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PREFACE TO SECOND EDITION

The aeronautical charts of the United States Coast and Geodetic
Survey, because of the projection upon which they are constructed,
provide for very simple methods of air navigation. The advantages
which they afford were not generally understood, and the purpose
of this book has been to enable pilots to make full and efficient use
of these charts.

The first edition was quite brief. In the present edition, the orig-
inal text has been expanded and made more complete, especially in
the case of radio navigation. In keeping with developments in long-
distance flying, a chapter on celestial navigation has been added, with
the necessary tables therefor. A chapter on meteorology, several new
graphs, and additional practical examples have also been included.

It is hoped that this second edition may be of wider service and may
contribute something to the development of practical air navigation.
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PRACTICAL AIR NAVIGATION

INTRODUCTION

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

In order to satisfy the most immediate and pressing demands, the
first maps published for this purpose by the Coast and Geodetic
Survey were strip maps of the principal airways. However, it was
realized that strip maps could not long meet the need, and in Decem-
ber 1930 an experimental edition of the first sectional airway map
was published.

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

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

Maps in general may be thought of as containing information which
is subject to comparatively little change, even over a considerable
period. By way of contrast, the aeronautical charts include 25,000
miles of airways equipped with beacon lights, radio ranges, teletype

1



2 U. 8. COAST AND GEODETIC SURVEY

service, and other related features. (See frontispiece.) Over such
an extensive system it is obvious that many changes must occur; new
airways are being established and old routes rebuilt for more efficient
operation; improved equipment is being installed, and aids are even
being provided for the navigation of air routes across the oceans.
The frequent correction of these charts to show the changes as they
occur is a most important function of the Government, and is impera-
tive for safety in all forms of air transportation.

The following aeronautical charts are now being published by the
Coast and Geodetic Survey:

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

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

Radio direction finding charts,! of the entire United States, in 6 sheets, at a
scale of 1: 2,000,000, or about 32 miles to the inch (fig. 3).

Aeronautical Planning Chart of the United States (chart No. 3060a), at a scale
of 1 : 5,000,000, or about 80 miles to the inch.

Great-Circle Chart of the United States (chart No. 3074), at approximately the
same scale as chart No. 3060a.

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

The sectional charts are entirely suitable for all forms of navigation,
but are intended primarily for use in piloting.

The regional charts are designed particularly for air navigation, as
contrasted with piloting. They are more convenient than the sec-
tional charts for comparatively long flights, with faster planes, since
pilots do not need to change charts as often while in the air. They
are also convenient for planning routes which extend beyond the limits
of a sectional chart, one regional chart often covering a route which
would require two or three sectional charts.

Because of the larger scale and the more complete information of

" the sectional charts they are necessary supplements to the regional
series, They will always be required for detailed studies of an area,
and should generally be used whenever piloting is employed. Most
of the landmark data appearing on the sectional charts have been
eliminated from the regional charts, since, for their intended purpose,
clarity is more essential than completeness of detail.

The radio direction finding charts have been designed especially
for use in all forms of radio navigation. Their smaller scale and
wider extent make it possible to plot bearings from radio stations
that would frequently be outside the limits of the local chart when
using either of the larger-scale series.

The Aeronautical Planning Chart of the United States is very useful
in planning routes between distant points, while the Great-Circle
Chart shows the shortest route between any two places. The special
uses of these two charts are described and compared more fully on
pages 28 and 29.

1 Not all of the regional and direction finding charts have been published as yet. A list of those available
may be obtained by addressing the Director, U. 8. Coast and Geodetic Survey, Washington, D. C.
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F15URE 2.—Index of regional aeronautical charts.
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FIGURE 3.—Index of aeronautical charts for radio direction finding.
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Chapter I.—CHART READING
THE IMPORTANCE OF CHART READING

An seronautical chart is a small-scale representation of a portion of
the earth and its culture, presenting to the trained eye a description
of the charted region more nearly perfect than could be obtained from
the pages of a book. It depicts the landmarks and other information
found of value by pilots long familiar with the region. Consequently,
any time spent in learning to read and interpret its detailed information
will be well repaid; that this is beginning to be appreciated is evi-
denced by the growing demand for these charts.

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

The features shown on these charts may be divided into two groups:

1. Those necessary to a clear and accurate topographic representation of the
region.

%, Aeronautical data and information of interest chiefly for air navigation.
~ The topographic features may in turn be subdivided into three
groups:

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

Culture, such as towns, cities, roads, railroads, and other works of
man.

Relief, including mountains, hiils, valleys, and other inequalities
of the land surface.

WATER FEATURES

[See fig. 4]

Water features are represented on the acronautical charts in blue,
the smaller streams and canals by single blue lines, the larger streams
and other bodies of water by blue tint within the solid blue lines
outlining their extent.

Intermittent streams are shown by a series of long dashes separated
by groups of three dots, suggesting the scattered pools into which
the diminished streams sink during the dry season.

Intermittent lakes and ponds are shown with broken shore line and
cross-ruling in blue.

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

6



PRACTICAL AIR NAVIGATION 7

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

Glaciers are indicated by blue shading, representing the form lines
of the glacial area, superimposed on the conventional brown.

Large river and stream_...Ap

Intermittent stream__.._._. o

Glacier on

Intermittent lake........._ W contoured peak

FIGURE 4.—Water features.

CULTURAL FEATURES
[See figs. 5 and 6]

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

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

less than 1,000 ... o (one track.._ .. =
two or
Cities and towns < 1,000 to 5,000..-... O more tracks. . . . =f———————ii
more than 5,000 (] Railroads < abandoned. . .. = =—— —— ==
(actual shape)
Prominent highway .__.__ trolley_..._.... e f—i—
Secondary highway........ ——————— \with tunnel ___ 3=zt

FI1GURE 5.~~Cultural features.

with crossties at 2%-miloe intervals. Thus, when the route parallels a
railroad or electric railway, the spacing of crossties provides a con-
venient check on ground speed and distance covered.

Single-track railroads are shown with single crossties, while for
railroads of two or more tracks the crossties are in pairs.

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

Tunnels are indicated not only because they serve as landmarks,
but also because they are a source of potential danger. If a pilot
is following a railroad through territory with which he is not familiar,
and the railroad enters a tunnel, he may find himself suddenly con-
fronted by a mountain side, without sufficient space either to turn



8 U. S. COAST AND GEODETIC SURVEY

or to climb above it. This difficulty is seldom encountered in the
cas;ebof1 highways, but any highway tunnels are shown by the same
symbol.

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

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

Race tracks are prominent landmarks, and whenever possible their
characteristic oval shapes are indicated in black. In congested areas

Race track. . cueevemeceinnnonn K- Forest ranger station....._...._.. *
Prominent &
transmission lin@ ~cw....- e P STt Quarryormine.. ... __ .../

my Coast Guard station...__._._.. 4 caazs

Misc. landmark.. ... oo~ Lookout tower. (o nv oo eaceoee. @24
FI1GURE 6.—Cultural features (Jandmarks).

where the actual shape cannot be shown, the location is sometimes

indicated by a heavy dot, and the words “Race Track,” or the letters

“R. T.” are printed in the nearest open space, with an arrow leading

to the dot.

Prominent transmission lines are shown by a symbol representing
the poles, or towers, with wires between. These lines may be con-
sidered either as landmarks or as obstructions, and because of their
importance to air traffic they are shown in red (fig. 13). Usually, only
steel tower lines are shown on the aeronautical charts, but occasionally

ole lines are shown, if they are particularly prominent when viewed
rom the air.

Lookout towers in the state and national forests are located on
the highest ground in the vicinity, and are usually quite prominent.
In some cases they have been airmarked with a number, and these
numbers appear on the chart adjacent to the symbols, in vertical
black figures. Elevations of the ground at the towers are added in
black italics.

Forest ranger stations are shown by small symbols suggestive of the
ranger station and its flag.

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



PRACTICAL AIR NAVIGATION 9

A Coast Guard station is indicated by a small black “boat,” accom-
panied by the number with which it has been marked for identification
from the air.

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

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

RELIEF

{See fig. 7]

Relief is shown by contour lines in brown, and is emphasized b
a series of gradient tints ranging from green at sea level to a dar)};
brown above 9,000 feet.

Some prominent peaks, or steep cliffs, are also accentuated by
hachuring, or shading, with the elevations in black italic figures.

Hachured :?eak S a7b0 M_ountam pass MCKen}gﬁ_—;_}
with elevation_..._....._.. yﬁ% / with elevation__......... 5325 /7

3-foot depth curve_._..... Sand dunes...........

et
e

GRADIENT OF ELEVATIONS

o 1000 2000 3000 5000 2000 8000 MAXINUM
GREEN LIGHT PALE LIGHT MEDIUM DEEP DARK
GREEN BROWN BROWN BROWN BROWN BROWN

Fi1GURE 7.—Relief (elevation).

Many other critical elevations—mountain passes and high points—
are shown on the charts with a dot to designate the location. The
elevations of a number of cities and towns are also shown.

A contour represents an imaginary line on the ground, every
point of which is at the same height above sea level, and the varied
curves of the contour show the ridges, valleys, canyons, bluffs, and

33573—38——2
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other details. With a little practice, one may read from the contours
not only the elevations, but also the shape of the terrain, as easily
as from a relief map and much more accurately.

Any contour is the intersection of an imaginary horizontal plane
with the surface of the terrain. To illustrate, figure 8 represents
a pile of sand, from the nearer side of which sand has been carried
away until a “valley” has been formed. The top of the sand pile
is 5 feet above the pavement, and an imaginary plane is passed
through the pile at a height of 2 feet. In the lower part of the
figure is shown the ‘‘contour,” or the trace of the intersection of the
plane with the sand. The trace of the lower edge of the pile of
sand on the pavement may be considered as the ‘“shore line,” or the
line of zero altitude.

If it were raining, water would flow down the ‘“valley” in the
direction indicated by the arrow, which may be considered as a

F1GURE 8.—Contours illustrated by a sand pile.

“stream.” Thus we see that when contours cross a stream they
bend toward the source of the stream which is, of course, on higher
ground; conversely, when crossing a ridge the contours bend away
from the higher ground.

In figure 9 the curves at V, V, V, represent valleys of varying
width and depth, while B, R, R, represent ridges or hills.

One way of visualizing more readily the significance of the contours
is to think of them as successive shore lines if the sea should rise to
the levels indicated by the respective contours. The line of the sea-
coast itself is a contour, every point thereon having the same altitude
(zero) with, respect to mean high water. Any valleys running down
to the shore line are represented by a curve or indentation landward;
any ridges result in a curve seaward (fig. 10). Now if the sea should
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rise 1,000 feet, the 1,000-foot contour would become the shore line;
valleys would still be indicated by a curve toward the higher ground
(which could now be called “landward”), and ridges would be indi-
cated by a curve toward the lower ground (‘“‘seaward’’).

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

The manner in which contours express altitude, form, and degree
of slope is shown in figure 11. The sketch in the upper part of the
figure represents a river valley that lies between two hills. In the
foreground is the sea, with a bay that is partly enclosed by a hooked

?;\d ge

Valley

sea land

F16URE 9.—Ridges and valleys shown by FIGURE 10.—The seashore as a contour.
contours.

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

In figure 11 the contours represent successive differences in eleva-
tion of 20 feet—that is, the “contour interval” is 20 feet. For the
sectional and regional aeronautical charts a contour interval of 1,000
feet® has been adopted.

In order to maintain a safe flying altitude, unless the elevation of the
top of a ridge or peak is given in figures, it should be assumed that the
elevation is a full thousand feet above the highest contour shown. For
example, the highest charted contour along a ridge may be only 2,000
feet, yet the ridge may be topped by minor summits rising to 2,800
feet or more. Assuming trees approximately 100 feet in height, the
extreme elevation of the ridge may be almost 3,000 feet, yet the addi-
tion of the 3,000-foot contour is not warranted. It should be noted
that the gradient tint used in this case (pale brown, see fig. 7), indi-
cates not merely an elevation of 2,000 feet, but includes any elevation
short of 3,000 feet. Unless absolutely certain of their position, when-

1 On a few of the charts, because of unusual local conditions, intermediate contours at 500-foot intervals
are shown.
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ever visibility is poor, pilots should be careful to fly at a safe margin
above the highest ground in the entire region.

The 3-foot depth curve, in water areas (fig. 7), may be thought of as
an under-water contour, and every point along the curve is 3 feet be-
low low water. It is shown by a row of brown dots, and serves as a
sort of danger line within which seaplanes should not attempt to land.
Three feet of water is not sufficient for large flying boats, and on new
editions the 3-foot curve is being replaced by a 6-foot curve.

Sand and sand dunes are indicated by brown dots (fig. 7).

All the foregoing features are combined by the cartographer in such
a manner as to reproduce the characteristic details of the region ac-
curately, but without confusion. Then to this basic topographic

FIGURE 11.—Altitude, form, and slope expressed by contours,.

representation are added those features of special interest for air
navigation.
AERONAUTICAL INFORMATION

[See figs. 12 and 13)

Aeronautical information and features of interest chiefly for air
navigation—such as airports, beacon lights, radio ranges, radio call
letters and identification signals—are ordinarily shown in red.? These
data are subject to constant change, and it is well to remember that

1 On the night fiying charts these features are showan in black.
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charts are safe only as long as their data are correct. The elimination
of certain airports, with changes in beacon lights or radio aids to navi-
gation, makes the use of an obsolete chart as dangerous in the air as
at sea. For this reason, new editions are frequently printed, showing
the latest information available, with the date of the edition printed
in red in the lower left corner of each chart.

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

PAirport and airway changes subsequent to the date of printing are
isted in the Air Commerce Bulletin (which is published monthly by

Army, Navy or Marine Corps Field. ... O Seaplane base v. e ecmenreanen-. @
{with ramp, beach and handhing facilities)

Commercial or Municipal Airport..._... 0 ANChOr8EE - -« oo %
{with refueling and usual harbor facitities)

Dept. of Commerce intermediate Field O. ANChOrBge. _ .. .. .o ceeeemenn E
{with limited facilities)

Marked Auxiliary Field. .. ..o .... + Mooring mast . - - oo l.

FIGURE 12.—Airport classification.

the Department, and may be had free upon request), and in the
weekly Notices to Airmen (which are posted at principal airports).
A pilot should note such changes on gis own copies of the charts
affected. Even then, whenever possible, he should obtain local in-
formation as to the continued availability of facilities shown upon
the chart.

Airports are classified as to their operation (whether commercial,
municipal, Army, etc.), and are shown in accordance with the accom-
panying legend (fig. 12). It is important to consider the classification
of a field before landing, as frequently civilians cannot obtain supplies
or service at an Army or Navy field.

With the growth of international air traffic, information regarding
airports of entry (customs airports) is becoming increasingly impor-
tant. Accordingly, when an airport has been designated as a port of
entry, this fact is noted near the airport name. A complete list of
airports of entry is included in the A%pendix (p. 164).

levations of airports above sea level are indicated by slanting
numerals adjacent to the airport.

The letters LF adjacent to an airport symbol indicate that the field
is equipped with lighting facilities for landing at night. Sometimes
these facilities are operated only at certain hours, or on request. The
same is true of certain other beacon lights and aids, and for complete
information on these points pilots should refer to Airway Bulletin
No. 2, or obtain local information.
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A rotating beacon is indicated by a star with open center. Arrows
in conjunction with the beacon symbol indicate that the beacon is
equipped with course lights, and show the direction in which they are
pointed. Adjacent to the symbol are placed the number of the
beacon, and the corresponding code signal which is flashed by the
course lights for identification at night. When there is a power shed
at the beacon, the site number is also painted on the shed roof for
daylight identification.

The number of any intermediate field or beacon is obtained by
dropping the final digit of the mileage from the origin of the airway
on which it is located. For example, beacon No. 19 on any airway
is approximately 190 miles from the origin of the airway. The course
lights flash the code for only the last figure of the beacon number,
the code signals being the same for beacons numbered 9, 19, 29, etc.
Beacons having the same signal are approximately 100 miles apart,
and a pilot should know on which 100-mile section of the airway he
is flying. For convenient identification, the code used along the
airways is shown in table 7, page 161.

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

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

If an airport 1s equipped with beacon light, the proper beacon sym-
bol is placed in the center of the airport symbol.

A light for marine navigation is shown by a large dot. It should be
noted that a powerful light of this kind is often inconspicuous from
the air, because its light is directed along the surface, for the benefit
of surface navigation.

. A landmark beacon, operated by private interests or by a commer-

cial establishment for advertising purposes as well as for the benefit
of airmen, is represented by the proper beacon symbol (rotating or
flashing), as described above. As a rule these beacons are located
neither on an established air route nor at an airport, but they serve
to identify a point from which a pilot may proceed to his destination.
A rotating landmark beacon ® usually rotates at two revolutions per
minute, in order to distinguish it from an airway beacon, which
makes six revolutions per mmute. An arrow in conjunction with this
symbol indicates that the beacon is equipped with a stationary bearing
projector, or fixed beam of light pointing toward the airport; on the
chart the arrow is placed so that it points to the airport toward which
the projector is directed.

Certain areas near proving grounds and test-firing ranges of the
Army and Navy are prohibited to aircraft, for the safety of pilots as
well as for military reasons. These areas are indicated by prominent
cross ruling.

There are other more limited areas where quantities of high explo-
sives are stored. Pilots are forbidden to fly over such areas, and they
are shown on the chart as in figure 13. The ‘“marked’ areas are
ground-marked with the same symbol used on the charts.

1 Formerly this feature was indicated by a heavy asterisk, and is still so ropresented on some of the charts.
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Flying is also prohibited in other limited areas for special reasons—
for example, in the vicinity of the White House and Capitol, in Wash-
ington. In such localities the charts are already too congested to
indicate the restricted area, and pilots should keep informed of such
matters through the Department’s Air Commerce Bulletin, Notice
to Airmen, and through local sources.

Isolated obstructions are shown as indicated in the figure, together
with numerals indicating the height of the obstruction above the
ground, in feet. The center of the symbol marks the location of the
obstruction.

A radio range station is indicated by a dot within a small circle, and
the positions of the range courses are shown by a pink tint. Magnetic

. -~
Rotating beacon..._.._._......] * Radio marker beacon ..___... y/ N
{with frequency and. !
identification signal) ]
. ’
Rotating beacom ....--....... 1—*—* N7

{with course lights)

" ) ) RS [wiw
Rotating beacon......-..-.-.._’k Radio station _____________f 700

{with flashing code beacon) (with call fetters and frequency}
Radio direction

Flashing beacon ._........____.: * finder station .__.____ ./ ORC[NAQ 375
{with call letters and -

frequency}
Flashing code beacon _________. * Marine radiobeacon ... OR 8n | 308

(with frequency and
identification signal)

Marine navigational light.._____ [ ] Radio range beacon.........(ORR Bn
(station location)
~— 2709 900 —= ———————— 5705 900
Radio Range

Courses are magnetic

Prohibited area . ... _.__... m Obstruction .. ... . ... A
366

{with height above ground in feet}

) Prominent
marked.. . HI(-)X transmission line. ... .. —~T—————T—
igh explosive area .
High explosiv Lines of equal o
unmarked . .. magnetic variation..... —_——1 7 E

FI1GURE 13.—Aeronautical data (miscellaneous),

courses toward or away from the station are indicated, and large
letters mark the A and N quadrants of the system. Smaller letters
are placed adjacent to and near the end of many of the range courses,
to avoid any confusion as to quadrant designation. The method of
flying the radio ranges is treated in detail in a later section (pp. 52~70).

A radio marker beacon is indicated by a broken circle around the
location of the station. The new fan-type marker beacons (see p. 62)
will probably be shown by a broken ellipse, suggesting the space
pattern of these stations.

Weather broadcast schedules, as well as the call letters and identi-
fying signals of the various radio stations, are shown adjacent to the
aizXorts to which they appliy.

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

Radio direction finder stations are seldom used by aircraft today.
However, these stations are indicated by a circle-and-dot symbol and
the initials BC (from their former designation as “Radio Compass”
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FI1GaURE 14.—True compass rose (sectional and regional charts).

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

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

Compass roses (fig. 14), oriented to true north, are printed on the
sectional and regional charts. If a protractor is not available, these
roses may be used for the approximate measurement of courses and
bearings. Because of the convergence of meridians in the Lambert
projection, some inaccuracy is introduced if a compass rose is used for
the measurement of direction at a point more than 1° or 2° of longi-
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tude away. Therefore, compass roses are printed at intervals suffi-
ciently close that courses may be measured from them with practical
accuracy, and one is usually available no matter how the chart is
folded. On some charts, the direction and amount of magnetic
variation are represented on the compass roses, in addition to their
representation by isogonic lines.

Specially designed compass roses (fig. 15), oriented to magnetic
porth, are used on the radio direction finding charts. These roses are
graduated to read both from

i - 190 200
magnetic south and from mag W, \\\Y\ o i
neticnorth. The outer figures Qg b g
are ordinarily used, and are AN ? © _g/,,/ %
therefore larger; they are in- S &

tended for use in plotting re-
ciprocal bearings (the radio
compass bearing observed at
the plane plus or minus 180°),
and for that reason read from
0 at magnetic south. For cer-
tain other problems a rose
reading from 0 at magnetic
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north 1s more convenient, and ;’//‘b N
for such problems the inner “ o \{\\\1}
(smaller) figures are also avail- v CRRRY
able. These roses should not - /;;/ru,"’ 10 \\\\“\‘\\\'s\“

be confused with the conven- 'y “'3:‘“"%

ontho sechional and regiond] T - Musntcompys s o drcin

charts, nor used in the same . )
manner; their special use is explained in detail on pages 65 and 66.

PROJECTION AND SCALES

All aeronautical charts of the United States Coast and Geodetic
Survey ¢ are on the Lambert conformal projection, which affords
many advantages for air navigation in the United States. In this

rojection, variations in scale are extremely small; therefore, in the
gorders of these charts there are conveniently graduated scales of
statute miles by means of which distances may %e scaled anywhere
on the chart with a high degree of accuracy.

There are slight variations in scale between adjacent charts to the
north or south, as may be seen from the scale of statute miles on chart
No. 3060a; however, as already stated, this difference in scale is so
slight as to be negligible in practice. The scale of miles appearing on
any particular chart is the average scale for that chart, but it could be
used even on the adjoining charts with very satisfactory results.

The expressions 1 : 500,000 and 1 : 1,000,000, used to denote the scale
of a chart, are read as “one to five hundred thousand’ and ‘‘one to one
million.” They represent the proportion existing between the chart
and the portion of the earth represented thereon. Thus, in the first
case, 1 inch on the chart represents 500,000 inches on the ground;
similarly, any other unit, as 1 foot, 1 yard, or 1 centimeter, represents
500,000 of the same units on the ground. Such a proportion is some-

times written as a fraction, as mw; and is occasionally referred to

¢ ‘ Excfé))t the Great-Circle Chart (No. 3074), the magnetic chart (No. 3077), and the two night flying charts
see D. 18).
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as the fractional scale, or representative fraction of the chart to which
it applies.

In the margins of the sectional charts (1:500,000) there are scales
subdivided into minutes of latitude, and into minutes of longitude.
These scales are convenient for plotting points when their geographic
coordinates (latitude and longitude) are known, or for determining the
geographic coordinates of points from their positions on the charts.
Their use is discussed in a later section (p. 140). On some charts
the meridians and parallels have been subdivided into minutes of
latitude and longitude; in this case, of course, the marginal scales are
unnecessary and have been omitted.

Entirely around each of the regional charts (1:1,000,000) are
border scales subdivided into minutes of latitude and longitude.
Meridians and parallels are drawn across the entire chart at intervals
of 15 minutes each way, and every fourth one, representing each whole
degree, has been subdivided into minutes. Any point to be plotted
will never be very far from one of the meridians and parallels and in
most cases it can be plotted with sufficient accuracy by referring to the
subdivided lines and estimating by eye the distance from the nearest
meridian and parallel.

Should a scale of nautical miles be desired, the scale of minutes of
latitude—that is, the subdivisions along the meridians—will serve,
since a minute of latitude may be considered as a nautical mile for all
practical purposes.®

NIGHT FLYING CHARTS

Two of the published regional charts are available in a special edi-
tion, with a night flying chart printed on the reverse side.® All detail
that is lost to view at night has been eliminated from these charts,
and there are shown only those features of interest in night flying:
major drainage, principal cities, radio aids to navigation, obstructions,
and beacon lights and airports at which the availability of lighting
facilities is assured. (See back of pl. 11.)

The night flying charts are on the Mercator projection, at a scale of
1: 1,000,000 at latitude 40°. As may be noted from the scale of miles
appearing in the margin, there is considerable variation in scale on this
projection, and it is recommended that this side of the chart should not
be used for scaling distances, except for the approximate measurement
of short distances. In making any such measurements the scale of
gliles gor the middle latitude between the two points in question must

e used.

Like the regional (day flying) chart on the obverse side, the borders
are subdivided into minutes of latitude and longtitude, facilitating the
plotting of positions. Courses may be measured with any convenient
meridian (instead of using the method described in pp. 29 and 30), but
the night flying chart should not be used for methods of radio naviga-
tion other than flying the radio range. (See p. 52.) It is intended to
furnish a simplified chart sho