed. 

67. Radius of Action (Alternate Base) 
a. General. Radius of action to an alternate 

refers to the maximum distance an aircraft can . 
fly toward an intended airport or on a given 
course before returning so as to arrive at an 
alternate airport (point other than departure 
point) within a specified time. Fuel is generally 
the factor controlling the amount of available 
ti~e. An understanding of speeds of separation 
and closing are not essential in the graphic 
analysis of this problem but are discussed in 
paragraph 96. 

b. Lettering. In the graphic representation of 
radius of action to an alternate base, lettering is 
still an important item. The same lettering is 
used in this problem as in others (par. 61d) but 
some letters must be added to indicate points 
not used in other problems : C is the alternate 
airport; F for the calculations of relative mo­
tion; E' the end of the first hour of flight on the 

---
_____ ... -­

------
E 

Figu1·e 47. Radius of action (fi:i:ed baae). 
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second leg; and G the point to turn to the 
alternate base. • 

c. Vectors. Line AB is from point of start 
to the intended airport; AC from point of s~rt 
to the alternate airport; AD is the wind vector; 
AE the true course and groundspeed vector on 
the first leg; AG is the distance on first leg; DE' 
is the true heading and true airspeed v~tor for 
the second leg; AE' is . the groundspeed on sec­
ond leg; and distance GC is the distance on the 
second leg. 

68. Problem, Radius of Action (Alternate Base) 
a. Problem. Airport B bears 090°, 300 nauti­

cal miles from A. Airport C bears 120 °, 240 
nautical miles from A. The wind velocity is 
315° /30 knots, true airspeed is 100 knots, ~nd 
total time is 3 hours. What is the true headmg 
and groundspeed on the first leg? What is the 
true heading and groundspeed on the second leg? 
What is the true course on the second leg? What 
is the time and distance on the first leg? What 
is the time and distance on the second leg? 

b. Solution. Refer to figure 49 and solve as 
follows: 
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(1) Draw vertical reference line and label 
point A (par. 61b (1) and (2)). 

(2) Draw line AB, 090°, 300 nautical miles. 
Note. Any appropriate scale may be used, 

but scale must be the same throughout the 
problem. 

(3) Draw line ·AC, 120°, 240 nautical 
miles. 

(4) 
(5) 

(6) 

(7) 

(8) 

(9) 

Draw line AD, 135°, (315° -180°). 
Draw a line from D intersecting line 
AB at a true airspeed distance (100 
knots) from D and label E. 
Divide distance AC (240 nautical 
miles) by the total time in hours (3). 
240 divided by 3 equals 80. 
Lay off 80 miles along AC from A and 
label F. 
Draw a line from E through F in­
definitely. 
Draw a line from D intersecting the 
extension of line EF at an airspeed 
distance from D and label 'E'. 

(10) Draw a line from A to E'. 
(11) Draw a line from C parallel to ·AE' 

intersecting AB and label this point 
G. 

c. Analysis of Drawing (fig. 49). The draw­
ing is analyzed as follows : 

( 1) Find true heading on the first leg by 
extending line DE (since it does not 
cross the vertical reference line) so 
that it intersects the vertical reference 
line and measure the clockwise angle 
between the vertical reference line and 
the true heading line DE, 078°. 

(2) Groundspeed on first leg is distance AE 
·(110 knots). 

(3) True heading on the second leg is found 
by measuring the angle between the 
vertical reference line and line DE' 
(204°). 

(4) Groundspeed on second leg is distance 
AE' (114 knots). 

( 5) True course on second leg is found by 
measuring the angle between the ver­
tical reference line and line AE' 
(190°). 

( 6) Distance on the first leg is distance 
AG (230 nautical miles). 

(7) Time on first leg is found by dividing 
distance AG (230 nautical miles) by 
groundspeed (119 knots) and equals 
1.94 hours or 1 hQur and 56 minutes. 

(8) Distance on second leg is distance GC 
(121 nautical miles). 

(9) Time on second leg is found by dividing 
distance GC (121 nautical miles) by 
groundspeed AE' (114 knots) and 
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Figure 49. Radius of o.ction ( alternate base). 

equals 1.06 hours or 1 hour · and 4 
minutes. 

(10) To verify veracity of drawing and 
analysis, add time on first leg (1 :56) 
and time on second leg (1 :04). This 
should be equivalent to the total time 
allowed for the flight (3 hours). 

69. Average Groundspeed 

Average groundspeed is calculated by dividing 
the total distance flown by the total time (in 
hours) required for the flight. While climbing, 
airspeed is generally less than while cruising. 
While descending airspeed is generally the same 
or higher than while cruising. Groundspeed will 
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also vary when flying in headwinds, tailwinds, 
and crosswinds. For example, an aircraft flies 
at a constant true airspeed of 100 knots for one 
hour against a 30-knot headwind and then re­
turns to the starting point. On the outbound 
flight, 70 nautical mile.s are flown. The pilot 
may think that the average groundspeed is 
equivalent to the true airspeed (100 knots) be­
cause the tailwind will help as much as the head­
wind will hinder him. The return trip, however, 
requires 32 minutes (0.53 hours) at a ground­
speed of 130 knots ; the total flight 1.53 hours. 
The total distance (140 nautical miles) divided 
by total time- (1.53 hours) equals the _ ll.verage 
groundspeed (91 knots). 



CHAPTER 9 

THE E-6B TYPE COMPUTER 

Section I. THE CIRCULAR SLIDE RULE 

70. General 

a. Use. In air navigation, a circular slide rule 
is used for solving problems in multiplication 
and division, distance conversions, corrections of 
altitude and airspeed for temperature and pres­
sure variations, rate-time-distance problems, 
fuel consumption, radius of action formula, and 
off-course corrections. The slide rule face of the 
E-6B computer (fig. 50) is standard with all 
major types of navigation ·computers. 

b. Ratio and Proportion Scales. The outer 
and inner scales on the slide rule face of the 
E-6B computer are used to express the ratio 

STATUTE INDEX 

NAUTICAL INDEX----

ALTITUDE COMPUTATION 
WINDOW 

and proportion of numerical values of any 
denomination. 

(1) Ratio. The ratio of any two numbers 
is the quotient when the first number 
is divided by the second number. This 
ratio may be expressed as a fraction. 
The first number will be the numerator 
and the second the denominator. For 
example, the ratio of 6 to 8 may be 

expressed as : . In solving ratio prob­

lems on the E-6B computer, consider a 
number on the outer scale of the com-

KILOMETER INDEX 

'"10" INDEXES 

AIRSPEED COMPUTATION 
WINDOW 

Figure 50. Slide rule face. 
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puter as a numerator and a number on 
, the ipner ~le as a denominator. 
(2) Pi-oportion. A proportion is the ex­

pression of equality of two or more 
ratios. For example the ratio of 6 
to 8 is equal to the ratio of 3 to 4 

·; 

{ i-equal8 ! ). When any ratio is set 

on the computer, any other equal ratios 
may be read. If 6 is set over 8, 12 is 
over 16, 18 over 24, etc. This gives a 
proportion as follows : 

6 12 18 
8 = 16 = 24 et.c. 

(3) Applying ratios and proportions to 
'J}'l'actical problems. To what number 
does 45 have the same ratio as 6 to 8? 
By setting 6 over 8, the unknown num­
ber is found under 45. In this case, the 
unknown number is 60. It can then be 
said that 45 is to 60 as 6 is to 8 or 

:~ = : , For example, if 6 men earn 

8 dollars, at the same rate 9 men will 
earn 12 dollars; if an aircraft climbs 
6,000 feet in 8 minutes, at the same 
rate it will climb 9,000 feet in 12 
minutes ; if 6 gallons of fuel are con­
sumed in 8 minutes, 9 gallons will be 
consumed in 12 minutes (fig. 50). 

71-. Description 

a. Scale. The numbers on any computer 
scales, as on any slide rule, represent multiples 
of 10 of the values shown. For example, the 
nwnber 24 on the outer scale may represent 
0.24, 2.4, 24, 240, or 2400. The numbers on the 
inner scale for 24 have like values. On the inner 
scale, minutes may be converted to hours by ref­
erence to the adjacent hour scale. For example, 
adjacent to 24, in this case meaning 240 minutes, 
is found 4 hours (fig. 50) . 

b. Scale Divisions. Relative values should be 
kept in mind when reading the computer. For 
example, the numbers 21 and 22 on either scale 
are separated by 5 dividing lines, spaced 2 units 
apart. The second division past 21, would be 
read as 21.4, 2140, etc. Spacing of these di­
visions should be studied, as the breakdown of 
dividing lines may be into units of 1, 2, 5, or 10. 
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c. Indexes. The computer has four indexes on 
the outer scale (fig. 50). Three of the indexes 
are used in establishing proportional relation­
ship between statute miles, nautical miles, and 
kilometers; the fourth is an index for multipli­
cation and division. These indexes are called 
the nauti~l index marked "Naut" at 66, the 
statute index marked "Stat" at 76, and the kilo­
meter index marked "Km" at 122. A rate arrow 
on the inner scale is also known as the 60 index. 
The lO's on both scales are indexes for multipli­
cation and division. 

d. Airspeed and Altitude Computation Win­
d<YWs. There are two windows for use in making 
temperature and pressure corrections for air­
speed and altitude. One is marked "FOR AIR­
SPEED COMPUTATIONS"; the other, "FOR 
ALTITUDE COMPUTATIONS." 

72. Distance Conversion 

a. Problem. How many statute miles equal 90 
nautical miles? How many kilometers equal 90 
nautical miles? 

b. Solution. Using an E-6B computer, refer 
to figure 51 and solve as follows: 

(1) Set 90 on inner scale to "Naut" index. 
(2) Read 104 under "Stat" index (104 

statute miles). 

Jr'igure 51. Distance conversion. 
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(3) Read 166 under "Km" index (166 
kilometers) . 

73. Determining Groundspeed 

Groundspeed equals dfatance divided by time. 
a. Problem. What is the groundspeed if it 

takes 35 mihutes to fly 80 nautical miles? 

b. Solution. Using an E-6B computer, refer 
to figure 52 and solve as follows : 

(1) Set 35 (inner scale) opposite 80 
( outer scale). 

(2) Over 60, index read ground.speed (137 
knots). 

Figure se. Determining groundspeed. 

7 4. Determining Time Required 

Time equals distance divided by groundspeed. 
a. Problem. How much time is required to 

fly 335 nautical miles at a grounds peed of 17 4 
knots? 

b. Solution. Using an E-6B computer, refer 
to figure 53 and solve as follows : 

(1) Set rate or 60 index on 17 4 ( outer 
scale). 

(2) Under 335 (outer scale) read 115 
minutes (inner scale) 1+55 (hours 
scale). 

Figure 58. Determining time. 

75. Determining Distance 

Distance equals groundspeed multiplied by 
time. 

a. Problem. How far does an aircraft travel 
in 2 hours, 15 minutes at a groundspeed of 133 
knots? 

b. Solution. Using an E-6B computer, refer 
to figure 54 and solve as follows: 

(1) Set 60 index at 133 (outer scale). 
(2) Over 135 (inner scale) or 2 hours, 15 

minutes (hours scale), read 300 nauti­
cal miles (outer scale). 

76. Determining Rate of Fuel Consumption 

Rate of fuel consumption equals gallons of fuel 
consumed divided by time. 

a. Problem. What is the rate of fuel con­
sumption if 30 gallons of fuel are consumed in 
111 minutes (1 hour and 51 minutes) ? 

b. Solution. Using an E-6B computer, refer 
to figure 55 and solve as follows: 

(1) Set 111 (inner scale) under 30 on outer 
scale (in this case, outer scale is used to 
represent gallons). 

(2) Opposite 60 index, read 16.2 gallons 
per hour (gph). 
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Figure 54. Determining dilltance. 

Figure 55. Determining rate of fuel consumption. 

n. Determining Gallons Used in a Given Time 

Place 60 index under rate (gph) and read 
gallons used over time. 
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78. Altitude Gained in a Given Time at a Given 
Rate of Climb 

Outer scale is used to represent rate of climb 
and height climbed. The 10 index is used instead 
of 60 index.· 

a. Problem. How many feet of altitude are 
gained in 9 minutes if an aircraft climbs at a 
rate of 330 feet per minute? . 

b. Solution. Using an E-6B computer refer 
to figure 56 and solve as follows : 

(1) Set 10 index under 330 (outer scale). 
(2) Over 9 minutes (inner scale) read 

2,970 feet climbed. 

Figure 56. Altitude gained in a given time at 
a given rate of climb. 

79. Average Rate of Climb 

Rate of climb equals height climbed divided 
by time in minutes. 

a. Problem. What is the average rate of climb 
in feet per minute if an aircraft climbs from 
4,000 feet to 5,220 feet altitude in 4 minutes? 

b. Solution. Using an E-6B computer refer 
to figure 57 and solve as follows : 

(1) 5,220 -4,000 = 1,220 feet (number 
of ft climbed). 
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Figure 57. Average rate of climb. 

Figure 58. Time and distance. 

(2) Set 4 minutes under 1,220 feet (outer 
scale). 

(3) Over 10 index, read 305 fpm (outer 
scale). 

80. Time-Distance 

Time-distance problems are worked on the 
inner (minutes) scale and the outer (miles) 
scale. 

a. Problem. If 50 minutes are required to 
travel 120 nautical miles,-how many minutes are 
required to travel 86 nautical miles at the same 
·rate? 

b. Solution. Using an E-6B computer, refer 
to figure 58 and solve as follows: 

(1) Set 50 (inner scale) under 120 (out.er 
scale). 

(2) Under 86 (outer scale), read 36 (inner 
scale) minute.s required. 

81. Use of the 36 Index 

The number 36 on the inner scale is used in 
solving rate-time-~istance problems in instru­
ment flight when time must be calculated in 
seconds and minutes, instead of minutes and 
hours. An example of such a problem is to deter­
mine the time required to fly from the outer 
marker to the middle marker or from the middle 
marker (par. 188c) to the point of touchdowa 
during an instrument approach. 

a. Formula. Problems where seconds must be 
used as a unit of time may be solved by the 
formula • 

GS Distance 
36 Seconds 

in which GS is the groundspeed; 36 represent.I 
the number of seconds in one hour (3,600); dis­
tance is the number of miles or decimal parts of 
miles to be flown; and seconds is the time re­
quired to fly that distance. 

b. Problems involving less than 60 seconds. 
( 1) Problem. What is the time required 

from the middle marker to the point of 
touchdown if the groundspeed is 100 
knots and the distance between these 
points is 0.5 nautical miles? 

(2) Solution. Set 36 (inner scale) under 
groundspeed (100 on the outer scale). 
Under 5 (0.5) on the outer scale, read 
18 seconds on the inner scale. 

c. Problems involving more than 60 seconds. 
(1) Problem. What is the time required to 

fly from the outer marker to the middle 
marker if the groundspeed is 95 knots 
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and the distance between the two points 
is 5 nautical miles? 

(2) Solution. Set 36 (inner scale) under 
the groundspeed ( 95 knots on the 
outer scale). Under 5 on the outer 
scale, read 190 seconds, or 3 minutes, 
10 seconds. 

Note. When using the minutes scale as a 
second scale, the hour scale becomes a minute 
scale. 

82. Fuel Consumption 

Use same scales as used with the time-distance 
problems discussed in paragraph 80 and solve 
the following fuel consumption problem: 

a. Problem. Forty gallons of fuel have been 
consumed in 135 minutes (2 hours + 15 min­
utes) flying time. How much longer can the 
aircraft continue flying if 25 ·gallons of available 
fuel (usable fuel not including reserve) remain 
and the rate of consumption remains unchanged? 

b. Solution. Using an E-6B computer, refer 
to figure 59 and solve as follows: 

(1) Set 135 (inner scale) under 40 (outer 
scale). • 

(2) Under 25 (outer scale), read 84½ 
(inner scale) minutes fuel remaining. 

Figure 59. Fuel conaumption. 
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83. Off-Course Correction 

An aircraft headed one degree off-course will 
be one mile off-course for each 60 miles flown. 
This is the rule of 60. Inversely, for each mile 
an aircraft is off-course after each 60 miles of 
flight, one degree of correction will be required 
to parallel the intended course. Applied to other 
distances (multiples of 60), such as 1½ miles 
off-course in 90 miles, 2 miles off-course in 120 
miles, or 2½ miles off-course in 150 miles, a cor­
rection of one degree will be required to parallel 
the intended course. To converge at destination, 
an extra correction must be made based on the 
same rule of 60. 

a. Formulae. The degrees correction required 
to converge at destination is determined by 
adding the results of the following formulas: 

Correction to parallel course = 
miles off-course • degrees corrtction. 
miles flown - 60 

Additional correction to 
converge. 

miles off-course 
miles to fly 

degrees correction. 
60 

b. Problem. An aircraft is 10 nautical miles 
to the left of course when 150 nautical miles from 
departure point A. How many degre~ correc­
tion are required to parallel course? If 80 
nautical miles remain to destination B, how 
many aqditional degrees are required to con­
verge? tn what direction is the correction 
applied? 

c. Solution. Using an E-6B computer, refer 
to figure 60 and 61, and solve as follows: 

(1) Set 150 (inner scale) under 10 (outer 
scale) (fig. 60). 

(2) Over the 60 index, read 4° (correction 
required to parallel). 

(3) Set 30 (inner scale) under 10 (outer 
scale) (fig. 61). 

(4) Over 60 index, read 7½ 0 to converge. 
(5) 4° + 7½ 0 = 11.5°, total correction to 

converge at destination. Since aircraft 
is off-course to the left, correction will 
be made to the right, or added to the 
original heading. For example, if the 
original heading was 090 °, the new 
heading is 1011/2 ° or 102° to the 
nearest degree. 
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Figure BO. Ofl-cour,e correction to parallel. 

Figure 61. 01/-cour,e correction to converge. 

84. Radius of Action (Fixed Base) 

As discussed in paragraph 65, radius of action 
to the same base refers to the maximum distance 
an aircraft can be flown on a given course and 
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still be able to return to the starting point withil 
a given time. The amount of ~vailable fuel (not 
including reserve fuel) is usually the factcr 
determining time. 

a. Problem. The groundspeed on the outbo• 
leg of the flight is 160 knots; on the return leg, 
130 knots. Available fuel permits 4½ hours (270 
minutes) total time for the flight. How many 
minutes will be available for the outbound leg of 
the flight? How many minutes will be requirel 
for the return leg of the flight? What is the 
radius of action? 

b. Solution. The sum of the groundspeed out 
(GS1) and the groundspeed on the return leg 
(GS2) is to the total time in minutes (T), as 
the groundspeed on the return leg (GS2) is to 
the time in minutes on the outbound leg (t1), 
Minutes on the outbound leg of the flight can be 
calculated by the formula GS1 + GS2 = GS2= 

T ti 
The formula for calculating time required for the 
return leg of the flight is GS1 + GS2 = GS1, in 

T t2 

which t2 is the time required for the return leg 
of the flight. These formulas can be cal cu lat.eel 
on the E-6B computer as ratio and proportiOIIII 
problems and appear on the E-6B computer as 
they appear in mathematical form. To solve 
radius of action fixed base problems with the 
E-6B computer, use the problem given in a 
above, ref erring to figures 62 and 63, and pro­
ceed as follows: 

(1) Find the sum of the groundspeeds (160 
+ 130 = 290). 

(2) Set the total time (T = 4½ hours OF 

270 minutes) under the sum of the 
groundspeeds (290) (fig. 62). 

(3) Under 130 ( GS2), read the time on the 
outbound leg, 2 hours + 1 minute or 
121 minutes (fig. 62). 

(4) Without changing the setting of the 
computer, under 160 (GS1), read the 
time required for the return leg, 2 
hours + 29 minutes or 149 minutes 
(fig. 62). 

( 5) 1'hese two amounts of time should be 
equivalent to the total amouqt....of time 
of the flight. ;-· 

(6) Place the 60 index under 160 .(GS1) 

and over 121 minutes ( time on the out­
bound leg) , read the radius of actionJ 
324 nautical miles (fig. 63). 
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Figure 6!. Reading time for outbound and inbound ug. 

Figure 63. Finding radiua of action. 

85. A!rsp3ed Computations 

The window marked FOR AIRSPEED COM­
PUTATIONS provides a means for computing 
true airspeed when indicating airspeed, tempera-

AGO 25UA 

Figure 64. Airspeed.computation. 

Figure 65. Altitude computation. 

ture, and altitude are known or vice versa. To 
change from one to the other, it is necessary to 
correct for altitude and temperature differences 
existing from those that are standard at sea 
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level. Free air temperature is read from a free 
air thermometer and the pressure altitude is 
found by.setting the altimeter at 29.92" Hg and 
reading the altimeter directly. 

a. Problem. The indicated airspeed is 125 
knots, free air temperature is -15° centrigrade, 
and the pressure altitude is 8,0oo· feet. What is 
the true airspeed? 

b. Solution. Using an E-6B computer, refer 
to figure 64 and solve as follows : 

(1) Set 8,000 against -15° C. in the air­
speed computation window. 

(2) Over 125 knots (inner scale), read true 
airspeed 137 knots ( outer scale) . 

86. Altitude Computations 

The window marked FOR ALTITUDE COM-

PUTATIONS provides a means for computini 
corrected altitude by applying any variatio~ 
from standard temperature to indicated (or 
calibrated) altitude. 

a. Problem. The pressure .altitude is 9,000 
feet, indicated altitude is 9,100 feet, and the free 
air temperature is -15° C. What is the cor­
rected altitude? 

b. Solution. Using an E-6B computer, refer 
to figure 65 and solve as follows: 

(1) Set 9,000 against -15° C. in the 
altitude computation window. 

(2) Above 9,100 feet (calibrated) indi­
cated altitude (inner scale), read cor­
rected altitude 8,700 on the outer scale 
( corrected altitude) . 

Section II. GRID SIDE OF E-6B COMPUTER 

87. Plotting Disc and Correction Scales 
The grid side of the E-6B computer (fig. 66) 

enables the pilot to quickly and conveniently 

TRUE INDEX---------

CORRECTION SCALE 

PLOTTING DISC 

FRAME 

solve triangle of velocity problems during flight., 
It consists of a transparent, rotatable plottiq 
disc mounted in a metal or plastic frame on• the 

--------SLIDING GRID 

CONVERGING LINES 

Jt"igure 66. Grid side of E-JiB computer. 
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reverse side of the circular slide rule. A compass 
rose is located on the periphery of the plotting 
disc. The correction scale, on the top frame of 
the circular grid, is graduated in degrees right 
and left of the true index. This scale is used 
for calculating drift or drift correction and is 
labeled drift right and drift left. The scale may 
also be used for correcting for variation east or 
west. A small reference circle or grommet is 
located at the center of the plotting disc. 

88. Sliding Grid 
A reversible sliding grid (fig. 66) inserted 

between the circular slide rule and the plotting 
disc is used with the plotting disc for computing 

triangles of velocities. The slide is imprinted 
with converging lines spaced 2° apart between 
concentric circles marked 30 to 100 and 1 ° apart 
above the 100 concentric circle. The concentric 
circles are used for calculations of speed and are 
spaced 2 units (usually knots or miles per hour) 
apart. Direction of the centerline coincides with 
the true index. The common center of the con­
centric circles and the point at which all con­
verging lines meet is at a point below the lower 
end of the slide. On one side of the sliding grid 
the speed circles are numbered from 30 to 300; 
on the reverse side from 230 t:o 400. This re­
verse side also has a rectangµlar grid numbered 
from Oto 90. • 

Section Ill. TRIANGLE OF VELOCITIES (CENTERLINE AS GROUND VECTOR) 

89. General 

In solving a triangle of velocities on the com­
puter, part of the triangle is plotted on the 
transparent surface of the circular disc. Lines 
which are printed on the slide are used for the 
other two sides of the triangle. Actually, there is 
not room on the computer for the whole triangle, 
for the center of the concentric speed circles (fig. 
67) is one vertex of the triangle. There are many 
methods applicable for computing any one prob­
lem but the following method for each type of 
problem is standard for use by the Army aviat:or. 
This section includes problems where the center­
line is used as ground vector and the wind vector 
is plotted abQVe the grommet. 

90. Heading and Groundspeed Computation 

When plotting heading and groundspeed with 
course, true airspeed and wind velocity known, 
the following method is used : 

a. Problem. The wind is from 160° / 30 knots, 
the true airspeed 120 knots, true course 090 ° . . 
What is the heading and groundspeed? This is 
the same problem used in paragraph 62. 

b. Solution. Using an E-6B computer, refer 
to figures 68 and 69 and solve as follows : 

(1) Set 160° (direction from which the 
wind is blowing) to the true index (fig. 
68). 

(2) Plot the wind vector above the grom­
met 30 units (wind speed) and place 
a dot within a circle at this point. 
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Figure 67. Triangle of velooities plotted 
on. tke E-6B computer. 

(3) Set 090° (true course) at the true in­
dex (fig. 69). 

( 4) Adjust sliding grid so that the true 
airspeed (120 knots) is at _ the wina· 
dot. 

( 5) Note that the dot is at the 14 ° con­
verging line to the right of centerline. 
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Figure 68. Plotting the wind vector witk course, 
tn,e airspeed, and wind velocity known. 

Figure 69. Reading heading, wind correction, 
and groundapeed. 

(6) Under the 14 ° correction scale (labelet 
"Drift" scale) to the right of center at 
the t.op of the computer, read the true 
heading ( 104 °): 

(7) Under the grommet, read the ground: 
speed (106 knots) . 

91. Heading and True Airspeed ComputatiOIII 

This problem was solved graphically in para­
graph 63. Here, it is solved by the ~B 
computer. 

a. Problem. Wind is from 090 ° /20 knot.a. 
true course 120 °, groundspeed 90 knots. What 
is the true heading and true airspeed? 

b. Solution. Using an E-6B computer, refer 
to figure 70 and 71 and solve as follows: 

(1) Set 090 (wind direction) under the 
true index and plot wind vector 20 
units above the grommet using dot 
within circle (fig. 70). 

( 2) Set true course ( 120 ° ) to the true in­
dex (fig. 71). 

(3) Move sliding grid so that grounds~ 
(90 knots) concentric circle is at the 
grommet. 

Figure 70. Plotting wind vector. 
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(4) .The wind dot is now on the converging 
line 6 ° to the left of true index, read 
the true heading (115°). 

(5) Under the wind dot, read the true air­
speed (108 knots). 

92. Wind Velocity Computation 

This is identical to the problem solved 
,raphically in paragraph 64. Here, it is solved 
on the E-6B computer. 

a. Problem. True heading 130 °, true airspeed 
100 knots, track 140 °, groundspeed 90 knots. 
What is the wind velocity? 

·b. Solution. Using an E-6B computer, refer 
to figures 72 and 73 and solve as follows: 

(1) Set track (1409) at true index and 
grommet over the groundspeed (90 
knots). 

(2) Since the true heading is 10° less than 
the tracic, find where the 10° converg­
ing line to the left of centerline crosses 
the 100 knots (true airspeed) line and 
place a dot within a circle at this point 
(fig. 72). 

(3) Turn circular grid until the dot is di­
rectly above the grommet (fig. 73). 

( 4) Under the true index, read direction 
from which the wind is blowing 
(075°). The distance in units between 
the dot and the gro:mn1et indicate the 
speed of the wind (20 knots). 

93. Radius of Adion (Fixed Base) Computation 

This problem was solved graphically in para­
graph 65. Here, the same problem is solved on 
the E-6B computer. 

11. Problem. The true course out is 090°, true 
airspeed 100 knots, wind velocity 030° /20 knots, 
total flight time 2 hours. What is the true head­
ing and groundspeed out? The true heading and 
,roundspeed back? The radius of act!f on? 

b. Solution. Using an E-6B computer, refer 
to figures 7 4 and 76 and solve as follows: 

(1) Set (not shown) the wind direction 
(030°) to the true index and plot the 
wind vector 20 units above the grom­
met using a dot within a circle. 
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Note. This wind dot is also used to plot 
return leg. 

(2) Set true course outbound (090°) un­
der the true index. 

(3) Move sliding grid so that wind dot is 
at the true airspeed (100 knots). 

Fif11111'& '11. Reading t"'81,,ea,dmq,drifteorrecticm, 
an.d mu airqeed. 

Figure 7!!. Preparing eompute-r. 

53 



54 

/ Figure 78. Re~ing wind velocitfl. 

Figure 7 4. Solving true heading and groundapeed. 
for outbound leg. ' 

Figure 75. Solving true heading and groundapeetl 
for return leg. 

(4) The wind dot is now on the conver~ 
line 10° to the left of centerline (ftg. 
7 4). Under the 10 ° left correctial 
scale, read the true heading on the out­
bound leg ( 080 °) . 

( 5) Under the grommet, read the groundt 
speed on the outbound leg (89 knot.s). 

(6) Under the true index, place the recip,tl 
cal of the outbound course (090° ± 
180°) 270° (fig. 75). 

(7) Move sliding grid so that 100 knots is 
under the wind dot. 

( 8) The wind dot is now on the convergi4 
line 10° to the right of centerline (ftg. 
75). Under the 10 ° right correctioil 
scale read true heading for returo 
flight (280°). 

(9) Under the grommet, read groundspeel 
for the return leg ( 108 knots) . 

(10) For radius of action, use formula in 
paragraph 84. Answer. radius of l!c.­
tion, 98 nautical miles. 
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Section IV. TRIANGLE OF VELOCITIES (CENTERLINE AIR VECTOR) 

94. General 

The previous problems have been basically 
8'n'se-to-heading problems. In those problems, 
the centerline was always used as the ground 
vector and the wind vector was plotted above 
the grommet. For the preceding type of prob­
lems this system is preferable because it deletes 
the necessity of juggling the computer. There 
are certain problems, however, that would re­
quire juggling if they were plotted in such 
manner. The following are such problems and 
the centerline is used as an air vector and the 
wind is plotted below the grommet. 

95. Finding Track and Groundspeed 

This is the identical problem solved graphic­
ally in paragraph 66. Here, it is solved on the 
E-6B computer. 

Figure 76. Plotting the wind, below tke grommet. 

a. Problem. Wind 300° /20 knots, true head­
ing 045°, true airspeed 100 knots. What is the 
track and groundspeed? 

b. Solution. Using an E-6B computer, refer 
to figures 76 and 77 and solve as follows : 

(1) Set wind direction (300°) to the true 
index. 
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Figure 77. Reading tmck, drift and groundllpeed. 

(2) Plot wind vector 20 units below the 
grommet, using dot inside of circle 
(fig. 76). 

(3) Set true heading (045°) to the true in­
dex (fig. 77). 

(4) Move the sliding grid so that the grom­
met is at the true airspeed ( 100 knots). 

Note. In the preceeding problems, the dot 
was placed on the true airspeed. In all of the 
following problems, the grommet is used _for 
the true airspeed, and the dot indicates 
grounds peed. 

(5) The dot is now onthe 10° converging 
line to the right of the centerline. Un­
der 10° on the correction scale to the 
right of the true index, read the track 
055°. 

(6) Under the wind dot, read the ground­
speed (107 knots). 

96. Theory of Radius of Action to an Alternate 
Base 

a. General. ,Ap, discussed in paragraph 67, 
radius of action to an alternate base refers to 
the maximum distance that an aircraft can fly 
toward an intended airport or on a given course 
before having to turn in order to arrive at the 
alternate at a given time. 
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b. Theory. The theory of radius of action to 
an alternate base problem is based on the follow­
ing concepts : 

(1) The base of departure is assumed to 
move toward the alternate, maintain­
ing a constant bearing between alter­
nate and aircraft at all times, arriving 
at the alternate at the same time as 
the aircraft arrives at the point where 
lt must turn. 

(2) On the first leg, the aircraft is separat­
ing from the moving baBe at a rate 
designated S1• This is rate of separa­
tion, not a grou:ruurpeed. 

(3) On the second leg, the aircraft is clos­
ing in with the moving base at a rate 
designated as S2. This is the rate of 
closure, not a groundspeed. 

( 4) The maximum time allowable for the 
first leg is calculated by use of the for­
mula S1 + S2 = S2 in which S1 is the 

T t1 

rate of separation; S2 is the rate of 
closure; T is the total allowable flight 
time; and t1 is the time allowed on the 
first leg. 

(5) The time required for the second leg 
is calculated by the formula S1 + S2 = 

T 
S1 in which t2 is the time on the second 
"1; 
leg. 

(6) When the time required and ground­
speeds are known for both legs, cal­
culations for the distances of each leg 
can be made on the slide rule face of 
the computer. 

97. Radius of Action (Alternate Base) Compu­
tation 

This is the identical radius of action alternate 
base problem solved graphically in par~graph 68. 
Here, it is solved on the E-6B computer. 

a. Problem. Base C (alternate airport) bears 
120°, 240 nautical miles from A. The pilot is 
instructed to d!:!part base A on a true course of 
090 °, fly as far as possible on this co ur.:1e, land­
ing at base C at the end of 3 hours. Wind veloc­
ity is 315° /30 knots. True airspeed is 100 knots. 
What is the rate of separation? What is the 
rate of closure? What is the true heading and 
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groundspeed on the first leg? What is the 
heading and groundspeed on the second leg! 
What is the time on the first leg? What is the 
time on the second leg? What is the distance on 
the first leg? What is the distance on the secoDII 
leg? 

b. Solution. Using an E-6B computer, refer 
to figures 78, 79, 80, 81, 82, and 83 and solve aa 
follows: 

(1) Set (not shown) wind directiol 
(315°) to the true index. 

(2) Place (not shown) a dot within a circle 
30 units (windspeed) below the gl'Olll­

met and label D. 
(3) Set 120° (bearing of C from A) to the 

true index (fig. 78). 
( 4) Invert the sliding grid so that the 

rectangular grid may be used as & 

guide (fig. 78) . 
(5) Plot point S 80 units (distance A to C, 

240 nautical miles divided by the total 
time in hours, 3) below the wind dot 
and label S (fig. 78). 

(6) Set 090° (true course on the first leg) 
to the true index and draw a line from 
D parallel with the vertical grid lines 
(fig. 79). 

Figure 78. Plotting point S. 

AGO 2541.l 



Figure 79. Drq,wliM/romD. 

Figure 80. Slide inverted to initial side, true a,i,:-speed 
unde?" grommet. 

(7) Invert sliding grid to initial side and 
set true airspeed (100 knots) under 
the grommet ( fig. 80) . 
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(8) Turn compass rose so that line drawn 
from D i.s parallel with nearest con­
verging lines (fig. 81). 

(9) Under the true index,. read true head­
ing for first leg ( 078 ° ) . 

(10) Under the wind dot (D), read ground­
speed for first leg (119 knots). 

(11) Under point S, read S1 (64 knots). 
(12) Draw a line along converging line 

fromS. 
(13) Turn compass rose so that guide line 

drawn from S parallels a converging 
line on the opposite side of centerline 
(fig. 82). 

(14) Under the true index, read true head­
ing for the second leg (204°). 

(15) Under wind dot (D), find groundspeed 
for second leg (114 knots). 

(16) Under point S, read S2 (115 knots). 
(17) To find time on the first leg, add S1 and 

S 2 (64 + 115) 179; below this number 
on the slide rule face of the computer, 
place the total flight time (3 hours) 
(fig. 83). 

(18) Under S2 (115) find t1 (1 hour, 56 
minutes), time on first leg. 

(19) Without shifting the setting of the 
computer, under S1 (64), find t2 (1 
hour, 4 minutes), time on second leg. 

Figv.re 81. Finq,l setting, first leg. 
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(20) Place (not shown) the 60 index at the 
groundspeed for first leg (119 knots) 
and above the time on the first leg (1 
hour, 56 minuoos), read the distance 
on the first leg (230 nautical miles). 

(21) Place (not shown) the 60 index at the 
groundspeed for the second leg (114 
knots) and above the time for the sec­
ond leg (1 hour, 4 minuoos), read the 
distance on the second leg (112 nauti­
cal miles). 

(22) To check accuracy of calculatioM, add 
the time on the first and second legs 
(1 hour 56 minutes plus 1 hour 4 min­
utes) to verify that their sum is equal 
to the t.otal flight time (3 hours). 

98. Double Drift Wind 

a. Problem. True airspeed of aircraft on all 
headings 100 knots. On a true heading of 120°, 
4 ° of right drift is observed; on a true heading 
of 220°, there is 5° of left drift. ·What is the 
wind velocity? 

b. Solution. Using an E-6B computer, refer 
to figures 84, 85, and 86 and solve as follows : 
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(1) Set first true heading (120°) under 
the true index and true airspeed · (100 
knots)' under the grommet (fig. 84). 

Figure se. Final aetting, aecond leg. 

(2) . Draw line along the converging line 4' 
t.o the right of centerline (fig. 84). 

. (3) Set second true heading (220°) under 
the true index and draw a short line 

Figure 88. Finding time on fi,rat cind •econd legs. 

Figure s,i. Drift on fir•t b:etuling. 
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Figv,rt1 86. Drift cm ,eccm4 A..ading. 

Figure 86. Reading wind direction and speed. 

5° to the left of centerline crossing 
the line previously drawn (fig. 85). 

(4) Turn tJie cross until it is directly below 
the grommet (fig. 86). 
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(5) Under the true index, read the wind 
direction, 347° (fig. 86). 

(6) By counting the units between the 
cross and the grommet, determine the 
windspeed, 11 knots (fig. 86). 

99. Off-Course Correction 

a. Problem. Airport B is 260 nautical miles 
from airport A. After some time, while main­
taining a true heading of 060°, the pilot deter­
mines that he is 6 nautical miles to the right of 
his intended course and 110 nautical miles from 
point of departure. What is the correct heading 
to reach destination? 

b. So"tution. Using an E-6B computer, refer 
to figures 87, 88, and 89, and solve as follows: 

( 1) Place the rectangular grid under the 
plottjng • disc. 

(2) Set the true heading (060°) under the 
true index. 

(3) Using the grommet as a starting point, 
draw a line 6 nautical miles to the 
right of the centerline (each division 
has a value of 2 nautical miles) (fig. 
87). 

Figure 81. Drwwing the ofl-cour,e line. 



Figure 88. Finding the number of degrees to para.llel. . 
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( 4) Reverse the sliding grid and set the 
distance flown (110 nautical miles) 
under the grommet (:fig. 88). 

(5) From the converging line at the end of 
the horizontal line, determine 3 ° to the 
right of course (:fig. 88). 

(6) Set the distance to go 150 nautical 
miles (260 nautical miles (total dis­
tance) minus 110 nautical miles flown) 
under the ·grommet (fig. 89). 

(7) From the converging line at the end 
of the horizontal line, determine 2° 

-
Figure 89. Finding the number of degr_ees furtur 

necessary to converge. 

necessary for convergence on destinal 
tion (:fig. 89). 

(8) Since the aircraft is to the right of 
course, correction is made to the left. 

(9) Adding the 3° to parallel to the 2° to 
converge gives 5 ° of correction to con­
verge at destination. 

(10) Since correction is to the left, correc­
t,ion must be subtracted from the oripl 
nal true heading. The new true head,J 
ing is 055° (060° -5° = 055°). 
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PART TWO 
RADIO NAVIGATION 

CHAPTER 10 
RADIO PRINCIPLES 

100. General 

Radio communication is an absolute necessity 
during instrument flight, and the pilot should 
have a knowledge of the principles of radio and 
be familiar with th_e capabilities and employment 
of the airborne radio equipment used by the 
Army. 

101. Wave Transmission 

Communication by means of sound, light, or 
alectricity has in common the phenomen.on that 
energy is transmitted by waves. • 

a. Wave. A wave is a spurt of energy travel­
ing through a medium by means of vibrations 
from particle to particle. For example, when a 
atone is dropped into a pond, the energy of mo­
tion of the stone disturbs the water, causing the 
water to rise and fall. The ripples (waves of 
energy) travel outward from the place where 
the stone struck the. water, but the water itself 
does not move outward. This rise and fall above 
and below the normal undisturbed level can be 
pictured as a curved line. 

b. Cycle. A cycle is a recurring alternation 
of an electromagnetic wave from one amplitude 
to another, beginning and ending at zero ampli­
tude. As shown in figure 90, a cycle is repre­
sented by the portion of the wave from A to E, 
from B t.o F, from C to G, or between any other 

D 

Figure 90. Wave. 
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two points encompassing exactly one complete 
series of events. 

c. Frequency. The frequency of a wave is 
measured by the number of cycles that are com­
pleted in one second. If two cycles are completed 
in one second, the wave frequency is two cycles 
per second. Since the number of cycles run into 
high figures when discu.ssing radio frequencies, 
larger basic units are used. Through common 
usage, frequencies are expressed as kilocycles or 
megacycles per second. The "per second" . is 
dropped but understood. Thu.s, 1,000 cycles equal 
1 ki.Jocycle (kc) and 1,000 kilocycles equal 1 meg­
acycle (me). 

d. Wavelength. The linear distance of a cycle 
is known as the wavelength. In figure 90, the 
portion of the wave from A to E expressed in 
meters, foot, miles, or any other measurement 
of length is the wavelength of that particular 
wave. 

e. Amplitude. The amplitude of a wave is the 
linear distance from the normal level of the wave 
to its highest or its lowest point. In figure 90, 
the amplitude is represented by the line BH, 
ID, or FJ. 

102. DC and AC Current 

When electrons are made to move through a 
conductor, an electrical current is said to be 
flowing. Direct current (de) flows in only one 
direction. An alternating current (ac) flows 
in one direction for a time and then flows in the 
opposite direction for the same length of time, 
the reversal being continuous. An alternating 
current (fig. 91) can :be represented as a con­
tinuou.s change of direction of flow • of electrons 
from positive ( +) to negative (-) . 
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Figure 91. Alternating current. 

103. Radio Waves 

When an electrical current flows through a 
wire, a magnetic field is built up around the wire. 
When alternating current flows through a wire, 
the magnetic field alternately builds up and col­
lapses. An alternating current of high frequency 
is used to generate radio waves which are 
emitted •by the building and collapsing of the 
magnetic field around a conductor (antenna). 
Radio frequencies extend from 50 kilocycles to 
10,000 megacycles and higher. 

l 04. Principles of the Transmitter 

a. Generating and Transmitting a Radio Sig­
nal,. Fundamenta:lly, a radio signal is trans­
mitted by generating a radio frequency current 
and connecting it to an antenna suitable for 
radiation of that particular frequency (fig. 92) . . 

MICROPHON~ 

ANTENNA 

MODULATED RADIO 
FREQUENCY CURRENT 

RADIO 
FREQUENCY 
CURRENT 

GENERATOR 

AUDIO 
f ,REQUENCY 

CURRENT 

Figwe 9~. Radio telephone transmitter. 

62 

b. Altering the Radiated Signal. In order to 
transmit information, the radiated signal mull 
be altered (fig. 93) in some manner and the 
alterations decoded at the receiver. Code is tran9' 
mitted by breaking the signal up into dots and 
dashes. Voice is transmitted by molding, or 
modulating, the signal to the vibrations of the 
voice. The amplitude, or strength, can be molde4 
or the frequency can be made to change over a 
small range of frequencies. The latter metholl 
is called "frequency modulation." Arnplitul 
modulation is generally used in aircraft radie& 

c. Continuous Wave and Modulated Wa.vt. 
A.n unmodulated signal is called a continuoa1 
wave (cw) signal. The principle use of cw sig­
nals is transmission of International Morse 
Code. A modulated signal is commonly refefflll 
to as a modulated carrier wave (mew). If a 
steady tone, instead of, voice, is used to mod• 
late the transmitted signal, the signal is still a 
mew signal. commonly called a tone signal. 

l 05. Principles of the Receiver 

a. Tuning. Radio waves set up minute cur­
rents in receiving antennas just as an alternat. 
ing current is set up in any conductor which is 
placed near another conductor _. that carries an 
alternating current. The method of selec~ 
the desired signal and rejecting the many un­
desired signals is called tuning. The tuning cir­
cuit in the receiver is adjusted to res0'11.Q.flOI 
with the frequency of the desired signal; other 
frequencies are rejected by the tuning circuit 
and the desired one is allowed to flow to a de­
vice for rectifying the frequency electric cur­
rent (detector). 

b. Demodulating. Radio frequency curred 
is beyond audio range: The audio frequency cur­
rent used to modulate the signal at the trans­
mitter actuates the earphones. Audio frequ~ 
is recovered by a process called demodulatiOIII 
and is accomplished by the detector. The out­
put of the detector is a direct current, pulsa~ 
(changing in amplitude) at an audio rate, and 
is used to operate the headphones. The vibra~ 
diaphragm of the headphones causes air to be 
set in motion, producing sound. The sound is a 
reproduction of that which entered the micl'Ool 
phone at the transmitter (fig. 94). 
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V 
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RADIO FREQUENCY AUDIO FREQUENCY 

CODE 

DOT DASH 
Figure 98. Altering the radiated signal. 

106. Classification of frequencies 

a. Audio (AF). Twenty t.o 20,000 cps (cycles 
per aecond). 

b. Radio (RF)°. 
(1) Very low frequency (VLF) 10 t.o 30 kc 

(kilocycles) . 
(2) Low frequency (LF), 30 to 300 kc. 
(3) Medium frequency (MF), 300 to 3,000 

kc. 
(4) High frequency (HF), 3,000 to 30,000 

kc. 
(5) Very high frequency (VHF), 30 to 

300 me (megacycles). 
(6) Ultrahigh frequency (UHF), 300 to 

3,000 me. 
(7) Superhigh frequency (SHF), 3,000 to 

30,000 me. 
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(8) Extremely high frequency (EHF), 
30,000 to 300,000 me. 

107. Low Frequency Radio Wave Propagation 

A radio wave (fig. 95) leaves the antenna in 
all directions. That portion of the radiated wave 
following the ground is called the ground wave. 
The ground wave is conducted along the earth 
until its energy is absorbed (attenuated). The 
remainder of the radiated energy is caUed sky 
wave. The sky wave is radiated up into space 
and would be lost were it not for the reflecting 
layers in the atmosphere. These layers are called 
ionosphere (region of ionized air caused by 
radiation of the sun). The reflecting effect on 
the waves permits signals to be received at dis­
tant points. The effect on distance is determined 
by the height and density of the ionosphere and 
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upon the angle at which the radiated wave 
.trikes the ionosphere. The ionosphere varies 
in height and density with the seasons, time of 
day, and latitude. 

108. Skip Distance 

The distance between the transmitting an­
tenna and the point where the sky wave first 
returns to the ground is called the skip distance 
(fig. 95). The distance between the point where 
the ground wave can no longer be received and 
the sky waye returned is called the skip zone. 
Since radiation varies the position and density 
of the ionosphere, a great change in skip dis­
t.ance occurs at dawn and dusk, and fading of 
signals is more prevalent. 

109. Effect of All Matter on ~adiation 

All matter within the universe has a varying 
degree of conductivity or resistance to radio 
waves. The earth itself acts as the greatest re­
mtor to radio waves. The part of the radiated 
energy that travels near the ground induces a 
voltage in the ground that subtracts energy 
from the wave. The result is that the ground 
wave is attenuated, or decreased in strength, 
as the distance from the antenna becomes 
gnater. The atmosphere acts in the same way 
in that the molecules of air, wat.er, and dust ab­
sorb the energy of radiation. "Other matter on 
the surface of the earth such as trees, buildings, 
and mineral deposits also acts to absorb 
radiation. 

110. Effect of Static Upon Low and Medium Fre­
quency Reception 

Static disturbance is either manmade int.er­
ference or natural interference. For example, 
manmade interference is caused by an ordinary 
electric razor. Each small spark, whether origi­
nating at a spark plug, contact point, or brushes 
of an electric motor, is a source of radiation. All 
frequencies from zero to approximately 50 mega­
cycles are transmitted from each spark and con­
eequently add to any reception within this range. 
Natural static may be divided into two types, 
called atmospheric static and precipitation 
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static. Interference which originates from na­
tural sources away from the aircraft is known 
as atmospheric static. Interference which is 
caused by electrostatic discharges from the air­
craft, resulting from aerological conditions, is 
known as precipitation static. • 

111. General Nature of High Frequency Propa­
gation (3,000 kc-30 me) 

The attenuation of the ground wave at fre­
quencies above approximately 3,000 kc is so 
great as to render the ground wave of little 
use for communication except at very short dis­
tances. The sky wave • must be utilized, and 
since it reflects back and forth from sky to 
ground, communication can bP. maintained over 
long distances (12,000 miles, for example). 
With the use of higher frequencies, the absorp­
tion of radiation by the atmosphere is reduced. 

112. General Nature of Very High Frequency 
Propagation (3Ch300 me) 

Practically no ground wave propagation oc­
curs at frequencies above about 30 megacycles 
and ordinarily there is no reflection from the 
ionosphere, so that communication is possible 
only if the transmitting and receiving antenn~ 
are raised sufficiently above the surface of the 
earth to allow the UBe of a direct wave. This type 
of radiation is known as "iine-of-sight" trans­
mission. Thus, VHF (UHF) communication is 
dependent upon the position of the receiver in 
relation to the transmitter. When using air­
borne VHF (UHF) equipment, it is of utmost 
importance for the pilot to understand the fac­
tors limiting his range of communication. 

113. Range of VHF Transmission 

The range of VHF (UHF) traMmissions is 
normally about one-third more than direct line­
of-sight (par. 112). The approximate range in 
nautical miles of VHF (UHF) transmission can 
be determined by multiplying the square root 
of the aircraft's altitude in feet by 1.4 (1.4 alti­
tude in feet). For example, an aircraft at 1,600 
feet altitude will receive a VHF (UHF) signal 
from a transmitter 56 nautical miles away. 
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CHAPTER 11 
RADIOTELEPHONE PROCEDURE 

114. Radio Phraseology 

Voice transmissions can be accomplished 
more succe.ssfuHy if the message contains stand­
ard words and phrases. Where reception is poor, 
the message may still be understood if the per­
son receiving the message knows what to expect 
from the person transmitting. 

115. Standard Control Tower Phrases 

Control tower operators transmit standard 
words and phrases because they save time, in­
sure more positive instructions, and lessen the 
chance of misunderstanding. Unusual situations 
may not be covered by standard phrases, but 
normally the tower operator can be expected to 
use standard phraseology. If the pilot memor­
izes the standard phrases, successful comm.uni­
cations will result even when reception is diffi­
cult. 

116. Phonetic Alphabet 

It is often necessary in transmitting to 
identify certain letters and/ or groups of letters, 
or to spell out difficult words, since certain 
sounds have low intelligibility when mixed with 
a background of other noises. The standard 
phonetic alphabet (table I) identifies each letter 
of the alphabet with a word that is more easily 
understood-to make the message clear when 
individual letters are transmitted, and to spell 
out words that are hard to understand on the air. 

117. Use of Numerals 

Numbers are usually of extreme importance 
in radio messages and are difficult to hear among 
other noises. The pronunciations in table I have 
been adopted as standard because they have been 
found to be most intelligible. 

a. Normally, all numbers are transmitted in 
serial form speaking each digit separately. For 
example, to transmit 80, say "Ait Zero" ; for 
6181, say "Six Wun Ait Wun." 

b. There are certain exceptions to the above 
rule. Figures indicating hundreds and thousands 
in round numbers, up to and including 9,000, 
shall be spoken in hundreds and/or thousands as 
appropriate. For example, for 500, say "Fife 
Hundred"; for 1,300, say "Wun Thousand Tree 
Hundred." Beginning with 13,000 the individual 
digits in thousands of feet are called out, for 
example, for 13,000 say "Wun Tree Thousand"; 
for 20,000 say "Two Zero Thousand"; for 24,-
500 say "Two Fower Thousand Fife Hundred." 

c. Aircraft identification numbers will be 
spoken as individual digits; for 8,143, say "Ait 
Wun Fower Tree," for 6,075, say "Six Zero 
Seven Fife." 

d. Time will be stated in four digits accord­
ing to the 24-hour clock. The first two digits 
indicate the hour; the last two, minutes after 
the hour (table II). 

e. Field elevations will be stated in feet in 
accordance with table II. 

Table I 

A-Alpha 
B-Bravo 
C-Charlie 
D-Delta 
E--Echo 
F-Foxtrot 
G--Golf 
H-Hotel 
I-India 

"Kee-loo •• Lee-mah ••• Kay-beck 

Phonetic alphabet 

J--..T uliett 
K-Kilo* 
L--Lima•• 
M-Mike 
N-November 
0-0scar 
P-Papa 
Q-Quebec••• 
R-Romeo 

S-Sierra 
T-Tango 
U-Uniform 
V-Victor 
W-Whiskey 
X-X-ray 
Y-Yankee 
Z-Zulu 

Nou. Number 3 pronounced"Thu-ree" ; number 6 pronounced "Fl-ylv," per ACP 125(B) April 1966. 
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Numerals 

0--Zero 
1-Wun 
2-Too 
3-Tree 
4-Fo-wer 
5-Fife 
~Six 
7-Seven 
8--Ait 
9-Ni-ner 
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0000--Zero Zero Zero Zero __________ _ 
0920-Zero Niner Too Zero, ___ _ 
1200--Wun Too Zero Zero ___________ _ 
1645-Wun Six Fower Fife _________ _ 

Table II 

fleW-.uloa 

10 ft.-Field elevation Wun Zero. 
76 ft.-Field elevation Seven Fife. 

583 ft.-Field elevation Fife Ait Tree. 
600 ft.-Field elevation Six Zero Zero. 

1,250 ft.-Field elevation Wun Too Fife Zero. 
2,600 ft.-Field elevation Too Fife Zero Zero. 

118. Procedure Words and Phrases 

It is impossible to offer precise wording for 
all phrases that might be required in radio­
telephone communications. Table III contains 
standard words and phrases used by Army avia­
tors. They should be memorized and practiced 
until they become a part of the pilot's everyday 
vocabulary. 

The station identifies itself by this call sign 
when transmitting. The call sign of every 
ground station, in nontactical operations, is the 
name of the field plus the type of communication 
service. 

119. Radio Call Signs 

A radio call sign is used to notify a particular 
station (ground or air) that it is being called. 

a. When calling a control tower, the name of 
the base at which the tower is located plus the 
word "radio" is used. For example, "Atlanta 
Tower," "Maxwell Tower." For a radio range 
station, the name of the range station plus the 
word "radio" is used. For example, "Atlantic 
Radio," "El Paso Radio." 

Table Ill 

Word or phrase :Meanings 

Aeknowledge_____________ Let me know that you have received and understand this message. 
Affirmative _____ _________ Yes. 
Jreak _______________ I hereby indicate the separation between the portions of tlie message. (This is to be used 

only where there is no clear distinction between the text and the other portions of the 
message.) 

Cerrection_______________ An error has been made in this transmission. The correct version is ------------· 
Go ahead________________ Proceed with your message. 
How do you bear me?_ ____ _ 
I say aaain-----------'----
Neptive ___________ __: ___ _ 

--~. ·----. --------Over ___________________ _ 

Read back _________ _ 

1ftteT ------------
Say again ______ _ 
Speak Blower ___________ _ 

Stand bT---------------

That is correct.. _________ _ 
Verify ____________ _ 
Words twice ____________ _ 
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Self explanatory. 
Self explanatory. 
That is not correct. 
This conversion is ended and no response is expected. 
My transmission is ended and I expect a response from you. 
Repeat all of this message back to me exactly as received after I have given "over." 
I have received all of your last transmission. 

(To acknowledge receipt; shall not be used for any other purpose.) 
Self explanatory. 
Self explanatory. 
If used by itself it means, I must pause for a few seconds. If the pause is longer than 

a few seconds or if "standby'' is used to prevent another station :(rom transmitting, it 
must be followed by the word "out." 

Self explanatory. 
Check coding, check text with the originator and send correct version·. 
As a request-Communication is difficult: Please say every word twice. 

• 
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b. Each aircraft equipped with a radio trans­
mitter has a call sign and when any call is made 
to that aircraft, the call sign is given first. An· 
aircraft call sign is composed of numbers, let­
ters, words, or a combination of them. The call 
sign of a single Army aircraft making a non­
tactical flight within the continental limits of 
the United States is the last four digits of the 
aircraft serial number, preceded by the word 
"Army"; however, if the ground station re­
quests, the complete serial number should be 
given. After communication is established, and 
when no confusion will result, it is permissible 
to reduce the number of digits in the aircraft 
call sign to the la.st two digits of the serial num­
ber. 

120. Establishing Communication 

Communication must be initiated by call-up 
and reply when-r-eomrimnication ha.s not been 
established; or contact has ·been terminated. 
Always. monitor the channel before using it; if 
no signal is heard, assume that the channel is 
clear. To establish contact, make the initial call­
up as follows: 

a. Calling a Cmtrol Tower. 
(1) Monitor channel and give call sign of 

• the receiving station_."Ozark Tower." 
(2) Introduction ______________ "This is." 

(3) Call sign of transmitting 
station ___________ "Army Fife Fower 

Wun Tree." 
(4) F .1·equency on which rep1ly is 

expected ________ "Receiving Wun Wun 
Niner Day-see-mal 
Fife." 

( 5) Invitation to reply ___________ "Over." 

b. Calling a Radio Range Station. "Atlanta 
Radio, this is Army Fife Fower Wun Tr·ee re­
ceiving Wun Wun Niner Day-see-mal Fife, 
Over." 

c. Answer. The station called answers in the 
same manner; e.,, ________ "Army Fife Fower 
Wun Tree, this is Atlanta Radio, Over." 

121. Voice Procedure After Communication Has 
Been Established 

After communication has definitely been es­
tablished, it is not necessary to repeat the call 
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sign of the receiving station at the beginning 
of each transmission. However, at the beginning 
of each transmission, the words "this is" and 
the aircraft caH sign are transmitted. At the 
beginning of each transmission from a control 
tower, Air Traffic Communication Station 
(ATCS) or AACS (Airways and Air Communi­
cation Service) station, the operat.or includes 
the aircraft call sign. When communications 
are difficult, call signs, phrases, words, or groups 
of words, may be transmitted twice by the use 
of the procedural phrase, "words twice." 

a. Reception may be verified by the use of 
the phrase "read back." When an error is made 
by the transmitting operator, the word "correc­
tion" is used, followed by the correct version of 
that word, group, or phrase. 

b. Under special circumstances, when com­
munication conditions are favorable and when 
the frequency channel used is comparatively ex­
clusive, the procedure preceding each transmis­
sion may be . cut short in order to expedite the 
exchange of a large number of transmissions. 

122. Use of Headset and Microphone 

a. Headset. The headset ·should be properly 
adjusted for both comfort and efficiency. Most 
of the noise can be sealed out if the headset fits 
well. 

b. Microphone. Before the microphone is 
used, tune to and monitor the station. Speak 
straight into the microphone. By touching the 
microphone to the upper lip, a great deal of the 
aircraft noise will be eliminated; also more voice 
vibrations will reach the diaphragm of the micro­
phone, thereby making reception clearer. 

123. Voice Control 

~arning to talk properly over radiotele­
phone is easier than training the ears to listen. 
Be careful when transmitting to speak a.s clearly 
as possible. When speaking over interphone or 
radiotelephone, volume, tempo, pronunciation. 
and pattern of speech determine maximum effec­
tiveness. While practicing voice procedure, con­
centrate on one factor at a time until the correct 
practice for each becomes familiar. Good speech 
habits lead to aut.omatic use under all flight con­
ditions. 
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a. Volume. Clarity increases with volume up 
to a level just short of shouting. Speaking loudly. 
without ·extreme effort or noticeably straining 
the voice, results in maximum intelligibility. To 
be understood, the spoken sound must be louder 
at the face of the microphone than the surround­
ing noises. Open the mouth so that the tone will 
carry to the microphone. The tone of the voice 
should be slightly higher than normal since a 
high-pitched tone is easier to hear. The best 
way to judge one's own speech is to listen to 
the side tone in the earphones. A good, clear 
side tone is the most reliable assurance of cor­
rect volume. 

b. Tempo. After learning to control the vol­
ume of the voice, the next important factor in 
voice transmission is c_ontrol of the rate of 
speech. No fixed rate is best for all occasions. 
The correct rate of speech depends upon the 
speaker, the nature of the message, and the con­
ditions of transmission and reception. To develop 
the correct rate of speech for maximum eff ec­
tiveness, practice the following: 

(1) Talk slowly enough so that each word 
and syllable is spoken distinctly. 

(2) Talk fast enough to sound natural. 
(3) Talk slowly enough so that the listener 

will have time, not only to hear, but 
to absorb the meaning. 

(4) Group words so that ideas are clear. 
(5) Pause between ideas, but d-0 not ''hem" 

and "haw'; eliminate all "uh's" and 
"er's." 

(6) Speak key words and phrases more 
slowly. 

c. Pronunciation. A- person may learn to 
speak with the proper volume and at an effective 
rate and still not be completely intelligible while 
transmitting in noise. An important factor in 
producing good readability is clear and distinct 
pronunciation of all sounds, syllables, and words. 
Once the habit of making each sound of every 
word clear and distinct is developed, practice 
the special points mentioned below to develop 
good speech. 

(1) Give all words the commonly accepted, 
correct pronunciation. A void extreme 
regional accents and local pronuncia­
tions. Make the transmitted speech as 
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nearly general American English as 
possible. 

(2) Be particular to pronounce the end 
sounds in words. In transmitting 
words ending in "ing," make the "g'• 
clear. 

(3) Unaccented syllables must be pro­
nounced. Do not slur over them. When 
saying "e-leven." do not say "leven.'• 

( 4) Do not talk out of the corner of the 
mouth. 

(5) Pronounce words . so that they sound 
natural to the listener. 

d. Normal Patterns of Speech. For complete 
readability, some attention must be devoted to 
the fourth factor, naturalness in phrasing. No 
matter how loud and clear the words are, the 
listener will have trouble understanding the 
meaning of the message if words are not grouped 
as he is accustomed to hearing them. Any mes­
sage transmitted falls into natural phrase 
groups. 

124. Reports 

The correct sequence and information for 
giving position reports, changes in flight plans,. 
and inftight weather reports are listed in the 
Jeppensen manual and in radio facility chart-B. 
These procedures must be followed as closely 
as possible. Additional information and proce­
dures concerning Air Defense Identification 
Zone (ADIZ) reports, given in the same publi­
cations, will be followed to the letter. 

a. Position Reporting. When flying under 
visual flight rules, maintain a continuous listen­
ing watch on CAA frequencies and make a posi­
tion report at least once every sixty minutes to 
CAA communications stations along the route. 
When it is impractical to contact a CAA station,. 
transmit the position report to a military air­
ways station, or to a control tower. When fly­
ing under iMtrument flight rules, make a posi­
tion report to CAA communications stations 
upon passing compulsory reporting points and 
at other points specifically directed by air traffic 
control. 

b. Distress Reporting (Position Known). If 
imminent danger is threated or immediate help 
is needed, the following procedures will be used. 
The radiotelephone distress call is "Mayday.'" 
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If the pilot knows his position, he should trans­
m.it-
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(1) ''Mayday, Mayday, Mayday."· 
(2) ''This is Army _____ This is Army ____ . 

• This is Army ____ ." (Giving call 
number.) 

(3) Type of aircraft. 
( 4) Position of aircraft. 
(5) Nature of distress. 
(6) Nature of_help requested. 

c. .rosition Re-porting (Positwn Unknown). 
If position is not known, or if there is not suffi­
cient time for transmission of the above infor­
mation, transmit--

(1) "Mayday, Mayday, Mayday." 
(2) "Thi.sis Army ____ , This is Army ____ _ 

This is Army ____ ," (Giving call 
number.) 

(3) Press tone button for twenty seconds. 
(4) Give any additional information pos­

sible and repeat the aircraft call sign. 
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CHAPTER 12 

LOW /MEDIUM FREQUENCY RADIO RANGE SYSTEMS 

Section I. DESCRIPTION 

125. General 

The low/medium irequency (L/MF) radio 
range system provides an aid to navigation and 
a communication facility throughout the United 
States and Canada. The signals, emitting from 
several hundred tran.smitters, provide the basis 
for a network of well-defined aerial highways 
along which radio "beams" are directed. L/MF 
ranges utilize the 200 to 550 lqlocycle band. 

126. Classification 

Two types of L/MF ranges in genera! use in 
the United State.a are the loop (L) and the Ad­
cock (A), named for the type antenna used on 
each. The following power classifications are 
used on loop and Adcock ranges : 

a. Loop (RL), Adcock (RA)-150 watts or 
more. 

b. Loop (MRL), Adcock (MRA)-50 .to 150 
watts. 

c. Loop (ML)-less than 50 watts. 

127. The Loop Range 

a. The Transmitting Antenna. At the sta­
tion, the transmitting antenna of a loop range 
consists of two rectangular shaped loops con­
structed at right angles to each other (fig. 96). 
Poles suspend the loops in the vertical plane. 
The dimensiollB of the loops are 40 by 300 feet. 
One loop ~s used for broadcasting the N signal 
a_nd is called the N antenna. The other loop is 
used for broadcasting the A signal and is called 
the A antenna. When voice is being transmitted 
both antennas are used. 

b. Type of Transmitted Signal. The trans­
mitter produces a modulated carrier wave 
(mew) with an audible tone of 1,020 cps (cycles 
per second). This solid tone is fed alternately 
to the two antennas by a keying device in the 
foil owing sequence : dash, dot; dot, dash ; dash, 
dot; dot, dash ; etc. This results in an N signal 
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Figure 96. Loop ra.•ge 11ntenna. 

Figure 91. Interlock of A 111UlN signals. 

(dash, dot) on the N antenna and an A signal 
(dot, dash) on the A antenna. Actually, a solid 
tone is broadcast (fig. 97) but because of the 
directional quality of each antenna, a well­
defined N or A signal is created in the quad­
rants ~nd the solid torte can be heard only when 
the signals from the N and A antenna are re­
ceived with equal intensity. Once each 30 sec-
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onds, the A and N keying i.s discontinued and 
the station call letters are transmitted twice, 
first over the N antenna, then over the A an­
tenna. 

c. The Signal Pattern. The two vertical por­
tions of the loop antenna radiate signals that 
are 180 ° out of phase. At any point in line with 
the two vertical portions of the loop, the radio 
waves received are more nearly in phase ( owing 
to the greater di.stance traveled). This condi­
tion gives the maximum intensity of the tran.s­
mitted signal (A, fig. 98). At any point on a 
line through the inside diameter ( perpendicular 
to the plane of the loop) the signals are 180° 
out of phase (B, fig. 98) since the distances from 
each side of the loop are equal. The transmis­
sion area of a single loop covers a figure-eight 
pattern, with the strongest signal in line with 
the plane of the loop. Signals grow progres­
sively weaker on either side (:fig. 98). 

SIGNALS FROM VERTICAL PORTIONS OF 
LOOP LESS THAN 180" OUT OF PHASE. 

~ 
A. RECEIVED SIGNAL MAXIMUM 

SIGNALS FROM VERTICAL PORTIONS 
OF LOOP 180° OUT OF PHASE. 

KX)C)() 
B. RECEIVED SIGNAL MINIMUM INULll 

Figure 98. Loop, mazimum and minimum signals. 

• d. Signal Zones. By utilizing two loop an­
tennas at right angles to each other, a pattern 
is produced with two figure-eight patterns at 
right angle.s to each other. Because of the key­
ing of the signal, the directional quality of the 
antennas, and the relative position of the two 
figure-eight patterns, the following zones (fig. 
99) are formed : 
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(1) The quadrants. Sectors where one sig­
nal predominates. 

(2) The on,..course (or beam) zone. This 
is a line where the N and A signals 

blend together to form the 1,020 cycle 
solid tone. The on-course i.s in the cen­
ter of each of the four bisignal zones 
( (3) below). · 

(3) The bisignal zone. This is the area on 
either side of the on-course within the 
overlap of the two figure-eight pat­
terns. The N and A station identifi­
cation signals are heard with unequal 
strengths. In the bi.signal zone of the 
N quadrant, the N i.s distinguishable 
as an N, and A forms a solid back­
ground tone. In the bisignal zone of 
the A quadrant, the A is distinguish­
able as an A, and the N forms a solid 
background tone. The width of the 
bisignal zone and it.s area are depend­
ent upon receiver sensitivity and 
volume control. 

( 4) The clear signal zone. This i.s the area 
outside of the area of overlap. In the 
clear signal zone, the quadrant signal 
is heard with no background tone. • 

(5) Cone of silence. This is a cone-shaped 
extent of space extending upward from 
a radio range transmitting 'station, in 
which signals are unheard or greatly 
reduced in volume. While over the 
cone of silence, when the station iden­
tification signal is heard, the first iden­
tification signal being broadcast over 
the N antenna follows the same vol­
ume intensity pattern as the N, and 
the second identification signal being 
broadcast over the A antenna follows 
the same volume intensity as the A. 
When on-course, the first and second 
identification signals are of equal in­
tensity. 

e. Night Effect. Sky waves radiating from 
the horizontal portions of the loop-type antenna 
often cause the range to become unreliable dur­
ing the night hours beyond about 30 miles. The 
sky waves are reflected by the ionosphere and 
the reflected wave.s come back to the earth at 
some point beyond 30 miles from the station. A 
reflected wave may or may not be in phase with 
the ground wave at the same point, thus result­
ing in an increase or decrease in the intensity 
of the N or A signal. Because of the shifting 
of the ionosphere at sunset and sunrise, erratic 
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Figure 99. Si1nu1l patteni of radio ra:nge. 

phase combinations occur which result in the 
apparent swinging of the on-course signal .. This 
swinging of the on-course is very apparent on 
the loop range but does not occur when using 
the Adcock range. 

128. The Adcock Simultaneous Range 

The Adcock simultaneous range was designed 
to overcome the disadvantages of the loop range, 
and has replaced the loop range at important air 
terminals and airway intersections. 

a. Adcock Antenna. The Adcock simultaneous 
range employs four sturdy steel towers approxi­
mately 125 feet high (called vertical radiators), 
in place of the suspended loops of a loop-type 
range. Two towers placed approximately 800 
feet apart are fed alternating current 180° out of 
phase. The traruimission lines from the trans­
mitter to the towers are buried and shielded, 
thus reducing the radiation of sky waves and 
eliminating night effect. By placing two such 
pairs of towers at right angles to each other, the 
same signal zones are formed as by two loops. A 
fifth tower, located in the center of the other 
four, transmits a constant carrier wave that is 
used for the simultaneous voice facility. 
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b. Type of Signal Transmitted. The center 
tower broadcasts a continuous carrier wave in 
all directions on the station's assigned fre­
quency. The outlying towers broadcast an un­
modulated· carrier wave to form the signal 
pattern and always use a frequency 1.02 kilo­
cycles higher. For example, a station with an 
assigned frequency of 250 kilocycles broadcasts 
a signal from the outlying towers on a frequency 
of 251.02 kilocycles. Interference between the 
two frequencies creates a beat-frequency of 1.02 
kilocycles or 1,020 cycles per second difference, 
to give the modulated tone in the head set. When 
voice is being broadcast, a filter system prevents 
interference between the range operator's voice 
and the range signals. Voice tones between 850 
and 1,225 cycles are filtered out, so that only 
tones below or above this band are transmitted; 
thus, the range signal tone has a clear channel 
and does not interfere with normal voice tones 
( about 300-800 cycles) . 

129. Course Positioning 

The four beams of most radio ranges are not 
evenly spaced at a 90° angle to each other. 
Variation of the angle of a course is accom-
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plished by changing the signal pattern to make 
some lobes stronger or weaker as necessary. 
Thus, the on-course signal is shifted toward the 
weaker quadrant. Some of the methods used 
to change the signal pattern are as follows: 

a. Changing Antenna Power. Antenna power 
can be changed in one or both loops, or in any 
combination of vertical radiators, either separ­
ately or in pairs. 

b. Util'izing a Goniometer. The Bellini Tosi 
goniometer is an integral part of the transmitter 
that regulates phasing. 

c. Adding Extra Antennas. These new .1,1arts 
of antennas, with qualities of absorption or 
radiation, can alter the signal pattern. 

130. Quadrant Position 

In the United States, the quadrant containing 
the true inbound bearing of 180° is designated 
the basic N quadrant. If a range leg falls on this 
bearing, the basic N quadrant is the northwest 
quadrant. 

131. Normal Range Irregularities 

There are several types of range irregularities, 
which bear titles such as swinging beams, false 
cones, and misalined beams. Causes of these 
irregularities can be grouped under the follow-

. ing two general headings : 
a. Reflection and Absorption. A radio wave 

can be reflected or absorbed by objects such as 
the terrain, ore deposits, metallic structures, or 
the ionosphere. If a reflected wave joins, at 
some point, with a wave that has not been re­
flected, an increase or decrease in signal intensity 
can result. This change in intensity results from 
the relative phasing of the two waves. The de­
gree to which the reflected wave may be in or 
out of phase with the wave not reflected is 
dependent upon the difference in the distance 
travelled by the two waves. A practical example : 
a pilot is flying a path over the geographical lo­
cation that should normally give him an on­
course signal (where N and A signals are equal); 
however, the N signal is affected by a reflected 
wave. The interference decreases the N signal 
strength, so the pilot hears a distinct A signal 
with the N signal forming the background. The 
pilot could fly toward the N quadrant and receive 
the on-course signal. Therefore, a pilot follow­
ing the on-course signal in this situation would 
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receive signals indicating a position over the 
terrain other than his true position. 

b. Antenna Power 0ut1fU,t. Incorrect power 
output in an antenna could result in a misalined 
beam. Occasionally, the process of course shift­
ing causes a broadening or sharpening of the 
on-course and possibly a leaning cone. 

c. Permanent and Temporary Irregularities. 
Irregularities resulting from ground wave re­
flection are usually permanent . features, and 
notices of the unreliability of a range or portion 
thereof are usually reported in NOTAMS or 
Radio Facility Charts. Irregularities caused by 
sky wave reflection can be expected on any loop 
range at night. Irregularities resulting from 
mechanical malfunction are usually temporary 
and are quickly corrected; however, they may 
be reported either in NOTAMS or in the 
remarks section of the hourly teletype report. 

132. Nonconformity of the Received Signal Pat-
tern 

The type of equipment, attitude of the air­
craft, and/or type of weather, and improper 
manipulation of the receiving set can cause the 
received signal pattern not to conform with the 
transmitted pattern. This nonconformity should 
not be confused with range irregularities . 

a . . Volume Control. Increase ·or decrease of 
volume causes increase or decrease in the size of 
the lobes of the pattern. The position of the edge 
of the lobes is controlled by t~e amount of volume 
being used. Overloading the receiver can cause 
the strongest part of the signal to spill, result­
ing in a reversal of signals. Automatic volume 
control tends to broaden the width of the on­
course. Filters decrease the volume. 

b. Type of Equipment. The type of antenna . 
might cause a slightly distorted pattern because 
of directional reception qualities. On account of 
its position, the antenna might be affected by 
refraction of the waves around the leading edge 
of the wing, or might be blanked out. Banking 
the aircraft when it is in or near the on-course 
can cause false signals from a loop range. 

c. Static. Precipitation static has the effect . 
of reducing· the size of the pattern and making 
the signals unintelligible. One countermeasure 
is to use the shielded loop antenna of the radio, 
compass for radio range reception. 
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133. Additional Radio Aids 

a. St:ation Location Marker. The station 
location marker, designated by the letter Z, 
operates on a frequency of 75 megacycles (me) 
and is modulated at 3,000 cycles per second 
(cps). Nominal power output is 5 watts and 
operation continuous. There is no identification 
keying of this marker. The radiated pattern is 
conical in shape and can be received for 15 
seconds 1,000 feet above the transmitter flying 
120 mph with the receiver in high sensitivity. 

(1) The purpose of the Z marker is to help 
the pilot in positively identifying his 
position over a range station. Prior to 
the advent of the Z marker, the pilot 
had to depend entirely on the cone of 
silence_ to establish his position over 
the station. This method proved un­
reliable in many instances, due to the 
irregular shape of the cone of silence 
and difficulty in distinguishing the 
true cone of silence from a false one. 
If the aircraft passed slightly to one 
side of the station, the cone _of silence 
would be missed entirely. 

(2) Reception of the Z marker is accom­
plished by a radio receiver which 
actuates a small light on the instrument 
panel. The pilot may also receive indi­
cations of the Z marker by listening to 
the 3,000 cps tone which is fed into 
his earphones. Receipt of the Z marker 
signal positively places the position of 
the aircraft as over the range station. 

b. Fan Marker. Another type of location 
marker is the fan marker. Fan markers are 
located at strategic points along the airways and 
on one or more courses of a range station to 
enable the pilot to check his distance from the 
station. These markers operate continuously on 
a frequency of 75 me and are modulated at 3,000 
cps. Fan markers are of two general types. 

(1) The high power marker, designated 
FM, has a power output of 100 watts 
and radiates a "Fan" pattern which, 
at about 3,000 feet above the trans­
mitter, is approximately 5 to 7 miles 
through the minor axis along the range 
course and 20 miles long across the 
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major axis with the receiver in high 
sensitivity. 

(2) The low power fan marker, designated 
LFM, has a power output of 5 watts 
and radiates a small pattern essentially 
the same shape as that of the Z 
marker. LFM markers are usually 
located within 5 miles of a range 
station. 

c. Bone-Shaped Fan Marker. The latest FM 
design incorporates a bone-shaped fan inarker 
which provides a more narrow pattern and 
enables the pilot to determine, much more pre­
cisely, the exact time he is over the marker site. 
This feature is particularly important when the 
fan marker is being used as an approach control 
holding fix. In approach control, delays are re­
duced by assigning in advance a time for each 
holding aircraft to leave the marker inbound on 
a straight-in approach. Having a precise start­
ing point makes it possible for the pilot to vary 
his holding pattern in such a manner that he 
can be over the marker, inbound to the range 
station, at the exact time specified. 

d. Homing Facuities. Radio beacons operate 
in the frequency hand of 200-400 kc. The 
radiated pattern is circular, or nondirectional, 
which permits reception from any point within 
the service area of the facility. Beacons are 
classified as follows : 

(1) HH facility-power output 2,000 watts 
or greater; operates continuously. 

(2) H facility-power output greater than 
50 watts but less than 2,000 watts; 
operates continuously. 

(3) MH facility-power output less than 50 
watts; operates on request unless other­
wise stated in airman's guide. 

(4) L facility-LOM (locator, outer 
marker), LMM (locator, middle 
marker) have power output of 25 
watts; operates continuously. These 
. facilities are called "compass locator" 
stations and are component parts of 
the ILS. 

Note. These facilities transmit a continuous 
carrier wave with 1,020 cps modulation keyed 
to provide identification letters except when 
voice is being transmitted. Voice transmis­
sions are made on homing facilities with the 
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exception of the L facility, although CAA 
may adapt this facility for voice transmission. 
Homing facilities can only be used for radio 
direction finding and homing purposes. In 

this respect, any radio station transmitting a 
continuous carrier wave can be used as a 
homing beacon if within aircraft receiver 
range. 

Section II. OPERATING PROCEDURES 

134. Tuning 

a. Station Frequencies and I dentifico,tion. 
Station frequencies and identification call signs 
are found in the Jeppesen Manual and the Radio 
Facility Chart. They may also be found on 
sectional and WAC charts. 

b. Steps in Tuning. After determining the 
station frequency and call sign, the following 
steps are used to tune in the station : 

(1) Turn on the receiver and permit enough 
time for the receiver to warm-up. 

(2) Turn the tuning knob until the station 
frequency · is alin~d with the index. 

(3) Adjust the volume · control to a com­
fortable level. 

(4) Since the tuning dial may not be ex­
actly correct, monitor the aural signal 
for exact tuning and maximum reada­
bility. 

(5) P~itively identify the station. The 
dial calibration may n~t be exact or 
radio phenomena might result in re­
ceiving a station other, than the one 
desired. 

( 6) During the station identification signal, 
move the tuning control back and forth 
slightly to assure good readability. 

135. Fundamentals of Orientation 

Radio range orientation (par. 137) is accom­
plished by determining aircraft position through 
interpretation of aural signals from a radio 
range station. 

a. Factors Involved. Fundamentals of radio 
range orientation include-
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( I) Range ~dentification. 
(2) Quadrant identification. 
(3) Determining and flying an average 

bisect.or. 
( 4) Volume fade and build. 
(5) Beam interception and identification. 
( 6) Beam following. 
(7) Station recognition. 

b. Conditions Affecting the Received Signal 
and Its Interpretation. The signal received and 
its interpretation are dependent upon the type 
of station, its power, its location in relation to 
terrain features, the time of day, the atmos­
pheric conditions, the distance the received sig­
nal has traveled, the geographic location of the 
aircraft, the type of equipment being used, the 
attitude of the aircraft, manipulation of the 
receiver, and the general procedures used. 

136. Visua'lizing Aircraft Position 

To use the radio range as a navigational aid,. 
the position of the aircraft must be visualized by 
use of the aural signal. .Figure 100 graphically 
represents the cone of silence, the on-course, the: 
bisignal zones, and the clear quadrants of the: 
facility. • • 

a. In a Clear Quadrant. While flying along 
course X to point B (fig. 100), a clear N signal 
with no background and the N quadrant station_ 
identification signal ·is heard. During the time: 
allotted for the second station identification 
signal, no aural signal is received. 

b. Crossi.ng a Range Leg. As the aircraft 
proceeds from B to C, a gradually increasing· 
background hum with an apparent decrease in 
the intensity of the N signal is heard. The -N 
quadrant station identification signal maintains. 
normal vo~ume, but upon approac~ing the on­
course, the A quadrant station • identification 
signal gradually increases in volume. The back-­
ground signal intensity becomes predominant 
when· the aircraft reaches the on-course. At this­
point neither the A nor N signal can be identi­
fied, because these signals overlap t.o produce­
the hum of the on-course and both station iden­
tification signals are equal in volume. The on­
course beam is 3 ° in width, varying from a few 
feet at the station t.o about 2,640 feet ten miles 
from the station. 

c. Leaving a Range Leg. After passing 
through the on-course, a faint A signal is heard 
and the preceding pattern is reversed. The A 
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Figure 100. Fl11ing the radio range. 

signal gradually becomes more intense. The 
background hum and the N quadrant station 
identification signal become weaker, until the A 
signal and the second station identification sig­
nal are all that can be heard. From point C to D 
another range leg is crossed with the signal 
pattern similar to the one from B to C except 
that it starts in the A quadrant and ends in the 
bisignal zone of the N quadrant. Upon approach­
ing the station, paralleling the on-course, the 
bisignal gradually fades out. 

d. Close In. AB the aircraft flies from D t.o 
E, it is perpendicular to the northeast leg. Here, 
close to the station, the bisignal zone is narrow 
and flight passage rapid. After passing the on­
course, the bisignal zone of the northeast leg is 
received; then a very short clear A signal; and 
then the bisignal of the southeast leg. After 
proceeding along the southeast leg, a procedure 
turn is made and the beam leading to the station 
bracketed. 
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e. Over the Station. The cone of silence is 
identified by the absence of aural signal and 
indicates that the aircraft is over the radio range 
station. As can be seen in figure 99, the area 
containing an absence of aural signals is conical 
in shape. The diameter of the cone increases 
with altitude. The cone of silence is sharply 
defined by a rapid buildup, then an abrupt loss 
of signal, while passing through it; then a sud­
den surge of signal after it has been passed; 
followed by a fade. 

f. Interpreting Volume Buil.d and Fade. The 
signal pattern of the radio range is characterized 
by an increase in volume while the aircraft 
approaches the transmitting station and a de­
crease in volume while flying away from it. 
Recognition of this varying level of signal in­
tensity is essential to radio range navigation. 
Signal intensity, in conjunction with signal in­
terpretations, orients the aircraft with refer­
ence to the range station. While flying from 
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the maximum reception distance toward the 
station, the volume build is gradual until near­
ing the station, where the rate increases, reach­
ing it.s maximum immediately prior to intersec­
tion of the cone of silence. As the aircraft flies 
away from the station, signal strength drops 
rapidly at first and then slowly until complete 
fadeout. 

g. Automatic Volume Control. Automatic 
volume control is not suitable for radio range 
flying. 

137. Radio Range Orientation 

a. Need. Radio range orientation is • an ac­
curate method of obtaining aircraft position in 
relation to a radio range station by system­
matically eliminating all conflicting possibilities. 
It is not necessarily an emergency procedure and 
should be used at every opportunity in clear 
weather to develop confidence in its use during 
inclement weather. VarioUB element.a of radio 
range orientation can be used to advantage 
whether flying under VFR or IFR conditions. 

b. Sources of Radio Range Informatimt. In­
formation required to accomplish radio range 
orientation is found in the Jeppesen Manual, 
USAF and USN Pilot's Handbook, and Radio 
Facility Charts. 

c. Obtaining Clearances. After tuning the re­
ceiver (par. 134), Air Traffic Control clearance 
is obtained through the range station to work the 
-o~ientation. , This clearance is mandatory and 
must be obtained before an orientation is 
started. 

d. Average Bi.sector. After obtaining clear­
ance to work an orientation problem, the aircraft 
is turned to the nearest bisector heading of the 
quadrant being received. Average bisector 
headings for each range are found in the publi­
cations mentioned in b above. If these publica­
tions are not available, one of the average 
bisectors may be calculated by adding all four 
of the range leg bearings (either inbound bear­
ings or outbound bearings may be added but they 
must not be mixed) and dividing the result by 
4. The other three bisectors are found by add­
ing 090° to the result, repeating the addition of 
090° for each average bisector. For ex.ample, 
if the inbound bearings of the legs are 130°, 
200°, 310°, and 020°, adding these bearings 
gives 660. Dividing this sum by 4 gives 165°, 
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and sequential adding of 090° gives 255°, 345°, 
and 435 °. Since 435 ° is more than 360 °, sub­
tracting 360 ° gives 075 °. ThUB, the average 
bisectors are 165°, 255°, 345°, and 075°. 

e. True-Fade 90° Method . . One of the quickest 
and most accurate methods of identifying an 
intercepted beam leg is the true-fade 90° method 
(fig. 101). The instant the last quadrant signal 
fades and the on-course signal is received, check 
the time. Stop the timing when the first off­
course signal of the other quadrant is identified. 
If the total time across the leg is 7 seconds or 
less, use close-in procedure (par. 137 g). If the 
time is more than 7 seconds, make a 90° turn 
to the left immediately upon identifying the first 
off-course signal. If the on-course is not received 
within one minute, and a fade of the background 
signal is noted, the beam on the left of the 
original quadrant was intercepted (fig. 101). 
In this case, make a 180° turn to· the left which 
places the aircraft in a position where it will 
reintercept the beam at a 45° angle (fig. 101), 
with normal beam-following procedures there­
after t.o the station. If reentry was made dur­
ing or after the 90 ° identifying turn, the right 
hand beam was intercepted. An immediate turn 
is made to the right to the published inbound 
beam heading with normal beam-following 
procedures thereafter to the station. 

f. True-Fade Parallel-Perpendicular Method. 
To intercept a definite leg of a radio range in 
order to avoid danger areas, restricted areas, 

Figure IOI. True-fade ao 0 method. 
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et.c., identify the quadrant, then turning parallel 
to the undesired leg ( or perpendicular to the de­
sired leg). Use this method of orientation (fig. 
102) only ·when the aircraft is near the center 
of the quadrant, since in flying parallel and near 
to the undesired leg, strong winds may drift the 
aircraft into restricted area. Furthermore, this 
,rientation is time consuming and should be 
used only when the pilot must intercept a certain 
leg. 

Figure 10£. True-f a,d,e parallel-perpendicular method. 

g. Close-In Procedure. A close-in procedure 
(fig. 103) is used when the initial interception 
of a range leg is made too close to the station 
to permit normal beam following or when there . 
is a rapid change of signals. While flying in­
bound on the bisector heading, a long time in 
the clear quadrant and a large number of volume 
adjustments indicate the interception of the 
range leg close to the station. Close-in orienta­
tion and procedures position the aircraft on the. 
holding leg, being accomplished as follows: 

(1) If the aircraft passes through the on­
course in seven seconds or less, turn to 
the published outbound heading of the 
holding leg. 

(2) Fly the aircraft on this heading for a 
minimum of ot}e minute to determine 
whether the station has been passed 
and on which ,side of the holding leg 
the aircraft is lbcated. 
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(3) Adjust the volume for minimum reada­
bility and check for a fade or build. If 
the volume is building, the station is 
ahead; if it is fading, the station has 
been passed. 

( 4) If a fade is noticed, report the time 
the first beam was crossed as station 
passage. If a build is noticed, antici­
pate another beam croBBing and report 
the time it is crossed as station passage 
also. 

( 5) The quadrant signal. being received 
when the volume is decreasing deter­
mines on which side of the leg the air­
craft is located. If the aircraft is on 
one side of the holding leg and the 
procedure turn is t.o be made on the 
other, turn to the procedure-turn head­
ing; cross the on-course; and start the 
timing for the procedure turn when the 
first off-eourse signal is received. If 
the aircraft is on the same side of the 
holding leg on which the procedure 
turn is t.o be made, turn 45 ° t.oward 
the beam ; hold this heading until the 
first on-course is received ; then turn 
t.o the procedure-turn heading. • 

h. On-Course Orientation. On-course orienta­
tion procedures are used when an on-course sig­
nal is received by the pilot after proper radio 

Figure in.,. Close-in procedure. 
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tuning and station identification. In the f oHow­
ing procedures, assume the nearest bisector 
heading ( (1) below) is 090°, and using figure 
104 as a guide, proceed as follows: 

(1) When the on-course signal is received, 
the aircraft is either at position A, B, 
C, or D (fig. 104). Turn the aircraft 
to the bisector heading near.est the 
original heading of the aircraft. 

(2) Continue this heading until the first 
off-course signal is received. 

(3) Identify signal. Considering the head­
ing of the aircraft, two legs of the 
range (A/B or C/D) will be eliminated 
since there are only two positions from 
which the pilot can enter the off-course 
signal which is being received on the 
bisector heading being flown ( 090 °) . 

(4) Make a 90° left turn. 
(5) If the on-course signal is receiv~ 

within one minute (B or C), proceed 
as discussed in (7) and (8) below. 

(6) If the on-course signal is not received 
within one minute, make a -1,80° turn 
away from the station (F) or a 270° 
turn away from the station (G) to 
intercept the on-course signal. 

(7) Turn to the published inbound heading 
for that range leg. If the turn cannot 
be executed without o'Vershooting the 
on-course (E), proceed through the on­
course and execute a procedure turn 
back to the inbound heading of the 
range leg. 

(8) Use normal beam following procedures 
(par. 139) and proceed t.o the station. 

138. Beam Interception 

a. General. Although any angle of intercep­
tion may be used when intercepting an on-course 
beam, an angle of 45 ° is recommended. This 
angle is large enough to counteract drift, and 
will permit an expeditious flight path to the sta­
tion. As the aircraft approaches the on-course 
beam, the background (monotone) signal will 
become stronger and the two station identifica­
tion signals will approach an equal level of in­
tensity. If during the interception, station 
identification signals are transmitted just as the 
on-course is entered, a comparison of the in-
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tensity of the two signals provides a means for 
recognizing the on-course. Flying from a clear 
quadrant signaI, through the bisignal zone to 
the on-course, results in an apparent fade in 
signal strength because the background signal. 
a monotone, becomes predominant and is not as 
audible as the clear quadrant A or N signal. 

b. Procedures. Beam interception procedure 
for both outbound and inbound legs is identical, 
and is accomplished as follows : 

(1) Turn aircraft to intercept the on-course 
beam.at 45°. 

(2) Turn aircraft to published beam head­
ing as soon as the on-course is heard. 

Note. Width of the on-course is directly 
proportional to the distance from the station; 
hence, when more than three minutes from 
the station, it is not necessary to lead the 
turn. If less than three minutes from the 
station, start the turn slightly before rec~iv­
ing the on-course to prevent passing through 
the beam into the opposite quadrant. Rate of 
build . of the background signal permits an 
estimate of the approximate lead for the turn 
to the beam heading. 

139. Beam Following 

a. After completing the turn to the published 
beam heading, follow the beam to the station. 
Beam following is control of the flight path along 
a course, determined by interpreting the aural 
signals. If the heading indicator is correct, the 
only other factor that will cause the aircraft to 
leave the beam is a crosswind. 

b. If the wind is known during the initial 
interception, turn the aircraft to the beam head­
ing as corrected for the wind. If the wind is 
unknown, make the turn to the published beam 
heading and monitor the radio signal closely. 
Memorize the position of the N and A quadrants 
relative to the on-course, so that corrective 
turns can be made in the proper direction as 
soon as the first off-course· signal is identified. 
As long as the on-course is received, make no 
change in heading. 

c. The first off-course signal indicates drift 
direction of the aircraft. If the aircraft is t.o the 
left of the beam, the wind is from the right; if 
to the right of the beam, the wind is from the 
left. When the off-course is identified, proceed 
as follows: 

(1) Make a 20° turn toward the beam. 
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Figure 104. On--course orientation. 

(2) When the on-course is reintercepted, 
make a 10 ° turn toward the published 
beam heading. The aircraft is now 
proceeding toward or away from the 
station with 10° drift correction. 

(3) If the 10° correction is inadequate, 
turn to the original interception head­
ing ( (1) above). Since this heading 
returned the aircraft to course initially, 
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the same heading should be used to re­
intercept the desired beam. 

(4) When the beam has been reintereepted, 
turn 5 ° toward the published beam 
heading. The aircraft is now proceed­
ing to or from the station with a 15° 
drift correction. 

Note. As the station is approached, the 
width of the on-course becomes smaller and 
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heading changes of more than 5° shouJti not 
be made. 

(5) If the original 10° correction ( (2) 
above) was excessive, turn to the pub­
lished beam heading and allow the air­
craft to drift ont.() course. When the 
on-course has been reintercepted, turn 
5° away from the published beam head­
ing. The aircraft is now proceeding to 
or from the station with a 5 ° drift 
correction. 

Note. If the initial 20° turn ( (1) above) 
is not enough t.o reintercept the track, another 
20° tum (t.otal correction of 40°) is used to 
intercept, and a 20° correction is the first 
trial heading ((2) above). This procedure is 
commonly known as bracketing, and each 
course interception involves removal of half 
the tum toward the desired beam. 

140. Volume Adjustment When Approaching 
the Station 

During approach to the station, the volume 
builds and must be controlled to obtain a con­
stant volume. The frequency of volume adjust­
ment.s indicates the proximity of the station and 
is a valuable aid in anticipating station passage. 

141. Station Passage 

In weather which allows clear reception of the 
radio range signal, little difficulty is experienced 
in recognizing station passage. However, when 
atmospheric conditions produce disturbances 
such as static, recognition becomes difficult. 

a. A'P'Jfroaching the Statum. Correct inter­
pretation of the aural signals indicates proxim­
ity to the station and its passage. The necessity 
for continual reduction in volume to maintain 
a comfortable level indicates that station passage 
can be expected immediately. Just before station 
passage,· the volume builds quickly, dropping off 
suddenly as the cone of silence is entered and 
surging as the station is passed, with fade at a 
rapid rate. 

b. Recogn~ing Station Passage When Off­
Course. Although it is desirable to pass through 
the cone of silence for precision, station passage 
can be easily recognized when the aircraft is • 
off-course. Recognition occurs when flying 
through the beam leg right or left of the cone 
of silence. 
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(i) For example, in figure 105, the heavy 
black line shows how the aircraft has 
drifted off-course t.o the · left just prior 
to passing the station. At this point, 
the heading must be held constant or, 
if necessary, a correction not in excess 
of 5° may be applied. The signal heard 
is a clear N without background, and 
the N will be received until the air­
craft enters the on-course of the left 
beam. The change from a clear N to 
an on-course is very abrupt with no 
noticeable bisignal. At this point, the 
on-course is only a second or two wide, 
and after passing through the beam 
the clear A signal of the opposite 
quadrant is heard. 

(2) This rapid change in signal indicates 
station passage.- Drifting across the 
beam may occur if correction is applied 
just prior to station pa·ssage; there­
fore, listen for a fade in volume as a 
definite check on station passage. 

c. Utilizing the Station Z-Ma;rker. Another 
method of recognizing station passage is by use 
of the station Z-marker. If the aircraft is 
equipped with a marker beacon receiver, the 
marker beacon light goes on when the aircraft 
is within the zone of the Z-marker signal. In 

Figure 105. Passing the cone of silence while off-course. 
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most marker beacon installations, there i.s also 
an aural Z-marker signal. This can be recog­
nized by a high-pitched hum, which increases in 
volume as the aircraft approaches the station. 
The hum reaches the maximum volume directly 
over the station and rapidly dissipates upon 
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passing the station. The variable signal pattern 
width of the marker beacon makes it.s use im­
practical for precision navigation or timing; 
therefore, it is only used as an aid in recognizing 
station passage. 
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CHAPTER 13 

THE RADIO DIRECTION FINDER 

Section I. THEORY 

142. General 

_ The radio direction finder is a radio receiver 
which determines the bearing of the trans­
mitting station to which tuned. The position of 
the plane of the loop in reference t.o the station 
increases or decreases the receiver's ability to 
receive signals. Army aviation employs two 
types of direction finders, the manual direction 
finder (loop) and the automatic direction finder 
(ADF). With the loop, bearings are taken by 
manually rotating the loop to an aural null posi­
tion. Special operating techniques are required 
in solving for ambiguity. Bearings are more 
easily taken with the automatic direction finder 
because no problem of ambiguity is present. 

143. Directional and Nondirectional Antennas 

A directional antenna is one that conducts 
radio signals more efficientiy in one direction 
than in others. A single-wire vertical antenna 
is nondirectional, in that, its efficiency in con­
ducting received or transmitted signals is equal 
in all directions at the same time. A loop of 
wire or two single wires suitably connected have 
important directional characteristics either for 
conducting transmitted or received radio sig­
nals. In this discussion on radio direction find­
ing, only the receiving characteristics of the 
antenna are considered. 

144. The Loop 

Directional antennas for direction finding re­
ceivers are usually in the form of loops which 
extract a portion of the signal energy. 

a. Maximum Position. In figure 106, the radio 
waves are pa~sing a loop antenna whose plane 
is parallel t.o the radio path. For the instant 
shown, the crest of the wave is at side A of the 
Joop, and, for example, a charge of +5 mv 
(0.00005 volts) is induced in this side of the 
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loop. Some time later, the crest of the wave is 
at side B of the loop and a similar voltage is in­
duee<l in that side. At a given instant of time, 
the voltages induced in the two sides of the loop 
are unequal, resulting in current flow through 
the receiver (--5, +2 mv). A maximum signal 
is heard when there is a maximum difference in 
the induced voltages in the sides of the loop. By 
rotating the loop 180°, the phase of the receiver 
signal is inverted but there is no effect on the 
intensity of the received signal. Thus, there are 
two maximum positions 180° apart. 

b. Minimum or Null Positions. If the loop is 
rotated 90° from the maximum position (fig. 
106), the crest of the wave will pass both sides 
of the loop at the same time. No current will 
pass through the receiver since equal voltages 
a1·e induced in both sides of the loop simul­
taneously. This is called a null (minimum sig­
nal) position. There are two null positions 180° 
apart. 

c. Response Pattern. The figure-eight re­
sponse pattern of a loop receiving antenna is 
identical to that of the loop-type low frequency 
radio range antenna (fig. 99). In figure 107, 
signals received from transmitters 1, 2, and 3 
are of equal strength. The loop antenna is posi-· 
tioned to maximum position for tra~mitter 1, 
approximately null position for traniµnitter 3, 
and between the maximum and null positions 
for transmitter 2. I • 

d. Use of Null Position. More accurate bear­
ings are obta~ned by use of the null (minimum) 
rather than the maximum signal. Rotating the 
loop 3° or 4° from the null position may have 
as much effect on volume change as 20° or 30° 
of rotation from the maximum position. 

e. Ambiguity. Consider a loop in null posi­
tion, or position of minimum signal volume, when 
its plane is perpendicular to the longitudinal axis 
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of the aircraft. Because of two null positions, 
the transmitter may be ahead of or behind the 
aircraft. This is called g,mbiguity. In like man­
ner, a loop indicating a null when its plane is 
parallel to the longitudinal axis of the aircraft 
indicates that the transmitting station is either 
to the right or left. Ordinarily, the bearing of the 
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transmitter is known with sufficient accuracy to 
resolve the uncertainty, but this is not always 
true. When using a wingtip null, ambiguity 
can be dete1111ined by noting whether the relative 
bearing of the station is increasing or decreas­
ing. If it is increasing (090°-100~), the station 
is on the right; if decreasing, the station is 
on the left. 

145. The Sense Antenna in Combination With 
The Loop 

Automatic resolving of ambiguity (det.ermin­
ing the sense of the incoming signal) is accom­
plished by combining the output -of a loop 
antenna with that of a single-wire vertical an­
tenna (sense antenna). The directional pattern 
of a vertical wire antenna is a circle centered· 

on the antenna. The phase is the same in all 
directions. If the combined outputs of loop and 
sense antenria are plotted, a cardioid (heart­
shaped) pattern results (fig. 108). Comparison 
of figures 99 and 108 reveal two main differ­
ences--only one minimum appears in figure 108, 
and the single minimum or null is 90° away from 
those of the simple loop pattern. That is, the 
single null is now in the direction of the station 
transmitting. It is 180° away from the maxi• 
mum and there is no ambiguity. These conven­
ient properties of a combined signal make pos­
sible an automatic direction finder (ADF) which 
continuously shows, on a dial, the relative bear­
ing of a radio transmitting station to which 
tuned. 

Section II. USE OF THE AUTOMATIC DIRECTION FINDER 

146. Usable Stations 

a. Frequencies. The automatic direction finder 
can be tuned to any frequency between 100 and 
1,750 kilocycles. Station frequencies, types, and 
power output of low frequency radio ranges and 
homing stations are contained in the Jeppesen 
Manual and the Radio Facility Chart. Supple­
mentary Flight Information and CAA Flight 
Information Manual contain information relative 
to the hours of operation, geographical location, 
frequency, and power output of commercial 
broadcasting stations. To obtain maximum use 
of the radio compass refer to these publications 
for information. 
. b. Choice of Stations. Whenever possible, use 

either an Adcock range station, commercial 
broadcasting station, or nondirectional radio 
beacon for radio compass work. The loop type 
range is undesirable because it does not transmit 
a continuous carrier wave. The main dis­
advantage of using a commercial broadcasting 
station is the inability to i~mediately identify 
the station. When using a commercial broad­
casting station, use a "clear channel" station if 
possible. Low-powered "local" stations are 
closely grouped and interference is common 
between them. 

147. Tuning 

Inaccurate tuning may cause the azimuth 
needle to fluctuate, making accurate bearings 
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impossible. When the equipment is used for di­
rection finding, it is essential to tune for maxi­
mum tuning meter deflection. This is especially 
important when using an Adcock range since 
the continuous carrier wave is 1.02 kilocycles 
below the range frequency. 

148. Orientation (Relative Bearing) 

Relative bearing is the angle measured clock­
wise from the nose of the aircraft to the station 
and is read on the azimuth indicator. The 
relative bearing of a station straight ahead of 
the aircraft is O O , directly off the right wingtip 
90 °, straight back of the tail 180 °, directly off 
the left wingtip 270 °, etc . 

149. Homing (ADF) 

Radio compass homing is flying the aircraft 
on any heading that is necessary to keep the azi­
muth needle of the radio compass on O O until 
the station has been reached. Figure 109 shows 
this procedure. The face· of the radio compass 
indicator is graduated through 360°, the 0° and 
180° graduation being the longitudinal axis of 
the aircraft. 

a. Initial Turn. To head the aircraft toward 
the station, make a turn that will zero the azi­
muth needle of the radio compass. In maid~ 
this turn, use the heading indicator (not the 
radio compass) to determine where to end the 
turn. (The radio compass has dip error during 
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a turn and can be relied upon on]y in straight 
and level flight.) To decide what the heading 
indicator should read at the completion of the 
turn, first check the radio compass to find how 
many degrees left or right of zero it indicates, 
then add-or subtract (subtract with station to 
the left; add with it to the right) to .the reading 
of the heading indicator. For example, if the 
radio compass reads 335 °, and the heading in­
dicator reads 090°, it would be necessary to turn 
to a heading of 065°~ (335° is 25° to the left of 
360° (straight ahead)). · Since the station is to 
the left, this 25 ° is subtract.ed from the original 
090° heading. After _the initial turn is made, 
check the azimuth indicator to be sure it is 
zeroed. 

b. Maintaining Zero on the Azimuth Needle. 
After the azimuth needle is zeroed, it will re­
main so unless the heading is changed or wind is 
affecting the track of the aircraft. While homing, 
if there is no wind, the aircraft will follow a 
straight track to the· station. If a crosswind is 
drifting the aircraft, the homing track will be 
a curve that eventually ends over the station 
headed straight into the wind. In homing, wind 
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is not taken into consideration; the azimuth is 
maintained on zero until station passage. 

c. Awroaching the Station. As the station 
is approached, it is almost impossible to keep the 
azimuth needle zeroed. Slight changes in head­
ing move the needle to the side opposite the 
turn. If tuned in on a low frequency range sta­
tion, a surge in volume is noticed as the station 
is approached, despite automatic volume control. 
Only slight changes in heading should be made 
at this point. 

d. Passing the Station. As mentioned in c 
above, the azimuth needle will vary from side 
to side when approaching the station. Just as 
the station is passed, the azimuth needle will 
swing to 180°. This is a definite indication of 
station passage. 

150. Interception of Predetermined Magnetic 
Bearings (ADF) 

To accelerate the movement of air traffic, ATC 
may issue a clearance to track into or away from 
a radio facility on a definite magnetic bearing. 

a. Intercepting a Magnetic Bearing Inbound. 
To intercept a magnetic bearing inbound (A, 
fig. 110) proceed as follows: 

(1) Determine position of the aircraft in 
relation to the station by turning the 
aircraft to the magnetic heading of 
the bearing to be intercepted ( 1, A, fig. 
110). 

(2) Determine whether the station and the 
desired magnetic bearing are tQ the 
left or right of the aircraft. If the 
needle is left of the 0° position of the 
azimuth scale, the station and the de­
sired bearing are to the left of the air­
craft's position, and vice versa. 

( 3) Note the number of degrees the needle 
is deflected from 0° position. Double 
this amount (this is the angle of inter­
ception) and turn the ·aircraft this 
number of degrees toward the desired 
magnetic bearing (2, A, fig. 110). 

( 4) Fly the aircraft on this new heading 
until the azimuth needle is deflect.ed 
the same number of degrees from the 
0° position as the angle of interceP­
tion (3, A, fig. 110). 

( 5) When this reading has been obtained, 
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the aircraft has intercepted the desired 
bearing. Turn t.o the desired heading 
(4, A, fig. 110) and begin normal 
tracking procedures (par. 159). 

b. Intercepting a Magnetic Bearing Outbound. 
Procedures for interception of a magnetic bear­
ing outbound (B, fig. 110) are identical to those 
used in intercepting bearings inbound (A, fig. 
110) ; however, the 180° position of the azimuth 
scale on the radio compass is used instead of 
the 0° position. Compute the angle of inter­
ception by doubling the number · of degrees of 
deflection from the 180 ° position. The direction 
of the station and the desired bearing are indi­
cated by left or right deflection of the needle 
from the 180° position. 

c. Magnitude of Interception Angle. The 
angle of interception should nev.er be less than 
20° nor more than 90°. When intercepting a 
desired course, s~rt the turn before intercepting 
the course ; otherwise, the radius of the turn will 
carry the aircraft past the desired course. The 
necessary number of degrees of lead will de­
pend oz:i true airspeed, exis9ng wind, distance 
from the station, and rate of turn. Use the 
greatest amount of lead when intercepting bear­
ings at an angle of 90°. For any angle of inter­
ception, and any distance from the station, ap­
proximate the number of degrees of lead t.o use 
by interpreting the rate a~ which the azimuth 
needle is approaching the desired indication. 

151. Tracking Procedures (ADF) 
a. Purpose. Air traffic control (ATC) in­

structions, terrain, or restricted areas may 
make it necessary or advisable t.o maintain a 
definite geographical flight path. The mainte­
nance of such a flight path is known as tracking. 
Desired track is synonymous with desired mag­
netic bearing. During tracking, the position of 
the aircraft, in relation t.o the cThsired track, is 
indicated visually by the azimuth needle of the 
radio compass. The problem in tracking is to 
establish a heading that will keep the aircraft 
on the desired track regardless of wind speed 
or direction. Precision instrument flight is nec­
essary. Any deviation in heading will cause 
an equal deviation in the reading of the radio 
compass azimuth needle ; therefore, any change 
noted by the azimuth needle will require an 
immediate check of the heading indicat.or t.o 
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determine if the change is in heading. Headings 
must be maintained. 

b. Tracking Inbound. To track inbound t.o a 
station, turn the aircraft t.o the desired inbound 
heading_ and proceed as follows : 

( 1) Turn aircraft until azimuth needle of 
radio compass is zeroed (1, A, fig. 
111). Maintain this heading until air­
craft has drifted off-course, as deter­
mined by left or right deflection of the 
azimuth needle from zero. 

(2) When a distinct change in azimuth in­
dication (5°) is observed (2, A, fig. 
111), make a 20° turn in the direction 
of needle deflection (8, A, fig. 111). 

Note. Utilize the directional gyro (head­
ing indicator) or magnetic compass in making 
a.U turns. Start the turn to the magnetic 
heading of the desired track before reaching 
the track. The amount of lead will depend on 
station distance, existing wind, number of 
degrees to be turned, true airspeed, and rate 
of turn. 

(3) When azimuth needle is deflected 20° 
(from zero) (4, A, fig. 111); the de­
sired track . has been reintercepted. 
Make a 10° turn toward desired head­
ing (5, A, fig. 111). The aircraft is 
now proceeding toward the station 
with a 10° correction for wind. 

( 4) If aircraft drifts off course in the 
original direction (6, A, fig. 111), turn 
t.o the original interception heading 
(7, A, fig. 111). 

Note. Since this heading returned the air­
craft to course initially, the same heading 
should be used to reintercept the track. 

( 5) When the desired course has been re­
intercepted (8, A, fig. 111), turn 5° 
toward the desired heading (9, A, fig. 
111) and proceed t.oward the station 
with a 15° correction for wind. 

Note. When close to the station, correction 
of· more than 6° may result in overshooting 
the track. 

(6) If the 10° correction in (3) above, is 
excessive, parallel the desired course 
and allow the aircraft to drift onto 
course. When. the course is reinter­
cepted, turn 5° away from the desired 
course and_ proceed t.oward the station 
with a 5° correction. 
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Figure 111. Tru.cking procedures. 

Note. If the initial 20° turn is not enough 
to reintercept the track, another 20° turn 
(total correction of 40°) is used to intercept, 
with a 20° correction as the first trial head­
ing. This procedure is commonly known as 
bracketing; each course interception involves 
removal of half the turn toward the desired 
track. 

c. Tracking Outbound. Procedures for track­
ing away from a station (B, fig. 111) are iden­
tical to inbound tracking procedures discussed 
in b, above. However, the reaction of the ·radio 

compass azimuth needle is different. When in­
bound to a station, a turn toward the desired 
track causl:s the needle to move t.oward 0° on 
the azimuth scale. When flying away from the 
station, a turn in the direction .of displacement 
causes the azimuth needle to be deflected f art'luJr 
from the 180° position. The pilot must visual_­
ize the O O to 180 ° line on the azimuth scale as 
the longitudinal axis of the aircraft, and use 
the 180° position instead of the 0° position. 

Section Ill. MANUALLY OPERATED D'IRECTION FINDER 

152. General 

The manually operated direction finder is a 
forerunner of the automatic direction finder. 
Some of these are part of the aut.omatic direc­
tion finder and use the same radio compass for 
indications; others have only a manually oper­
ated dial for relative bearing indications. Often, 
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in bad weather, it is impossible t.o use the aut.o­
matic direction finder because of static effect on 
the radio compass. Under this condition, only 
the aural null of the manually operated direc­
tion finder can be relied upon. 

153. Aural Null Procedures 
An aural null (minimum reception) results 
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when the plane of the loop is perpendicular t.o 
a line from _the station. Navigation procedllres 
are the same as when using ADF; however, the 
azimuth needle is positfoned manually to locate 
the null by sound. 

154. Width of Null 
The width of the null is controlled by volume. 

An increase in volume narrows the null; a de­
crease in volume widens the null. A null width 
of approximately 5° is satisfactory for aural 
null work. At great distances, the width of the 
null is increased even though maximum volume 
is used. Regardless of width, the center of the 
null provides a reasonable bearing t.o the station. 
Under static conditions, the center of the null 
may be more easily recognized by decreasing 
the volume. 

155. Resolving Ambiguity 
If an aural null is obtained when the azimuth 

indicator reads zero, the station may be ahead 
or to the rear of the aircraft. The same is the 
case when the azimuth indicator reads 180°. If 
the azimuth indicator is set at 090°, the station 
could be off of either wingtip. This is called 
180° ambiguity. In homing or direction finding, 
it is necessary t.o determine this ·ambiguity. To 
solve 180° ambiguity, refer to figure 112 and 
proceed as follows: 

a. Rotate the loop t.o either 090° or 270°. 

b. Turn the aircraft until an aural null is 
received. 

c. Maintain the aural null by rotating the 
azimuth indicat.or as necessary while holding 
the heading obtained in b above. • 

d. If the azimuth indicat.or shows an increase 
while maintaining the null, the station is t.o the 
right; if it shows a decrease, it is to the left. 

156. Homing {Loop) 
Homing to the station by use of the loop an­

tenna is accomplished by changing the heading 
of the aircraft t.o keep the null on zero. As the 
station is approached, the width of the null de­
creases, requiring constant decreases in volume 
t.o maintain a null width of 5 °. Recheck the 
width of the null after each change in volume. 

157. Station Passage {Loop) 
There are four definite indications of station 

passage--three on the nose position ( used for 
i¢tial station passage), and the fourth on the 
wingtip position. Station passage from the nose 
position can be recognized by any one of the 
following indications: 

a. Constant narrowing of the null followed 
by a definite widening indicates station passage. 
Station recognition is necessary when the air-

' ' 

Figure 112. Solving 180CX. ambiguit11. 
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craft passes directly over· the station. Here, the 
null may disappear and reappear quickly. In 
this ease, look for an immediate widening of the 
null. In static or during a change in heading, 
the disappearance of the null is not neee.ssarily 
an indication of station passage unless the null 
becomes wider immediately. If the volume has 
not changed, the widening of the null indicates 
the aircraft is going away from the station. 

b. A rapid movement of the null away from 
the nose position indicates station passage. When 
the aircraft passes to either side of the ·station, 
with a constant magnetic heading, station pas­
sage can be recognized by a rapid movement of 
the null away from the nose position. (It is 
impossible to follow the null completely around 
to the 180° position.) 

c. Station passage can be recognized by an 
apparent shifting of the null from one side of 
the nose position to the other when the aircraft 
passes very close to but not directly over the 
station. In this ease, the null stays slightly to 
one side of nose position and then disappears. 
If the null reappears quickly on the opposite 
side, without a change in heading, the station 
has been passed. 

d. In summarizing recognition of station pas­
sage from nose position nulls, the best indica­
tions are--

(1) The rapidity with which the volume 
must be reduced to maintain a constant 
null width of 5 °. The null · must be 
monitored constantly when near the 
station. 

(2) When using a commercial broadcasting 
station or an Adcock range station, the 
voice or range signals become audible 
above the carrier wave. 

(3) When atmospheric conditions or other 
interferences make recognition of sta­
tion passage difficult, turn the aircraft 
30° to the right of the track heading. 
If the null moves toward the zero in­
dication, the station has been passed. 
Should the null move farther away, the 
station is ahead. 

e. The fourth method of recognizing station 
passage (azimuth needle to the wingtip posi­
tion) may be used after initial station passage. 
The UBe of this method is possible after initial 
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station passage because it is easy to approximat.e 
the time to the station. To accomplish this 
·method, proceed as follows: 

(1) Move the azimuth needle to the wing. 
tip position when approximately one 
minute from the station; then adjust 
the volume to a normal level. Continue 
to adjust the volume so as to maintain 
this level. A definite null will be no­
ticed when the station is passed. 

(2) As the station is approached, a con­
stant increase in . volume indieatai 
proximity to the station. If · an aural 
signal or voice is being transmitted, 
either may become audible above the 
carrier wave. 

158. Tracking (Loop) 
Aural-null tracking procedures are identical 

to those used for ADF tracking (par. 151). 
When the null has moved 5 °, turn toward the 
desired track. If the null inoves to the left, the 
aircraft is drifting to the right of course. Turn· 
to the left to get back on track. When the null 
moves from the nose or tail position the same 
number of degrees as the angle of interception, 
the aircraft is on track. During tracking, follow 
the null at all times except when making a 
change in heading. For example, when the air­
craft drifts off course ·and a 20° correction is 
made to reintercept the track-

a. Turn 20°, using the heading indicator, to 
intercept tba track; then relocate the null im­
mediately: 

b. Continue to follow the null until it is 20° 
from the 0° or 180° position. 

c. Turn back toward the original heading 10° 
and relocate the null. 

d. Make additional corrections of 5 ° if origi­
nal correction of 10° is ~cessive or inadequate. 

159. Position of loop While Flying Range 
Signals 

If there is a radio range facility at destination, 
aural-null procedures with the loop as an auxil­
liary antenna may be used. If using an Adcock 
range station, either aural-null or normal radio 
range procedures may be accomplished. If usin,g 
a loop range, aural-null procedures are not as 
accurate because the loop range does not trans-
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mit a continuous carrier wave. When using the 
loop antenna for aural reception of a loop range, 
have the plane of the loop alined with the sta­
tion and follow normal radio range procedures. 
With plane of the loop alined in this manner, 
the on-course, and the A and N signals can be 
readily · recognized. ·When using an Adcock sta­
tion, if the plane of the loop is alined with the 
station, normal radio range procedures are used; 
if the plane of the loop is perpendicular to the 
station, aural-null procedures are used. 

160. Rad_io Bearings, Line~ of. Position, and Fixes 
a,. Radio bearings and lines of position are 

used t.o determine a fix. A fix is a fairly accurate 
determination of the position of an aircraft. To 
resolve a fix, use two or more stations that have 
a large angular difference relative to the air­
craft. For example, if one station is at a rela­
tive bearing (par. 148) of 315° and another 
station at a relative bearing of 045 °, these lines 
would form a 90° angle at the aircraft. Any 
angle can be used, but the closer this angle 'is 
to 90 ° the more accurate is the fix. 

b. The formula for solving the bearing of a 
station is-

MH +RB= MB 
in which MH is the magnetic heading of the air­
craft; RB is the relative bearing; and MB the 
magnetic bearing t.o the station. If it is desirable 
to find the true bearing instead of the magnetic 
bearing of the station, change the formula t<r-

• TH+RB=TB 
in which TH is the true heading, and TB is the 
true bearing to the station. If 180° is added· to 
a bearing, it becomes a line of position (direction 
from the station to the aircraft). When two or 
more lines of position are determined, and lines 
drawn from their respective stations, a fix is 
established at the point where the lines cross. 

161. Time-Distance Calculations 
a.. Computation of Time to the Station. To 

compute the time t.o the station, proceed ~ 
follows: 

( 1) Turn aircraft until the azimuth indi­
cator shows a relative bearing of 090° 
or 270°. 

(2) Note the time and fly a constant mag­
netic heading. 

(3) Note the elapsed time required for the 
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azimuth to change a predetermined 
number of degrees (5°, 10°, or 20°). 

(4) The amount of change flown should be. 
regulated according to the amount of 
time necessary to obtain a definite 

. change. For example, a 20° change 
requires too much time when quite a 
distance from the station. 

(5) Apply the formula-
Time to station= 
60 X minutes flown between bearings 

Degrees change in bearing 
b. Problem. An aircraft is flying on a mag­

netic heading of 090° at a true airspeed of 100 
knots, and the pilot finds a station to have a 
relative bearing of 90°. He flies the same mag­
netic heading and after 10 minutes have elapsed, 
the station is at a relative bearing of 100°. To 
calculate time to the station, he uses the above 
formula. 

60 :R, lO -60 minutes to the station. 

c. To compute distance in miles from the sta­
tion, use the following f omiula: 

Distance from station= 
True airspeed X minutes flown 

Degrees change in bearing 
d. In problem b above, the distance to the sta­

tion is-
lOO X lO 100 t· 1 ·1 

10 - nau 1ca m1 es. 

e. To save time, it is often desirable to take 
a bearing on a station ahead of the aircraft and 
calculate time or distance t.o the station instead 
of using a wingtip null. To aecomplish this, pro­
_ceed as f ollow:s : 

(1) Tune in a station that is between 10° 
and 45 ° off the nose. 

(2) Fly a constant magnetic heading until 
the angle from the nose doubles. 

(3) The time or distance required to double 
the angle on the nose is equal to the 
time or distance to the station. 

f. Problem. A pilot is flying on a magnetic 
heading of 270°, and tunes in a station that has 
a relative bearing of 330°. He knows that this 
station is 30° off the nose on the left. He holds 
the same magnetic heading until the relative 
bearing of the station is 300 °. He has doubled 
the angle on the nose from 30 ° to 60 °. He knows 
that the time or distance to the station is equiva­
lent to the time or distance flown. 
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Section IV. IRREGULARITIES OF RADIO BEARINGS 

J 62. Factor Affecting Accuracy of Radio Bear­
ings 

a. Quadra:ntal Error. Quadrant.al error is 
eaused by radio waves striking the aircraft. 
When incoming radio waves strike an aircraft, 
a number of reradiated fields are created around 
the metallic portions of the aircraft. These 
fields bend the radio waves prior t;o their receP­
tion by the loop antenna. Thus, all bearings are 
in error by the amount of this <l,eflection. Quad­
rant.al error is at a maximum when the radio 
waves cross the wings or st.abilizer sunaces 
before striking the loop; that is, when. the rela­
tive bearing is 045°, 135°, 225°, or 315°. In the 
automatic radio compass, • quadrant.al error is 
removed by a compensator installed at the base 
of the loop. Even after the error has been re­
moved, however, bearings taken fore and aft or 
directly to the side tend to be more reliable than 
bearings taken over the wings or st.ablizer. 

b. Determining Qua.drantal Error. When fly­
ing across the beam of a radio range, a simple 
check on the compensation of the 'loop can be 
made. To accomplish such a check, proceed as 
follows: • 

(1) With the magnetic heading of the air-

BEARING CORRECTION 
+10° ON MH OF 320° 

• MN 

craft set at the index of the azimuth 
indicator, turn the function switch. t.o 
"Comp." 

(2) Compare the magnetic bearing indi­
cated by the azimuth pointer with the 
published magnetic bearing of the 
range leg. The two bearings should be 
the same. If they are not the same, the 
difference is . quadrant.al error (fig. 
113). • 

c. Shoreline Effect. AB radio waves trans­
mitted from land cross a shoreline, their direc­
tion of travel often changes.· This is known as 
shoreline effect. Shoreline effect is present in a 
.radio compass bearing which is taken on an in­
land station from an-aircraft flying over water . ' provided the bearing crosses the shoreline at an 
angle of less than 30 °. When the crossing angle 
is greater than 30 °, bending is negligible. There­
fore, when taking bearings over water, choose. 
either st.ations located on the shore, such as 
marine st.ations, or stations so located with re­
spect to the aircraft that bearings on them cross 
the shoreline at angles greater. than 30°. 

d. Mountain Effect. The reflection of radio 

Figure 118. Qua.dro,ntal error. 
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Wa\e.<l from mountains, like their reflection from 
the ionosphere, causes fluctuation in bearings. 
l'urthermore, mountain effect often causes the 

actual splitting or bending of radio waves. The 
splitting of beams caused by mountains is known 
as multiple effect. 

163. VHF /OF Steers 

Section V. DF STEER 

(2) Transmit (for example), "Ozark DF, 
this is Army 5088, request practice 
steer (or emergency steer) over." A wide network of VHF/DF direction finding 

at.ations exists in this country and overseas. 
These stations operate on frequencies of from 
100 to 156 megacycles. When all navigational 
radio gear is inoperative or the pilot is lost, the 
DF steer offers the only certain means of bring­
ing the aircraft within visual or GCA range of 
an airfield. 

a. VHF /DF stations provide steers for all 
aircraft on selected VHF ehanJ?:els. Equipment 
is available for operation during normal work­
ing hours at most stations and on 5-minute no­
tice at all other· times. This equipment has a1. 
effective range of approximately 100 miles "line 
of sight," although greater distances can be 
obtained when the signal strength of the air­
craft's radio transmitter and its altitude are 
ideal. The Guard Channel (121.5 me) is the 
emergency frequency. When an emergency ex­
ists, say so in your transmission. If no . emer­
gency exists, request a practice VHF/DF steer. 

b. The following is typical VHF /DF homing 
procedure: 

(1) Tune in on VHF /DF frequency. 
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(3) VHF/DF station replies, "Army 5088, 
this is Ozark DF, transmit tor steer, 

(4) 
over." 
Pilot replies, "Ozark DF, this is Army 
5088." (Pilot then depresses tone but­
t.on on VHF box for 20 seconds. If 
aircraft is JlOt equipped with tone but­
ton, a 5- to 10-aeeond voice signal 
(ah-h-h-h), or counting from 1 to ·5 and 
back, is transmitted, with volume re­
maining as constant as possible.) 
"Over." 

(5) VHF/DF station replies, "Army 5088, 
this is Ozark DF, steer 180 for Ozark, 
over." 

(6) Pilot acknowledges, "Ozark DF, this is 
Army 5088, my steer is 180, out." 

c. Every few minutes from then on, the con­
trolling facility will request transmission from 
the pilot and give correct steers until aircraft 
is within sight of field, oriented, or a GCA unit 
picks it up on scope and guides it to a safe land-
ing. 
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CHAPTER 14 

OMNIDIRECTIONAL RADIO RANGE SYSTEM 

164. Visual Omnidirectional Range 
The VHF omnidirectional ranges (VOR) in­

crease the number of available airways' courses. 
The omnisystem could be likened to the standard 
low frequency range if there were but one leg 
bearing under the control of the pilot and if the 
on-course indication were given visually by the 
vertical needle of the deviation indicator. In the 
om.nisystem, the pilot sets up any track he de­
sires by means of his course selector and flies 
that track by reference to the deviation indica­
tor. The VOR is a VHF facility which elimi­
nates atmospheric static and multiple courses ; 
it enables the pilot and the traffic controller to 
use any of 360 courses to or from a range sta­
tion. The magnetic courses FROM the station 
are known as radials. 

165. VOR Transmitter 
a. Frequency and Power. Omniranges operate 

on a frequency band of from 112 to 118 mega­
cycles and have a power output of approximately 
200 watts. Lower power omniranges known as 
TVOR (terminal omnirange) and LVOR (low­
power omnirange) have a frequency of between 
108 and 112 megacycles using only the even 
decimals of the frequency band (111.4, 111.6, 
etc.). TVOR is a low-powered (50 watt) omni­
range intended primarily for installation in ter­
minal areas, on or adjacent to an airport, to pro­
vide navigational guidance to aircraft during ap­
proach and letdown to the airport. LVOR is 
essentially the same as a TVOR and is intended 
primarily for installation in enroute areas to 
supplement the navigation aid service provided 
by the VOR system. The LVOR serves as a "gap 
filler" in the VOR system. 

b. Reference and Variable Signals. The trans­
mission principle of the omnirange is based on 
the creation of a phase difference between two 
radiated audio frequency signals. Magnetic 
north is used as the baseline for measuring the 
phase r~lationship. Of the two signals trans-

96 

mitted, one is directional and has a constant 
phase throughout its 360 ° of azimuth. It is the 
reference -phase and is radiated from the center 
antenna of a five-element group. The second 
signal is a rotating signal with a speed of 1,800 
revolutions per minute. It is called the variable 
phase and is radiated from four stationary an­
tennas, which are connected in pairs to a motor 
driven goniometer, or inductor. Ai!. the goniom­
eter revolves, the radio frequency voltage fed to 
each pair of antennas varies ·sinusoidally at the 
rate of 30 cycles per second to produce the ro­
tating field. The two signals are initially alined 
exactly in phase at magnetic north and out of 
phase in all other directions. This difference in 
phasing is electronically translated by the omni­
receiver as azimuth angle from magnetic north. 

c. VOR Irregularities (Tolerances). Minor 
irregularities in VOR facilities consist of course 
shifting, and may be slightly affected by the 
altitude of the aircraft. Slow movement of the 
deviation needle is called course bends, while 
fast deviations of the needle are referred to as 
course scalloping. Pilots flying over unfamiliar 
routes should be on the alert for these inaccura­
cies. The Jeppesen Manual gives valuable in­
formation concerning the defects of stations. 
The radials of a VOR transmitter are monitored 
on magnetic north and magnetic south, and the 
allowable tolerance for shift is 1 ½ 0 • Radials 
published as usable will not be displaced more 
than 31/2 ° from the theoretical location of the 
radial. 

166. Receiver Equipment (VOR) 
The receiver measures the phase relationship 

between variable and reference signals and gives 
a visual indication of the direction of the air­
craft in relation to the omnistation. For ex­
ample, if the received signals are in phase, the 
visual indications show the aircraft on the 360° 
radial or on a bearing of magnetic north from 
the station. Desired directional information for 
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any position around the station is obtained since 
the phase difference is constant for any direc­
tion from the station. In addition, the receiver 
incorporates circuits which indicate whether the 
direction for a given radial is to or from a sta­
tion. The omnirange receiver indicates the air­
craft's position with reference to the station. 

a. Instrumentation. Navigation circuits con­
nect to a frequency selector, a manually operated 
course selector, a deviation indicator (localizer 
pointer of the ILS indicator), and a special de­
vice known as a sense indicator (TO-FROM 
indicator). 

(1) Frequency selector. The frequency 
selector allows the pilot to tune the 
receiver to any one of 280 channels in 
a frequency range of 108 to 136 mega­
cycles. This frequency range covers 
all of the ILS, VAR, VOR and many 
VHF aeronautical communication 
channels. 

(2) Course selector. The course selector is 
manually operated and can be adjusted 
to phase in any radial of a range as 
desired. 

(3) Devi.atwn indicator. The deviation in­
dicator is composed of a dial and a 
vertical needle. It will center when the 
aircraft is directly on the radial to 
which the course selector is adjusted. 
A full swing from center to one side · 
of the dial indicates an off-course of 
10°. The deviation indicator retracts 
an OFF flag when a usable signal is 
being received and shows the flag when 
the signal is not reliable. Fluctuation 
of the flag indicates a weak signal; the 
signal will become stronger as the sta­
tion is approached. 

(4) Sense indicator. The sense indicator is 
seen as a window in the face of the 
course selector and provides TO-FROM 
indications. 

b. Communicatwns Capabilities. The VOR 
receiver can be used fornormal yoice communi­
cations throughout its full frequency coverage 
in addition to the navigational frequencies. 

c. Tuning. After the omnireceiver is turned 
on and allowed to warm, turn the frequency 
selector to the desired frequency and carefully 
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retune until the flag retracts. Reidentify the 
station to be sure that the desired station is 
tuned. 

d. Reading the Deviation Indicator. To sim­
plify reading the deviation indicator, have the 
TO:FROM indicator read TO when headed to­
ward the station and FROM when headed away 
from the station. When the TO-FROM indica­
tor reads in this manner, the deviation indica­
tor is directional. If the course set on the course 
selector is to the right, the deviation indicator 
will point to the right; if to the left, it will· point 
left. If the desired reading is not on the TO­
FROM indicator, the course selector is turned 
180° to get the correct reading. If the course 
selector is set so as to have a FROM indication 
when headed toward the station or set to TO 
when headed away from the station, the devia­
tion indicator will point to the left when the 
course is to the right and to the right when the 
course is to the left. 

e. Checking the Deviation Indicator. The 
course sensitivity may be checked by noting the 
number of degrees of shift in the course selector 
required for full swing of the deviation indicator 
from center to the last dot on one side. This 
should be between 10° and 12°. • 

f. Receiver Tolerance. The omnireceiver is 
allowed a tolerance of plus or minus 6 ° for an 
air check. When a ground check is being made, 
this tolerance is reduced to plus or minus 4 °. 

167. Orientation (VOR) 
To become oriented by use of omni, proceed 

as follows: 

a. Turn on the receiver with the OMNI-VAR 
selector switch to OMNI and permit the set to 
warm. 

b. Tun~ in the desired station, check to see 
that the flag is retracted, and identify the sta­
tion. 

c. Turn the course selector until the deviation 
indicator centers with a TO indication on the 
sense. indicator. (If the sense indicator reads 
FROM, turn the course selector 180° until the 
deviation indicator centers again. This will give 
a TO indication). 

d. The magnetic direction TO the station is 
now read from the course selector. For example, 
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if the course selector reads 180 ° with a TO in­
dication, the station is south. 

168. VOR Tracking 
Tracking procedures using omni al'e identical 

to beam following (par. 139) and ADF tracking 
(par. 151). 

Note. When tracking inbound, aiways have a TO indi­
cation on the sense indicator; when tracking outbound, 
a FROM indication. This keeps the deviation indicator 
directional. 

169. Track Interception (VOR) 
Airway Traffic Control may specify the course 

an aircraft must fly. Often the specified course 
is not the one on which the aircraft is flying at 
the time, and the pilot must work a track inter­
ception problem (fig. 114). To accomplish track 
interception, proceed as follows : 

a. Turn the aircraft parallel to the radial to 
be intercepted, either inbound or outbound. 

b. Determine the difference between the pres­
ent radial and the radial to be intercepted by 
rotating the course selector, if necessary. 

c. To determine the interception angle, double 
that difference. (However, the interception 
angle will never be less than 20 ° or more than 
·90°.) 

d. Turn course selector to the desired radial 
or inbound course. 

e. Turn the aircraft to the interception head­
ing. 

f. Holding a constant magnetic heading, fty 
until the deviation indicator is centered. When 
the deviation indicator is centered, the aircraft 
ison track. 

g. Turn to the magnetic heading of the track, 
plus or minus a correction for wind, and follow 
normal tracking procedures. (It may be neces­
sary to lead the final turn so as not to overshoot 
the intended course due to the radius of . the 
turn.) 

h. For example, an aircraft is on the 180° 
radial (south _of the station) and the pilot is 
instructed to intercept the 225 ° radial, inbound. 
His inbound course to the station is 045° (225° 
-180°). He would-
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(1) Turn the aircraft to the desired course 
heading of 045° (B, fig. 114): 

(2) Determine the number of degrees dif- , 
f erence between the desired course 
and his present position ( 000 ° + 045 ° 
= 045°). 

(3) Double this angle (045° + 045° = 
090°). This is the interception angle. 

( 4) Set course selector to desired course 
inbound (045°), causing the deviation 
indicator to deflect full to the left. 

( 5) Turn the aircraft toward the desired 
course, to a heading equivalent to the 
course heading, plus or minus the in­
terception angle (045°-090° = 315°) 
(C, fig.114). 

(6) Hold a heading of 315° and wait for 
the deviation indicator to center, allow­
ing for lead in the turn if necessary. 

(7) Turn the aircraft to 045° plus or 
minus wind correction (D, fig. 114). 

(8) Follow normal tracking procedures 
until the sense indicator changes from 
TO 'to FROM, which will occur when 
passing the station. 

i. The preceding problem is for interception 
inbound. The same method is used when inter­
cepting outbound. 

OMNI RANGE 

A 

Figure 11,. Track interception, VOR. 
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170. Time and Distance To Station 
The following VOR problem is based on the 

same formula as radio compass time-distance 
problems (par. 161). Greater accuracy can be 
obtained with VOR equipment because of its 
sensitivity; a small error in heading while work­
ing a problem does not introduce appreciable 
error. To solve a time-distance problem, refer 
to figure 115 and proceed as follows : 

a. Turn on the omnirange receiver and iden­
tify the desired station. 

b. After station has been identified, check 
for maximum tuning, noting that the flag on 
the deviation indicator is down and the loudest 
signal is being received with a constant volume 
setting. 

c. Turn the course selector so that the sense 
indicator reads TO and the deviation indicator 
needle is centered. 

d. Turn the aircraft to the heading indicated 
by the big arrow of the course selector. The air­
craft is then headed toward the station (1). 

e. Turn the aircraft 80 ° right or left (left 
in the figure) of this heading, then turn the 
course selector to the nearest 10° increment in 
the opposite direction to the turn. 

f. Hold this heading and ·when the deviation 
needle centers (2), note the time on the second 
hand of the clock. 

g. Holding the same heading, turn the course 
selector another 10° (3) in the same direction 
as previously turned ( opposite the direction 
the aircraft was turned). 

h. When deviation indicator again centers 
(4), observe the elapsed time. 

i. Turn the aircraft, immediately, to the 
heading indicated by the big arrow. 

j. Determine time or distance to the station, 
using formulas in paragraph 161. 

k. Another method of determining time­
distance is based on the geometric principle of 
the isosceles triangle. This method is desirable 
when flying airways. For example, an aircraft 
is flying to a station with the deviation needle 

• • ' 

•• 
: . 

Figure 115. Time and distance to station. 

AGO 2641A 99 



centered. The pilot wishes to determine the 
time to the station. He proceeds as follows: 

(1) Turn the course selector 10° to the 
left. 

(2) Turn the aircraft 10° to the right and 
check the time. 

(3) Holding a constant heading, wait until 
the deviation needle centers and check 
the time again. Time to the station is 
the same as the amount of . time re­
quired to make the 10° change of bear­
ing (fig.· 116). 

171. Plotti!"g Position With VOR 

Procedures to plot bearings to stations with 
VOR are similar to those in plotting bearings 
with the · loop antenna. The principal difference 
is that relative bearings do not apply, since mag­
netic bearings are read directly. In figure 117, 
a pilot flying in the vicinity of Albany deter­
mines that he is on the 290° radial of the Albany 
VOR and the 190° radial of the Columbus VOR. 
The intersection of these two radiala indicates 
the position of the aircraft. Both sectional and 
WAC charts • have magnetic compass roses 

Figure 116. Time-distance problemwitlwut lea1Jing course. 
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LAWSON 
335 LSF :::!: 

COLUMIUS . 
117.1 CSG :::;;r.• 

ALBANY 
112.9 AIIY ::~-

Figure 117. Plotting a VOR fi~. 

around each omni station. A straightedge is 
used to draw the lines. 

172. Limitations 

The operating range of omni is limited to line 
of sight. Range can be estimated by the follow­
ing formula : 

R=l.4~ 
in which R is the range in miles ; A the altitude 
in feet. Table IV also gives omnireception dis­
tances. 

Table IV 

No physical obstructions intervening-sending 
stations at zero elevation. 

Altitude above irround station 

600 
1,000 
3,000 
6,000 

10,000 
16,000 
20,000 

Reception diatanee 
(11tatute milee) 

30 
45 
80 

100 
140 
176 
200 
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CHAPTER 15 

NAVIGATIONAL PUBLICATIONS 

173. Introduction 
Any flight must be well-planned. An instru­

ment flight requires greater planning and the 
more intense the weather, the more planning 
necessary. To assist in flight planning, pam­
phlet.a, charts, books, and technical orders are 
available for use. It is not necessary to memor­
ize the contents of these references, but it is 
necessary to become familiar with their con­
tents. From these publications, a pilot, while 
planning his flight, may gather such information 
as-choice of airfields for destination; choice 
of intermediate refueling stops; choice of route 
and altitudes; choice of alternate airports; in­
formation for plotting the course; radio data; 
how to complete clearance forms; how to give 
position reports; how to change· a flight plan 
while enroute; information for letdowns; et.c. 
Publications issued for use of the Army pilot 
are as follows: 

a. Jeppesen Airway Manual. 

b. Army Aviation Flight Information Digest. 

c. Supplementary Flight Information Docu-
ment. 

d. Flight Information Manual. 

e. Airman's Guide. 

f. NOTAMS. 
Note. USAF, USN Radio Facility Charts and Pilot's 

Handbook are also available in Army operations' offices. 

174. Jeppesen Airway Manual (TM 11-2557-
series) 

These manuals are the major publications for 
the individual Army aviator. They are designed 
for use in preflight planning and for flights un­
der visual or instrument conditions. They con­
tain Army airfield data in addition to data on 
civil and other military airfields. 

a. TM-11-2557-1. Contains navigation, plan­
ning, conversion, and radio procedure (LF /MF/ 
VOR) charts; radio direction finding facilities; 
commercial broadcasting stations; airport dia-
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grams; emergency operating procedures; mete­
orological data; air traffic control matters and 
procedures; and civil air regulations for the 
continental United States. 

b. TM-11-2557-2. Contains instrument ap­
proach, landing area, and vicinity charts for 
terminals in the eastern half of the United 
States. Included are special area charts depict­
ing detailed information concerning congested 
air traffic areas. 

c. TM-11-2557-3. Contains the same type of 
material as TM-11-2557-2 covering the western 
half of the United States. 

d. TM-11-2557-4 and TM-11-2557-5. Covers 
the UKEM area and contains the same type of 
material as TM-11-2557-1, TM-11-2557-2, and 
TM-11-2557-3. 

e. TM-11-2557-6. Covers the Alaskan area 
and contains the same type of material as TM-
11-2557-1. 

f. TM-11-2557-7. Covers the Alaskan area 
and contains the same material as TM-li-
2557-2 and TM-11-2557-3. 

g. TM-11-2557-8. Covers the Latin Ameri­
can area and contains the same type of material 
as TM-11-2557-1. 

k. TM-11-2557-9. Covers the Latin Ameri­
can area and contains the same material as TM-
11-2557-2 and TM-11-2557-3. 

i. TM-11-2557-10. Covers the Pacific area 
and contains the same type material ·as TM-11-
2557-1, TM-11-2557-2, and TM-11-2557-3. 

175. Army Aviation Flight Information Digest 
The Army Aviation Flight Information Digest 

is published weekly by the Department of the 
Army. It provides current and pertinent flight 
information for Army, National Guard, and 
Army Reserve aviation activities. Included in 
this digest are notices of permanent and tem- · 
porary hazardous conditions concerning airfield 
and communication facilities, special notices, 
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flight procedures, and other related aeronautical 
items. These notices fall into two categories. 

a. Those of a permanent nature, which are 
published (and repeated when necessary) until 
they appear in the Jeppesen Manual. 

b. Temporary notices, publication of which 
is impractical in the Jeppesen Manual. 

176. U.S. Air Force and U.S. Navy Publications 
a. Radio Facility Charts. These publications 

contain radio and air navigation information, 
and other supplementary data serving the spe­
cific operational requirements of the United 
States Air Force and the United States Navy, 
and are required by AAF operations' offices for 
use by transient pilots. 

b. Pilot's Handbook, East, West (PHACUS). 
This publication contains operational flight 
data pertaining to radio facilities, fllght proce­
dures, and approach and landing procedures 
serving the specific operational requirements of 
the United States Air Force and the United 
States Navy and required by AAF operations 
offices for use by tran~ient pilots. 

~. Swpplementary Flight Information Doc-u­
ment (SFID). This publication contains opera­
tional data of a more permanent nature required 
for the use of air crew members. Normally, it is 
revised every six months (automatically issued 
t.o all holders of publication listed in a above). 

177. Flight Information Manual 
The CAA Flight Information Manual is · dis­

tributed every six months ( usually February and 
August). Much information is available in this 
manual which is not normally accessible to a 
pilot. Some of the items included are-air 
traffic control procedures; air space reserva­
tions; danger areas; direction finding and loran 
station data; enroute radio communicatiorui pro-
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cedures; Federal airway lighting aids; minimum 
enroute IFR altitudes and minimum crossing 
altitudes; radio navigational aids; standard 
broadcasting stations; aut.omatic direction find­
ing; ground control approach systems; instru­
ment landing systems; low frequency ranges; 
VHF omniranges (VOR); VHF visual-aural 
(VAR) ranges, and much other valuable infor­
mation. 

178. CAA Airman's Guide 
This publication contains continental United 

States radio and navigational information and 
other supplementary data on civil airports only, 
and is required by AAF operations' offices for 
use by the Army, National Guard, and Reserve 
aviators. 

179. Notices To Airmen (NOTAMS) 
Throughout the year, climatic conditions 

(snow, floods, storms, etc.) render many fields 
temporarily unusable or unsafe. In addition, 
there is intermittent maintenance in progress on 
many fields; radio facilities may suffer tem­
porary power failures or course misalinements; 
and lighting facilities may fail. Because these 
temporary conditions cannot be given immediate 
coverage in navigational publications, a system 
of teletype NOTAMS brings such conditions to 
the pilot's attention promptly. These NOTAMS 
are displayed in a prominent file in the opera­
tions office. NOTAMS include three different 
types, explained below. 

a. FIILI-This refers to a notice concerning 
landing field and lighting facilities. 

b. ROCOM-This refers to any notice about 
radio communications. 

c. MISEL-This means miscellaneous and re­
fers to any notice which cannot be covered under 
the first two classifications. 
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PART THREE 
NAVIGATION PECULIAR TO INSTRUMENT APPROACHES 

CHAPTER 16 
PROCEDURE TURNS, HOLDING, AND STACKING 

180. Introduction 
The most exact enroute navigation is useless 

unless a landing can be successfully completed 
at the destination. Minimum conditions of ceil­
ing and visibility have been established for each 
airport, depending on equipment available and 
terrain or obstructions. Pilots are permitted to 
descend on instrument.a to the established mini­
mums; thereafter, if the airport is not visible, a 
"missed approach" procedure must be followed. 
To successfully complete this portion of the flight, 
the pilot must have a thorough understanding of 
holding patterns and approach procedures. 

181. Procedure Turns 
A procedure turn (fig. 118) is a maneuver for 

reversing _the heading of an aircraft on a course. 
Minimum procedure-turn altitudes are listed on 
approach charts. 

a. Standard Procedure Twm. A standard 
procedure turn (A, fig. 118) involves an initial 
left turn away from the outbound course, fol­
lowed by a turn to the right toward and inter-
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Figure 118. Standard, -nonstandard, and teardrop 
procedure turns. -
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cepting the final approach course inbound. Tiie 
direction of the turn will be specified as the 
side north, south, east, or west of the final 
approach course. The degree of turn and the 
point at which the turn will be made is left to 
the.discretion of the pilot, but maneuvering must 
be completed within the procedure-turn maneu­
vering area, not below the established altitude. 
The procedure-turn maneuvering area is limited 
to seven miles on the maneuvering side of the 
outbound course, and 4.34 miles on the opposite 
side within a distance of 10 miles of the facility. 
Procedure turns beyond 10 miles are authorized 
only in cases where a definite requirement 
exist.a for an extended maneuvering area. In all 
cases, a five mile buffer zone is provided beyond 
the maximum distance outbound authorized for 
the procedure turn. Where it is necessary, due 
to terrain, obstructions, traffic, etc., to emphasize 
the limitation of the procedure turn, a note "Not 
authorized beyond ______ miles" is shown on 
the chart. When a procedure • turn must be es­
tablished at a di.stance other than 10 miles from 
the facility, an explanatory note is included on 
the approach chart. A procedu~e turn need not 
be made when the final approach can be executed 
from an established holding point or a final 
approach-fix specified in the procedure. 

b. Nonstandard Procedure Turn. A nonstand­
ard procedure turn (B, fig. 118) may be author­
ized when a turn cannot be m:ade on the left side 
of the outbound course due to unusually high 
obstructions, air traffic control considerations, 
or for other reasons. In such cases, the turn 
will be made on the right side of the outbound 
course and an explanatory note is sometimes 
included in the procedure chart, such as, "All 
turns to be made on the east side of the course, 
high terrain to the west." 

c. Teardrop Procedure Turn. A teardrop pro-
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cedure turn (C, fig. 118) may be established 
when a st;andard or nonstandard procedure turn 
is not operationally desirable or feasible. A tear­
drop procedure turn normally starts over the 
facility on an outbound course to the left of the 
reciprocal of the inbound course. The actual 
outbound course selected and the point at which 
the turn toward the inbound course is made need 
not be the ones indicated on the procedure and 
are therefore left t.o the discretion of the pilot. 
However, the maneuvering area and altitude are 
specified on the procedure chart, requiring the 
maneuver to be completed within the teardrop 
procedure-tum maneuvering area at or above 
the altitude established for this type procedure 
tum. Dimensions for the teardrop procedure 
tum for conventional aircraft are the same as 
those specified for a standard procedure tum 
(a above). 

182. Types of Procedure Turns 
There are normally three types of procedure 

turns used in executing standard and non­
standard procedure turns. 

a. The 60-Second Type. The 60-second type 
procedure turn can be used when ~oderate wind 
conditions exist (fig. 119), and is accomplished 
as follows: 

(1) Turn to a heading 450. left or right of 
the outbound course. 

(2) Maintain new heading for 60 seconds 
after leaving the outbound course. 

(3) Make a 180° turn away from the 
facility. 

(4) Maintain this heading until turning 
inbound on the desired course. 

b. The 40-Second Type. The 40-second type 
procedure turn (fig. 120) is accomplished as 
follows: 

(1) Turn to a heading 45° left or right of 
the outbound course. 

(2) Under no-wind conditions, maintain 
this heading for 40 seconds after 
leaving the outbound course. If there 
is a wind, add or subtract one second 
for each degree of wind drift correction 
previously required or estimated, to 
keep the aircraft on the outbound 
course. When the 45° turn is down­
wind, subtract the correction from 40 

Figure 119. Procedure turn, 80-aeccmd tvpe. 

Figure 1140. Procedure turn, 40-•eco-nd tvpe. 

seconds; if the 45 ° turn is upwind, add 
the correction to 40 seconds. 

c. The 90°-Type. The 90°-type procedure 
turn (fig. 121) is normally -used when tracking 
on the outbound course and does not incorporate 
any time factor. It consists of a 90° turn right 
or left from the heading required to maintain 
the desired outbound course, then an immediate 
reversal of the turn . . Make this reverse · turn to 
the heading required to maintain the inbound 
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Figure 1 tt1. Procedure turn, IJO O -t11pe. 

course. Both turns should be made at the same 
rate. This type of procedure turn is the most 
expeditious method of reversing the directio~ 
of . an aircraft on a course. It is especially 
adaptable to low-visibility approaches. 

183. _Holding 
Holding is maneuvering an aircraft within a 

predetermined airspace prior to obtaining an 
approach clearance or departing on course. Hold­
ing instructions are given by approach control, 
or by appropriate ATC agency at the destination 
or enroute. A holding point is a specified loca­
tion or radio facility, identified by visual or other 
means, in the vicinity of which the position of 
the aircraft in flight is maintained in accordance 
with Air Traffic Control instructions. This hold­
ing point may be a radio range station, fan 
marker, the intersection of two courses, or a 
radio beacon. The direction to hold with relation 
to the holding fix is always specified by using 
magnetic directions with reference 1x> eight gen­
eral points of the compass (north, northeast, 
east, southeast, south, southwest, west, or 
northwest) ~rom the holding fix. 

a. Standard Holaing Pattern (No Wind). 
The standard holding pattern (fig. 122) is based 
on a true airspeed at sea level (standard 
atmosphere) of 180 statute miles per hour (155 
knots) with a rate of turn of 3° per second. In 
the doubled holding pattern, airspace area from 
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Figure 1:f. St,a:nda,rd and 7W'1Ultandard holding 
• patterns ( no wind) . 

19,000 to 29,000 feet inclusive, and the tripled 
holding pattern airspace area above 29,000 feet, 
the rate of turn is normally 1½ 0 per second. In 
any case, the pilot is not expected to exceed a 30° 
angle of ibank. when holding in the prescribed 
holding pattern. The pilot is expected to stay 
within the prescribed holding patterns. He 
should therefore take into consideration all op­
erational fact.ors affecting his ability to remain 
within the prescribed holding pattern. Where 
the pilot determines that the boundaries of the 
prescribed holding pattern will be exceeded, he 
will notify Air Traffic Control as far in advance 
as possible prior to entering the assigned hold­
ing pattern. 

(1) The standard holding flight path of an 
aircraft follows the specified course in­
bound to the holding fix, makes a 180° 
turn to the right, . file, a parallel 
straight course outbound from the 
holding fix for two minutes, makes 
another 180° turn to the right, and 
again follows the specified course 
inbound. 

(2) A nonstandard holding pattern is one 
in which all turns are ·made to the left 
and/or time outbound is other than 
two minutes. 

(3) When holding at an approach control 
fix and receiving instructions speci-
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fying the time of departure from the 
holding point, the pilot should adjust 
his flight path within the limits of the 
established holding pattern in order to 
leave the approach fix inbound at the 
exact time specified. A procedure turn 
need not be executed since aircraft 
holding in the elliptical pattern may 
proceed inbound on the final approach 
directly from the holding pattern after 
receipt of approach clearance. 

b. Star1®,rd Holding Pattern (With Wind). 
Pilo~ are not expected t.o adjust the length of 
the legs of the holding pattern to compensate 
for wind along the holding course in either di­
rection. In no event should a pilot exceed the 
time of two minutes ( one minute if appropriate) 
in flying the outbound leg of. the pattern. To 
counteract wind in a holding· pattern, refer to 
figure 123 and proceed as follows: 

(1) If drift correction inbound is 10° or 
1.ess, counteraction of wind effect is ac­
complished by doubling the amount of 
drift correction used on the inbound 
leg, when flying -outbound. For exam­
ple, if the drift correction on the 
inbound leg is 8 ° left, use a drift cor­
rection of 16 ° right when flying 
outbound. • 

(2) If drift correction inbound is more than 
10°, add 10° of correction while flying 

Figure 1t8. Cou:ntera.cting wi71d in II holding patteffl. 
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outbound. For example, if drift correc­
tion inbound is 20 ° right, drift cor­
rection outbound is 30 ° left. 

Note. The extra drift correction used on 
the outbound leg changes the pattern in such a 
manner that the standard-rate turn to the 
inbound leg will end on course. Whi.le turning 
upwind, the radius of the turn is smaller than 
while turning downwind (fig. 123). 

c. Nonstandard Holding Pattern. A non­
standard pattern is one in which turns are made 
to the left _and/or when the time outbowid is 
other than two minutes. When it is ·desire«! by 
ATC that a nonstandard pattern be flown, the 
clearance will contain information on thoae ele­
men~ · of the holding pattern that are non­
standard. 

d. Enteri'l'l,{J the Holding Pattern. To enter a 
holding pattern, head the aircraft inbound to 
the station on the desired course. If inbound to 
the station on the holding course, the first tum 
of the holding pattern is started upon initial 
station passage. If approaching the station on 
the reciprocal of the holding course, proceed to 
the station and fly outbound on the holding 
course for not more than two minutes, reverse 
course, and commence the first turn of the hold­
ing pattern when back over the station. All turns 
required in connection with entry or exit from a 
holding pattern are made on the same side of the 
course as the pattern. 

Note. If approaching the station on any course other 
than the above, proceed to the station, intercept the 
holding leg, proceed outbound on the holding leg, revel'lle 
course not more than two minutes outbound from the 
holding fu:, and commence the first turn of the holding 
pattern when over the fix inbound. 

e. Holding at lntermediC£te Aids. When hold­
ing on a fan marker (fig. 124), enter the pattern 
in the same manner as when holding on a range 
station (d above). The final circuit of the hold­
ing pattern will be varied as necessary to allow 
departure from the center of the fan marker at 
the departure time. . Entrance into a holding 
pattern on a homer (fig. 125) is identical to 
that for a radio range (d above). The clearance 
to hold will specify the bearing on which to hold. 
When the designated holding point is the inter­
section of two beam legs (fig. 126), the ground 
control agency will 1;1pecify the holding leg and 
the direction of the pattern. If the aircraft has 
only one L/F receiver, the pilot determines his 
aircraft position relative to · the intersection by 
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Figure 1f4. Holdng on fa,n marker. 
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Figure HS. Holding on homer. 

Figure 116. Holding on beam interaection. 

tuning his radio to the station transmitting the 
int.ersecting leg. Upon receipt of the "on-course" 
of the intersecting leg, start the elliptical holding 
pattern. After the turn while on the outbound 
leg, tune the radio to the station transmitting 
the inbound leg. Aft.er two minutes has elapsed, 
turn 180 ° to the right to the inbound heading. 
Repeat the radio tuning procedure aft.er each 
turn, each time around the pattern (fig. 126). 

f. Holding Pattern Airspace Area. The 
standard holding pattern buff er area is shown 
in figure 127. Where one-minute holding pattern 
airspace areas are established because of limited 
air.space or to expedit.e traffic, · the length of the 
airspace area is reduced from 19 to 16 statute 
miles. This three-mile reduction is made at the 
far end of the airspace area, which reduces the 
15-statute mile dimension to 12-statute miles. 
The dimensions of the holding pattern airspace 
area are doubled for jet aircraft between 19,000 
and 29,000 feet and tripled for holding above 
29,000 feet . 
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Figure 117. Holding pattern buffer area. 

184. Stacking 
Stacking is a term used when two or more 

aircraft are holding one above the other on the 
same fix. As the lower aircraft departs from . 
the stack to complete its approach, the aircraft 
above it is cleared to the next lower level. This 
clearance will be given when the approaching 
aircraft has reported vacating that altij;ude and 
leaving the radio facility inbound. The second 
aircraft is cleared for an approach when the first 
aircraft is sighted by the tower and .the tower 
considers a normal landing safe. The length of 
time an aircraft is required to hold in a stack 
is dependent upon the time the aircraft in the 
lower positions .take to land. Since the delay 
may be of considerable duration, the pilot must 
fly at an airspeed and power setting which will 
provide maximum endurance. 
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·CHAPTER 17 
INSTRUMENT LANDING SYSTEM 

Section I. GROUND INSTALLATION 

185. Introduction 
The l11Btrument Landing System (ILS) - was 

formerly a three--element system consisting· of 
VHF localizer, UHF glide slope, and 75-mega­
cycle marker beacons. Additional components 
have been incorporated in the original system, 
including compass locators for holding, transi­
tion, and tracking; high intensity approach 
lights for visual guidance in the latter part of 
the approach; and monitoring by radar for 
additional safety. • 

186. Localizer 
a. The ILS localizer (VHF), located on the 

. upwind end of the instrument runway, provides 
a directional beam (fig. 128) which enables the 
pilot to navigate a straight course...to the landing 
runway. The beam, formed by overlap of two 
transmitted "lobes" modulated at .ditf erent fre­
quencies, is projected along the centerline of the 
runway. The portion of this beam projected 
towan-d the associated fan markers is termed the 
from course; the portion extending in the 
opposite direction is termed the back course. 

b. The localizer transmitter is designed to 
provide an on-course signal at a minimum dis­
tance of 25 miles from the runway at a minimum 
altitude of 2,000 feet. The right side, looking 
from the outer. marker toward the transmitter, 
is modulated at 150 cycles. This is identified as 
the blue sectcw on maps and charts, and on the 
crosspointer indicator in the aircraft. The left 
side is modulated at 90 cycles and identified as 
the yellow sector. The on-course is an equisignal 
area between the modulated sides and is very 
sharp along the entire length of the radiated 
pattern. The localizer course width is normally 
5° and represents a span of approximately 
4,600 · feet at a distance of 10 miles from the 
transmitter. The course width, at the point of 
touchdown, is between 50 and 100 feet depend­
ing upon the length of the runway. The ILS 
localizer provides information outside of the ac­
tual course sector, in the form of full "fly-left" 
or "fly-right" indications. 

c. Each localizer is identified by a three letter 
coded designator transmitted intermittently and 
is preceded by intema tional Morse Code I ( two 

BLUE SECTOR l150 CYCLES) 
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dots). Time interval between the I designator • 
and the first letter of the assigned identifier will 
be . 0.6 seconds. Voice transmissions can :be im­
pressed upon the localizer frequency to transmit 
approach control instructions from the airport 
control tower. 

187. Glide Slope 
The glide slope (fig. 129) provides a direc­

tional beam emanating from the desired point 
of touchdown on the run~ay. This beam, simi­
lar to the localizer "on-course", is formed by the 
overlapping of a 90 and 150 cycle moduJated 
signal. The beam is "flown" by centering the 
horizontal needle of the cross pointer indicator 
(par. 193). 

a. Where the minimum obstruction clearance 
can be obtained in the approach area of the 
glide slope, the glide slope is set to the normal 
optimum setting of 21/2 ° to 2¾, 0 • ·This will ob­
tain desirable interception of the_ glide slope ·with 
the middle marker at an elevation of about 200 
feet above the runway. • 

(1) Where terrain and obstruction clear­
ances ca.n be provided, the glide slope 
may be set at a lower angle. The 
minimum glide slope angle is 2° .. 

(2) When necessary to obtain the mini­
mum obstruction clearance, the glide 
slope may be raised to an angle of 3 °. 
Angles greater than · 3 ° are not nor­
mally used. Where minimw:n: obstruc-

LOCALIZER 
TRANSMITTER 

GLIDE SLOPE 
TRANSMITTER 

MIDDLE MARKER 

tion clearance cannot be obtained with 
the 3 ° glide slope angle and if the 
length of the runway permits, the glide 
slope unit is placed inward from the 
standard location. 

b. In addition to the desired course, all glide 
slope facilities produce five additional courses 
at higher vertical angles. The lowest is at ap- • 
proximately 12½ 0 • These high ~ourses should 
not cause confusion since they will not be en­
countered when making an approach at the 
proper approac~ altitude. Unlike the localizer, 
the glide slope transmitter emits its signals in 
the direction of the final approach and sends no 
signal to the far end of the runway. The trans­
mitter unit is located at the approach end of the 
runway and is adjacent to the point of touch­
down. A glide slope course is normally 1 ° wide. 
Ten miles from point of touchdown, this repre­
sents a vertical distance of approximately 920 
feet, narrowing to a few feet at touchdown. 

188. Marker Beacons 
a. Two marker beacons (fig. 129) are used 

with the ILS. These markers are of approxi­
mately 2 watts output ·and operate on • a fre­
quency of 75 me. The ILS marker radiation 
pattern is essentially a cone with an elliptical 
cross section whose minor axis is parallel to the 
approach path and major axis at right angles 
to it. The ratio of major to" minor axis is 
approximately 2 to 1. 

OUTER MARKER 

~ l-1000 FT. I .... : ________ ,_7 MILES----~----! 
I 

Figure 119. Glide slope and marker beacon installation. 
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b. The outer ·marker is located on the front 
course of the localizer. Its distance from the 
airport . is generally determined by the point at 
which the glide slope intersects the minimum 
holding altitude, provided this point is within 
4 to 7 miles of the airport. It is modulated at 
400 cycles per second and keyed to emit dashes 
continuously at a rate of 2 per second. 

c. The middle marker is located approximately 
3,500 feet from the approach end of the runway, 
between the runway and the outer marker. This 
marker is modulated at 1,300 cycles per second 
and keyed to emit alternate dots and . dashes. 

Note. The Z-marker of a radio range station which 
is located along the localizer beam, will often serve as the 
outer or middle marker. 

189. Compass Locators 

The compass locator is a low-powered (25 
watt) nondirectional radio beacon, providing a 
signal received on the 200 to 400 kc .band of a 
conventional airborne ADF receiver. When used 
in connection with ILS, compass locators are 
installed at the outer and/or middle marker 
sites. Compass locators simplify transition to 
ILS and subsequent holding. They also simplify 
correcting for drift on the ILS localizer beam, 
and determining when markers have been 
passed. The compass locator is identified by a 
two letter code transmitted intermittently on the 
carrier, utilizing a 1,020-cycle tone. The coding 
identification at the outer marker consists of the 
first two letters of the station identifier and at 
the middle marker consists. of the second and 
third letters of the station identifier. 

190. High Intensity Lighting 
Normal approach and letdown on the ILS is 

divided into two distinct stages. In the first 
stage, only radio guidance is avail~ble. In · the 
last stage of the approach, visual contact with 
the ground is necessary for accuracy and safety. 
The approach light lane is an integral part · of 
the ILS system and furnishes visual guidance to 
the runway in use. At major airports, the light 
line consists of high intensity incandescent lamps 
on bars spaced 100 feet apart and extending 
3,000 feet from the end of the runway almost 
to the middle marker. 

191. ILS Monitor System 
a. The flag alarm system of the cross pointer 

indicator in the aircraft gives no indication of 
malfunctioning of ILS ground equipment. Since 
a malfunctioning of ILS equipment could place 
the pilot in. a critical position, some automatic 
means is provided for coiltin~ous monitoring. 
The present monitoring system provides a con­
tinuous check of all ILS ground facilities and, 
for the localizer and glide slope, provides auto­
matic changeover to standby equipment when 
the monitor indicates malfunctioning of .the main 
system. 

b. However, markers and compass locators 
must be turned to OFF position manually when 
the tower light and aural alarm indicates that 
these two facilities are malfunctioning. 

c. As an additional safety measure, precision 
approach radar at all major airports enables 
approach control personnel to monitor the actual 
positions of aircraft using ILS. 

Section II. AIRBORNE EQUIPMENT 

192. Antenna Array 
(fig. 130) 

The localizer receiver utilizes a dipole re­
ceiving antenna bent into a U-1:fhape to provide 
streamlining and a circular pattern. The glide 
slope receiver may utilize another dipole re­
ceiving antenna mounted as a unit with the 
localizer antenna forward on the aircraft fuse.: 

. lage. In the interest of . improved antenna pat­
tern and further streaml\ning, localizer antennas 
are available without th♦ glide slope dipole. In 
this latter type installbtion, the glide slope 
antenna is mounted eithdr on or within the nose 
of the fuselage. 
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193. Localizer and Glide Slope Receivers 
a. The AN/ ARN-30A receiver (fig. 131) and 

R-13B receiver (fig. 132) provide both omni and 
localizer beam reception by manual operation of 
switches on the receiver control unit. To operate 
on the localizer beam, the "Omni-VAR-Loe" 
switch (figs. 131 and 132) on the control unit 
is switched to VAR-Loe position and the receiver 
manually tuned to a desired localizer frequency . 
When a usable signal is received, if the receiver 
is operating properly, the flag alarm on the 
cross pointer indicator will retract. 

b. The R-746/ AR glide slope receiver is used 
in conj unction with the localizer portion of the 
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Figure 181. Control unit for AN I ARN-80A receiver. 

Figure 181. Control unit for R-UB receiver. 
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navigation receivers and controlled by a SLA-
86C control unit (fig. 133). The R--746/ AR is a 
20-channel, fixed frequency receiver designed t.o 
receive the 90/150 cycle tone modulated glide 
slope beam and produce vertical guidance during 
the ILS operation. The control unit is equipped 
with a frequency control knob and volume con­
trol knob. The volume control knob is used to 
control power to the glide slope receiver. The 
frequency control knob is calibrated from 108 to 
135 • megacycles. When the operator set.a fre­
quency of the localizer station on the glide slope 
control unit, • the glide slope receiver is tuned 
automatically to receive the proper glide slope 
frequency. • 

c. There are 20 localizer channels assigned, 
using only the odd decimals of a frequency band­
between 108.1 and 111.9 me'. Every localizer 
frequency has a corresponding glide slope fre­
quency, of which there are 10 channels. Localizer 
channels and glide slope channels are paired as 
indicated in table V. 

Table V. Localizer a-nd Gluu Slope Freque'IICie, 

Localiser frequency I ~orrapondlnir slide ■lope fn,queney 

108.1 me 
108.3 me 
108.~ me 
108.7 me 
108.9 me 
109.1 me 
109.S me 
109.5 me 
109.7 me 
109.9 me 
110.1 me 
110.3 me 
110.5 me 
110.7 me 
110.9 me 
111.1 me 
111.8 me 
111.5 me 
111.7 me 
111.9 me 

194. Cross Pointer Indicator 

334.4me 
335.0 me 
329.6 me 
330.2 me 
aso.8 me 
331.4 me 
332.0 me 
332.6 me 
333.2 me 
333.8 me 
334.4 me 
336.0 me 
329.6 me 
330.2 me 
330.8 me 
331.4 me 
332.0 me 
332.6 me 
333.2 me 
asa-.s me 

To enable the pilot to follow the localizer and 
glide slope beams, the aircraft is equipped with 
an in.strument called a cross pointer indicator 
(fig. 134). It has two crossed indicating needles; 
one vertical and the other horizontal. The · lo-
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Figure 1J8. SLA-85C e-011,trol unit. 

calizer pointer is pivoted at the top of the dial 
and moves left and right. The glide path 
pointer, pivoted at the left side of the dial, moves 
up and down. 

a. The localizer pointer ( vertical needle) in­
dicates, by deflection, the color area of the sector 

BLUE SECTOR 

- YELLOW SECTOR 

in which the aircraft is flying (ftg. 134). If the 
aircraft is :flying in the blue sector of the trans­
mitted signal, the vertical pointer will be 
deflected into the blue area of the indicator. 
Conversely, if the aircraft is flying in the yellow 
sector, the pointer will be deflected into the 
yellow area of the indicator. When the aircraft 
is directly on the localizer course, the pointer 
will be centered vertically across the circle in 
the middle of the dial. 

b. When the aircraft is inbound on the front 
course or outbound on the back course, the action 
of the needle is directional; that is, if the 
pointer is d~flected to the right, the aircraft is 
turned right to reach the center of the course. 
When the aircraft is inbound on the back course 
or outbound on the front course, the sensing of 
the pointer will be reversed; that is, if the 
pointer is deflected to the right, the aircraft is 
turned left to reach the center of the course. 
Regardless of the position or heading of the air­
craft, the · localizer pointer will always be 
deflected in the color area in which the aircraft 
is flying. 

c. The pointer is very sensitive and will give 
a full scale deflection when the aircraft is 2½ 0 

Figure 184. ll.S localizer beam indicatona. 
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to either side of the on-eourse. This high 
sensitivity permits the use of the indicat.or for 
accurate runway . location. If the pointer is no 
farther off center than one-quarter scale, the 
aircraft will land on the runway. 

d. The gUde slope pointer (horizontal needle) 
indicates, by deflection, the position of the air­
craft with respect to the glide slope (fig. 135). 
When the aircraft is above the glide slope, the 
pointer is deflected downward. Conversely, 
when the aircraft is below the glide slope, the 
pointer will be deflected upward. When the air­
craft is directly on the glide slope, the pointer 
will be centered horizontally across the circle 
in the middle of the dial. 

e. Since the glide slope course is much 
sharper than the localizer course (approxi­
mately 1 ° from "full up" to "full down" on the 
instrument), it is necessary that the aircraft be 
alined accurately on the glide slope at some dis­
tance from the field. Only very minor correc­
tions are possible near the ground. 

f. The /LS al,a,rm. ,rystem consists of two tiny 

voltmeters contained in the case of the cross 
pointer indicator and connected to the output 
of the localizer and glide slope receiver. Instead 
of a needle, each meter is equipped with a red 
flag, installed in such a manner that it will stick 
out across the indicat.or dial when an unusable 
signal is received either by the localizer or the 
glide slope receiver. This flag will also show 
when there is any malfunction in either receiver. 

195. Marker Beacon Receiver 

The receiver used to receive the marker 
beacons associated with the ILS system is the 
same 75-mc receiver used for reception of the 
Z-marker and fan marker (par. 133). The ILS 
markers serve as definite radio fixes to mark 
the progress of the aircraft along the approach 
course. They may also be utilized to monitor the 
alinement of the glide slope by comparing the 
altitudes at which each marker is actually 
crossed on the glide slope with the crossing 
altitudes specified on the instrument approach 
chart for the facility. 

Figure 185. TLS glide slope indications. 

Section 111. RS FLIGHT PROCEDURES 

196. General 
An ILS approach (fig. 136) requires con­

siderable planning prior to execution. If the 
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destination has an ILS facility, the airport 
diagram is shown in the Jeppesen Manual or 
USAF and USN Pilot's Handbook. These pub-

AGO 2541A 



AGO 2MIA 

STAHOAaD INSTaUA4fNT APPIOACH PltOCfOUIES ST LOUIS, MISSOURI 
LAMBERT 

FOR COIOIUN!CA'l10N8 SEE 
REVERSE SIDE ITr. LOUIS AREA 

LS/AOF Rwy24 

LOC Z-110.3 IDINT 

ss 335.0 (DME} 
LOM 219 ST 

ISTLI!.:. •• 

LMM201 TL • GCAA...,,._ 

f OM TO COURSE DISTANCE ALTITUDE 
TIMISITIOH PIOM N 
1. lers07vlllo Int••••••••••••••••••••• .... ••••••••. LO~••••••••••••••••• 1••••••• Jt. 58 18.1N •• JOOO 
2. Academy Jnl.••••••••••••••••••••••••••••••·••••••LOM •••••••••••••••• JU •••••• 11.0S 9.eN • ••• 1100 
_,,_,_, · tlOO 
I.Corai.t •••••••••••••••••••• ~ ................... LOll.••••••••••••••••.aaa. ........ 01 8.9N .. (Flaal) 
4. Wood R1nr Int..••.••••••••••••;•••••••••••• NE Caur• 11.1 •• ••• •• ••••••--••••••I. 18 I. IN• •• 1100 
--nOMW • • . 

I. 8TL LI' range •••• :••••••••••••••••••••••••••NB' Cou.ree ~•••••••••••••llll.•••••J.58 1.1 N ..... tlOO 
e. LAQ •'11"'•••••••••••••••••••••••••••••••••••••••1.iOM••••••••••••••••• 088 •••••• tO.tl 9.0N ••• IOOO 
,. STL ollllli .......................... ·············LOIi ••••••••••••••••• tOl •••••• 11. J8 to. ON •• .JIOO 

+MISSED APPIOACH: Climb to 2000° on Southwest course ILS or on 238° track within 20 
miles. 

+ ILi • Upon descent to autborl&ed landing mlnlmwna: 
+ ADF • Within 4.7 stat., 4.1 Mut. mt. alter Jla&Slng Outer Locator. 

~ GaOUHD SHIO MP1t KNtl 100 11 lit N 120 fCN 1• ru HO 122 ,. JJI Ml ,,, 170 ,. ,. 
'" 

i.,•~ts-G'-U_Df_SL_o_H_lll'-'-SCf_H_DS~'-'M--.+-4=-=3~0-+-4"-'1~5-4-"-'u=-=-o-+.......;;.580""'----''°=8--1--'ISO=--.i--:"°~-+-'cc3.;..5_1-n;.;..;..5--f 
llf T/Mf-lOM TONJUU 4.7 S 2:49 2:34 2:21 2:10 2:01 1:53 1:46 1:40 1:34 II , _______ _._ _ _. ___ _. __ __,,___,._._ __ ._ __ .._ __ .._ __ .._ __ .._ __ _. 

REV:S::O 1~-10-f>7 Comm1111tcations transferred to St. Louts Art• • US ■ UA 

Figure 1:16. ILS IIPP1'011ch.. 

115 



lications show the physical setup and cross sec­
tion of the localizer and glide path beams, 
location of the markers and compass locators, 
and the altitudes to- fly to each position during 
the· letdown. Information such as station fre­
quency and inbound heading of the localizer 
beam can also be obtained from these publica­
tions. 

197. Transition (ILS) 
The transition from the last radio naviga­

tional aid to the ILS is shown in detail in the 
ILS charts of the Jeppesen Manual and ·the 
USAF and USN Pilot's Handbook. This transi­
tion, aided by the compass locators at the ILS 
marker beacons, may be from a VOR or a radio 
range iacility, or the intersection of a range 
leg with the localizer beam. The minimum 
altitude for transition to the ILS from specified 
fixes provides at least 1,000 feet Qf obstruction 
clearance 4.34 miles each side of the transition 
course (fig. 136). 

198. Tracking (ILS) 
Once the aircraft is on-course, a constant 

heading is maintained. If the magnetic heading 
of the beam is accurately maintained, the rate 
of deflection of the localizer needle will indicate 
the force of the wind. In most weather condi­
tions which require an ILS approach, the sur­
face wind velocity obtained from the control 
tower is accurate at the different altitudes of the 
approach. Apply drift corrections in the same 
manner as in ADF tracking (par. 151). Make 
only small corrections once the needle is cen­
tered. Crosscheck the needle rapidly, and 
counteract the first off-course indication. All 
corrective turns must be coordinated, and the 
degree of bank should not exceed the number of 
degrees to be turned. Proper beam following 
will result if the exact heading can be determined 
and held within 1 ° or 2°. 

199. Procedure Turns (ILS) 
Procedure turn (par. 181) will be executed 

in accordance with procedures specified on ap­
proach chart or in accordance with approach 
control instruction. Crosscheck the localizer nee­
dle frequently during the last 90° of the turn to 
the inbound heading to determine the accuracy 
of the procedure turn. If the aircraft approaches 
a heading which is 45° from the inbound head-
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ing and the localizer needle continues to indicate 
a four-dot deflection, return the aircraft to level 
flight so as to approach the beam at an angle of • 
45 ° and accomplish a normal interception. On 
the other hand, if the aircraft approaches a 45° 
heading and the localizer needle starts moving 
toward the center, continue the turn. Then by 
crosschecking the needle, the rate of turn can be 
adjusted to have an on-course indication by the 
time the aircraft is on the inbound· heading (fig. 
135). 

200. Holding (JLS) 
Holding patterns (par. 183) on OM (outer 

marker) or LOM (locator outer marker) should 
be entered the same way as patterns for other 
holding fixes. Marker beacons and/or ADF may 
be used to identify OM and for orientation pur­
poses around the O~. When departure time is 
specified, the holding pattern will be varied as 
necessary to depart the center of the marker at 
a designated departure time. 

201. Approach (ILS) 
It is extremely important to plan the letdown 

before the initial station passage (OM). Use the 
approach charts (fig. 136) as an aid during the 
approach, at all times, to assure proper use of 
procedures. 

a. When approaching the localizer course at 
an angle of 45 ° ( e.g., on the final portion of the 
procedure turn), start the final turn toward the 
inbound heading to arrive on the desired inbound 
course. Once the aircraft has reached the lo­
calizer on course, the heading should be main­
tained until the localizer pointer moves off 
center, at which time drift corrections are 
applied (par. 198). After passing the outer 
marker, wind corrections should be proportion­
ately reduced in amount as the end of the runway 
is approached. It is extremely important that 
the heading be carefully maintained during the 
last three miles of the approach and that no 
corrections are applied in amounts greater than 
20. 

b. Upon reaching the outer marker, if glide 
slope receiver is not available, reduce power to 
establish a descent at the rate listed on the ILS 
chart. As the aircraft progresses inbound, cross­
check the altimeter untif minimum altitude is 
reached. Consult the ILS approach chart for the 
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indicated- altitude, since the minimum indicated 
altitude may vary considerably at different 
installations. 

c. Upon reaching the outer marker, if a glide 
slope receiver is available, reduce power to 
establish a descent at the rate listed on the ILS 
chart. As the aircraft progresses inbound, cross­
check . the altimeter over the middle marker to 
determine the accuracy of the rate of descent. 
Consult the ILS chart for the correct altitude 
since the altitude at which the glide path inter­
sects the middle marker will vary considerably 
at different iMtallations. 

1Warning: If the altimeter indicates a devia­
tion of more than 50 feet from the prescribed 
altitude ( with the altimeter set accurately and 
allowance made for instrument error), a go­
around is initiated if the ground is not visible. 
If the altitude is correct and the approach is 
continued in preparation for an instrument land­
ing, decrease the rate of descent when the air­
craft is approximately 50 feet above field 
elevation. 

d. Some of the ILS installations provide 
compass locators at both the outer and middle 
markers (fig. 136). If this aid is available, tune 
the radio compass to the outer compa&"I locator. 
After passing it on the final approach, retune to 
the frequency of the middle compass locator. Use 
the locators as a check on marker passage and 
the reliability of the localizer needle indications. 

e. Utilization of the back course of an ILS 
may be authorized if suitable fixes exist which 
will allow a pilot to establish his position and 
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proceed straight in without a glide slope on the 
localizer back course to the airport. H the instru­
ment approach runway is equipped with a glide 
slope serving the back course of the ILS 
localizer, a separate procedure will be formu­
lated. The back course will not be used for 
approaches when it is listed as "restricted" 
or "unusable". 

f. The most critical period of the approach, 
in pilot technique, occurs while the pilot is busy 
holding the aircraft on the localizer course, 
maintajning coMtant airspeed, adjusting the 
power for a uniform rate of descent, and watch­
ing for the marker signals to determine distance 
and altitude from the runway. Strict attention 
to all of these factors is essential for a successful 
ILS approach. 

202. Missed Approach (ILS) 

Observe the minimum altitude listed on the 
appropriate chart. If the aircraft is not below 
the overcast when the minimums are reached, 
initiate a missed approach. The missed approach 
will also be executed-

a. When the aircraft's altimeter indicates an 
excessive deviation when crossing .the middle 
marker. 

b. When visibility is below minimum. 

c. When directed by ATC. 
Note. In the event of a missed approach, the pilot will 

follow the standard missed approach procedure, climbing 
to a missed approach altitude on the specified course or 
as directed by ATC and will contact approach control 
for further clearance (fig. 136). 
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CHAPTER 18 

GROUND CONTROL APPROACH (GCA) 

203. General 
Ground Controlled Approach (GCA) is a 

radar "talkdown" system which enables a pilot 
to make a landing under conditions of reduced 
ceiling and visibility. No special airborne elec­
tronic equipment is required, except appropriate 
transmitter and receiver for communication 
with ground unit. Pilot checkout and familiari­
zation with the system is not absolutely essential, 
although highly advisable. 

204. Operation of Radar Sys_tems 
a. General. The ground radar operator 

obtains accurate and continuous information 
about the location of the incoming aircraft with 
respect" to the correct approach to the runway. 
This information, in the form of range, azimuth, 
and elevation data, is interpreted by the operator 
as lateral and vertical deviations from . the 
preselected approach or glide path. 

b. Air Surveillance Radar. Initial radar 
contact with GCA is made with air surveillance 
radar. This radar scans 360° over a minimum 
range of 30 miles. In order to get a map-like 
display of relative di~nce and direction of the 
aircraft, a transparent plastic map (permitting 
the controller to see aircraft position in relation 
to radio range, fan markers, and obstructions) 
is used with a planned position indicator (PPI) 
presentation (fig. 137). The PPI utilizes two 
range scales, one a 30-mile range scale and the 
other a 15-mile range scale, each with concentric 
circles representing 5-mile intervals. The _con­
troller interpolates to determine other distances. 
The PPI presentation gives the controller no 
altitude inforination, and the pilot must watch 
his altimeter and rate of descent. The controller 
advises what the appropriate altitude should be 
at designated poin~. In the PPI approach, the 
controller vectors the pilot by radio to a point 
where ·he can begin his descent toward the 
selected runway. At installations utili~ing both 
ASR and precision radar systems, the aircraft 
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is directed by the precision radar upon reaching 
the final approach. 

c. Precision Approach Radar. Precision ap­
proach radar (PAR) (fig. 138) is an entirely 
separate radar set which accurately determines 
the range, bearing, and elevation of an aircraft 
on final approach to a runway. Its accuracy is 
such that it can detect variations of 300 feet in 
range. At one mile, a variation of 10 feet eleva­
tion and 20 feet in azimuth can be discerned. 
Since it is only designed to watch aircraft on 
approach, its range is limited to 10 miles and 
its antenna-scans are restricted to 20° of azi­
muth and 7° of elevation. The data received 
from each of the precision scaru; is presented in 
a single scope with two pictures, the elevation 
pictur~ being at the top. The precision scope has 
a two-mile range scope for the latter portion 
of the approach. A controller can follow and 
correct the approach of an aircraft, with 
accuracy, down to within 40 to 50 feet of the 
ground. Under favorable conditions, it is pos­
sible to determine point of touchdown within 
10 to 15 feet. 

205. Communications 
a. General. The pilot desiring GCA assistance 

must establish communications with the ap­
propriate control tower for preliminary approach 
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Figure 188. Preciawn.radarae-0pe. 

instructions. He will then be instructed as to 
the proper frequency for contacting the GCA 
unit. Jeppesen GCA procedure charts give the 
frequencies that GCA operated units guard and 
transmit. Radio facility charts are the source of 
this information for military GCA units. Pilots 
are expected to read back altimeter settings and 
all headings and altitude .instructions given by 
the GCA unit, except when instructed by the con­
troller to remain .silent during the final approach. 
Do exactly as the approach controller instructs, 
and, if for some reason his instructions cannot 
be followed, notify the controller immediately. 
If no ·transmission is received during any one­
minute period, while in the initial approach 
phase, execute a standard missed approach or as 
directed by ATC, and contact ATC for further 
clearance. 

b. GCA Voice Procedwre. Assume that air­
craft 6164 has just completed the initial position 
report to GCA for a landing at X field. (After 
initial contact, reduction of the 4-digit call sign 
is authorized.) If communication on final ap­
proach is lost for more than 5 seconds during a 
PAR approach, or for more than 30 seconds as 
on an ASR approach, a missed approach will be 
executed. Following is an example of standard 
GCA voice procedure: 
GCA: 6164, turn right, heading 050, descend 

to 1,500. 
Pilot: Roger, 64, 050, 1,500, over. 
GCA: 6164, your last communication proce­

dure is as follows : If no transmission 
is received for any one minute in the 
search pattern or any 5 seconds on 
final, climb to 1,600 on . X Hoiner. 

AGO 2541A 

, 

Hold northwest, left turns, 2-minute 
legs with an inbound bearing of 105°. 
Contact approach control for f.urther 
clearance. 

Pilot: Roger, 6164. 
GCA: 6164, I have positive radar contact. 

Your position is range 7 miles south­
east, over. 

Pilot: Roger, 6164. 
GCA : 6164, the weather at X field is 100 

ragged ceiling, visibility ½ mile, light 
rain, wind southeast 6, alimeter 29.98. 
Read back altimeter. 

Pilot: Altimeter 29.98, 64. 
GCA: 6164, you will be making a left hand 

precision· approach to runway 14, 
active runway 14. Advise precision 
minimums are ceiling 300, visibility 
¾, mile, over. (For pilots unfamiliar 
with field length, width and amount 
of overrun, such information will be 
given at this time.) 

Pilot: Roger, 64. 
GCA: 6164, turn left to heading of 320, 

altitude 1;500 downwind ·leg, over. 
Pilot: Roger, left 320, altitude 1,500, 6164. 
GCA: 6164, your position now is range 6 

miles southeast, over. 
Pilot: Roger, 64. _ 
GCA: 6164, perform initial cockpit check, 

reduce to low cruise, over. 
Pilot: Roger, 64, initial complete. 
GCA: 6164, tum left to heading 230, altitude 

1,500, base leg, over. 
Pilot: Roger, heading 230, altitude 1,500, base, 

6164. 
GCA: 6164, perform final cockpit check, check 

gear down and locked, over. 
Pilot: Roger, 64, final complete. 
GCA: 6164, range now 8 miles northeast, inter­

cept final in 1 mile. Tune transmitter 
to ___ megacycles, receiver to 

megacycles for final con­
troller, over. 

Pilot: Roger, 64, transmit ___ megacycles, 
receive ___ megacycles. 

GCA: Army, 6164, this is your final controller. 
How do you hear me? Over. 

Pilot: 6164, loud and clear. 
GCA: Turn left to heading 140, altitude 1,500, 

final approach, over. 



Pilot: Roger, left, heading 140, altitude 1,500, 
6164. 

GCA: • 6164, at this time set and line your 
gyro, do not reset for the remainder 
of this run, over. 

Pilot: Roger, 6164. 

GCA: 6164, this is your final controller. You 
need not acknowledge any further 
transmissions un.less unable to com­
ply. Your range 7 miles from touch­
down. Turn right 5 °, heading 145, 
altitude 1,500, range 5 miles from 
touchdown, intercepting glide path in 
approximately 30 seconds, suggest 
that you make final flap setting, re­
check gear down, heading 145, alti­
tude 1,500, . approaching· glidepath 
now, start your,descent. Suggest 450 
feet per minute. Entry to g}idepath 
good. Turn left, heading 142, range 
4 miles from touchdown. Going above 
glide 10-20 feet, adjust your rate of 
descent. Heading 142, on centerline, 
on glidepath, assume normal . rate of 
descent. Drifting left, turn right 1 °, 
heading 143, on glidepath 3½ miles 
from touchdown. Heading 143, on 
glidepath, on centerline, turn left 141, 
3 miles from touchdown, now turn 
right, heading ·142, on· centerline, on 
glidepath, 2¾ miles from touchdown. 
Going below glidepath, adjust rate of 
descent, coming back t.o • glidepath, 
assume normal rate of descent, on 
centerline, on glidepath, 2 miles from 
touchdown. Tower clears 6164 for a 
full-stop landing. On centerline, on 
glidepath. You are now passing 
through GCA IFR minimums, 1 mile 
from ~touchdown: Heading 142, ap­
proaching end of overrun, heading 
142, on glidepath, approaching touch­
down, over touchdown, heading 143, 
on glidepath. If you have the field in 
sight, take over visually and complete 
this full-st.op landing. Contaot tower 
on 123.3 or 121.9, otherwise execut£ 
missed approach, contact approach 
control for further instruction. GCA 
standing by, over. 
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Pilot: Have field in sight, 64, out. 
GCA: Roger, out. 

206. Flight Procedures 
Information concerning availability of GCA. 

units can be found in the Jeppesen Manual, 
Radio Facility Charts, and Airman's Guide. 
When a pilot has been cleared by Air Traffic • 
Control for a ground controlled approach, the 
controller gives instructions to the pilot when he 
reports his position. These initial instructions to 
the pilot enable him to get into the ground con­
trolled approach traffic pattern. Such patterns 
will provide basic transition and vectoring 
courses from the associated primary facilities 
or ~es upon which the initi~l approach t.o the 
area was conducted. Regardless of the types of 
pattern flown, the complete approach procedure 
is divided into four phases-the initial approach; 
the final approach; the prelanding phase; and 
the touchdown and landing roll. 

a. Initial AP1Woach. The initial approach 
phase of the pattern includes a_ny holding. or 
vectoring in the area. Proper airspeed dur11}&' 
this phase is the one which is normally used on 
the downwind leg of a visual pattern. During 
the initial approach phase, the GCA operator 
gives the latest weather, direction of landi~g, 
length of runway, wind direction, other landi~g 
information and emergency procedures. It is 

advisable U: perform the landing check at this 
time because after reaching the final approach, 
there is not ·m~ch time for anything except fol­
lowing instructions given by GCA. The proce­
dure or transition patterns in this phase of the 
approach provide at least 1,000 feet clearance 3 
miles each side of the pattern course and 500 
feet clearance either side within an additional 
2 miles either side of course. 

b. Final Approach. The final approach phase 
of the pattern extends from the approach end 
of the runway to the maximum operational 
range of the precision radar (10 miles). Under 
normal conditions, interception of the final ap­

. proach will be made at a distance of not less 
than 5 miles from the approach end of the run­
way and at an oblique angle rather than at right 
angles. Once on the final approach course, the 
final landing check is made and the aircraft is 
slowed to final approach speed. The controller 
will while aircraft is on the approach course, 
tell 'the pilot when he is approaching the glide-
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path and when to start the desired rate of 
descent. The controller normally repeats any 
emergency procedure given initially in the initial 
approach phase. 

c. Prelanding Pliase. The prelanding phase 
of the pattern is flo~ after breaking out of the 

.overcast, and continues until just before physi­
cal contact is made with the runway. During 
this phase, changeover from controlled flight by 
the GCA crew to .visual flight by the pilot should 
be gradual. The pilot should continue to adhere 
to the instructions given by the controller until 
it is evident that visual contact with the ground 
will not be lost. 

d. Touchdown and Landing Roll. During this 
phase, the approach controller notifies the pilot 
when the aircraft is over the end of the runway. 
If visual contact has not 'been established by this 
time and the aircraft is in a landing attitude 
with a rate of descent of less than 500 feet per 
minute, it is possible -to execute a landing by 
maintaining this attitude until contactin~ the 
runway. 

207. No-Gyro Approach 
If the directional gyro becomes inoperative, 

the pilot will ·be directed in the pattern and on 
final approach to "turn left" or "turn right!' 
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These turns will be standard rate turns of S 0 

per second. The controller will time ·the turn 
and, when the approximate heading is reached, 
the pilot will be directed to "st.op turn." The 
ability to roll smoothly and rapidly in and out 
of a standard rate turn, while maintaining · a 
compass heading on partial panel, are the only 
requisites for flying no-gyro approaches 

208. Missed Approach 

During the initial approach phase and on -the 
final approach, GCA will give the missed ap­
proach course and altitude. The GCA minimum 
for Army aviators is listed in· AR 95-8. This 
minimum or the published minimum for the par­
ticular • GCA, ·whichever is higher, will be ad­
hered to by Army aviators. The miRsed approach 
will be initiated at the point--

a. where the aircraft has descended to· au­
thorized landing minimums and visual contact 
has riot been established; 

b. when directed by ATC or the GCA unit, 

c. when no transmissions are received for a 
period of 5 seconds during final approach with 
precision radar and for a period of 80 seoonds 
on final approach utilizing surveillance radar 
only. 
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CHAPTER 19 
AUTOMATIC DIRECTION FINDER (ADF) APPROACH 

209. General 
The letdown . and low approach phase of an 

ADF problem is a combination of intercepting 
bearing (par. 150), tracking (par. 161), and 
holding (par. 183), if necessary. The successful 
completion of the approach requires precision 
in both flying techniques and planning. AP­
proach procedures are published in the Jeppesen 
Manual and USAF and USN Pilot's Handbook. 
It is extremely important to plan and memorize 
the approach. Use the appropriate approach 
chart as an aid at all times during the approach 
to make sure that proper procedures are fol­
lowed. 

210. Flight Procedures (ADF) 
a. Procedure Twrn. Whenever outbound from 

the radio facility, for example outbound on hold­
ing course, it may be necessary to reverse course. 
If so, execute any one of the three types of pro-. 
cedure turns (par. 182). 

b. Hol,ding. The proced-ure for entering an 
ADF holding pattern is the same as that used 
for entering any standard holding pattern (par. 
183). To fly a standard ADF holding pattern 
(fig. 139)-
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(1) Follow the specified magnetic course in­
bound to the holding fix. 

(2) Make a 180° standard rate turn to the 
right. 

(3) Fly a course outbound for two minutes. 
Commence timing when 90 ° to the 
station. 

(4) Make another 180° tu~ to the right 
and fly the specified magnetic course 
inbound to the station. 

(5) When approach clearance has been re­
ceived, execute the prelanding check 
and start the approach. Do not allow 
the aircraft to descend below the pro­
cedure turn altitude prior to heading 
inbound on final approach. 

(6) Start the approach from any position 

in the holding pattern provided a pre­
landing check and safe descent to final 
approach altitude can be made prior to 
reaching the station. 

c. Approach. 
(1) Make radio contact according to in­

structions received from the traffic 
control agency, or, in the absence of 
such instructions, as soon as practi­
cable. 

(2) Always make radio contact prior to 
reaching the station. 

'(3) If clearance for approach is received 
prior to reaching the station, make an 
immediate descent to the initial ap­
proach altitude if at a higher altitude. 

( 4) When crossing the station on initial 
approach, turn to intercept • the out­
bound bearing, reduce airspeed to low 
cruise, note the time, make a position 
report, and perform the prelanding 
check. 

( 5) While tracking outbound, make a de­
.scent to procedure turn altitude. 

( 6) Start the procedure turn as soon as 
practicable (normally within two min­
utes after station passage). Make the 
procedure turn in the direction pre­
scribed in the approach instructions. 

(7) After completing the procedure turn, 
let down to final approach altitude 
while tracking to the station on the 
approach course. Final approach area 
extends laterally 4.34 miles on each 
side of the final approach course at a 
distance of 10 miles from the facility, 
decreases uniformly inbound to· 1.7 
miles on each side of the course, and 
provides 500 feet clearance above ob­
structions. Final approach altitude 
from the facility provides obstruction 
clearance of 300 feet at 6 miles, 400 
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PILOT APPLIES 10° LEFT 
DRIFT CORRECTION OUT 
BOUND FOR TWO MINUTES 

AFTER COMPLETING PROCEDURE 
TURN PILOT TRACKS INBOUND' 
ON LEG HEADING. 5° RIGHT DRIFT 
CORRECTION IS NECESSARY. 

UPON REACHING STATION 
PILOT TURNS TO OUTBOUND 
HEADING OF NORTH AND 
CORRECTS TO THIS BEARING 

Figurt1189. ADF holding procedure. 

feet at 8 miles, and 500 feet at 10 miles 
within 1.7 miles each side of course. 

(8) After passing the station on final ap­
proach, begin a descent to minimum 
altitude while tracking outbound on the 
approach bearing. Use a rate of de­
scent that will assure reaching the 
minimum altitude before the time from 
the station t.o field has elapsed. 

(9) If runway is not in sight after station­
to-field time as elapsed, make a missed 
approach as outlined on the approach 
chart, and immediately contact the 
controlling agency for further instruc­
tions. 
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d. Higk Altitude Approach. Occasionally, air­
craft reporting over the station at high altitudes. 
may be cleared for an immediate approach. If 
so, let down so that at least one-half of the alti­
tude is lost on the outbound heading, provided 
a safe descent can be made. This will assure 
final approach altitude before reaching the low 
cone on the inbound heading. 

e. Missed Approach,. The time required t.o fly 
from the station t.o the field must -be determined 
by the pilot from airspeed, wind, and distance. 
The distance shown on the approach chart is the 
distance from the station to the nearest ,usable 
portion of the field. If field is not sighted after 
station-to-field time has elapsed, use pull-up pro-



cedure listed on the chart, report missed ap­
proach, and request further clearance. 

211. Low Visibility Approach 
If existing conditions (borderline visibility) · 

are such that it is impractical to execute a visual 
straight in or circular approach to a landing, 
alinement with the service runway is accom­
plished in one of these two methods (fig. 140): 

a. First Method. 
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(1) Turn directly downwind over the serv­
ice l'lunway. Upon passing the end of 
the runway, turn 90° (preferably 
right). 

-.+-= 

Figure 140. U>VJ viaibilit11approt1ekes. 

(2) After reaching 90° change of heading, 
immediately start a 270° turn in the 
opposite direction. 

Note. Both turns should be standard rate 
turns. By making the first turn to the right, 
the pilot in a side-by-side aircraft will be on 
the inside of the final turn, thereby affording 
better visibility of the runway. The entire 
maneuver should be executed by reference to 
instruments until the aircraft is definitely 
lined up on the landing approach or until the 
approach can be continued entirely by visual 
contact with the runway. 

b. Second Method. 
(1) Turn directly downwind over the serv-

ice runway. . 
(2) At the lee end of the runway, turn 45° 

to the right. 
(3) Fly 40 seconds on this heading, then 

start a standard rate turn to the left 
until the heading of the runway has 
been reached. This heading should 
place the aircraft on the landing ap­
proach closely lined up · with the run­
way. 

Note. Necessary corrections for wind must 
be made in executing these maneuvers. 
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CHAPTER 20 

LOW FREQUENCY RADIO RANGE APPROACH 

212. General 
a. Approach charts found in the Jeppesen 

Manual -and the USAF and USN Pilot's Hand­
book, contain complete information on instru­
ment approach procedures. This information 
includes-magnetic courses, minimum altitudes, 
graphic description of the range, associated air­
ports, radio facilities, and frequencies. Also in­
cluded is a sketch of the letdown which shows 
minimum altitudes, direction of procedure turns, 
and field elevation. 

b. Before the letdown can be started, the sta­
tion must be tuned in and identified, clearance 
received from the appropriid;e control agency, 
and the initial approach to the station completed. 
By following the range leg to the cone of silence, 
valuable information on wind direction and 
speed can be estimated. 

c. Make the approach in accordance with the 
clearance given and the minimums established. 
After locating the station, check time over the 
station, turn t.o outbound heading of approach 
leg plus or minus wind correction, reduce power, 
and give position report to the radio station. 

213. l/MF Procedure Turn 
While making the procedure turn (par. 182) 

to the inbound beam heading, descent may be 
made to procedure turn minimum altitude (fig. 
141). 

214. l/MF Holding 
L/MF holding procedures are identical to 

those used with ADF (par. 210). 

215. Approach (L/MF) 
The final approach starts when headed in­

bound after completion of the procedure turn. 
At this stage, the aircraft should ·be put in readi­
ness for landing. Time is carefully checked to 
determine maximum station-to-field time. The 
altimeter setting is rechecked and low cone alti­
tude reached as rapidly as safety permits. The 
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low cone will be of minimum size and every 
effort should be made to pass through it for 
positive recognition. This will require exact 
beam following. Volume must be closely con­
trolled. Failure to recognize station passage 
will require a pull-up and another letdown thus 
wasting valuable time and fuel. 

a. Airports Located on the Ra:nge Leg. Since 
station-to-field legs are flown at low altitudes, 
precision flying is a necessity. Correct altimeter 
settings are imperative. Do not exceed station­
to-field time. This time must be corrected for 
wind t.o the best of the pilot's knowledge. Do 
not" go below minimum altitudes. If the associ­
ated airport · is located on a range leg, the on­
course must be carefully maintained until visual 
contact with the field is made or until pull-up 
is evident. Check the time over the low cone and 
reach minimum altitude as soon as practicable. 
This will minimize the possibility of not seeing 
the field if visibility is poor. At the letdown 
minimum, the maximum safe distance from the 
station must not be exceeded. When station-to­
field time has elapsed, if visual contact ~ith the 
field is not established, pull up and try again or 
proceed to an alternate. 

b. Airports Not Located on a Range Leg. 
When airports are not located on a range leg, 
station-to-field bearings are used. No aural 
check is available to determine how closely the 
bearing is being followed. Positive station 
passage recognition is necessary to determine 
the time to take up the bearing to the field. The 
heading necessary t.o fly this bearing must in­
clude wind correction ; and the success of the 
approach will depend on the accuracy with which 
wind was determined during previous stages of 
the approach. The radio compass may be used 
to track outbound from the station to the air­
port. Often, the airports off the range afe 
equipped with· nondirectional radio beacons, and 
direction finding equipment may be used to com­
plete the approach. 
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216. Missed Approach (l/ MF) 

The missed approach is identical to ADF 
missed approach procedures except that ·the 
pull-up may be necessitated by failure to recog-
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nize station passage. Whatever the reason, do . 
not hesitate; Commence the pull-up in accord­
ance with established procedure, report inten­
tions, and request further clearance (fig. 141). 
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CHAPTER 21 

VHF OMNIRANGE APPROACH 

217. General 

The omnirange is an ideal letdown aid when 
the facility is properly oriented with reference 
to the. instrument runway. The instrument ap­
proach procedures for VOR (fig. 142) are simi­
lar to other approaches. Approach charts are 
found in the Jeppesen Manual and USAF and 
USN Pilot's Handbook. 

218. Flight Procedures (VOR) 

a. Procedure Turns. Procedure· turns may be 
made in any accepted manner. ~fake a 45 ° turn 
from the outbound bearing with the heading 
indicator. While completing the time on the 45° 
leg of the procedure turn, rotate the course selec­
tor 180° to the inbound heading. After the de­
sired time has elapsed, execute a standard rate 
turn of 180°. This turn is always started away 
from the station. As the deviation indicator 
moves toward center, start the rollout t.o the 'ir. 
bound heading. 

b. Hol,ding. Holding on VOR (fig. 143), nse the 
standard elliptical holding pattern (par. 183) 
unless otherwise specified. As soon as the sense 
indicator has settled to FROM, start a 180° 
standard rate turn to the right. During this turn, 
rotate the course selector 90 ° clockwise. This 
will cause the deviation indicator to read full 
right. As the outbound heading is reached and 
the aircraft crosses a perpendicular to the sta­
tion, the deviation indicator will center momen­
tarily and then indicate full left. As the needle 
centers, note the time because this marks the 
beginning of the 2-minute outbound leg. While 
maintaining the outbound heading, set the course 
selector back to the inbound course. After 2 min­
utes have elapsed, execute another standard rate 
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turn to the right to bring the aircraft back to 
the inbound course. If the holding pattern is 
nonstandard requiring left turns, the course 
selector is turned counterclockwise after station 
passage. 

c. A'PProach. The omnirange approach (fig. 
142) is similar to the radio compass approach. 
After receiving approach clearance, the final aP­
proach radial is followed outbound from the 
station, descending no lower than the specified 
procedure turn altitude. On the inbound flight 
to the station, after making the procedure turn, 
descend to final approach altitude. The final aP­
proach obstruction clearance to the facility pro­
vides 500 feet vertically for a distance of 10 
miles, with a width of 1.25 miles each side at 
the facility and increasing to 4.34 miles at 10 
miles. The final approach obstruct~on clearance 
from facility to airport is the same as for L/MF 
radio range and ADF (par. 210c (7)). The time 
of station passage is noted on final approach and 
descent made to the minimum altitude. 'If visual 
contact with the ground is not established, mini­
mum altitude is held until sufficient time has 
elapsed to allow the aircraft to be over the air­
port. If a landing cannot be accomplished by 
visual reference to the surface at that time, a 
missed approach is executed. 

d. Missed A-pproach. The appropriate approach 
chart shows the missed approach procedure (fig. 
142). This procedure specifies an altitude and 
course on which to climb. The specified course is 
a radial; however, some charts specify, as part 
of the missed approach procedure, a magnetir 
course that is flown to reach the course. When 
executing a missed approach, first start climbing 
in the correct direction and, second, advise ATC 
of the missed approach. 
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OMNIRANGE MAG. TRACK 270° 

•• Figure 148. VOR holding. 
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APPENDIX I 
REFERENCES 

AR 95-,8 _____________ Flight Regulations for Army Aircraft. 
AR 95-lL ___________ Flight Service Interphone Communications System Procedures. 
A:R 95-14---~--------Army Aviation Flight Information. 
AR 320-5-L _________ Dictionary of United States Army Terms. 
AR 320-o0 ___________ Authorized Abbreviations and Brevity Codes. 
FM 21-5 _____________ Military Training. 
FM 21-6 _____________ Techniques of Military Instruction. 
FM 21-30 ____________ Military Symbols. 
TM 1-215 ____________ Instrument Flying, Theory and Procedures. 
TM l-250 ____________ Principles of Fixed Wing Fiight. 
TM 1-260 ____________ Principles of Rotary Wing Flight) 
TM 1-300 ____________ Met.eorology for Army Aviation. 
TM 11-2557 __________ Jeppesen Airway Manual. 
TM 11-2557-26 _______ United Stat.es Manual of Criteria for Standard Instrument Approach Pro-

cedures. 
TM 11-2557-27 _______ ANC Procedures for Control of Air Traffic. 
DA Pam 108-L ______ Index of Army Motion Pictures, Filmstrips, Slides, and Phono-Recordings. 
DA Pam 310-series ____ Military Publ,cations Index (as applicable). 
ANC _______________ ~_Procedures for the Control of Air Traffic. 
CAA Bul. No. L ______ Instrument Landing System. 
CAA-Bul. No. 2 ________ Location Markers and Homing Facilities. 
CAA Bul. No. 3 ________ Visual-Aural Ranges and Omniranges. 
CAA Bul. No. 6 ________ Radar Fundamentals and Surveillance, Precision and Route Radar. 
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APPENDIX II 
CLEARING AND CONTROLLING AGENCIES 

1. Military Flight Service 
Military Flight Service is an operation of the 

USAF Airways and Air Communications Serv­
ice and is divided into various areas of opera­
tion (TM 11-2557-1). Flight Service serves as 
a central operations office, and is available at all 
times. It is used when local operations facilities 
are not available or when an installation com­
mander requests Flight Service to act as his 
clearing authority. However, a flight plan will 
be transmitted to Flight Service for each mili­
tary flight regardless of who is the clearing au­
thority (AR 9fH3). Flight Service provides the 
following services : 

a. Provides flight clearances. 

b. Handles aircraft movement messages and 
flight plans. • 
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c. Monitors inflight position reports. 

d. Is a control aiency and evaluation center 
for direction-finding nets. 

e. Conducts communications searches for 
overdue aircraft. • 

f. Provides inflight advisory service (weather 
reports, air navigation hazard warnings, etc.) 
on request. 

g. Disseminates air raid warnings. 

h. Selects airfields for emergency use. 

i. Prepares joint hurricane evacuation plans 
and coordinates evacuation. 

2. Air Traffic Control 
For Air Traffic Control information, refer to 

TM 11-2557 and TM 11-2557-27. 
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APPENDIX Ill 

EMERGENCY PROCEDURES 

1. General 
Emergency procedures described below pro­

vide general guidelines only. Circumstances in­
volved in each emergency situation vary enough 
to preclude the establishment of exact detailed 
procedures to be followed. 

2. Two-W~y Radio Failure 
If two-way radio communication between air­

craft and ground station fails, the pilot.will pro­
ceed as follows: 

a. If operating under VFR conditions, proceed 
under VFR and land as soon as practicable; or, 

b. If IFR conditions exist, proceed according 
to the last air traffic clearance. 

3. IFR Procedure 
If the pilot proceeds according to the latest 

traffic clearance but has not received clearance 
for an approach, and if inatructions to the con­
trary are not received, he will proceed as 
follows: 

a. If clearance has been received to the des­
tination airport or the radio facility serving that 
point, maintain the altitude last assigned by 
ATC or the minimum enroute altitude, which­
ever is higher, to the radio facility serving the 
destination airport. 

b. If clearance has been received to a point 
other than the destination airport, or the facil­
ity serving the destination airport, continue 
flight at the altitude last assigned by ATC or 
the minimum enroute altitude, whichever is 
higher, to the radio facility serving the destina­
tion airport. 

c. If holding clearance has been received, com­
ply with the clearance until such time as neces­
sary to continue flight so as to arrive at the radio 
facility serving the destination airport at the 
expected approach time last received, maintain­
ing the last assigned altitude or the minimum 
enroute altitude, whichever is higher. 

d. If holding clearance has been received but 
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no expected approach time, comply with the 
clearance until the time ATC has specified that 
further clearance may be expected ; then con­
tinue, maintaining the last assigned altitude or 
the minimum enroute altitude, whichever is 
higher. 

e. Descent from cruising altitude to the radio 
facility serving the destination airport will be 
made on the final approach course and shall start 
at the expected approach· time last received. If 
no expected approach time has been received 

~d acknowledged, descent will be started at the 
E . 'A indicated .by the elapsed time specified in 
thl flight plan, or as soon as possible thereafter. 

Note. All altitudes below the altitude at which the 
aircraft is to arrive over the destination fix are held 
open by ARTC on the approximate course for a period 
from ETA to 30 minutes thereafter. 

4~ Requesting Navigational Aid 
a. If no immediate emergency exists but a 

pilot is in need of navigational aid, he may call 
for a DF steer (par. 163). Precede the call by 
the word "security'' repeated three times. If 
the name of the DF station is known, call the 
station by name. After contacting the station, 
transmit a voice signal at a constant rate for ten 
seconds; a short count is preferred. 

b. If an emergency exists and a pilot needs 
immediate navigational aid, precede the trans­
mission with the word "pan" repeated three 
times; then proceed as outlined above. 

5. • Radar Assistance 
When lost or in distress and unable to make 

radio contact, alert Air Defense Command 
(ADC) radar system as follows: 

a. If only the receiver is operating, fly a 
triangular pattern to the right, holding each 
heading for 2 minutes. Complete a minimum of 
two such patterns before resuming original 
course, then repeat pattern at 20-minute inter­
vals. 
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b. If the transmitter and' receiver are both 
inoperative, fly the same pattern but use all left 
turns instead of right turns. 

c. When cont.act is established with the rescue 
aircraft, fly trail formation with escort. 

6. Use of Air Defense Command Service 
Air Defense Command radar installations will 

provide advisories or vectoring services for 
avoiding dangerous weather. The primary mis­
sion of ADC is the defense of the country; there­
fore, pilots should exercise good judgment when 
requesting service from ADC radars. When 
contacting ADC radars for ADC vectoring serv­
ice, the following procedures are used: 

a. Using a frequency of 121.5 me., transmit: 
"Stargazer, this is (identification, position, and 
heading) IFR/VFR flight plan, over." The call 
sign "Stargazer" automatically indicates a re-
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quest for radar advisory and vectoring service. 
After contact, use the call sign of the radar sta­
tion which responds. 

b. If on an IFR flight plan, guard the normal 
ATC frequency while in contact with the radar. 
If it is necessary to leave the normal ATC fre­
quency while in cont.act with radar, advise ATC, 
"Changing to radar advisory service." When 
using ADC service, the following rules will be 
observed: 

(1) Obtain new ATC clearance if deviation 
from course is required. 

(2) Immediately return to normal ·enroute 
frequency when radio or radar con­
t.act is lost or advisory service is com­
pleted. 

Note. Information furnished by a radar 
facility is advisory only. Responsibility for 
safe aircraft operation rests with the pilot. 
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APPENDIX IV 
CRUISE CONTROL 

1. General 
Cruise control is the scientific operation of an 

aircraft to obtain the greatest practical efficiency 
for the type of flight and the aircraft being 
flown. If the objective of the flight is speed, the 
engine is operated at maximum efficiency. If the 
objective of the flight is range, the aircraft 
should be operated at power settings and air­
speeds that will result in maximum range. If 
neither maximum speed nor maximum range is 
a flight requirement, the aircraft should be op­
erated for the most efficient engine output pos­
sible at the desired airspeed. 

2. Efficiency Factors 

a. Aerodynamic Efficiency. This is the effi­
ciency of the wing and involves several variables 
such as air density, angle of attack, lift, and 
drag. These variables are explained in TM 1-
250 and TM 1-260. 

b. Engine Efficiency. Engine efficiency in­
volves mechanical, thermal, and volumetric effi­
ciency, and fuel consumption. However, from 
a pilot's point of view, engine efficiency is best 
when the engine delivers maximum useful horse­
power with minimum fuel consumption. 

c, Propeller Efficiency. Propeller efficiency is 
closely related to aerodynamic efficiency because 
the propeller blades are airfoils. The variables 
to consider in propeller efficiency are drag, 
thrust, lift, and torque (TM 1-250 and TM 1-
260) . . 

3. Flight Procedures 

Either maximum range, constant indicated 
airspeed, constant power, or maximum endur­
ance may be the requirement for a flight. 

a. Maximwm Range. To obtain maximum 
range there are two procedures : theoretical and 
practical. 

(1) The theoretical operation requires that 
the airspeed be reduced as the flight 
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progresses and weight becomes less. 
This system is not satisfactory because 
the airspeeds are comparatively low 
and the aircraft is somewhat unstable 
in rough air where control of altitude 
at slow speed requires joggling of the 
power to restablize the aircraft. 

(2) In practical operation, the airspeed is 
increased over that required for theo­
retical range. The extent of this air­
speed increase amounts to 3 or 4 per­
cent. Range is reduced 1 or 2 percent 
under the theoretical range operation. 

b. Constant Indicated Airspeed. · Maximum 
range requires that airspeed be reduced as the 
weight of the aircraft ·is decreased by fuel con­
sumption. However, if the indicated airspeed is 
held constant, the lightened aircraft will be 
operating at progressively smaller angles of at­
tack. This will result in little loss of range pro­
vided the proper airspeed is selected. A certain 
range exists within which any increase in power 
results in reduced fuel consumption, and a de­
crease of power results in increased fuel con­
sumption. By maintaining the desired constant 
indicated airspeed, this power-fuel relationship 
can be utilized advantageously. However, power 
must be reduced as the flight progresses, to pre­
vent the airspeed from increasing as gross 
weight, and hence, angle of attack, becomes less. 

c. Constant Power. In this procedure, the 
same power is maintained throughout the flight, 
conditions permitting. Constant power operation 
has a disadvantage in that the airspeed varies 
as it is subjected to the many variable factors 
arising in flight and that the same type of air­
craft vary in airspeed under the same conditions 
of power, weight, and altitude. 

d. Maximum Endwrance. This procedure is 
of little_ value except in emergency. It enables 
the aircraft to remain airborne the longest pos­
sible time on a given amount of fuel. The amount 
of power required to remain aloft increases with 
an increase in altitude. Consequently, to fly at 
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as low an altitude and airspeed as possible 
achieves maximum endurance. 

-4. Effect of Wind and Altitude 
a. Wind. T_he effect of wind, together with 

airspeed, determines groundspeed and time re­
quired for a flight. The best economy for cruis­
ing is obtained when the greatest number of 
miles are flown using the least amount of fuel. 

b. Altitude. As speed is increased above that 
required for maximum range, higher altitudes 
are desirable because of reduced air pressure 
and therefore reduced drag. However, there are 
two factors that must be considered when flying 
at higher altitudes: the wind may increase or 
decrease groundspeed according to it.s speed and 
direction, and the climb to altitude may require 
more fuel than the amount that is saved, espe­
cially on short flights. At slow speeds the horse­
power required decreases with a decrease in 
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altitude, but at higher speeds the· horsepower· 
required reduces as altitude is increased. 

5. Flight Operation Charts 

It appears practically impossible to operate 
an aircraft at maximum aerodyna~ic, engine, 
and propeller efficiencies. Peak overall operating 
efficiency is a compromise of these three efficien­
cies and is the fundamental principle upon which 
flight operation charts are based. Flight opera­
tion instruction charts are included in the Pilot's 
Handbook of Operating Instructions of every 
aircraft, to supply the pilot with complete· in­
structions regarding engine operation, fuel data, 
operating range data, and various other items 
of cruise control procedure. By using these 
charts, the pilot ca.n operate the aircraft in the 
most efficient. manner consistent with the type 
of mission or flight. The chart.a contain data on 
takeoffs, climbs, crui~ing, and landings. 
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APPENDIX V 
IFR SHORTHAND 

1. General WORDS AND PHRASES SHORTHA'°ND 

The volume of flight clearances which must 
be delivered by ATC does not permit excessive 
repetitions of the clearance. Nor does the speak­
ing rate allow time for longhand copying of the 
clearance. Occasionally A TC will issue a clear­
ance which differs from the original flight plan. 
In such cases, the pilot must ·be particularly 
alert to be sure he receives ·and ,understands the 

. clearance given. Clarification should be requested 
if any doubt exists. As an aid in copying clear­
ances, a series of symbols have been devised and 
standardized for use as clearance shorthand, 
commonly referred to as IFR shorthand. 

2. Shorthand and Symbols 
WOR DS AND PHRASES S HORTHAND 

ABOVE 5,000 FEET et;c. ______________ ~ 

ADF ----------------------------------- ADF 
ADVISE ·------------------------------· ADV 
AFT~R ·-------------------------------· < 
AIRPORT ___________ .:._ _____________ -:1 
AIRWA YS L/ MF (GREEN 5, RED 10, G6, RlO 

etc.). 
AIRWAYS VICTOR (114, 97, etc.) _______ Vl14, V97 
ALL TURNS LEFT _____________________ I\ 
ALTERNATE INSTRUCTIONS __________ ( ) 
ALTITUDE 6,000-17,000 etc.------------ 60-170 
AND---------------------------------- & 
APPROACH ____________________________ AP 
APPROACH CONTROL _________________ APC 
AS A FIX _________________________ J'X 
AT (USUALLY OMITTED) ____________ @ 

BEFORE ---------------------------- • __ > 
BELOW 5,000 feet-ALL CLOUDS ______ 60 - EB 
CLEARS OR CLEARED ________________ C 

CLIMB TO_ -------------------- t 
CONTACT ______________________________ CT 
CONTACT (CHICAGO) CENTER __ __ ___ @) 
CONTACT (CHICAGO) APPROACH ~ 

CONTROL. 
COURSE ________________________________ CR 
CROSS ____ . ____________________________ x 
CRUISE ________________________________ _ 
DELAY INDEFINITE __________________ DLI 
DEPART _______________________________ DP 
DESCEND (TO) ________________________ ,l, 
DIRECT _______________ .,. ________________ na 
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DIRECTION (BOUND) EASTBOUND ___ EB 
WESTBOUND ·-• WB 
SOUTHBOUND _ SB 
NORTHBOUND NB 
INBOUND ______ 1B 
OUTBOUND ____ OB 

EACH ---------------------.-.-------EA 
ENTER CONTROL AREA -------------· --A 
ESTIMATED TIME OF ARRIVAL ·----- ET A 
EXPECT APPROACH CLEARANCE EAC 

(TIME) . 
EXPECT FURTHER CLEARANCE ______ EFC 
FAN MARKER ___________________ 'li'M 
FINAL ___ .. __________________________ F 
FOR FURTHER CLEARANCE __________ FFC 
FOR FURTHER HEADINGS ___________ FFH 
GCA ·-- _ : ______________ • -------------· GCA 
HEADING ______________________________ lf DG 
HOLD-DIRECTION ( WEST) ________ .;_ __ H-W 
IF NOT or IF NOT POSSIBLE __________ or 

ILS ----------------------'LB 
~------------------------ I • INTERSECTION ________________________ /\. 

LEFT TURN AFTER TAKEOFF --------LT 
LOOALIZER--------------------· -------L 
MAINTAIN ----------------------------· M 
MIDDLE COMPASS LOCATOR---------· ML 
MIDDLE MARKER _____________________ MM 
NO DELAY EXPECTED---.-------------A 
NONSTANDARD PATTERN (ONE (D 

MINUTE) . 
OIINIRANGE ___________________________ OR 
ON COURSE ___________________________ OC 
OUTER COMPASS LOCATOR __ _________ OL 
OUTER MARKER-----------------------OM 
OUT OF CONTROL AREA ______________ 13. 
OVER (IDENTIFICATION) _____________ CHI 

PPI --------------------------------PPI 
PROCEDURE 'PURN ____________________ P1' 
RADAR VECTOR -----------------------RV 
RADIAL-270° -------------------------· 270"R 
RANGE ( L/MF) ________________________ R 

REMAIN WELL TO LErl' SIDE ________ LS 
REMAIN WELL TO RIGHT SIDE ______ .RS 

REPORTING DEPARTING-------------- RD 
REPORT INITJAL ______________________ RI 
REPORT. LEA YING _____________________ RL 
REPORT OVER _________________________ RO 

REPORT PASSING---------------------RP 
REPORT REACHING ___________________ RR 
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WORDS AND PHRASES SHORTHAND 

REQUEST FURTHER ALTITUDE RF ACE 
CHANGES ENROUTE. 

REVERSE COURSE ________ _, ------------RC 
RIGHT TURN AFTER TAKEOFF -------RT 
RUNWAY ___ , ____ .__,... ___ .llY 
STANDARD RANGE.. ___________________ SR 
STANDBY ________________ SBY 
STRAIGHT-IN _____________________ sl 
TAKEOFF (DIRECTION NORTH) ______ T/0 N 
TOWJ!:R ___________________________ ,T 
TRACJL ________________________ TR 
TRAFFIC 18 _______ , _________ TFC 
TVOlt _________________________________ .TVOR 
UNTIL... ________________________________ u 
UNTIL ADVISED (BY) ________ UA 
UNTIL FURTHER ADVISED ____________ UF A 
VFR CONDITIONS ON TOP _____________ VFR 
VIA FLIGH'V PLANNED ROUTE ________ FPR 
VICTOR ______ , ___ ------------------V vo _______________ VOR 

WHILE IN CONTROL AREAS-----------~ 
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3. Examples: 

a. ATC clears Army 6209 to the Tallahassee 
ornnirange, via direct Dothan, Victor 7. Main­
tain 3,000 feet while in control area. Contact 
Tallahassee Approach Control 10 minutes north­
west of the Tallahassee omnirange for further 
clearance. 

C R6209 TLH OR DR DHN V7 M 30 ~ 
if~ 10" NW TLH OR FFC. 

b. ATC clears Army 6209 to the Meridian 
VOR, via direct Andalusia intersection, direct 
to Evergreen VOR, direct to Meridian VOR, 
maintain 8,000 feet while in control area. Cross 
airways Blue 55 and Victor 115 at 6,000 feet. 

C R6209 MEI VOR DR ANL 6 DR EVR 
VOR DR MEI VOR M80 
~ X B55 & VU5 @ 60. 
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APPENDIX VI 

FLIGHT PLANNING 

1. Route Planning 
While planning , either a VFR or IFR flight 

route, analyze the following factors : 

a.. Weather. Ice, rain, fog, thunderst.orms, 
et.c., are major :flight hazards and will be avoided, 
if possible. If hazardous weather cannot be 
avoided, a detailed analysis of the weather fore­
cast will assist in determining the route and 
altitudes which are least hazardous and within 
the limitations of both pilot and aircraft. If 
enroute weather is beyond these limitations, an 
alternate route is selected, or: the flight delayed 
until weather conditions improye. During· pre­
flight briefing, the weather forecaster will advise 
the pilot of weather hamrds which may be en-
countered enroute. • 

(1) Ceiling and visibility. If the flight is 
, VFR, determine if VFR conditions will 
exist throughout the flight. Unless the 
pilot holds a current instrument rating 
and the aircraft is equipped for in­
strument :flight, marginal weather 
should be avoided~ For an IFR flight, 
ceiling and visibility for both destina- . 
tion and alternate must be above mini­
mums (AR 95-8). 

(2) Turbulence. Li,gkt turbulence can be 
dangerous to rotary wing aircraft be­
caUBe of the instability of such air- • 
craft; light turbulence presents no· 
proolem to fixed wing aircraft. While 
flying rotary wing aircraft, moderate 
turbulence is extremely dangerous and 
instrument flight nearly impossible. 
Moderate turbulence should be avoided 
in fixed wing aircraft if possible. H eaV1J 
turbulence should be avoided by all air­
craft. 

(3) PresBUre pattern flying. Pressure pat­
tern flying is altering a course in order 
to take advantage of the tailwinds 
around high and low pressure areas 
(TM 1-300). On long flights, much 
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time and fuel can be saved bt taking 
advantage of such winds; however, for 
flights of 500 miles or less, the extra 
distance required would probably cause 
a loss of time. During the preflight 
weather briefing, the forecaster can 
evaluate the advantage or disadvan­
tage of pressure pattern flying for the 
flight. • 

b. Fuel Requirements. To plan adequate re­
fueling points, study the performance charts in 
the aircraft handbook. These charts give the 
fuel consumption for various power settings, and 
an estimate of fuel for warmup, taxiing, takeoff, 
and climb . to flight altitude. Also check pro­
posed refueling points for type of service avail­
able (TM 11-2657-1). For fuel reserve require­
ments, see AR 95-8. , 

c. Air Traffic. ARTC publishes a list of pre­
fen-ed routes between most major air terminals 
which bypass high-density areas. By following 
these routes, enroute delays can be avoided. Re­
stricted, prohibited, and warning areas may also 
influence the determination of route. 

d. Aids to Na.'Oigation. Study enroute check­
points and radio aids, and when selecting check­
points, consider the type of aircraft being flown, 
pilot experience in this type of aircraft, the time 
and accuracy of weather information, the time 
of day or night, and reserve fuel available; . then 
determine which checkpoints are most valuable 
to navigation (pars. 36 and 39). If using radio 
as a navigational aid, check NOTAMS to de­
termine the dependability of the aids. Also 
check the type and condition of the radio equip­
ment in the aircraft. (Low frequency naviga­
tional aids are of little value when flying through 
extensive thunderstorm activity.) 

e. Terrain Elevation. Gross weight for den­
sity altitudes is found in the aircraft perform­
ance chart and determines maximum allowable 
altitude. High water-vapor content or high air 
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temperature reduces the capabilities of the air­
craft. If _,the maximum allowable altitude is not 
great enough to fly at the required altitude, re­
route the flight over lower terrain. Bypassing 
large bodies of water may also require a1tera­
tion of the route. Consult AR 95-8 f qr oxygen 
requirements. 

2. Final Flight Preparations 

a. Weather. After the route has been deter­
mined, the weather must be reevaluated for the 
following fac,tors : 

(1) Winds awft. Once the route has been 
established, the winds aloft mu.st be 
studied to determine the altitude at 
which the most favorable winds exist. 
(Winds aloft are • "true winds" and 
must • be converted to magnetic winds 
when using published airway bear­
ings.) 

(2) Temperatwre aloft. Temperature aloft 
is used in ' calculating true ·airspeed 
and in determining icing and turbu­
lence levels. Altitudes which provide 
favorable w.inds may also be altitudes 
where icing and turbulence exist. 

b. Chart Preparation. Sectional or WAC 
charts should -be prepared for IFR and VFR 
flights and are vital when rAdio . failure occurs. 
On these charts, the course is drawn showing 
checkpoints, distances, and flight directions. If 
the flight is to be conducwd wholly or in part 
by radio, the Jepco chart should ·be studied and 
the findings recorded on the flight log. 
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(1) IF-R flights. Preparation for an IF~ 
flight consists mainly of f amiliariza-

tion of the route, the airways, reporlr 
ing points and intersections, radio aid 
frequencies, ·and approach charts for 
destination and alternate. It is advis­
able to plan for adjoining routes since 
Air Route Traffic Control may require 
an alternate route. }familiarization 
with each type of approach is essentiaJ, 
if more than one type of approach is 
available at destination or alternat.e. 

(2) VFR flights. For VFR flights, select 
a chart of appropriate scale and care­
fully plot the desired course. Also plot 
lines which differ by 10° on each side 
of the course line to aid in determining 
off-course corrections. Mark selected 
checkpoints on the map and list them 
on the log with ETA for each point. 
Prominent checkpoints on either side 
of the course should also be noted. 

c. Flight Log. After careful scrutiny of the 
aspects of the flight, enter the findings on a 
flight log. This log should contain, in chrono­
logical order, a record of the planned course or 
courses, headings, wind correction angles, esti­
mated time of arrival over each checkpoint, and 
other information pertinent to the flight. Some 
type of log must be used to reduce the chance of 
arithmetical errors. 

d. MiscellaneOUiS. Before departure, see that 
the navigation kit contains proper charts, com­
puter, plotter, pencils, flight log, copy of Air­
craft Clearance (DD Form 175), operations 
order, and flashlight. A course of action should 
be outlined that may be followed in case of 
emergency. 
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AC eurrat _______________________ _ 
Adcock range ______________________ _ 

ADF (automatic direction finder): 

Parasraph 
102 
128 

Flight procedures_______________ 210 
lnt.eNeptlon____________________ 150 

~------------------ 151 
~~-------------- 147 

Aeronautical planning chart (AP) ____ 30 
Aeronautical qmbola________________ 35c 

. Agonic Hae____ ___ 4611(1) 
Airborne equipment, ILS (See alao In- 1~195 

strument landing system.) 
Airman's Guide (CAA) ______________ 178 
Alnpeed___________________________ 49 
Airspeed computations ( E-6B) _______ 85 
Air Traffic Control (ATC) _________ ..:._ app. II 
Alarm system, 11,8__________________ 194/ 
Altitude computations_______________ 86 
Amblpity _________________________ iu., 155. 

Amplitude -------------------------· 1 Ole 
Amplitude modulation_______________ 104b 
Angle of depression_________________ 37 
Angles and U'C8--------------------- 7 
Antenna: 

Array (ILS) ----------~--------
Directional and nondirectionaL __ _ 

Loop----------------·---------
Approach: 

192 
143 
144 

ILS.;._________________________ 201 
L/MF_________________________ 215 
Low 'riaibllity___________________ 211 

Arcs and ----------------------· 7 
Army Aviation Flight Information 175 

Digest. 
Aural nuft_______________ 153 
Automatic direction finder. (See ADF.) 
Average bfeector _________________ ·___ 137d 

Beacons---------------------------· 39d 
Beam following_____________________ 139 
Beam .interception___________________ 138 
Bisector, average___________________ 137d 
Bisignal son•-----------"------------ 127d(3) 
Bone marker_______________________ 133c 

CAA Airman's Gufde________________ 178 
Cardinal polnta____________________ 13 
Chart: 

Aeronautical planniq __________ _ 
Characteristfcs _________________ _ 
Dfatortion_ ____________________ _ 

Grid ll)'llteffl ___________________ _ 

Mercator ----------------------
Reading in fflpt _______________ _ 

AGO 2o41A 

30 
22 
21 
6 

26 
40 

INDEX 

Paae 
&1 
73 

121 
87 
89 
86 
14 
15 
28 

111 

103 
so 
49 

132 
115 

50 
84,91 

61 
62 
18 
5 

111 
84 
84 

116 
125 
124 

5 
102 

90 

78 

20 
80 
80 
78 
71 
75 

103 
6 

14 
10 

9 
4 

12 
23 

Chart-Continued Scales _________________ _ 

Sectional ___________________ . __ _ 
B,mbol■------------------
World Aeronautical (WAC) ____ _ 
World plannin&'-----------------Checkpoints _______________________ _ 

Circles, great and small _____________ _ 
Clearing and control agencies: • 

Air Traffic Oontrol-----,---------
Milit&Ty Flight Service _________ _ 

Climb calculations (E-6B) __________ _ 
Close-in -pn,cedure __________________ _ 
Communications, GCA ______________ _ 
Compass: 

Paraa-raph 

20 
28 
35 
29 
30 
36 

7 

app. II 
app. II 
78,79 
137g 

205 

CorreetiOIIII--------------------· 47 
Locators, ILS------------------· 189 
~----------------------- 46a Rose ___________________________ 14 

Cone of ailence---------------------· 127d(5) 
Contours ___________________________ 35a 
Coordinate■________________________ 6, 1-2c 

Coane---------------------- 15 
Cross pointer indicator______________ 194 
Cruise control ______________________ app. IV 
Cultural Qlllbol■ -------------------.: 35b 
Current, AC and DC ----------------· 102 
Cycle ______________________________ 101b 

DC current ________________________ _ 
Depression, angle of ________________ _ 
Deviation, magnetic ________________ _ 
Deviation carcL _______ .:.. ____ :_ ______ _ 
D/F steen ________________________ _ 

Diameter ( sphere) ------------------
• Digest, Army Aviation Flight Informa-

tion. 
Direction finder, radio. (See Radio.) 
Direction, meuurins---------------­
Distance conversion calculation 

(E-6B). 
Distance, m•■urinc----------------­
Distortion, ehart-------------------­
Double drift calculation (E-6B) ------· 
Drift _____________________ _ 

Drift CO~IIII--------------------

102 
37 

46c 
4&(2) 

163 
4 

175 

14 
72 

17 
21 
98 

52b 
53 

Earth---------------- ·------------· 4 
Emergency procecllll'el---------+----· app. III 

Equator --------------------------- 9 
E-6B computer (grid face) : 

Deacriptlon_____________________ 87 
Double drift wind______________ 98 

9 
13 
15 
14 
14 
17 
5 

132 
132 

45 
78 

118 

2.9 
80 
28 
6 

71 
15 

4,6 
7 

112 
135 
15 
61 
61 

61 
18 
2.8 
28 
95 

4 
102 

6 
43 

8 
9 

58 
31 
33 

4 
133 

5 

50 
58 
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Paragraph Paire Paragraph Paire 
E-6B computer (grid face)-Continued Holding: 

Heading and groundspeed com- 90 61 At intermediate aids ____________ 183e 106 
putations. ILS 200 116 

Heading and true airspeed com- 91 52 
L/MF _________________________ 

214 125 
putations. Pattern airspace area ___________ 188/ 106 

Off-course correction ____________ 99 59 Pattern buJrer area _____________ 188/ 106 
Radius of action (altemate) ______ 96, 97 55, 56 Pattern entry __ 183d 106 
Radius of action (fixed base) _____ 93 53 VOR-- 218b 128 
Track and eroundspeed com- 95 65 Nonstandard pattern ____________ 188c 106 

putations. Standard pattern (no wind) ______ 183a 106 
Wind velocity computations ______ 92 53 Standard pattern (with wind) ____ 188b 106 

E-6B (slide rule face) : Homing: 
Airspeed computation_ ___________ 85 4.9 ADF - ------------------------- 149 86 
Altitude computation _____________ 8.6 50 L/MFfaeilities ___________ ~-- --- 133d 75 
Climb ealeulation ____ 78,79 45 Loop 156 91 
Deecription 7-0 42 
Distance conversion __ 72 43 

IFR shorthand ___________ ;.. __________ app.V 137 

Fuel consumption calculation _____ 76, 77 44,45 Indicator, cross pointer __ 194 112 

Groundapeed caleulation_ ________ 73 44 Instrument landing system (ILS): 

Off-course correction ____________ 88 47 Airborne equipment: 

Radius of action (fixed base) _____ 84 48 Alarm ll7R81D-------- ------ 194/ 112 

Time-distance calculation ________ 7.4, 75, 80 44,46 
Antenna array _____________ 192 lll 

Estimating distance----------- ------ 37 18 Cross pointer indicator ______ 194 112 
Frequencies ________________ 193c 111 

Fade 90" methocL _______ 137e 78 Glide slope receiver _________ 193 118 
Fan marter _____________ 133b 75 Localizer receiver ___________ 193 111 
Fixes, radi«, ________________________ 160 93 Marker beacon receiver ______ 195 112 
Fix, VOR ------------ 171 100 Ground installation: 
Flight Information ManuaL ________ 177 103 Compass locators ___________ 189 110 
Flight plamdnc--------------------- app. VI 139 Glide slope 187 110 
Flight procedures: High intensity lighting ______ 190 111 

ADI" --..------- 210 122 - Localizer ___________________ 186 109 
VQR,_ ___________ ~------------- 218 128 Monitor system _____________ 191 111 

Frequency: Instruments, navigation_ ____________ 45 28 
ClaB11ifications __________________ 106 63 lntercardinal point.a _________________ 13 6 ILS ___________________________ 

193c 111 Interception of predetermined bearings: 
Modulation _____________________ 104b 62 ADF ___________________ · ______ 150 87 
0mn· -------- 165 96 L/F ___________________________ 138 80 

Fuel consumption calculations (E-6B) . 76, 77 44,45 VQR,_ _________________________ 169 98 

GCA (ground controlled approach) ____ 203-208 118 
lsogonic lines _____________ _: _________ 46b(2) 28 

Glide, slope, ILS (ground installation) _ 187 110 Jeppesen Airway Manual_ ____ :_ ______ 174 102 
Glide slope receiver (airborne} -------- 193 111 
Graticule -------------------------- 23 10 Lambert conformal projection ________ 25 10 

Great eirele 7 5 
Latitude ___________________________ 10 6 -------

Grid system 
(charts) ________________ 6 4 L/MF (low/medium frequency}: 

Ground controlled approach ( GCA) : 
Approach ______________________ 216 125 

Communications ________________ 205 118 
Holding ________________________ 214 125 

PAR (Precision approach radar) _ 204c 118 
Procedure turns:.. ________________ 213 125 

PPI (Planned position indicator) 204b 118 
Radio range approach ___________ 212 125 

presentation. 
Radio range systems _____________ 126-133 71 

Radar IIJ'Btemll------------------ 204 118 "Light linell------------------------- 39d 20 

Groundspeed, definition of ____________ 56 34 
Limitations, VOR ___________________ 172 101 

Groundspeed calculations (E-613) ____ 73 44 Line of position ___ 160 93 
Line-of-sight transmission ___________ 112 65 

Heading and groundspeed computation 90 51 Localizer: 
(E-6B). 

II,S __________________________ . 
186 109 

Heading and true airspeed computation 91 52 Receiver _____________________ ·_ 193 111 
(E-6B). Longitude __________________________ 11 6 

Healispheres ____ ' ------------------· 9 5 Loop: 
High frequency propagat ion __________ 111 65 Antenna_ ______________________ 144 84 
High intensity lighting, ILS __________ 190 111 Ranee------------------------- 127 71 
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Magnetic eompua______________ 46a 
Marker beacon receiver______________ 195 
Marker beacons, IL8 ____ 188 
Kark II Weems plotter__________ 43 
Keasuring direction 13, 14 
Mercator ehart_______________ 26 
lleridiana ______ _:_____________ 11 
Miles, statute and nauticaL ___________ • 17 
Military flight aerriee_______________ app. II 
Missed approach: 

ILS________________ 202 
L/KP~----------------- 216 

Modulated carrier wave ___ ..:.__________ 104c 
Modulation : 

Amplitude_________________ · . 1041> 

~ -----------------· 104b 
Monitor system, U,S ------~--- 191 

Nautical mile----- _____ 17b 
Navigation publications-----,--------· 173--179 
Night eff8ct.. ___ ___ 127e 
Night pllotqe______________ 39 
North and South Poles_______________ 8 
North Star~ ________ 5 
NOT AMS (notices to airmen)________ 179 
Numerals, radiotelephone____________ 117 

Off-eourse correction ( E-6B) --------· 83, 9,9 
Omnidirectional radio range __________ 164-172 
Omnirange approach.. ___________ .:___ 217, 218 
On-eourse orientation ____________ '--- 137h 
OlblL_______________________ 5 
Orientation: 

ADF - ------------------------- 148 
L/MF ___________________ 135, 137 
VOJL___________ 167 

Parallels of latitude________________ S-10 
Parallel-perpendicular method of 137/ 

orientation. 
l'HACUS__________________________ l 76b 
Phonetic alphabet___________________ 116 
PhotomaPB------------------- 31 
Phraseology, radio __________________ 114-117 
Pilotage. nfdat----------- ___ 39 
Pilot's Handbook--- ------- - --------· 176b 
Planned position indicator (PPI) _____ 204b 
Planning, llahL------------------ app. VI 
Plotting fix, VOR--~---------------- 171 
Polaris------------------· 5 
Polar stereographic projection________ 27 
Poles, North and South______________ 5, 9 
Position repc,ra.___________________ 124 
Precision radar IICOJMI---------------· 204c 
Prime meridian ______________ 11 

Procedure turns: 

ILS------ -------------- 199 L/MF _________ ._______________ 213 
Nonatandard___________________ 181b 
Standard______________________ 181a 
Teardrop_______________________ l&lc 

60-eeeond----------------------· 182a 
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40-aecond ----------· 18.2.b 105 
90• _______ --------- 182c 106 

Procedure words and phrases _________ 118, 119 67 
Projection_ ______ 24 10 

Lambert.._ ----------- 25 10 
Mercator __________ 26 12 
Polar stereographic _____________ 27 13 

Publications, navigation _____________ 173--179 102 

Quadrantal error ___________________ 162 94 
Quadrants, radio range ______________ 127d(l) 72 

Radio: 
Aid■ 133 75 
Amplitude..--------------------· lOle 61 
Amplitu!le. modulation ___________ 104b 62 
Beartnp _______ 160 9,3 

Cyele 101b 61 
Direction find•-----------~----· 142-162 84 
Facility cbartl----------------· 176a 103 
l"brea 160 93 
Frequencies ---------- 103 62 
Lines of poeition_ _______________ 160 93 
Prineiplea ----- ---------- 100-113 61 
Range approach.. ________________ 212 121 
Range signal pattern_ ___________ 127c 71 
Range systana_ _________________ 125-133 71 
Voice eontro --------- 123 69 
Wave propaption _______________ 107 63 
wa .. ------------- 103 62 

Radiotelephone procedures _________ .:._ 114-124 66 
Radius of action: 

Alternate base (E-613) __________ 96,97 56, 58 
Fixed base (E-6B) ________ :__ 84., 93 48,53 

Range: 
Adcock ------------· 128 73 
lrregularitfea ___________________ 131 74 
Loop ----------· 127 71 
Of VHF transmission.. ___ _: ______ 113 65 

Ratio and proportion (E-6B) ________ : 70 42 
Receiver: 

Equipment, VOR------,---'----"---- 166 96 
• Localiser---~- .. ------- .. ------- 193 111 

Marker beacon----------------- 195 114 
Principles ______________________ 105 62 

References _________________________ app.I 131 
Belief _____ ----------· 35G 15 

Reports, poait\c,D------------------· 124 69 
RellOD&Jlee __________________________ 105 71 
Rhumb lln•------------~--------· 16 7 

Rose, COIDJl&III---------------------- 14 6 
Rotation __ ---------------- 5 ' 
Scales of charta -------------· 19b 9 

Sectional chartll--------------------· 28 13 
Shoreline effect_ _________ :_ _________ 162c 94 
Signal pattern, radio range ___________ 127c 71 
Skip distance _______________________ 108 65 
Skip IIOn -------------- 108 65 
Small circles _______________________ 7 5 
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South Pole _____________________ -___ 8 
Sphere___________ _ ___ - ____ 4 

Spharofd_________________ 4 

Stacldnc --------- .---------------- 184 
Standard words and phrases__________ 118 

Static.. ____ ~-------------- ·--------· 110 
Station passage (loop) ______________ 157 
Statute ..u... ______ ..;__;..__________ 17'!, 
Symbols: 

Aeronautical___________________ 35c 

Chart-----------------------· 35 CaJtaraL____ _________________ 35b 

Tables: 
I. Phonetic alphabet _________ _ 

II. Time and field elevation ___ _ 
III. Standard words and phrases 
IV. VOR reception distances ___ _ 
V. Localizer and glide slope fre­

quencies. 
Time-distance calculations (E-6B) ____ 74, 75, 80 

~index--------------- ____ 81 
Time-distance calculations (radio) ____ 161 
Time-distan~ to station (VOR) _______ 170 
Time and field elevation______________ 11 '1 
Track and groundspeed ( E-6B) ______ 95 
Tracking: 

ADF -------------------------- 161 
Loop_._ --------------------- . 158 
VOR ____ 168 

Transition, JLS____________________ 197 
Transmitter princlplee_______________ 104 

Transmitter, VOR----------~ 1.86-
, Triangle of velocities________________ 61 

True-fade, parallel-perpendicular 137/ 
method. 
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Vector diagrams: 
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Distribution : 
Active Armv: 

DCSPER (2) 
ACSI (2) 
DCSOPS (2) 
DCSLOG (2) 
ACSRC (2) 
CNGB (1) 
Technical Stf; DA .(1) 
Technical Stf Bd ( 1) 
USCONARC (20) 
USA Arty Bd (1) 
USA Armor Bd (l) ' 
USA Inf Bd (1) 
USA Air Def Bd (1) 
USA Ahn & Elct Bd (1) 
USA Avn Bd (1) 
US ARADCOM (5) 
US ARADCOM, Rgn (5) 
OS Maj Comd (5) 
Log Comd (5) 
MDW (5) 
Armies (20) 
Corps (10) 
Div (10) 
Brig (2) 
Bg (2) 
Class I lnstls (4) 
USMA (20) 
Svc Colleges (15) 
Br Svc Sch (15) 
Mil Dist (2) : 
Sector Comd, US Army Corps (Res) (2) 
US Army Corps (Res) (2) 
Mil Mis (1) 
Units org under fol TOE: 

1-7 (25) 
.1-17 (25) 
1-67 (25) 
1-102 (10) 
1-107 (20) 
1-117 (20) 
1-127 (20) 
1-137 (20) 
1-207 (5) 
5-16 (2) 
5-192 (2) 
5-346 (4) 
5-348 (4) 
5-372 (2) 
6-100 (7) 
6-101 (2) 
6-116 (2) 
6-116 (2) 
6-125 (2) 

6-12.6 (2) 
6-135 (2) 
6-136 (2) 
6-200 (7) 
6-201 (4) 
6-2.25 (2) 
6-226 (2) 
6-235 (2) 
6-236 (2) 
6-300 (7,) 
6-301 (2) 
6-316 (2) 
6-316 (2) 
6-325 (2) 
6-326 (2) 
6-401 (2) 
6-416 (2) 
6-416 (2) 
6-435 (2) 
6-501 (2) 
6-515 (4) 
6-536 (2) 
7-11 (2) 
7-31 (2) 
7-62 (10) 
8-600 (6) 
11-54 (8) 
11-M (6) 
11-99 (6) 
11-117 (2) 
11-500 (UA) (UB) (1) 
11-657, (2) 
17-2 (10) 
17-26 (2) 
17-86 (2) 
17-46 (2) 
17-51 (6) 
17-56 (2) 
17-65 (2) 
20--46 (3) 
20-300 (4) 
29-500 (EA-EE) (2) 
32-51 (2) 
44-12 (2) 
44-101 (2) 
51-2 (6) 
52-2 (6) 
66-66 (2) 
6.5-57 (20) 
5~ (20) 
55-467 (1) 
57-2 (4) 

NG: State AG (2); units--same as Active Army except allowance is one copy to each unit. 
USAR: Same as Active Army except allowance is one copy to each unit. 
For explanation of abbreviations used, see AR 320-50. 

.I 

* U. S. GOVERNMENT PRINTING OJ'PICE : 1959 0 • 520467 ( I 774•A) 

AGO 2541A 145 




