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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.



PRACTICAL ATIR NAVIGATION 13

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

(O
ol

%
\

1

(R}

2El]l\

1
/ I
i g

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 showing the features essential for night fly-
ing, but sufficiently free from details to permit easy reading at night.
The soft grey background is designed to eliminate glare and to make
easier the adjustment of vision when looking from the illuminated
chart back into the darkness of the night.

% Since the earth is not a perfect sphero, the length of a minute of latitude varies, increasing with the latitude,
from the Equator to the poles. In the United States, however, the length of & nautical mile is definitely
fixed at 6,080.20 feet.

8 The letter NV is added to the ordinary designation of these charts. Thus, 9 MN indicates regional chart
9 M with night flying chart on the reverse side.
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(Portion of Cleveland Sectional Chart)
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Portion of Regional Chart 9MN
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th Portion of Night Flying Chart 9MN (Mercator Projection)

44°

43

90°

FE

89°

D086 30 0 0 O30 0 S

.k 88° Lk

111) N B0 O TR R T i 6 R O N 0 O )
REH

IIILIIIIIIIIIIIIlIlIIllYIlIIIIII'IlJlJIIlIlIJJ

\
MILWAUKEE N\
\

2@ .
b .

F R RN T [ii]l B D D RS O O R D R S S e 0 e el R G R O W T B A R B e T O O N O Y R |

1
|

@l R R S K T 0 N U R TR Y R O O O O W W A 2

o

o rans
BRODHEAD

|
o € 176

Janesville

WISCONSIN

7™ ——"MILWAUKEE COUNTY
\ 679

24

\
i\
\
\
\
- ) \
\
|
\
\
|
\

ILLINOIS




Chapter II..—CROSS-COUNTRY FLYING—PILOTING
PROCEDURE

Air navigation is a subject to which much study can be given.
Ordinary cross-country flying may be satisfactorily accomplished,
however, over land areas and in clear weather, by very simple methods.
If the pilot has a thorough knowledge of chart reading, few instruments
will be required other than reliable charts of the route to be flown;
the use of a compass is highly desirable (see p. 21), but is not absolutely
essential.

When flying between points on the same aeronautical chart, the
following steps are necessary for this type of flying:

1. Draw a straight line on the chart between the points in question.

2. Make a careful study of the intervening country, in order to decide whether
to fly the direct route, or whether some detour may be desirable in order to
avoid flying over large bodies of water, mountains, or other hazardous terrain.

3. Note any characteristic landmarks along the route (such as prominent hills,
or the pattern of stream, railroad, and highway crossings).

4. Shape the course in the air with reference to the landmarks noted.

Obviously, there are other factors to be taken into consideration:
the route must be laid out so that a field with refueling facilities is
available within the safe cruising radius of the plane, even allowing
for unexpected head winds; it should also be laid out to take advantage
of established airways and intervening airports for emergency landings;
weather conditions along the route and at the destination, as well as
at the starting point, must be taken into account; and the time
required for the trip must be checked against the number of hours of
daylight yet remaining. However, these factors have to do with the
safe operation of the plane, while the four steps noted above deal with
flying from place to place by reference to visible landmarks which
can be identified on the chart.

Flying a plane from one place to another solely by reference to
visible landmarks is known as pileting.

LANDMARKS

The cultural features of the terrain constitute & most important
class of landmarks. For example (pl. I), compare the distinctive
railroad pattern at Kenton with that at Urbana, or the different
highway pattern southeast of Urbana with that southeast of Kenton.
Similarly, the pattern of roads, railroads, and other cultural features
gives to each locality its own distinguishing marks.

Many other distinctive landmarks have been included on the
sectional charts as an aid to identifying ground position. Refer-
ring again to plate I, note the stadium m Columbus and the black
tank northeast of the city; the black tank in Worthington; the dams
on the Scioto River; the mill and the factory and chimney south of
Marion; the gravel pit and “gravel pit lakes”’ north of Marion; the
gravel pit southwest of Kenton; the race tracks at Bellefontaine,
Urbana, and Hilliards; and the silver tank at St. Paris.
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20 U. S. COAST AND GEODETIC SURVEY

The intermediate fields and most of the beacons of the Department
of Commerce are air marked with their site numbers, to facilitate
their use in landmark flying by day; however, beacon sites are of
necessity so small that from any considerable altitude they are often
very inconspicuous.

The topographic features are frequently of outstanding impor-
tance in steering a course. For example, in flying from Winchester,
Va., to Washington, D. C., it is only necessary to head the plane for
the prominent notch in the Blue Ridge Mountains toward the east;
Washington may be reached by continuing on approximately the
same course after passing the notch. This notch is apparent on the
sectional chart because of the highway passing through it, and also
because of the diminished width of the contoured ridge at that point.
Other typical and better known landmarks of this kind are the
Delaware Water Gap, Stone Mountain, El Capitan, Sugarloaf Moun-
tain, and so on. Such features may be readily selected from the
ch]{u‘; by those experienced in chart reading and the interpretation of
relief.

Landmark flying is so generally understood and practiced that it is
scarcely necessary to give an example; however, suppose that it is
desired to fly from Springfield Airport to Port Bucyrus (pl. I). After
taking off from Springfield and gaining the desired altitude, the edge
of the city is circled until the tracks of the Cleveland, Cincinnati,
Chicago, & St. Louis Railroad are seen. This railroad is followed
through Mechanicsburg and Milford Center (identified by railroad
crossing; double track) to Marysville. From this point, the highway
(identified by its sharp reverse curve) is followed to Marion, then the
Penngylvania Railroad (single track; note gravel pit and gravel pit
lakes) in to Port Bucyrus.

STEERING A RANGE

In order to keep on the desired route, it is & good practice when-
ever possible to select two landmarks ahead, which are known to be on
the course, and steer the plane so as to keep the two objects in line.
This is known as steering a range. Before the first of the two land-
marks is reached, another more distant object in line with them should
be selected and a second range steered.

To illustrate the use of ranges, under conditions of good visibility
and ceiling, suppose that a flight is planned from Norton Airport, at
Columbus, to Cedar Lawn Al?ort, at Kenton, Ohio (pl. I). After
taking off, the airport is circled until the desired altituse is reached;
the pﬁme is then headed toward the eastern edge of the built-up area
at Linden Heights, which is in line with the center of Worthington
(marked by a black tank). Before reaching Worthington, the town
of Powell can be seen, on the Chesapeake & Ohio Railroad (double
track), and a heading is maintained which will pass just to the left of
Powell and just to the right of the bend in the Scioto River (at Rath-
bone). Continuing on the same heading, the town of Ostrander is
reached, and the point where the stream crosses the Marysville-
Marion Highway is lined up with the town of Claiborne. From
Claiborne, the plane is headed so that it gradually approaches the
highway to Kenton, which can now be seen on the left; upon reaching
the hig%way at Mount Victory, it is followed toward Kenton, and
Cedar Lawn Airport is found on the left, just before reaching the city.
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If desired, a table such as the following, listing landmarks and other
data which may be obtained from a sectional chart, can be prepared
for any given route.

Norton Airport (Columbus) to Cedar Lawn Airport (Kenton)

Distance n};lsttéa
Landmarks Location with respect to route from Co-| g ain
lumbus ying
time 1
Miles | Min. Sec.
Tinden Heights euuuecoeccnmaceaoacan JUSt WSt e e cmmaan 5 2 45
Black tank . eeiiemaaaen 1 mile west 7 3 45
Worthington (black tank)........... O COUTSB .« e oo on oo ica e 11 [ 0
201 ) | R Just east; dam on Scioto River, with road to 17 9 0
Powell, 2 miles west.
Scioto River (crossing at Rathbone} .| .o accea—ecas 21 1 0
712,423 1T 1= SR Just west_.____ . 27 15 0
Road and stream crossing. On course; town of Magnetic Springs about 34 19 1]
2 miles east.
Claiborne. . c.vocremmanm e ciacancaee On COUrS®._ - _ oo icceec e 39 21 0
Mount VICtOry . - cvcomvemccaacmccnen On course; crossing of highway and double 52 28 0
track rajlroad.
Highway to Kenton_._._..._........ On course; follow to Cedar Lawn (onleft)__ .| . oo leceecccncu.
Cedar Lawn Airport..._.._.... - We[st .(’)’f highway and railroad; 2 miles south 59 32 0
of city.

1 Flying time estimated from fig. 88, using known cruising speed of plane (100 m. p. h.) pius reported tail
wind (10 m. p. h.), or 110 m. p. h,

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

For example (pl. I), the route from Springfield Airport to Marion
Airport lies between and roughly parallel to the Erie Railroad and
the Springfield-Marion Highway. Flying this route, when a plane
was about opposite Marysville a compass heading of 35° was noted.
Shortly afterward an area of poor visibility was encountered unex-
. pectedly, but the compass heading of 35° was maintained ; on running
Into better conditions again, near Claiborne, it was found that the
plane was still on the intended track, and_position could easily be
identified from the highway pattern east of Richwood.

MARKING DISTANCE ALONG THE PLOTTED ROUTE

It will be of considerable assistance in flight if, before taking off,
the plotted route on the chart is divided into 10- or 20-mile intervals.
The cross-marks for 50- or 100-mile intervals should be made heavier,
or emphasized, if in no other way, by noting opposite them the total
mileage from the starting point. This scale of miles furnishes an
excellent check on the ground speed being made good along the route.
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MARKING TIME INTERVALS

An alternative method preferred by some of the leading pilots is to
divide the plotted route on the chart%nto time intervals, instead of
miles, For example, if the plane has a cruising speed of 90 miles per
hour, it will make 1.5 miles per minute, or 15 miles in 10 minutes.
The first cross-mark would be made 15 miles from the starting point
but marked 10 minutes; the second, at 30 miles, would be marked 20
minutes, and so on. If these time intervals are added to the clock
time for the beginning of the flight, we have the clock time when we
may expect to reach the various points.

Of course, time intervals obtained in this way would hold good only
under still-air conditions. A stiff head wind would retard the plane
considerably, while a tail wind would place it progressively ahead of
time. Some pilots, therefore, make such allowance as they can for
wind effect, from weather reports, before beginning flight; others
prefer to note the time intervals on the chart
while in flight with the aid of an instrument
called “spacing dividers.”

The spacing dividers (fig. 16) can usually
be obtained from companies selling drafting
instruments. This instrument affords the
quickest and easiest means of dividing the
route into equal time intervals while in flight
and of determining the exact time when any
point will be reached in flight. The instru-
ment consists of 11 teeth, numbered from
0 to 10 and so adjusted that they always
divide the extreme setting of the dividers
into 10 equal parts.

Now suppose that a plotted route crosses
a railroad about 15 miles from an airport,
and this railroad is identified and passed
just 9 minutes after taking off. The tooth
of the spacing dividers marked 0 is placed
on the airport, and the dividers set so that
the tooth marked 9 is at the point where
the route crosses the railroad. The first 9
teeth of the dividers now indicate the position of the plane at the end
of each of the first 9 minutes of flight, and the tooth marked 10 indi-
cates the point the plane will have reached at the end of 10 minutes.
In other words, the distance between teeth numbered 0 and 10 is the -
distance that will be made good during each 10 minutes of flight,
provided there is little change in speed or wind conditions. With
the dividers, 10-minute intervals can now be stepped off along the
straight line on the chart, and by means of the intermediate teeth
the (axact minute when any prominent object will be reached can be
noted.

An added reason for dividing the route into time intervals is that
the fuel supply is usually reckoned in terms of time, rather than dis-
tance. Many pilots prefer, however, to combine the two methods,
dividing the plotted route on the chart into 10- or 20-mile intervals
before taking off, and noting on the chart while in flight, by means of
the spacing dividers, the time for reaching the various landmarks
along the way.

Fi1gURE 16.—S8pacing dividers.
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For the sectional charts, at about 8 miles to the inch, the spacing
dividers can be set so that each tooth represents 1 minute of flying
time, as suggested above. For the regional series, at about 16 miles
to the inch, the dividers cannot be set that closely, and usually each
tooth will be made to represent 2 minutes of flying time.

Included in the Appendix is a graph which will prove very useful
in determining the ground speed and dividing the route into time
intervals when spacing dividers are not available. The use of the
graph may be illustrated by the example given above, in which &
railroad 15 miles distant was crossed in 9 minutes of flying time.
Referring to the graph (fig. 88, p. 149), follow the horizontal line
corresponding to 9 minutes across to its intersection with the (inter-
polated) vertical line representing 15 miles; the diagonal line drawn
through this point, 100 m. p. h., represents the ground speed being
made good. Following this same ground speed line to its intersec-
tion with the horizontal line representing 10 minutes, directly above
it may be read at the top of the graph the number of miles made

ood In 10 minutes. In the same way, the number of miles made good
or each successive 10-minute interval may be read at the top of
the graph and plotted on the chart. Also, if a given landmark or
airport is known to be at a certain distance, following the vertical
line representing that distance down to its intersection with the
correct ground-speed line, and thence to the left border, will give the
exact number of minutes required to reach the point in question.

LONG FLIGHTS

In the foregoing discussion we have considered cases within the
limits of one chart. When the route lies between cities on different
charts it is only necessary to join carefully the edges of adjacent
charts, draw a straight line between the two points across all the
charts involved, and proceed as before. This is possible because, in
each series, any individual chart is constructed as though it were a
section cut out of one big chart of the United States drawn at the
scale of the series; obviously, then, any number of charts, in any
direction, may be joined perfectly.

When the route lies between cities a long distance apart and on
widely separated charts, it may prove more convenient first to draw
on a smaller-scale chart of the United States a straight line between
the two points. The points at which the straight line crosses the
meridians and parallels on the smaller chart should then be measured
and the points transferred to the larger charts. The various sections
of the straight line are drawn between these points on the large-
scale charts and the same procedure followed as before. Chart No.
3060a of the Coast and Geodetic Survey (Aeronautical Planning
Chart, United States), may well serve as the smaller-scale chart
of the United States. It is especially suitable for this purpose,
since it is constructed on the same framework, or projection, as the
sectional and regional charts. Its scale is just one-tenth the scale of
the sectional charts.

FOLDING THE CHARTS

For laying out routes before taking off, for all detailed studies of a
region, and for all general use, a flat chart, free from folds and wrinkles,
18 very desirable.
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During actual flight, even in the larger transport planes, lack of
space usually prevents the use of an unfolded chart. As a result,
many methods of folding the charts have been devised, while those
flying regular routes have made up strip charts or books cut from the
published charts.

In order to avoid the handling of numerous charts even for short
trips, and the resulting annoyance in all navigational problems, both
sectional and regional charts have been designed to cover fairly
large areas; nevertheless, charts of both series will be found very
convenient for use in the air when properly folded. It is recom-
mended that the charts be folded once, back to back, along the line

back along
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F1cURE 17.—Folding the chart for use in flight.

AB (fig. 17), then in 4 or 6 “accordion folds” in the other direction,
along the vertical broken lines indicated in the figure. In this way
the entire chart may be consulted merely by turning over the accor-
dion folds.

Strip- charts are very convenient for those flying frequently over
the same route; however, as already suggested, they cannot fully
satisfy the need even for this type of flying. A pilot may be compelled
to leave the charted airway, because of adverse weather conditions
or other reasons, and find himself over unfamiliar territory with no
chart of the %round below. In recognition of this danger, the regula-
tions of the Department of Commerce require that pilots engaged in
regular transport operations carry in the pilot’s compartment charts
covering the area at least 75 miles on each side of the airway and
beyond each of the terminals involved.
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Private pilots are not definitely affected by this requirement, yet
compliance therewith is obviously to their advantage. If a strip chart
.or book is prepared showing only the region immediately adjacent to
the route, complete sectional charts showing a wider area, folded for
most convenient reference in case of need, should also be carried.

Some very ingenious folds and route books have been devised, by
means of which the entire route, or even whole charts, can be followed
from point to point by the flip of a page; however, if such folds are

¢ ==
s e
-
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-

Paste end fold of strip chart to book cover with rubber cement.

Attach center folds of strip to back of book by strips of adhesive tape.

Paste other end fold to remaining book cover.

Entire route can then be consulted by turning folds as pages of a book.
FIGURE 19.—Making a route book.

Eal i

made by pasting portions of the chart together, they cannot be con-
sidered satisfactory for all purposes, since the chart cannot be spread
flat again for the plotting of new courses, etc. Folds of this sort
-shoulg by all means be supplemented by a flat chart or one so folded
that it may again be opened out flat.

If a strip chart is desired and an additional chart is not available
for reference in an emergency, the chart can be folded as a strip without

83578—88——3
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destroying or cutting away any part of it. For example, if it is desired
to make a strip chart covering the route CD (fig. 18), fold the chart so
as to leave the route in the center of a strip 10 or 12 inches wide;
then fold the strip in the accordion fold illustrated in figure 17. By
this method the folded-back portions of the chart are still available 1if
they should be needed. /

A route book can also be prepared with little difficulty. (See fig. 19.)
To do this, cut out the strip showing the plotted route and fold it
accordion style; then paste one of the end folds to the inside cover of a
book or cardboard cover of convenient size; next fasten to the back
of the book the folds touching that part, using adhesive tape or similar
means; and, finally, paste the other end fold to the remaining book
cover. Mounted in this way, the more rigid covers to which the strip
is attached facilitate handling in the air, and any part of the route may
be consulted merely by turning the folds as pages of the book.

Whenever charts or portions of charts are to be joined together, as
is often the case when making up strip charts, rubber cement should
be used, since it does not cause the wrinkles and distortions so common
when using other adhesives. If the rubber cement is applied to both
the surfaces to be joined, and allowed to dry before pressing the
surfaces together, a very permanent junction can be made.



Chapter III.—AIR NAVIGATION BY DEAD RECKONING
THE ADVANTAGES OF DEAD RECKONING

Cross-country flying by elementary methods of piloting is so simple
under conditions of good visibility that many pilots practice no other
form of navigation. Piloting a plane by reference to visible landmarks
is fundamental and must be combined with any other form of naviga-
tion that may be used; however, when a pilot is limited to flying by
landmarks alone, he loses the saving in distance of the direct air route.
Furthermore, if the weather should close in unexpectedly during
flight and the familiar landmarks could not be found, the results
might be extremely serious, not only to the pilot, but to the life and
property of others as well.

In September 1935 a pilot, ﬂyin'% east, unexpectedly ran into fog
just 20 miles east of Pittsburgh. Thinking it only a local condition,
the flight was continued until it would have been as dangerous to
turn back as to proceed. Relying solely upon dead reckoning, the
ship was brought safely over the mountains, although the ground
was not seen again until near Hagerstown, Md. If this pilot had
beeg %‘ained only in landmark flying, a crash would have been most
probable.

By means of dead reckoning a pilot can fly fairly close to the land-
marks for which he is looking, even when his information is not very
reliable. Because he knows just about when and where to look for
them, he will often succeed in finding them when a pilot without such
training would miss them altogether. If he has fairly accurate
knowledge of his own course and speed, and of wind direction and
velocity, he may proceed even under adverse weather conditions
with more certainty than an untrained pilot might have in clear
weather. In any event, the ability to navigate by more advanced
methods is certain to result in increased safety and greater operating
efficiency, and will give considerable confidence and mental satisfaction
to the pilot as well.

THE LAMBERT CONFORMAL PROJECTION

The solution of all problems of dead reckoning depends entirely
upon the projection employed. The Lambert conformal conic
projection, which was chosen for the aeronautical charts, was devised .
nearly 200 years ago, although it did not come into prominence until
the World War; at that time it was adopted for the military maps
of the Allied forces because it afforded a maximum accuracy in the
measurement of distances and directions.

Distance and direction are the two basic problems of all naviga-
tion, since these two factors definitely determine position; conse-
quently, when the Coast and Geodetic Survey was assigned the task
of preparing charts for air navigation the Lambert projection was
given serious consideration. It was selected, however, only after a

27
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thorough investigation had indicated that it afforded a remarkable
combination of properties and advantages, among which are the
following:

1. It permits a perfect junction between any number of charts in any direction.

2. It is unexcelled for scaling distances in all directions in the United States.

3. Its directions, or azimuths, conform very closely to directions on the earth,
i. e, %reat-circle directions.

4. It provides the best possible chart for piloting.

5. It affords a eimple and satisfactory solution for all problems of dead reckon-
ing, not excepting the rhumb line.

6. It affords the simplest possible means of practical great-circle navigation.

7. It is unsurpassed for all types of radio navigation.

8. It is unusually suitable for celestial navigation and all problems requiring
the plotting of positions.

These conclusions were reached after many practical tests by the
United States Coast and Geodetic Survey, and anyone particularly
interested may obtain further data by adressing the Director of this
Bureau.

In the Lambert projection, the meridians of the earth are repre-
sented by straight lines converging toward a common point outside
the borders of the chart, and the parallels by curved lines which are
sections of concentric circles whose center is at the point of intersec-
tion of the meridians, Meridians and parallels intersect at right
angles and the angles formed by any two lines on the earth’s surface
are correctly represented. . )

The scale error of any single chart is so small that distances may
be measured directly by means of the graphic scales printed in the
borders. If the entire United States is shown in a single chart
(as No. 3060a), the maximum scale error for nearly 90 percent of the
chart is about one-half of 1 percent—an error quite negligible in

practice.
SMALL-SCALE CONTROL CHARTS

Reference has been made slready to the use of chart No. 3060a
for laying out routes between widely separated points. A second
chart which may be used for this purpose 1s Coast and Geodetic
Survey chart No. 3074, the Great-Circle Chart of the United States.
As an aid to the most effective use of these two charts, there follows
8 brief description of the special properties of each.

Chart No. 3060a is on the Lambert projection and is at a scale of
1:5,000,000, or about 80 miles to the inch, which is exactly one-tenth
the scale of the sectional charts. It affords a high degree of accuracy
in the measurement of distances between widely separated points,
and may also be used for the plotting of radio bearings, the necessary
instructions for performing these operations being printed on the chart
itself. Abocut 40 of the principal broadcasting stations and 250 of the
most important airports are shown in red, facilitating radio compass
navigation and the plotting of routes. The plotting of routes is fur-
ther simplified by an overprint showing the limits of each sectional
chart; in this way the pilot may see at once which sectional charts will
be required for a projected flight, and also the approximate location
of the intended route on each chart. Lines of equal magnetic varia-
tion are shown. Courses may also be measured thereon, although in
general they should be measured on one of the larger-scale charts, as
recommended on pages 29 to 31. A straight line on this chart is a
close approximation to the path of a great circle, and for all practical
purposes may be regarded as the shortest route between two points.
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Chart No. 3074, being on the gnomonic projection, can have no
constant scale, although it is at approximately the same scale as
chart No. 3060a. It is not suitable for the measurement of courses,
bearings, or distances, but any straight line on the gnomonic projection
represents a precise great-circle track, and the chart is therefore very
useful for an exact determination of the great-circle route over long
distances. The airports shown on chart %\Io. 3060a are included on
this chart also; the radio stations are omitted, however, since the
gnomonic projection is not adapted to radio navigation.

BASIC PROBLEMS IN DEAD RECKONING

There are two basic problems in navigation by dead reckoning, one
being essentially the reverse of the other. They are:

Case I. When planning a flight, before taking off, to
determine from the chart the distance and the compass
heading to be followed between two points.

Case II. While in flight, from the observed compass
heading and air speed of the plane, to determine and plot
on the chart the track being made good and the position of
the plane along the track at any time,

CASE 1

_ Having drawn on the chart the intended track, either as a straight
line or as a series of straight lines, in order to determine the compass
headings to be followed four steps are necessary:

1. Measure the true course, or courses, on the chart;

2. Find the magnetic course by applying magnetic variation;

3. Find the compass course by applying compass deviation; and

4. Find the compass heading from the compass ecourse by making allowance
for the effect of wind.

Figure 37 provides a graphic definition of these terms.
1. TO MEASURE THE TRUE COURSE

In order to understand clearly problems involving directions, it
is important to distinguish carefully between a course and a bearing
(or azimuth). Figure 20 illustrates the difference between these
terms, as well as the methods of measuring courses and bearings on
the Lambert projection, between any two points, A and B. Refer-
ring to the figure—

Angle a is the course to be followed from A to B;

Angle b is the course to be followed from B to A;

Angle Z is the bearing, or azimuth, of B as measured at the point 4;

Angle Z’ is the bearing, or azimuth, of A as measured at the point B.

It should be noted that on the Lambert projection a course is always
measured at the meridian nearest halfway between the two points in

uestion; & bearing (or azimuth) is measured at the meridian passing
throu h1 the place at which the bearing is determined (or to be deter-
mined).

Both courses and bearings are measured clockwise from the north,
from 0° up to 360°.

t For theoretical precision, long courses should be measured with the merid{an of middle longitude between
the points in questlon, rather than the meridian nearest halfway. This applies only to very long distances,

however, and Is an unwarranted refinement, the maximum course error {from this cause being too small for
practical consideration,
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A course may be followed without change for the entire distance
between the two points (if, for the moment, we disregard magnetic
variation, compass deviation, and wind); a bearing (or azimuth) is
constantly changing as we progress along the route and is different at
every point thereon (except for the special cases in which the two
points are both on the same meridian, or are both on the equator).

The course from A to B is the exact reciprocal of the course from
B to A (that s, exactly 180° different); the bearing of A from B is
never the exact reciprocal of the bearing of B from A, but differs
therefrom by an amount equal to the angular convergence between
the meridians through the two places.

Courses are used continually in all problems of dead reckoning;
the use of bearings (azimuths) is confined to radio navigation and
celestial navigation almost exclusively.

The terms “bearing’”’ and ‘“‘azimuth’ are identical, but the former
term 1s generally used in radio navigation, the latter in celestial
navigation.

If a course between two points is mistakenly measured as a bear-
ing, with the initial meridian instead of with the meridian nearest
halfway, considerable error may result.

To clear up any confusion that may yet remain, it should be
explained that when the course is measured with the meridian nearest

FIGURE 20.—Courses and hearings. Ficure 21.—Course and track.

halfway (as the angle a, fig. 20), a plane following that course will
not exactly follow the straight line AB on the chart, but will slightly
depart therefrom near the middle of the route, as indicated by the
light, broken line (greatly exaggerated) in figure 21. However,
when courses are measured as recommended in the following para-
graphs, the departure is so slight that it may be considered that the
})laneh does exactly track the straight line throughout its entire
ength.

E course measured with the true geographic meridian printed on
the chart is the true course.

When the two points are separated by not more than 3° or 4° of
longitude the true course may be measured with the meridian nearest
halfway, as described above and as illustrated in figure 20, and the
entire distance flown as one course.

When the difference of longitude between the two points is more
than 3° or 4° the straight line on the chart should be divided into
sections crossing approximately 2° of longitude each, and the true
course to be flown for each section should be measured with the middle
meridian of that section.

For example, figure 22 illustrates the method of determining the
series of true courses to be flown between St. Louis and Minot.
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The distance is 862.7 miles, and the difference of longitude is nearly
12°, which is too great to be flown satisfactorily in one course. The
route is therefore divided into five sections crossing approximately
2° of longitude each, the two end sections being slightly longer than the
others. The true course to be flown throughout the total length of
each section should be measured with the middle meridian of that
section, and the course should be changed in flight as the end of each
succeeding section is reached.

On the Lambert projection, for all practical purposes, a straight
line is the great-circle route (shortest possible distance) between its

102 96" 90°

MINOT

ST. LOUIS

F1oURE 22.—S8ubdividing a long route.

extremities. The method just outlined makes it possible to fly the
great-circle route by a series of short courses (rhumb lines).

For the flight from St. Louis to Minot only two regional charts are
required, and it would be a simple matter to join these two charts and
draw the straight line between the two places. When using the sec-
tional series six charts are necessary, and it is inconvenient to join so
many charts; in this case, therefore, the route should first be plotted
on one of the small-scale control charts and transferred to the sectional
charts, as described on pages 23 and 28.
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Some pilots object to making frequent measurements with a pro-
tractor. Whenever possible, that is the safest and best procedure, but
under conditions of flight there are times when the frequent use of a
protractor is impractical, if not impossible.

If the need should arise for laying out a new course while in flight,
the straight line may be drawn to the destination on the planning
chart itself, and subdivided thereon into convenient sections. With a
protractor determine the true course to be followed for the first sec-
tion; to find the true course for each succeeding section subtract.
%o of a degree ? for each degree of longitude between the middle me-
ridian of the first section and the middle meridian of the section under

consideration, for flight in a westerly direc-

tion; add %, of a degree for each degree of

,{A \.E longitude for flight in an easterly direction.

If this method is used and there is any
difficulty in remembering when to add and
when to subtract the correction, an exag-
gerated sketch similar to figure 23 will
remove any doubt. It is obvious that
FlouRe 2= The correction for conver- - the course angle at B is greater than the
angle at A4; therefore, add the correction

when going toward B (east), subtract when going toward A (west).

Instead of applying a correction of six-tenths of a degree for each
degree of longitude crossed, some prefer to think of the correction as 2°
for every 3° of longitude crossed, which is just as accurate. These
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FicURE 24.—Protractor used as a long straightedge.

pilots then make it a practice to change course at the central meridian
and edge of each sectional chart, remembering only to add 2° at each
course change when flying east, and to subtract 2° at each change when
flying west. This is only the change in true course, and does not take
into account the change in magnetic variation.

A long straightedge is not always available, even for plotting on the
ground. A very satisfactory substitute is a protractor used as illus-
trated in figure 24. This protractor was especially designed for use
with the aeronautical charts of the Coast and Geodetic Survey, on the
Lambert projection, It may also be used as a parallel ruler, and con-
tains scales of statute miles for both the sectional charts (1 : 500,000),
and the regional charts (1 : 1,000,000); the scale of miles for the sec-
tional series is equally suitable for chart No. 3060a, since it is exactly
one-tenth their scale (1 : 5,000,000). If a long straight line is desired
as between A and B in the figure, a knotted thread may be inserted
in the hole at the center of the protractor; then with one end of the
straightedge of the protractor at A, the thread is stretched to pass

9 This is the angle of convergence between meridians 1° apart on all (Lambert) aeronautical charts of the
United States. It is not precise, the exact figure being 0.8305; however, for any ordinary distances it is entire-
1y satisfactory. The maximum course error introduced by using the approximate figure amounts to only
%0 of a degree for an east-west flight of 500 miles; for the final section of the longest straight-line flight pos-
sible in the United States, the error amounts to Jess than 1.7°,
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through the point B; the other end of the straightedge is caused to
line up with the thread and the line AC is drawn. ’lghe operation is
then reversed with the straightedge at B and the thread passing through
A, and another section of the line is drawn; any center sections may be
drawn in the same way, and the long straight line completed. This
can be done more quickly and easily than it can be described.

2. TO FIND THE MAGNETIC COURSE

As explained above, the true course is measured with reference to a
true meridian printed on the chart, or true north. However, magnetic
compasses are used in air navigation, and these instruments, of course,
refer all directions to magnetic north. In most localities magnetic
north does not coincide with true north, chiefly because the earth’s
magnetic poles are at considerable distances from the true north and

Easterly Variation ‘Westerly Variation
15° 10°

F1GURE 25.—Magnetic variation in the United States, 1935.

south poles. The angular difference between true north and magnetic
north at any place is known in navigation as the magnetic variation
of the place.a It is called westerly variation or easterly variation,
depending upon whether magnetic north lies to the west or to the east
of true north. )

Figure 25 shows the lines of egual magnetic variation in the United
States for 1935, at intervals of 5°, These lines, which are also known
as isogonic lines, are shown on the aeronautical charts for each degree
of variation, and in a few cases for each half degree. A chart of the
United States (No. 3077), size 22 by 28 inches, showing lines of equal
magnetic variation at 1° intervals, may be obtained from the Director,
Coast and Geodetic Survey.

3 It i3 also known a8 variation of the comgass, or simply varlation, In engineering and sclentific work,
variation i8 known a8 magnetic declination, but the term *variation’’ has been used at sea for many years, in
order to avold confusion with the term ‘‘declinaiion’ as employed in celestial navigation, and this usage has
very properly been continued in air navigation,
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At all points along any given isogonic line, the magnetic variation
is the same in direction and magnitude. Referring to the figure, it
may be seen that in the eastern part of the United States the magnetic
compass points west of true north (that is, the variation is westerly);
in the western part of the country the magnetic compass points east
of true north (easterly variation). The dividing line between these
two areas of opposite variation, that is, the line of 0° variation, is
known as the agonic line. At all points along the line the direction of
magnetic north and true north are the same. Minor bends and turns
in the isogonic lines are chiefly the result of local attraction.

When a course is referred to magnetic north rather than true north,
it is known as a magnetic course.

A magnetic course has no importance of its own to a pilot; it is
simply a necessary step in converting a true course to a compass
heading, and as such must have some name for reference. It may be
defined further as the true course plus or minus magnetic variation.

There is no other single item in the
N whole field of navigation as important
as the proper application of magnetic
variation. Ships have been piled on
the rocks, and planes have crashed into
the sides of mountains or have been
completely lost because of misapplica-
tion of this item.

For our present problem just one
rule is necessary, but it should be
learned so thoroughly that a wrong
application is impossible. To convert
a true course into a magnetic course,
ADD WESTERLY VARIATION.

Numerous rhymes and jingles have
been contrived to help navigators re-
member this rule, but often the rhymes have proved more confusing
and harder to remember than the rule itself. 1t is believed that if the
pilot can fix in his mind the relation pictured in figure 26, there will
never be any question as to the correct application of magnetic
variation.

In figure 26, N represents the true geographic meridian, and angle 1
is the true course for the route shown. .

M represents the direction of magnetic north in the vicinity of O
and is west of true north as indicated.

Angle NOM is the magnetic variation, which is westerly.

Obviously, when magnetic north lies to the west of true north,
the angle NOM must be added to the true course (an_gle 1) to
obtain the magnetic course (angle 2), or the magnetic direction of the
route.

If westerly variation is to be added, easterlff variation must be
subtracted ; but if we can always remember the rule, ADD WESTERLY
VARIATION, there will never be any danger of an erroneous treat-
ment.

The application of magnetic variation may be further clarified by
two specific illustrations:

M

Magnetic
variation

FIGURE 26.—Magnetic variation.
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Near Portland, Maine, the variation is about 17° west, resulting in
the condition shown in figure 27. Note that in this case the magnetic
compass reading is everywhere 17° greater than the corresponding
true direction.

Near Portland, Oreg., the variation is about 22° east, as in figure 28,
the magnetic compass reading being 22° less than the true for any
chosen course.

After dividing the route into sections of practical length and de-
termining the series of true courses, as already outlined, the average
magnetic variation for each section is applied in order to find the
series of magnetic courses.

If this procedure is disregarded and a long route is flown in one
mean magnetic course, considerable departure from the intended
track may result. For example, figure 29 shows the conditions
actually existing in 1935 along the Canadian border between longitudes
90° and 96°, a distance of 273 miles. The true course for the route
from O to C is 270°; the magnetic direction at the point O is 268°,
while the mean magnetic course for the route as a whole is 264°. If
this mean magnetic course is flown for the entire distance, beginning
at O the course is in error by about 4°, and the plane will track the
broken line south of the parallel. At the center of the route the track
will be 4.1 miles south of the parallel, gradually returning to meet it
at C. These conditions are typical for the northeast quarter of the
United States, the departure from this cause being greatest, of course,
where the greatest differences in magnetic variation occur.

The following examples will help to fix in mind the application
of magnetic variation.

True course (measured from chart) | Mean magnetic variation (from chart) Magnetic course

135°

! When the true course to be converted is near 0°, 360° may be added or subtracted as necessary inorder
to perform the required operations.

3. TO FIND THE COMPASS COURSE

Magnetic attractions in the plane itself—metal parts, ignition
system, electric lights, placing of tools or cargo, etc.—affect the com-
Eass so that it fails to indicate magnetic north correctly on most

eadings.

This may be seen in a general way from figure 30, in which it is
assumed that the aircraft engine E exerts a magnetic attraction upon
the compass needle €. When the airplane is headed approximately
along the magnetic meridian M (that is, toward magnetic north), the
attraction of the engine is exerted in the same direction as the earth’s
magnetic force, and there would be little or no error in the indication
of magnetic north from this cause. When the plane is headed to
the left, the attraction of the engine is at right angles to the earth’s
magnetic force, resulting in a deflection of the needle to the left of
magnetic north; when the plane is headed in the opposite direction a
deflection of the needle to the right results.
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The angular difference between magnetic north and the north indi-
cation of the compass on any particular heading of the aircraft is
known as the compass deviation for that heading.

In practice, deviation is not quite so simple, but from the foregoing
it will be evident that it differs in magnitude and direction as the
airplane is pointed on different headings; it also differs, of course, for
each compass, and even for each new location of a compass in the
same airplane. Like magnetic variation, deviation is known as

7€
\

F1GURE 29.—Departure from intended track due to flying a mean magnetic course.

westerly, or easterly, according as compass north is west of, or east
of, magnetic north.

When a course is referred to compass north rather than true north
or magnetic north, it is known as a compass course.

Like a magnetic course, a compass course has no importance of its own,
since it would be useful in air navigation only in still air or when the
wind is parallel to the route. (See To Find the Compass Heading, p. 38.)
It is simply another step in the process of finding the compass heading,
and may be defined further as the
true course plus or minus magnetic M
variation and compass deviation.

By proper adjustments, deviation
on the various headings may be _E
greatly reduced, but a reduction )
of the deviation is less important %
than knowing exactly the amount s

of deviation on the resEective

headings. Some pilots, when they

have reduced deviation errors to M = Magnetic north

‘s maximum of 2° or 3°, ignore this E = Aircraft engine
correction altogether, feeling that € = Compass card or needle
the uncertainties and variations of FiGURE 30.—Compass deviation,

wind alone are likely to produce

reater errors. While this may be satisfactory under some conditions,
1t is not good navigation and is not recommended. The fact that some
errors must be present in a problem is no justification for introducing
another; in fact, the more uncertainties involved, the greater is the
need for accuracy in the other factors, lest the errors become additive
and of excessive magnitude.

At some airports, magnetic stations and compass-testing platforms
are available for the adjusting of compasses and the determination of
deviation. It is desirable, by “‘swinging ship,” to obtain and tabulate
deviation for headings at intervals of 10° or 15°.

For accurate navigation it may prove desirable to have more than
one deviation card for each compass; for example, one recording
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deviation with the plane in flying position and motor running, a
second for the same conditions but with navigation lights on, ete.
This should not be necessary, however, if the compass is properly
installed and compensated.

Deviation is subject to change from time to time, for varying causes;
it is also subject to change from place to place, especially where any
considerable difference of latitude is involved, and shoul«f, be checked
often—certainly before beginning any important flight.

The correction for compass deviation is exactly similar to the cor-
rection for magnetic variation, and we need change only one word in
our rule: ADD WESTERLY DEVIATION.

As with magnetic variation, it is obvious that if westerly deviation
is to be added, easterly deviation must be subtracted.

N N N N
M C M [
[ M [ M
CCV ce ce cc
westerly variation westerly variation easterly variation easterly variation
westerly deviation easterly deviation easterly devistion westerly deviation
CC = TC <+ Var 4 Dev CC = TC +Var —Dev CC = TC — var—Dev CC = TC = Var +Dev
N = True North TC = True Course
M = Magnetic North Yar = Variation
€ = Compass North Dev= Deviation

CC = Compass Course

FiGURE 31.-—~Applying variation and deviation to find the compass course.

Figure 31 illustrates the conversion of the true course for different
conditions of variation and deviation.

4. TO FIND THE COMPASS HEADING

As defined above, the compass course is the direction by compass in
which a plane should be headed in order to reach its destination in
still air, or with the wind parallel to the course; it also was defined
as the true course plus or minus variation and deviation, but with no
allowance for wind. In practice, however, the same term is often
applied to the heading of the plane after due allowance has been made
for wind.

To avoid any confusion at this point, the use of two separate and
distinctive terms is very desirable, and the following formal defini-
tions are given:

Compass course: The true course plus or minus variation and devia-
tion, but without allowance for wind effect.

Compass heading: The true course plus or minus variation and
deviation, and including allowance for wind ; the direction by compass
in which the plane is pointed.
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Figure 37 provides a graphic definition of these terms. Already
they have found limited acceptance in air navigation, and their
general adoption is recommended.
¢ In order to make the necessary allowance for the effect of wind,
and to find the compass heading from the compass course, the action
of the wind upon an aircraft must be fully understood.

A free balloon is carried with the wind and at the same speed as
the wind, just as a cork is carried on the surface of a stream. Now if
we substitute for the cork a toy motorboat which requires a minute
to cross a small stream, and the stream is flowing at the rate of 10
feet per minute (fig. 32), even though the boat is headed directly
across stream it will still feel the full effect of the current; during the
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FIGURE 32.—Eflect of current on a boat.

minute of its crossing it will also be swept 10 feet downstream and will
reach the opposite bank at a point 10 feet below the point of departure.
The solid line of figure 32 represents the path of the boat in crossing
the stream. In exactly the same way, an airplane in flight is subject
to the full effect of the wind, even though the plane may be moving
under its own power in an entirely different direction.

For example, a plane headed due east from A (fig. 33) flying at
an air speed of 100 m. p. h., should reach B (100 miles distant) in
1 hour; but, during the hour of flight the plane has also been subject
to the full effect of a wind of 20 m. p. h., from 315°. As indicated in
the figure, it actually reaches C, the line AC representing the track
followed by the plane over the ground. If the length of AC is

A Air Speed of Piane 100 mph

i P

FiGURE 33.—Wind drift.

measured by the same scale with which AB and BC were laid off,
we may determine also the speed the plane has made over the ground
in passing from A to C, or 115 m. p. h.

Air speed is the speed of the plane with respect to the air, and is
the speed registered by the air speed indicator (when corrected for
altitude, temperature, and installation error; see p. 148). Itis repre-
sented by the line AB in the figure.

Ground speed is the speed of the plane with respect to the ground,
and is the resultant of the heading and air speed of the plane and the
direction and velocity of the wind. It is represented by the line
AC in the figure. AB is the compass heading, while AC is the track,
or line of flight.
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Figure 33 illustrates what would happen if a pilot followed a com-
pass course without regard for wind effect. Under the conditions
shown, the plane would pass well south of and beyond its objective,
the angle BAC being known as the drift angle. In order to avoid
such an error, the plane must be headed into the wind at such an angle
that the effect of the wind is counteracted; if this is done correctly
the plane will be over the intended track throughout the flight. This
angle at which the plane must be headed into the wind in order to
make good the intended course is known as the wind correction angle.

Many pilots think that they have satisfactorily corrected for
wind effect if they turn into the wind the same number of degrees as

. ~10 ft--+
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F1GURE 34.—Correcting for the effect of current on a boat.

the observed drift angle; however, if we return to the illustration of
the toy motorboat, we may see that the wind correction angle is
always greater than the drift angle. Referring to figure 34, if the
boat is headed toward a point 10 feet upstream from the starting
oint A, it will require as much time to cross the stream as though
1t actually traveled the line AB. Since the time required is more
than 1 minute, the boat will be carried more than 10 feet downstream
in crossing and will reach the opposite bank at a point downstream
from the starting point, the line AC representing the actual track
of the boat. To reach the other bank at a point opposite A, the
boat must be headed toward a point more than 10 feet upstream.
When the wind direction and velocity are known a pilot can deter-

.
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Fiaure 35.—Correction to course for wind, and determination of ground speed.

mine graphically the wind correction angle required to make good
the intended course. The procedure is as follows:

The true course from A to a distant point, D (fig. 35) is found to
be 90°, or due east, From the point of departure, 4, on any con-
venient scale lay off AC to represent the direction and velocity of
the wind. From C, with radius equal to the air speed of the plane,
describe an arc meeting the intended track at O. raw AC’ parallel
to CO, and C’0 parallel to AC. In the figure it is now evident that
A(C’'=C0=air speed of plane; C"O=AC=wind direction and
velocity; and the angle C’A0 is the wind correction angle, or the
number of degrees the plane must be headed into the wind in order
to track the line AD exactly. The angle may be measured with a
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protractor and applied to the compass course (obtained by correcting
the true course of 90° for variation and deviation),

AOQ is measured and found to represent 113 m. p. h., the ground
speed along the route; from the ground speed the exact flying time
between A and D can be obtained.

AC" represents the compass heading, or the direction in which
the plane must be pointed in order to make good the intended track AD.

It must be remembered that wind directions given in weather reports
are true directions: in constructing the ‘“triangle of velocities” to
obtain the wind correction and ground speed, the course and the
wind direction both must be in true directions, or both must be
converted to compass directions. The results obtained would be
the same whether true directions or compass directions are used, but
it is important that both directions should be in the same terms.

Referring again to figure 35, it has been stated that the angle
C’AQ is the wind correction angle. It is also the drift angle that
will be observed in flight as long as the plane is headed in the direction

c

CH=CC-W CH=CC+W CH=CC+W CH=CC—- W

C = Compass North CC = Compass Course
CH = Compass Heading W = Wind Correction Angle

F1GURE 36.—Combining compass course and wind correction to find the compass heading.

AC’ and there is no material change in wind. This constitutes a
valuable check, enabling the pilot while in flight to determine easil
if the wind conditions being met are in accordance with those predicted.
Winds vary with time, place, and altitude, and the conditions ex-
perienced 1n flight may differ considerably from those indicated in
weather reports and forecasts. One probable cause of changing
conditions may often be eliminated by maintaining a constant
altitude. Whenever an appreciably different drift angle is observed,
it is a warning that wind conditions have changed and revised cor-
rections must be determined and applied. For the best methods
of doing this while in the air, see Appendix, pages 145-164.

Practically all methods of determining ground speed are based
on the assumption of constant air speed, which in turn is based on
the assumption of level flight. Quite obviously, the forward speed
over the ground is materially reduced when climbing, and allowance
for any such periods should be made when determining the position
along the intended track.

Figure 36 illustrates the application of the allowance, or correc-
tion, for wind effect under varying conditions. For any particular
case it is believed that & rough sketch similar to one of those in the

33573—38——4
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figure will remove any doubt the pilot may have as to whether the
allowance for wind should be added or subtracted.

By comparing the various parts of figure 36 we can formulate this
general rule: For wind from the right, add the correction; for wind
from the left, subtract. This may be remembered more readily if we
follow the form of our rule for applying variation and deviation,
making this rule read, ADD WIND RIGHT-—and, of course, we would
not wish to add wrong!

There are many methods of obtaining the wind correction and
ground speed when the wind direction and velocity are known, but
the method just outlined is the foundation on which all others are

N = True North (geographic merician)
M = Magnetic North
angle NOM = Magnetic variation (westerly)

€ = Compass North
angle MOC = Compass deviation on this heading (westerly)
angle 1 = True Course
angle 2 = Magnetic Course
angle 3 = Compass Course
angle 4 = Compass Heading
AB = Track (or intended track)

FiGURE 37.—~Graphic definition of terms used in dead reckoning.

based, and is certain to find frequent use. Among the other types of
solution commonly used, the following may be mentioned:

1. Tabular solutions.—These are of two kinds, (a) a special table, or series of
tables, based upon the air speed of each particular plane; (b) a general table
giving wind velocities in percent of air speed. For convenient use these per-
centages should be converted into wind velocities corresponding to the air speed
of any given plane.

2. Mechanical solutions, in which the triangle of velocities and other naviga-
tional problems are solved by means of mechanical devices.

3. Graphic solutions, in which lengthy tabulated corrections have been reduced
to the form of simple graphs (see Appendix).
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By way of summary, figure 37 affords a graphic definition of
the terms commonly used in navigation by dead reckoning, and of
their interrelation.*

CASE II

In the preceding discussion only the first of the two cases of dead
reckoning has been considered, namely, determining from the chart,
when planning a flight and before taking off, the distance and com-
pass heading to be followed.

The second case is concerned with plotting on the chart while in
flight, from the observed compass heading and ground speed, the
track being made good and the position of the plane along the
track at any time. It may seem that this should never be necessary
if the course is properly determined before beginning the flight;
however, wide departures from the charted route are altogether pos-
sible, intentionally or otherwise. In this event it may happen that
after leaving a certain position the only data which can be obtained
are (1) the compass heading, (2) the approximate ground speed,
and (3) the elapsed time. .

Essentially, this problem is the reverse of the first. In Case I we
start with the true course measured on the chart and apply variation,
deviation, and an allowance for wind effect in order to obtain the
compass heading. In Case II, starting with the compass heading
observed in flight, all these factors are included and must be taken
away in order to obtain the true course to be plotted on the chart.
Obviously, then, all the rules of Case I must be reversed: whatever
would have been added then must be subtracted now, and vice versa.
This process of ‘“taking away’’ may be called rectifying. As in
Case I, four steps are necessary:

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

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

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

4. Plot the true course on the chart, using the same procedure outlined for
measuring a course.

1. TO RECTIFY THE COMPASS HEADING FOR DEVIATION

If we remember the rule laid down that to convert a magnetic
course to a compass course under Case I we ADD WESTERLY
DEVIATION, it 1s evident that to rectify the compass heading we
must reverse the process and subtract westerly deviation; easterly
deviation, of course, should be added.

4 For utmost precision, the correction for compass deviation should be applied last, after the correction
for wind has been applied. as the deviation on the final heading may differ somewhat from the deviation
for the no-wind heading. For this reason some recomiend that the four steps be taken up in the following
order:

1, Measure the true course.

2. Correct for wind.

3. Correct for variation.

4. Correct for deviation.

However, the three factors of true course, variation, and deviation all are known when working with the
chart, while the wind information is usually the last to be known and must even be revised frequently
while in flight. The advantage of being able to apply at one time, while working with the chart, all cor-
rections except that for wind, in most cases outweighs the theoretical gain in precision that might result
from applying deviation last. If the compass is not fFroperly installed and compensated, and the devia-
tions on adjacent headings are large or appreciably different, it is obvious that deviation should be apglied
last; but if the compass is xfroperly compensated the difference in deviation between adjacent headings
ordinarily should be so small as to be negligible in practice, and the order of procedure given in the preced-
ing pages is considered preferable.
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2. TO RECTIFY THE MAGNETIC HEADING FOR VARIATION

As with deviation, we must reverse the rule of Case I, subtracting
westerly variation and adding easterly variation.

If there should remain any confusion as between adding in Case I
and subtracting in Case II, 1t should be necessary only to remember
that problem one, finding the compass heading from the chart, is
normally the first and basic operation, and for Case I we must ADD
WESTERLY variation or deviation. For the second operation, per-
formed in the air, we simply reverse the procedure.

3. TO RECTIFY THE TRUE HEADING FOR WIND

When the drift angle can be obtained, the true heading of the plane
ma,}lr be rectified for wind simply by adding or subtracting the drift
angle.

igure 38 illustrates the rectifying of the true heading for wind
under varying conditions. By comparing the various parts of the
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FIGURE 38.—Combining the true heading and drift to find the track (true course made good).

figure, we see that here, again, we reverse the rule of Case I, and
subtract the drift angle for wind from the right.

When drift observations are not possible because of adverse weather
conditions, the true heading is rectified for wind by means of a tri-
angle of velocities (see example 4, p. 136), using the wind direction and
velocity as given in weather reports or as last known,

4. TO PLOT THE TRUE COURSE ON THE CHART

Having obtained the true course (track) from the three preceding
steps, there remains only the problem of plotting it on the chart.
Here we must remember again that we are dealing with a course, not
8 bearing; if we are to avoid error it must be plotted, not with the
meridian of the last known rosition, but with the meridian nearest
halfway between that position and the new position.

This may be done satisfactorily by estimating roughly the course
and distance on the chart, selecting the meridian nearest halfway,
laying off the course therewith, and paralleling the line so obtained
with a line through the last known position.

To illustrate, in figure 39, A marks the last known position of a
plane and the known data are as follows:;
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Compass heading in flight_ . o 55°

Ground speed (approximate) o iicaaaa 110 m. p. h.
Elapsed time oo e ——————- 1 hr. 20 min.
Drift angle (wind from left) . . aa--- 10°

Compass deviation on compass heading of 556°_ - .o ccoooaoo. 3° W.
Magnetic variation, average, from chart .. ... . oo ... 7° E.

The true course is found in accordance with the rules already given,
as follows:

1. Magnetic heading= Compass heading—deviation (westerly).
=55%—3°=52°.

2. True heading = Magnetic heading+ variation (easterly).
=52°47°=59°.

3. True course = True heading+ drift angle (wind from left).
=59°4+10°=69°,

4. The approximate distance covered in 120 at 110 m. p. h. is 147 miles.
By inspection it is seen that 147 miles on a true course of 69° crosses approxi-
mately 3° of longitude. The course angle of 69° is measured with the meridian
nearest halfway, 1°30’ east of A, at any convenient intersection, O, and the line
TC obtained. The line AB, drawn from A parallel to 7C, is the dead reckoning

l

FIGURE 39.—Plotting on the chart the track, or true course made good.

track made good; a point, B, on the track line, 147 miles distant from 4, marks
the position of the plane by dead reckoning.

The following comparison may serve to fix in mind the procedure
in the two general cases of dead reckoning:

Case I: Chart to compass heading: Case II: Compass heading to chart:
1. Measure the true course. 1. Subtract westerly deviation.
2. ADD WEBTERLY VARIATION, 2. Subtract westerly variation.
3. ADp WESTERLY DEVIATION. 3. Subtract wind right, i. e., for wind
4, App wIND RIGHT, i. e., add the from the right.
correction for wind from right. 4, Plot true course on chart.

SPECIAL PROBLEMS OF DEAD RECKONING
RETURNING TO THE INTENDED TRACK
As already stated, intentional departures from the plotted route are

sometimes made in order to avoid unfavorable weather conditions, or
for other reasons; often, however, the departure is unintentional and
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is not realized until the position is definitely determined in flight, by
reference to known landmarks or other methods. Ordinarily, when a
departure from the intended track is noted, a new course is laid out on
the chart from the newly determined position to the destination; by
applying variation, deviation, and a revised allowance for wind, the
proper compass heading to make good the course is obtained. Under
other conditions it may be desired to return to the intended track and
complete the flight as originally planned.

To return the plane to the intended track many approximate
methods are practiced. Some of these are unsound in principle, and
are therefore not very satisfactory. To be satisfactory, any method
must take into account the reasons causing the departure. For ex-
ample, in figure 40, a pilot is flying from A to B, 100 miles due east, at
100 m. p. h.  After 30 minutes flight when he should be at 0, he finds

A Intended Track c B

w Wind
Ctual Track D (no allowance made)

FI1GURE 40.—Departure from intended track due to failure to apply correction for wind.

himself directly over a town at ). Since he was making no correction
or allowance for wind, the line CD represents the direction and velocity
of the wind; AD is the track, and the angle CAD is the drift angle.

In figure 41, on another occasion a pilot is flying between the same
two points, making allowance for a northwest wind of 30 m. p. h.
After proceeding on the proper heading AV for 30 minutes he should
be at C, but finds bimself over a town at E, due to the fact that the
wind was only 20 m. p. h,, instead of 30 m. p. h. as reported. It
should be evident that to return to the intended track under these

30M= 15 mi (allowance for reported wind)

F1GURE 41.—Departure from intended track due to overcorrection for wind.

conditions will require a procedure different from that required in
the preceding figure.

A good general rule to follow is to head the plane toward the in-
tended track at an angle of about 45° thereto. Allowance for wind
can be made, taking into account the wind data just learned from the
determination of position, and the time of arrival over the plotted
route can be found with a fair degree of accuracy.

The simplest method (if the wind is at such an angle to the plotted
route that it is practical) is to line the plane up with the wind, ap-
proaching the intended track directly into the wind {fig. 40), or with
the wind (fig. 41). In either case the ground speed may be known
from the air speed of the plane and the wind velocity, and the time
of arrival over the intended track is most easily determined.
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RADIUS OF ACTION

By radius of action is meant the distance an aircraft may fly, with
a given amount of fuel and given wind conditions, and still return
to the starting point. The solution of this problem also includes
the courses to be steered on the flight out and on the return trip, the
ground speed in each direction, and the time to turn back.

This problem is important to the private pilot in determining how
far (or how long) he may fly in a particular direction and still return
to the starting point before dark; how long he may fly over scenic
regions and still be certain that he has enough fuel for the return
trip, and so on. It is important to the transport pilot when the
weather at his destination is doubtful and he wishes to know how

True
meridian

Al 20mph ~ C

FI1GURE 42.—Radius of action; triangle of velocities for flight out.

long he may continue toward his destination and still be able to
return to his starting point, if need be.

Favorable winds reduce flying time for a one-way trip, but if the
same wind continues for the roturn flight the round trip always
requires more flying time than it would if there were no wind. In
other words, for a two-way trip wind is always a hindrance, never
a help ®

Ral()iius of action problems consist of two parts, each of which may
be solved by a triangle of velocities similar to that shown in figure 35.
To illustrate, let it be required that a plane fly from A (fig. 42) as
far as possible toward a distant point D, and return to A. Cruising
speed of plane 100 m. p. h., wind 20 m. p. h. from the west (270°),
true course 60° for trip out, 240° for return flight. The total time
available is 3 hours. Figure 42 is the triangle of velocities for the
flight out, figure 43 the triangle for the return flight. In each case
the correct heading to steer is ascertained, and the ground speed that
will be made good along the corrected heading.

& This is always true unless the wind changes during flight so as to afford a tail wind in both directions.
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In practice, these two triangles are usually combined into one
figure, as shown in figure 44, in order to save time in laying off angles
and distances. Having found the ground speed out and the ground
speed back, the radius of action for each hour of flying time available
is found from the formula,

. . ground speed out X ground speed back
Tadius of actlon_'ground speed out-ground speed back

In the example just given, then,

117X82
1174-82

Since 3 hours of flying time are available, the total radius of action
is 3X48.2, or 144.6 miles. The time required to reach the point of

radius of action= =48.2 miles for each hour.

20mph O
Wind

meridian

F1GURE 43.—Radius of action; triangle of velocities for return flight.

turning back is the time required to fly 144.6 miles at the ground
speed (out) of 117 m. p. h., or &1._6=1_24 hours, or 1 hour 14 min-
utes.

From the above example it should be obvious that the radius of
action is the same whether the flight out is with the wind or against
the wind. If the example were reversed, fizure 43 would represent
the flight out, figure 42 the return flight, and the same values would
be used to compute the radius of action. In this case, however,
the time to turn back would be the time required to fly 144.6 miles
at the ground speed (out) of 82 m. p. h., or 1.76 hours=1 hour 46
minutes.

It is also of interest that minimum radius of action exists with
wind parallel to the route (head or tail winds); maximum radius
occurs with the wind at right angles to the route.

Results obtained as above are precise; for mang purposes, less
exact values are satisfactory, and a convenient table showing the
approximate radius of action for various wind conditions is given in
the Appendix, page 162.

A more difficult problem, but one which may prove valuable in
an emergency, is tﬁat of determining the radius of action before



(figure 43)

(figure 42)

meridian
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FIGURE 4.—Radius of action; triangle for flight out combined with triangle for return flight.
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returning to some point other than the starting point. For example,
(fig. 45), a pilot leaves an airport at A, for a distant point B, with
just 4 hours fuel supply, aside from the required reserve. Weather
conditions at B are very uncertain, but conditions at (' are satis-
factory and are expected to remain so. How far may he proceed
toward B and still have fuel enough to reach C if advised by radio
that the weather at B has closed in altogether?
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Fi1GURE 45.—Radius of action when returning to some place other than the starting point.

The known data are as follows:

AB==350 miles, true course 50°.
BC=140 miles, due south.

Air speed of plane, 90 m. p. h.
Wind, 30 m. p. h., from 270°.

The first step is to plot the three points, A, B, and C, in their proper
relative positions. The line AB, drawn at an angle of 50° to the
meridian halfway between A and B, represents the intended track,
or the true course it is desired to make good.

The next step is to construct a triangle of velocities ADE, in order
to determine the correction to the course for wind. The true heading
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to be steered, AF, is laid off, equal to the total time available multi-
plied by the air speed of the plane—in this case 4 X90=360 miles.

From C lay off C@ into the wind and equal to the wind velocity
multiplied by the {otal time in the air, which is 430, or 120 miles;
draw FG.

Next it is desired to draw a line from G to some point H on the line
AF, so that HG=HF. The easiest way to do this is to erect a per-
pendicular to the line FG at its middle point; the intersection of this
perpendicular with AF provides the point A, and by simple geometry
HG@=HF. HJ is drawn parallel to the wind.

A simple explanation of this seemingly complicated plotting now
becomes possible. A plane leaving 4 on the heading AF with 4
hours’ fuel supply can make good the air distance represented by AF.
Since HG=HF it may also fly an air distance represented by AH+HG
in 4 hours’ time; but since a plane in flight i1s also subject to the
full effect of the wind (see p. 39), the plane in this case Wili have been
drifted due east a distance equal to the wind velocity multiplied by
the total time in the air, or 30X4=120 miles=the line CG, by
construction.

We may now see that if a plane flies the headings AH and H@ for
a total time of 4 hours, and during the 4 hours is subject to a total
drift represented by CG, the final position of the plane will be the
point C. Also, the heading AF was determined in order to make good
the track AB; in flying that heading an air distance equal to A, the
plane will have drifted eastward by an amount equal to the line HJ,
and will have made good the track AJ.

The point J is the farthest point to which the pilot may fly toward
B and still be able to return to C within 4 hours of flying time.

J@', parallel to H@, is the heading required to make good the
desired track JC.

The time required to reach the point of turning back may be found
either by scaling the distance AJ and dividing by the ground speed,
or by scaling AH and dividing by the air speed. AH measures 24%
miles, which divided by r90=2 hours 45 minutes; JG’ measures 112
miles, which divided by 90=1 hour 15 minutes; total, 4 hours.



Chapter IV.—RADIO NAVIGATION
THE IMPORTANCE OF AERONAUTICAL RADIO

In many respects, radio navigation offers the simplest and easiest
method of position-finding in flight. Its importance is steadily
increasing, not only because of improved equipment and an increasing
number of aids, but also because 1t continues to function in blind fly-
ing, when other methods fail or become very uncertain.

For the United States, a chart on the Lambert projection is ideal for
all methods of radio navigation, since its meridians converge so nearly
in conformity with the meridians of the earth that no corrections nor
computations of any sort are required. A radio bearing may be
plotted directly and correctly on the chart.

THE RADIO RANGE SYSTEM

Of the various methods of radio navigation, perhaps the simplest
and best known is provided by the radio range system of the Depart-
ment of Commerce, illustrated in figure 46.

Each radio range station marks four courses, or equisignal zones,
which are normally 90° apart, although this spacing is often varied in
order that the courses may coincide with the established airways.
For example (see fig. 47), the northeast course of the Newark radio
range station is directed along the New York-Boston airway; the
westerly course is directed toward Bellefonte, along the Chicago-
New York route, and the southwest course along the Atlanta-
New York route. The easterly course serves no particular airway.

. The four courses from each station are obtained as follows:

Into two diagonally opposite quadrants (fig. 47) the letter N
(—.) is transmitted in Morse code, and into the remaining pair of
quadrants the letter A (. ) is transmitted. Each quadrant slightly
overlaps the neighboring quadrants, and in the narrow wedge formed
by the overlap tﬁe two signals are heard with equal intensity, the dots
and dashes of the two signals interlocking to produce a continuous
signal, or monotone. Thus, a pilot will hear the continuous dash
while he is on course; if he deviates to one side of the course he will
hear the dot-dash (A) signal, and if he deviates to the other side he
will hear the dash-dot (V) signal.

On the aeronautical charts of the Coast and Geodetic Survey the
radio range system is shown in a pink tint, and the A and N quadrants
of each station are indicated by conspicuous letters. By reference to
the chart pilots may know from the signals received whether they are
on course, or to the right or left of the course.

The on-course (equisignal) zone is about 3° in width, depending
largely upon the orientation of the courses, the receiving equipment
used, and the technique of the observer. Maximum sharpness of
course is obtained with the receiving set tuned to the minimum prac-
tical volume.

As an aid to orientation, a uniform procedure is followed in the
designation of quadrants, The letter N is always assigned to the

52



¢ h
MINNEAPOLIS P

LA CROSSE

b
s
8Lrny

~
v
&

FIGURE 46.—The radio range system of the Department of Commerce.

NOILVOIAVN 41V TTVOILOVid

g¢



54 U. 8. COAST AND GEODETIC SURVEY

quadrant through which the true north line from the station passes;
or if the center of an equisignal zone coincides with true north, the
letter NV is assigned to the adjacent quadrant on the west.

The range signals are interrupted about twice each minute for the
transmission of the identifying signal of the station, which consists of
two letters in continental code. (See p. 164.) This signal is always
transmitted first in the N pair of quadrants, then in the A quadrants.
If a pilot is near the bisector of an N quadrant, he will hear the dash-
dot () signal, followed by the identifying signal, but will not hear the
dot-dash (A) signal, nor the identifying signal which is transmitted
into the A quadrants.

If he is on course, he will hear a dash, or monotone 25 seconds long,
(the A and N signals interlocked) followed by the identifying signals,

Fi16URE 47.—Newark radio range station.

which are transmitted first into the N quadrants and then into the A
quadrants. As long as a pilot remains in the equisignal zone, the
identifying signals from both the A and the N quadrants will be
heard with equal intensity; when flying a radio range course, therefore,
some pilots steer so as to keep these two signals of equal strength
instead of trying to maintain the on-course monotone. If a departure
from the course occurs, one identifying signal becomes noticeably
weaker than the other; if the first of the two signals received is the
weaker, the pilot knows he is in an A quadrant; if the second signal
is weaker, he is in an N quadrant. In either case, of course, he knows
his position with reference to the equisignal zone. When off course,
experienced pilots are able to estimate approximately the angular
departure from the course by means of the relative strength of the
two identifying signals received.

Under good receiving conditions the first method (flying so as to
maintain the on-course monotone) is more precise; under unfavorable
atmospheric conditions the latter method is generally preferred.
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The range signals are also interrupted at scheduled intervals for
brief weather reports of interest to those flying the airway on which
the station is located. In order to provide continuous range opera-
tion in emergencies, weather broadcasts may be omitted on request;
for the same reason, provision has been made at some stations for
broadcasting all voice communications on & standard frequency of
236 kilocycles. Equipment providing for simultaneous reception of
range signals and broadcasts on the same frequency is now being
installed by the Bureau of Air Commerce, thus eliminating the neces-
sity of omitting either the range or telephone service.

The radio range stations are usually located near a terminal airport
or an intermediate landing field, and, whenever possible, they are so
situated that one of the four courses lies along the principal runway
or landing area of the airport, thus facilitating radio approach land-
ings under conditions of low visibility.

One of the greatest advantages of this system is that pilots need not
be concerned with corrections for drift. As long as they keep the
plane along the right side of the equisignal zone (with reasonable
precaution against multiple courses; see p. 56), they can be certain
of the track being made good over the ground.

In addition to the airway radio range stations operated by the
Department of Commerce, & number of important terminal airports
are also equipped with privately operated airport radio range stations.
These are exactly similar to the radio range stations already described,
except that they are of quite limited power and range. They are
always so located as to localize the landing area very definitely, and
provide a positive control of landings in bad weather. The courses
from the airport radio range stations are also shown by a pink tint
on the aeronautical charts; however, to avoid confusion in the con-
gested areas surrounding major airports, full information is not indi-
cated on the charts. Pilots desiring complete data should obtain
them from the ‘“T'abulation of Air Navigation Radio Aids,” which
is issued by the Bureau of Air Commerce and may be had free upon
request.

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

First, it is obvious that as a plane passes over a radio range station
there is an apparent reversal of the directions of the 4 and N quadrants
For example, a plane approaching the radio station of figure 47 from
the west will have the A quadrant on its right, the N quadrant on
its left, but as soon as it has passed the station the N quadrant will
be to the right and the A quadrant to the left.

Directly above the antennas or towers of the radio range station
there is a cone of silence, a limited area shaped like an inverted cone,
in which all signals fade out. Just before entering the cone of silence
the volume of the signals increases rapidly; as the plane enters the
cone, the signals fade out abruptly for a few seconds, the length of
time depending on the speed of the plane and the diameter of the cone
at the level of flight. When the plane first leaves the cone, the signals
surge back with great volume before they begin to fade as the distance
from the station increases. If the plane passes over the station a
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bit to one side of the cone, and the receiver is not kept to minimum
volume, the signals do not entirely fade out.

Sometimes there is a momentary fading of signals, or a false cone
of silence, at other points along the airway, but this can be distin-
guished from the true cone of silence by the absence of the surge of
volume at the edges of the cone, and by the nonreversal of signals,
which should have taken place in passing over the station. In
order to avoid any uncertainty from this cause, some ranges are
being equipped with a new type of marker beacon, which emits a
distinctive, high frequency radio signal in the cone of silence.

When flying away from a radio range station it is important to
check the magnetic course being made good (the compass heading
plus or minus deviation and wind effect) at frequent intervals, as
multiple courses ! exist at some locations—particularly in mountainous
country. By checking the magnetic course being made good against
the magnetic direction of the range course printed on the chart, pilots
can lessen the danger of following one of these false courses away from
the established airway; also, & multiple course can often be recognized
by its narrow width 1n comparison with the true range course. This
item is of less importance when flying toward the station, since even
a false range course would serve perfectly as a homing device; how-
ever, in this case it should be remembered that such a course may lead
over terrain that is dangerous because of high mountain peaks.

A related difficulty is found in bent courses. As a rule, the bend
is relatively small, and is of little importance since it bends away
from and around the obstruction that causes it; however, in mountain-
ous country bends of as much as 45° have been noted. Several such
bends may occur in a short distance, and to attempt to follow them
without a thorough knowledge of their relation to the terrain, prev-
iously gained under conditons of good visibility, might prove impos-
sible. If the plane continues in straight flight under these conditions,
the range courses seem to be swinging from side to side. Courses
from range stations using the old loop antenna usually swing exces-
sively at night beyond 25 miles from the station. This phenomenon
is known as night effect, and has been practically eliminated in recent
installations by using four vertical radiators instead of two crossed
loop antennas. In view of the difficulties mentioned, when flyin
blind (on instruments) it is important to maintain an altitude we
above any nearby peaks or obstructions—and in interpreting the
word “nearby’’ a generous allowance should be made for any possible
uncertainty as to the position of the plane.

Some of these difficulties may be greatly reduced as the result of
development work now being conducted by the Bureau of Air Com-
merce. For example, & supplementary range service on ultrahigh
frequencies has already been made available at some stations, resuft—
ing in definitely improved performance. In any event, mention of
these weaknesses should not destroy confidence in the radio range
system, which as a whole is very dependable, and the most effective
aid yet developed. They are presented here in order that pilots may
be ever on the alert, taking nothing for granted when the safety of life
and property is at stake.

1 That {8, the e%ﬂsi al zone, which s normally about 3° in width, may be broken up into a number of
narrow on-course bands with a total spread of 10° or 15°, or even more. Between the on-course bands the

proper quadrant signal {s ususlly heard, although an A signal is often found in an N quadrant, and vice
versa.
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For most effective use, the radio range system should be regarded
as an aid to dead reckoning. With any form of radio navigation there
is always the possibility of excessive static and of mechanical failure,
either In transmission or reception; in such cases, the pilot who has
neglected other methods of navigation may find himself hopelessly lost
and without the information necessary for safely completing the flight.

Ordinarily, the most difficult proglem that may arise is that of
quadrant identification and of finding the range course as quickly as

ossible from an unknown position. For the solution of this prob-
em an accurate aeronautical chart is indispensable: only from this
source can the pilot learn the identifying signals of the stations in
his vicinity, the relative position of the four radio range courses from
each station, and the magnetic directions of the courses. Here, again,
the fact should be emphasized that a chart, once sold, can be corrected
only by the user. Before beginning any flight in which the use of
radio may become necessary, the charted data should be checked
against the Department’s latest Tabulation of Air Navigation Radio
Aids and the subsequent Notices to Airmen, and any changes should
be noted on the chart.

There are several favored methods of quadrant identification and
of finding the range course as quickly as possible. No one method
is suitable for all conditions, and the pilot should become thoroughl
familiar with each of them in order to solve any given problem wit
the least delay. In the following discussion of the various methods
it will be assumed in each case that the pilot knows, from the signals
received, that he is in one of the two A quadrants of the Harrisburg
radio range station, but does not know which one.

The 90° method.—Under this system a course is flown at right
angles to the average bisector of the two possible quadrants (fig. 48).
When the course-pattern of a station is not symmetrical it is important
to use the average bisector, since it is equally suitable for either of
the two quadrants in which the plane may be located. In this
case, 8 course at right angles to the average bisector may be either
337° or 157°.

If the course of 337° is chosen, then it is certain that courses 2 and
3 are somewhere behind the plane.

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

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

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

If the course of 157° is chosen, rather than 337°, the procedure will
still be the same as before, as shown in figure 48.

1 Provided for in the Cfvil Air Regulations, which may be obtained from the Director, Bureau of Alr
Commerce.
88578—88——>5
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Where multiple courses are known to exist, instead of making the
90° turn as soon as the first N signal is heard, it is advisable to fly
for some little distance before making the turn, selecting the true
rang_% Icourse from among the several false ones encountered, if

ossible.
P After identifying the course intercepted, by means of the 90° turn
to the right described above, instead of making the general turn to
the left it was formerly the practice in some cases to make another
turn to the right until the range course was again intercepted, and
then follow it in to the station. This has the disadvantage that the

®___

F1GURE 48, —Identification of the quadrant and range course; 90° method.

lane crosses the course at a very sharp angle, nearer to the station;
if the distance from the station 1s not great, the course is so narrow
that it may be crossed without the pilot being aware of it, and further
time is lost feeling the way back to the equisignal zone again. Also,
if the plane is close to the range station, making the second turn to
the right may cause it to cross not only the course first intercepted,
but another course as well. In this case confusion would certainly
result, and valuable time would be lost while the entire problem is
worked out once more.
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In the example just given it was assumed that the pilot was near
the center of an A quadrant; now suppose he is near enough to one
of the range courses that he can faintYy hear the identification signal
transmitted into the N quadrants as well as the identification signal
transmitted into the A quadrants. This means that he is either just
north of course 2 or course 3, or just south of course 4 or course 1.

If he flies the 337° course, at right angles to the average bisector
of the quadrants, and the faint signal begins to fade, he knows he
is flying away from the nearest on-course zone, and that he is there-
fore just north of course 2 or course 3; he makes a 180° turn, ap-
proaching the equisignal zone on the 157° course, and the procedure
from this point is identical with that illustrated in figure 48.

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

If flying entirely blind, the pilot should make sure that he is
maintaining a safe altitude above the highest elevation in either 4
quadrant. The highest contour shown on the chart within reason-
able distance of the Harrisburg station is 2,000 feet, but the color
gradient of elevations, as shown in the margin, is from 2,000 to
3,000 feet; therefore an altitude well above 3,000 feet should be
maintained until the position of the plane can be definitely known.

This is the most dependable method. Its chief disadvantage may
be seen from figure 47. 1If the plane is in a quadrant where the
courses meet at a wide angle (as the southeast quadrant of the figure),
on a course at right angles to the average bisector of the quadrants
it may be necessary to fly a considerable distance before picking up
the on-course signals.

The fade-out method.—Under this system the pilot flies a course
paralleling the average bisector of the two quadrants (instead of at
right angles thereto), with the volume of his receiver as low as pos-
sible. If the signal fades out, he knows that he is flying away from
the station; if the volume increases, he knows that he is approaching
it. 'This procedure identifies the particular quadrant in which he is

- flying, unless some of the difficulties mentioned later prevent.

Referring to figure 49, if the pilot is flying a course of 67° and the
signal fades out, he knows he is in the easterly A quadrant with the
station behind him; he makes a 180° turn and flies to and through an
equisignal zone. As soon as the first N signal is received, he turns
left, not more than 180°, until the on-course signal is again received.

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

The weakness of this system is that for some stations the signal
strength is variable due to irregularities of the terrain, or night effect;
the signals from these stations alternately increase and fade so that
it is difficult to decide definitely, without undue loss of time, whether
the volume is increasing or fading out. Also, in the case of ‘‘squeezed
courses” (that is, when the courses are not 90° apart; see fig. 47) it
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is possible to fly away from a station and have the signals become
stronger, instead of weaker.

Several combinations of these two methods will suggest themselves.
For example, after intercepting an equisignal zone, the range course
may be identified and followed in to the station by essentially the same

rocedure as that illustrated in figure 48. Also, as in the first method,
if the two identification signals are heard, one loud and one weak,
and the weak one begins to fade out, it is evident that the pilot is
flying away from the nearest range course as well as from the station;

FiGURE 40.—Identification of the quadrant and range course; fade-out method.

the 180° turn is made at once, and the procedure is then as shown in
the figure. .

The individual conditions at any one station must be considered in
choosing the method to be used. For example (fig. 47), for a pilot
in one of the NV quadrants at Newark, it would be generally desirable
to fly the average bisector toward the northwest; if he were in the
southeast quadrant, either the reverse course or a course at right
angles to the bisector might carry him out to sea.

he parallel method.—Under this system the quadrant is identified
by flying along the average bisector and notin%1 the fading or increase
in volume. Then, if it 1s desired to reach the station over a par-
ticular course of the range, the pilot flies parallel to the other range
course limiting that quadrant until the desired on-course zone 1s
reached, and follows it in to the station.

For example, a pilot determines his position somewhere in the
northeast quadrant of figzure 49. He desires to approach the station
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by way of the easterly course, and therefore flies parallel to the
northerly course, 194°, until the easterly course is intercepted, then
follows 1t to the station.

Various other methods of quadrant identification have been used,
but it is believed that the three just described represent the simplest
yet developed, the 90° method being the most positive and reliable.
At least one of the three will be found suitable for any problem that
m% arise. . o .

ith a radio compass using a visual indicator, quadrant identifica-
tion is generally unnecessary, since the pilot may determine the direc-
tion of the station and fly directly to it, setting a new course from
that point toward his destination.

In addition to the general problem of quadrant identification,
certain other rules must be observed. For example,in order to prevent
meeting aircraft flying in the opposite direction, it is important that
pilots fly to the right of the radio range courses. As an added safe-
%uard, the Civil Air Regulations require that flights along an airwa

e made at definite altitudes—in one direction at the odd thousand-
foot levels (as 1,000, 3,000, or 5,000 feet above sea level), and in the
opposite direction at the even thousand-foot levels (as 2,000, 4,000,
or 6,000 feet). This insures that there will always be at least 1,000
feet vertical separation between planes flying in opposite directions.
Definite altitudes are fixed for crossing another airway, and other
restrictions have been placed upon instrument flying within 25 miles
of the center of an established civil airway by pilots not engaged in
scheduled air transportation. All these requirements are set forth in
detail in the Civil Air Regulations published by the Bureau of Air
Commerce; pilots are urged to obtain the latest copy of these regula-
tions, and to become thoroughly familiar with them,

Due to the effect of wind, as well as irregularities in steering, it is
seldom possible to hold steadily to the course marked out by the range.
Instead, if the pilot is slightly to the right of the course he heads a few
degrees to the left until the on-course signals are heard, then a few
degrees to the right until the off-course signals again predominate,
etc. In this way he “weaves” along the right-hand edge of the
equisignal zone, making frequent checks of the course by means of
his compass.

At critical points along the radio range courses there are also radio
marker beacons. These are low power transmitters which emit a
distinctive signal on the same frequency as that of the range on which
they are located, and serve to inform the pilot of his progress along
the route. When located at the intersection, or junction, of courses
from two radio range stations, marker beacons operate on the fre-
quencies of both stations. When the pilot receives the signal of a
marker beacon so located, it serves as a reminder to tune his set to the
frequency of the radio range next ahead of him.

In thick weather, when visual observations cannot be made, ground
speed can be determined by noting the time required to reach &
given marker beacon, or from the elapsed time between passing suc-
cessive marker beacons, range stations, or cross beams from other
radio range stations.

All radio marker beacons are equipped for two-way voice commun-~
ication, and are prepared to furnish weather reports and other emer-
gency information, or to report the passage of a plane, on request. In
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case the plane is not equipped with a transmitter, if the pilot circles the
marker beacon the operator will come on the air with the weather for
that particular airway. The pilot indicates that he has received the
{L}formation by a series of short blasts of his engine, and proceeds on

s way.

Under the 1938 program of construction, the Bureau of Air Com-
merce is establishing a number of new ‘‘fan type” ultrahigh frequency
radio marker beacons. Four of these beacons are installed around a
given radio range station, one on each of the four courses, or equisignal
zones, and about 20 miles distant from the range station. Each such
marker beacon transmits a fan-shaped radio pattern across the equi-
signal zone, and is keyed to give a distinctive signal identifying both
the radio range station and the particular course on which it 1s located.
It therefore definitely fixes thelocation of the plane. In addition, these
beacons will constitute an important link in the system of airways

traffic control.
THE RADIO COMPASS

There are several types of equipment under the general head of
“radio compass.” Signals may be received aurally or visually, or both,
by means of a loop antenna, which may be either fixed or rotatable.
Strictly speaking, the radio compass refers to installations employing
a fixed loop and a visual indicator. With this arrangement, as fong
as the plane is headed directly toward a radio station the indicator
hand remains centered; headings to the right or left of the station
result in a corresponding deflection of the hand. The radio compass is
chiefly used as a ‘“homing device,” and bearings of radio stations off
the line of flight may be obtained only by turning the plane toward the
station and noting the compass heading when the indicator is centered.

With the rotatable loop, bearings may be obtained without turning
the plane itself. The loop is rotated until the position of minimum
signal strength, or “null,”” is obtained; the bearing of the station with
respect to the heading of the plane may then be read from a graduated
giaé. ”}‘his equipment is properly referred to as a “radio direction

nder.

Both the radio compass and the direction finder are valuable aids
when flying the radio range system. For example, if a pilot is flying a
range course and is able at the same time to obtain the bearing of some
off-course radio station, the intersection of this bearing with the range
course, when plotted on the chart, definitely fixes the position of the
plane along the course at the moment the observation was made. Or
if the pilot is appreciably off course he may identify the quadrant in
which he is flying by means of the observed bearing to the radio
station. This also informs him of the location of the equisignal zones,
and he may proceed to the station without the extra flying required
by other methods.

This is a very limited application of the radio compass, however;
when used with charts on the Lambert projection it is as useful for
direction finding and position determination off the airways as on the
radio range system itself. By its use pilots are enabled to tune in any
broadcasting station of which the position is known—commercial or
Government—and fly directly to the station selected, merely by head-
Ing the plane so as to keep the pointer of the indicator centered. A
straight line drawn on the (Lambert) chart from any given position
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to the radio station in question, represents the no-wind track the plane
would make good over the ground in flying to the station.

Or if the pilot wishes only to determine his position, rather than to
fly to the station, he may obtain the true bearing of the station and
pK)t it on the chart; the intersection of this bearing with a bearing from
a second station determines the position of the plane. Unlike most
other projections, the projection used for these charts is so accurate
that no computations nor corrections for distortion are required.

The simplicity of plotting the observed bearings is illustrated in
figure 50. A pilot flying in the vicinity of F determines the bearing X
of the radio station RS. He is uncertain of his position, but assumes
that he is near the point P and plots the observed bearing on the
chart at the meridian nearest the assumed position, moving the pro-
tractor along the meridian until the bearing passes through the radio
station. For all practical purposes the line so drawn may be considered
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FigURE 50.—Radio compass navigation (radio bearings).

as a radio line of position (see p. 66), at some point on which the plane
is located.

In the same figure, RC is a naval radio direction finder station. By
means of equipment similar to that on the aircraft itself, and at the
same time the above bearing was obtained, this station determined the
bearing Y of the aircraft from the station, and reported it to the pilot
by radio. In this case, the bearing is plotted with the meridian nearest
RC, and the intersection of the two bearings fixes the location of the
plane at F.

For the plotting of radio bearings a protractor of the type illus-
trated in figure 24 will be found most convenient. If the arm of the
protractor 1s not long enough to reach from the assumed position to
the radio station, the observed bearing may be plotted from any con-
venient point on the meridian nearest the assumed position; a line
drawn parallel thereto from the radio station represents the bearing.

In the example just given, the radio direction finder station was
introduced in order to illustrate the plotting of bearings so determined.
Also, for the sake of simplicity it was assumed that the bearing of the
plane was determined there at the same time that the pilot observed
the bearing of the other radio station; in practice, this could scarcely
be the case. The services of a direction finder station are not always
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available, and even if they were, some time interval would certainly
elapse between the determination of the two bearings. If the pilot
must determine both bearings himself from the plane, an appreciable
time interval may intervene.

When any considerable time elapses between the determination of
the two bearings, the position of the plane is determined by what is
known as a ‘“running fix.” For example, figure 51 illustrates the
same problem as that of figure 50, except that the direction finder
station RC is replaced by a second radio station R, and that after
obtaining the bearing X, the plane flew due east (true) for a period
of 10 minutes at a ground speed of 180 m. p. h., before obtaining the
bearing Y of the second radio station.

In 10 minutes at a ground speed of 180 m. p. h. the plane will
have traveled 30 miles. From any convenient point® Z on the line
representing the bearing to the first station, draw a line ZZ’ running
due east a distance of 30 miles. Then through the point Z’ draw a
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FiGURE 51,—Radio compass navigation; a “running fix.”

line parallel to the original bearing line; the intersection of this line
with the plotted bearing of the second radio station fixes the position
of the plane at the time the second bearing was obtained. Note that
the bearing Y is plotted with the next meridian east of the one used
for plotting the bearing X, since the assumed position has also moved
30 miles eastward, and is now nearer to the more easterly meridian.
If, after carrying forward the bearing X, it is found that the assumed

position is greatly in error—say, by one degree of longitude ¢ or more—
a more accurate determination of position may be had by replotting
the observed bearings at the meridian nearest the fix. In the second
plotting of the bearing the line representing the bearing of the first
radio station must still be carried forward to obtain the fix, exactly
as in the first plotting.®

3 From a theoretical standpoint, the nearer the point selected is to the correct position of the plane at the
time of the first observation, the more accurate will be the results. In practice, however, “any convenient
point” will be well within any desired limits of accuracy.

4 An error in the latitude of the assumed position, however great, will not affect the accuracy of the result.

$ For utmost precision onl{] the last bearing should be plotted at the meridian nearest the flx; the first
bearing should be plotted at the meridian nearest the Eoint where It was observed, and then carried forward.
This meridian could be found by carrying the fix backward the dead reckoning distance and direction made
ggoq between the two bearings; however, if both bearings are plotted at the same meridian and the first

aring is then carried forward, the maximum error in the fix, with a run of 50 miles or more between the
two observations, would only be about 1 mile for every 100 miles distance from the radio station, which s

too small to justily the longer procedure, Regardless of the meridian selected for plotting the first bearing
the line must still be carried forward as described above.
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When the radio station observed falls within the limits of the chart
being used, the method illustrated in figure 50—plotting the observed
bearing from the meridian nearest the assumed position P through the
radio station—is the simplest and most accurate. When using the
sectional charts for this purpose it is quite likely that the station
observed may be off the chart. In this case, since it is not practical
to join the two charts while in flight, it will be necessary to plot the
bearing directly from the radio station on the adjoining chart to the
border, and to measure the angle at which the plotted bearing crosses
the last meridian before reaching the border; the point of crossing
that meridian must then be transferred to the other chart, and the
bearing line continued at the same angle.

To plot the bearing directly from the station some pilots add (or
subtract) 180° and plot the reciprocal bearing, but this is inaccurate.
Due to convergence of the meridians (see p. 30) the bearing at the
radio station is never the reciprocal of the bearing observed at the
plane. The bearing to be plotted from the radio station is obtained as
follows:

1. To the bearing observed at the plane, add (or subtract) 180°.

2. If the pLANE is WEST of the radio station app 94, of a degree for each degree
of longitude between them; if the plane is east of the station subtract %, of
a degree for each degree of longitude.

It will be noted that the foregoing rules follow the same form as our
rule for applying magnetic variation and deviation, and that the rule
begins with the plane, where the bearings are actually determined.
The rule may also be remembered from the familiar initials, PWA.

SPECIAL CHARTS FOR RADIO DIRECTION FINDING

The preceding discussion and methods apply to all standard aero-
nautica]l) charts on the Lambert projection, and are essential to a clear
understanding of the subject. However, the scale of both the sec-
tional and regional charts is too large for convenient use in this work,
while the scale of chart No. 3060a is too small. To bridge this gap
and to provide the quickest and easiest means of position-finding from
radio bearings, the series of aeronautical charts for radio direction
finding was designed.

These special charts are at a scale of 1:2,000,000, six charts being
required to cover the United States (fig. 3). As a result, it is seldom, 1f
ever, necessary to plot a bearing from a station on an adjoining chart.

Around each radio range station there is a special compass rose
(see fig. 15) oriented to the magnetic meridian instead of the true
meridian. These compass roses are intended primarily for plotting
reciprocal bearings, and therefore the larger (outer) figures read from
0 at magnetic south. When plotting bearings from these stations
it 18 not necessary to add or subtract 180° to obtain a reciprocal
bearing, nor to apply the correction for convergence described in the
preceding section. It is only necessary to draw a line from the radio
station through the graduation corresponding to the observed mag-
netic bearing (using the outer figures). The line so drawn is the
desired line of position. (See example 8, p. 139.)

Some inaccuracy is introduced by this method, since the magnetic
variation at the station is used, rather than the variation at the point
of observation (that is, at the position of the plane); also, no correc-
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tion is made for convergence of the meridians. If utmost accuracy is
required, corrections may be applied for these two items. The
correction for convergence has already been described (p. 65). The
difference between the magnetic variation at the airplane and at the
radio station should be added if the variation at the airplane is smaller
westerly or greater easterly than at the radio station; subtracted if
the reverse. In the majority of cases, this correction will be of the
same sign as the correction for convergence.

Some may more readily understand the application of the correction
for the difference in variation by thinking of variation as being a
maximum in the eastern United States and gradually decreasing
through zero (at the agonic line) to a minimum on the west coast.
The rule may then be stated as follows: App the difference if the
variation at the plane is LEss than at the radio station; subtract if the
variation at the plane is greater.

For all ordinary purposes these two corrections need not be applied.
In planning these charts it was felt that the rapid and frequent deter-
mination of approximate positions was more desirable than more
tedious though more exact methods—particularly in view of the
limited accuracy of radio bearings now attainable.

A number of commercial radio broadcasting stations, selected with
regard to their suitability for radio direction finding, also appear on
these charts. Because of congestion it is impossible to print compass
roses around these stations, and bearings from them must be plotted
in the conventional manner described in the preceding section.

ERRORS OF THE RADIO COMPASS

Like the magnetic compass, and for much the same reasons, the
radio compass is usually subject to deviation on some headings.
This may be determined and applied in exactly the same way that
‘deviation of the magnetic compass is determined and applied; how-
ever, in some installations, especially when the rotatable loop antenna
is used, the deviation is incorporated in the dial scale so that bearings
may be used directly as read. Obviously, this is to be preferred.

It should be remembered that radio compass bearings are subject
to the same distortions that produce multiple radio range courses in
mountainous country. They are also affected by interference between
stations broadcasting on the same frequency, and by “night effect.”

A RADIO LINE OF POSITION

In the preceding section reference has been made to a radio line of
position. While a full understanding of this term is not strictly
necessary, it should help to clarify the problem and may be useful
under certain conditions.

If the bearing of a plane is determined at a radio station, and plotted
at the meridian of the station, then the straight line between the
station and the plane is a radio line of position. The radio station is
“definitely fixed on the chart, and the bearing of the plane is accurately
known; therefore, the line between them has been positively deter-
mined as the line on which the plane is located.

If the bearing X of the radio station R (fig. 52), is determined at the
plane and plotted at the meridian nearest the assumed position of the
plane, then the point P on the meridian is only a point on the radio
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line of position. There is also a point P! on another meridian where
the same bearing might have been observed, a similar point P? on
still another meridian, and so on; the plane might have been located
at any point on the curved line (greatly exaggerated) drawn through
these points where the bearing of B is the same. Strictly speaking,
then, this curved line is the radio line of position as determined at the
uncertain location of the plane.

If strictest accuracy in plotting is required, the radio line of
position may be easily cbtained by plotting the observed bearing
at two or three meridians on each side of the assumed position and
drawing a curved line through the points so obtained. For all prac-
tical purposes this is unnecessary; unless the assumed position is
greatly in error (say 50 miles or more), the bearing plotted at the
meridian nearest the assumed position so nearly coincides with the
radio line of position that they may be considered identical. If the
assumed position is proved to be greatly in error when a preliminary
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FIGURE 52.—A radio line of position from bearing determined at plane.

fix is obtained, entirely satisfactory results may be had by a second
plotting of the bearing, as already described.

RADIO AND THE CORRECTION FOR WIND

In radio compass navigation, as in all other methods, wind is the
principal complicating factor; once understood, however, the proper
allowance for wind can be made and the pilot may proceed with
certainty even though the ground is not visible.

Two general types of radio compass are in use on aircraft, the one
employing a rotatable loop antenna, the other a nonrotatable loop.
With the former, bearings may be taken of stations in any direction
by rotating the loop, without turning the plane; the latter is used
chiefly as a homing device, and cross bearings can be obtained only
by turning the ship itself to head toward the station in question.
The nonrotatable loop is not without its advantages for the pilot-
navigator, but with it the allowance for wind is more complicated
and precise navigation a little more difficult.

When using the radio compass solely as a homing device, even
though the pilot heads his plane directly for the radio station RS of
figure 53, under the effect of cross winds the plane will follow the
round-about broken line of the figure instead of the direct route.



68 U. S. COAST AND GEODETIC SURVEY

From the standpoint of the added distance alone this is often
unimportant, since it would seldom require appreciably more time to
fly the round-about course than to head into the wind and crab
slong the intended track at reduced ground speed; on the other
hand, it is always desirable to know with reasonable precision the
track being made good. At times this is absolutely essential in
order to keep the plane over favorable terrain or to avoid dangerous
flying conditions. Furthermore, as is usually the case, more precise
methods of navigation do result in some saving of flying time.

In view of the wind factor, precise navigation with the radio com-
pass is possible only in conjunction with a stable magnetic compass,
or with a gyro compass, To illustrate, suppose that a pilot Jeaves a
point A and proceeds toward a distant radio station 5. From the
chart he knows that the true course from A to B is 90°. With a
true heading of 90°, he soon finds from his radio compass that he has
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F1GURE 53.—The radio compass and wind effect.

drifted to the left. Heading slightly into the wind, after another
period of flying he finds he has now returned to the direct route; this
means that he has made more allowance for wind than is necessary
in order only to maintain the intended track, so he assumes a heading
between the first and second. After a period of flight on_this inter-
mediate heading, he turns momentarily to the original heading of
90°, just long enough to determine from the radio compass that he is
still on the direct line to the station at B; this indicates that he is
making the proper allowance for wind, and he returns to the inter-
mediate heading. Subsequent checks made by turning the plane
momentarily to the original heading of 90° will keep him advised of
any deviation from the direct route and enable him to make any
further changes in heading that may prove necessary. An additional
check is found in the fact that while the correct heading is maintained
the indicator hand will read off center. As long as it remains off
center by the same amount it may be considered that the plane is
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making good the direct track to the station. The procedure is the
same whether flying toward a radio station, or flying away from a
station.

The process of finding the correct heading to steer in order to make
good the direct route to the station may be somewhat simplified if the
pilot is able to determine the drift angle, By heading into the wind
at an angle just a little greater than the observed drift angle, the
approximate heading is found at once. Subsequent checks, as out~
lined in the preceding paragraph, will provide the data for any further
modification that may be necessary.

The foregoing applies to the nonrotatable loop antenna; when using
the rotatable loop t?xe procedure is simpler. If a deviation to the left
is noted, the plane is turned slightly into the wind as before, and the
loop rotated the same number of degrees in the opposite direction.
The indicator will then show the same amount of deviation from the
route as before, but if enough allowance has been made this will
gradually decrease to zero. This indicates that the plane is again
over the intended track, and a slightly smaller allowance for wind
should keep it there. By trial and error, each time the heading is
changed rotating the loop an equal number of degrees in the opposite
direction a heading is found on which the indicator will remain centered
as long as the heading is maintained. While this condition exists,
the plane is making good
the direct route toward the
station. If the route being
followed is a long one, as
the route from St. Louis to 26 | mi F
Minot (fig. 22), the head- : ™ |Intended
ing must be changed to [F @0 B0l i mon| B track

conform to the change in
true course as the end of
each succeeding section is FIGURE 54.—Determination of wind by radio compass.
reached.® If the wind were

constant, the steering perfect, and the plane started on the proper
heading this would not be necessary; as long as the indicator re-
mained centered the plane would track the great circle toward the
station, and the ever-changing direction of the bearing (fig. 20)
would be automatically registered by the compass or gyro. Since
such ideal conditions do not exist in practice, it is necessary to make the
changes periodically, as suggested.

Under unurual conditions, if the plane is already close to dangerous
topography, instead of returning to the intended track as described
above, it may even be desirable to circle back, reaching the plotted
route at & position nearer the starting point. The arnval over the
intended route must be determined by the radio compass in conjunc-
tion with the gyro or magnetic compass.

When a fix has been obtained by cross bearings, as described on
page 63, the wind direction and velocity may be obtained graphically,
if desired. In figure 54, after flying due east from A for a period of 40
minutes and at an air speed of 120 m. p. h., a fix was obtained at F.
From the chart it is found that F scales 75 miles from A. AB repre-

¢ In theory there is some difficulty in the combined use of 8 compass (or gyro) and the radio compass, since
the latter determines a bearing at a point while the former determines a course: however, as explained on

&30, when courses are properly determined the departure of the course from the straight line representing the
aring Is negligible.
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sents the heading and air speed of the plane, AF the track and ground
speed, and the angle at A the drift angle. BF represents the wind
direction and velocity, which is found to scale 7 miles, and is from the
southeast (135°); since the 7-mile drift occurred in a period of 40
minutes, the wind velocity is 10 m. p. h.

If the plane is proceeding from a radio station as a point of de-
parture, using the radio compass as a homing device (flying away
from home), and the visual indicator shows a deviation from the
direct route the drift angle may be determined simply by heading the
plane so as to center the indicator and noting the difference in degrees
from the original heading. While one drift angle cannot determine
a position, if this angle is plotted on the chart and the estimated
distance made good is scaled along it, an approximate position is ob-
tained which may be of some assistance.



Chapter V.—CELESTIAL NAVIGATION
PRACTICAL VALUE

Celestial navigation is the art of determining position on the earth
from observations of celestial bodies (the sun, moon, stars, and
planets).

For flights of 500 to 1,000 miles, celestial navigation with present
methods and equipment will seldom prove of practical importance.
For such distances, its chief value is that of a fascinating hobby which
may some day prove of value, since the combined use of piloting, dead
reckoning, and radio should ordinarily afford satisfactory results.

With the development of large transports capable of flying great
distances nonstop, longer and longer flights have been included in
air transportation schedules. Regular flights from the West coast
to the Orient are already commonplace, and a route across the North
Atlantic is now an accepted fact. For flights such as these celestial
navigation is not only practical, but necessary.

The Pacific route to the Orient, like the airways within the United
States, is equipped with the Iatest and best radio facilities. There
are those who believe that radio will always provide the leading
navigational method in air transportation, and probably they are
right. For communications it is a necessity, and for easy position
finding it is unexcelled ; however, it is always possible that failure may
occur, either in transmission or reception, and celestial navigation
should be practiced in order to assure proficiency in such emergencies,
if for no other reason.

Efficient operation demands that long flights be made at high alti-
tudes, and a large percentage of such flights would be above any
overcast. This would prevent the direct determination of drift and
ground speed, and would make dead reckoning of doubtful value;
1t would not affect radio, except in the event of complete failure or
excessive static, and it would not affect celestial navigation. For
longer flights, then, especially over ocean routes, celestial navigation
becomes a primary method, and of at least equal importance with
radio.

ACCURACY

The accuracy of the results depends on the skill of the observer, the
instrumental equipment, and the conditions under which the sextant
observations are taken. By means of astronomical observations a
surveyor on the stable earth can determine the geographic location of
his position within a few yards; on a ship at sea, position can usually be
determined within a mile or two. Under average conditions in the air,
an accuracy of 5 to 10 miles should ordinarily be obtained, although
considerably greater-errors may occur with a light plane and bumpy
air.

Since a single observation may be greatly in error, it is common
practice to take from 5 to 10 observations in quick succession, and to
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determine the line of position from the average of the observations.
Obviously, the better the flying conditions the smaller the number of
observations needed for a satisfactory determination.

SIMPLICITY

There is a widespread belief that celestial navigation is very diffi-
cult, and can be used only by experts. On the contrary the method is
very simple. In the practice of celestial navigation the most difficult
part of the whole process is the taking of the sextant observation;
obviously, this is largely a matter of mechanical practice.

Aside from the observation with a sextant, three other steps are
necessary. The first is to note the exact time of the observation;
the second is to compute the line of position from the sextant observa-
tion and the time it was made; and the third is to plot the line of
position on the chart. An error of 4 seconds in noting the time of
observation will produce & maximum error of only 1 mile in the line
of position; the computations have been reduced to simple arithmetic,
and the plotting of the position line on the chart is as simple as measur-
ing the course angle.

In addition to the instruments ordinarily used in other methods of
navigation, the following equipment is required: Sextant, chronometer
(accurate watch), Nautical Almanac for the current year, and tables
for performing the necessary computations, such as the line of position
table appearing in pages 167 to 181 of this book. A suitable form for
computing the line of position is convenient, but is not absolutely

necessary.
BASIC PRINCIPLES

Almost directly above the North Pole of the earth there is a fairly
bright star known to most people as the North Star. It is also called
the Pole Star, or, more properly, Polaris. Let us suppose that this
star were exactly over the North Pole: To an observer at that point its
altitude, or angle of elevation above the horizon, would be 90°, or
exactly overhead (in the zenith). Now if the observer moves south-
ward for a distance of 10°, to latitude 80°, the altitude of the star is
found to be 80°; from any point on this parallel, whether toward Asia
from the Pole or toward North America, the altitude is the same. The
80th parallel may therefore be called a circle of position, and all points
at which the altitude of Polaris is 80° must be located somewhere on
that circle, and nowhere else.

Similarly, from any point in latitude 30°, when the observer is 60°
from the Pole, the altitude is 30° and the 30th parallel is another circle
of position; and so on until, at the Equator, when the observer is 90°
from the Pole, the altitude of the star is 0°, and the Equator becomes the
farthest circle from which the star is visible.

From the foregoing we see that:

1. The point directly beneath the star is the center of a system of concentric
circles of position.

2. From every point on any given circle the altitude of the star is the same.

3. As we move away from the point directly beneath the star there is a decrease
in the altitude of the star proportional to the distance moved; if we move away a
distance equal to 1’ of latitude the altitude decreases 1’; if we move away 10°
further, the altitude decreases another 10°, and so on.

4. In each instance the radius of the circle of position (that is, the distance of
t?stoléserver from the point beneath the star), is equal to 90° minus the observed
aipitude,
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These principles hold true not only for a star directly over the pole,
but for all stars, and the relation between the observed altitude and
the corresponding circle of position is illustrated in figure 55. Evi-
dently, the smaller the altitude observed the greater the distance from
the point on the earth directly beneath the star.

Through long familiarity with latitude we are accustomed to measur-
ing distances along & meridian, north and south, in terms of degrees
and minutes. We do not usually think of distances in other directions
in these terms, yet great-circle distances in any direction are always
computed in degrees and minutes, and then converted into nautical
miles, statute miles, meters, ete.

A chart may have a scale of distances in terms of degrees and
minutes of a great circle, just as it has a scale of distances in terms of
statute or nautical miles. If a small-scale chart (the scale of No.
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F16URE 55.—Relation between observed altitudes of a star and circles of position.

3060a, or smaller) were provided with such a scale, it would be possible
to plot on the chart, from the Nautical Almanac, the position beneath
any star at the instant of observation; and with that point as a center
to draw the circle of position graphically, with a radius equal to 90°
minus the observed altitude, with no computations whatever. This
principle may prove of very practical value on special charts of the
route to the Srient, the transatlantic routes, or even some of the
transcontinental routes.

We have seen that the observed altitude of a star definitely deter-
mines a circle of position at a known distance from the point beneath
the star. If at the same time and place the altitude of a second star is
observed, a second circle of position is determined; since the observer
is on both circles, he must be at & point where the two intersect. This
is illustrated in figure 56, which is a greatly reduced representation

88573—38——6
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of chart No. 3060a. The positions of the stars observed (Vega and
Alphecca) at the moment of observation were plotted on the chart
from data in the Nautical Almanac; then with radius equal to 90°
minus the observed altitude in each case, the two circles of position
were drawn, determining the fix as shown. Note that the distance
between the top and bottom parallels of the chart is 25°, the lengths
of the radii being laid off proportionately at the same scale.

From the figure it may be seen that the two circles of position would
also intersect just outside the southern border of the chart. For
every pair of intersecting circles there must be two points of intersec-
tion; this is not confusing, however, since the two points are usually
far enough apart that one of them may be dismissed as impossible.
In the problem illustrated, the poorest navigator, somewhere in
Nevada, should be able to know at once that he was not in Mexico,
1,500 miles away. When using larger scale charts for this purpose, the

502
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\egd

25

3060a

FiGURE 56.—Two circles of position establish location.

radius of the circle of position is often too long for the limits of the
chart and the circle of position cannot be drawn as just described; the
procedure must therefore be slightly modified.

To determine a circle of position on the larger scale charts, the
navigator starts with an assumed position, A4, figure 57, which may be
either his dead reckoning position or a nearby projection intersection,
From the line of position table (pp. 167 to 181) he computes the azimuth
and the altitude of the star as it would have been observed from the
assumed position at the instant of observation. Let us suppose that
the computed azimuth of the star is 250° and the computed altitude
36°49’: the line AZ is plotted from A, and represents the azimuth of
the observed body; in reality it is the end section of a radius of the
circle of position on which the point A was located at the instant of
observation, and the line LP, at right angles thereto, is a short section
of that circle. Now suppose that the altitude actually observed was
37° this is 11’ greater than the altitude computed for the assumed
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position and we know, therefore, from page 73, that the observation
must have been taken at some point on a circle of position 11’ closer
to the star than the circle of which LP is a part. 'Therefore, a distance
equal to 117 of latitude is laid off along AZ, toward the star, and the
line L’P’ (at right angles to AZ and parallel to LP) is a short section
of the circle of position on which the navigator was located when the
observation was made. In such cases the radius of the circle of
position is so long that the short sections of circumference may be
drawn as straight lines without appreciable error. Such a short
section is commonly called a line of position.

In practice, of course, it is not necessary to draw the line LP; the
altitude difference (see p. 83) is simply laid off from the assumed or
dead reckoning position along the plotted azimuth, and a line at right
angles thereto through the point so obtained is the desired line of
position.

As in the case of a radio line of position (p. 66), a line of position
from g single star does not definitely determine position; it determines
only a line at some point
on which the observer
was located at the in-
stant of observation.
In order to obtain s fix,
lines of position from
two or more stars must
be obtained; since the
observer is somewhere
on each line of position,
he must be located at
their common point of
intersection. When LP = Line of position through assumed position
three lines of pOSitiOIl 36° 4% = Altitude computed for assumed position
are p]otted they seldom  37° 00/ = Aititude observed

meet in a point, because 1V = Difference between observed and computed altitudes
of inaccuracies of ob- L'P" = Line of position through true position
servation: 1nstea.d, a FIGURE 57.—The line of position on large scale charts.

triangle is formed, and
the position may be regarded as anywhere within the triangle.!

Although one line of position does not provide a fix, it may still
prove of real value. For example, if the line is approximately parallel
to the path of the plane, it informs the pilot as to whether or not he is
on course; if the line of position is approximately at right angles to the
track it furnishes a definite check on the distance made good, and also
on the ground speed. A single line of position from celestial observa-
tions may also be combined with a radio line of position in order to
obtain a fix.

In celestial navigation, as in other methods, the projection of the
chart is of no little importance. When the difference between the
observed and computed altitudes is comparatively large, as is fre-
quently the case in the air, additional error is introduced by the use
of unsuitable projections. Due to the accuracy of the Lambert

1 The most probable position of the observer is often outside the triangle formed by the three lines of
position. In air nayigation, however, the exact solution of this ‘‘triangle of error’’ is an unnecessary refine-
ment, and for practical purposes the position may he regarded as anywhere within the triangle.
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projection in representing azimuths, and the fact that a straight line
thereon very closely approximates the track of a great circle, error
from this source is almost entirely absent. The properties of the
Lambert projection also make it particularly suitable for the graphic
method of position finding from celestial observations, as suggested
above for small scale charts.

CELESTIAL COORDINATES

As we look at the night sky, it is as though a great bowl were
inverted over the earth, and the stars and other heavenly bodies were
fixed to its inner surface. This inverted bowl is referred to as the
celestial sphere; it has a sys-
tem of coordinates which cor-
respond closely with those of
the terrestrial sphere, although
the names are different. The
easiest way to become thor-
oughly familiar with the celes-
tial coordinates is to compare
them with the familiar terres-
trial terms.

The earth rotates on its
axis, the extremities of the
axis being known as the North
and South Poles, respectively.
Halfway between the poles,
an imaginary plane perpen-
dicular to the axis cuts the
surface of the earth in a line
. _ known as the equator. The
P.P" = the celestial poles. terrestrial axis and equator

V = the vernal equinox, or “celestial Greenwich.  are considered as extended to
Declination is measured: meet the celestial sphpre, their

North of the equator (+), or intersections therewith being

South of the equator (-). known as the north and south
celestial poles and the celestial
equator. As the earth rotates
daily from west to east on its
axis, there results an apparent
rotation of the celestial sphere from east to west, on the axis passing
through the celestial poles. :

On the earth, latitude is reckoned from 0° at the Equator to 90°
north latitude at the North Pole and 90° south latitude at the South
Pole; on the celestial sphere latitude is known as declination. The
distance north or south of the celestial equator is known as north or
south declination; as with terrestrial latitude, declination is expressed
in degrees, minutes, and seconds. North declination is often desig-
pated as plus (+), while south declination is known as minus (—).

The longitude of a point on the earth is usuallfr referred to the
meridian of Greenwich as a zero point; on the celestial sphere the
zero point is known as the vernal equinox, or the first point of Aries.
For convenience, this point is often designated by the symbol T,

Right Ascension is measured from V toward the east,
trom Oh up to 24h.

FIGURE 58.—The celestial sphere.
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which is suggested by the horns of Aries, the Ram. It is the inter-
section of the ecliptic * and the celestial equator, and is the point at
which the sun appears to cross the equator in the spring, as the earth
makes its annual journey around the sun.

On the earth, longitude is usually reckoned up to 180° east or west
of the meridian of Greenwich, although it is sometimes reckoned up
to 360°. It is occasionally reckoned in terms of time, 15° being equal
to 1 hour of time. Thus a point on the earth may be described either
as 75°30’ west of Greenwich, or as 5°02™ (5 hours and 2 minutes)
west of Greenwich. On the celestial sphere longitude is known as
right ascension, and is always reckoned in terms of time. Right
ascension is always measured in the same direction, from west to east,
the complete circumference of 360° being equal to 242,

The difference of longitude between the point directly beneath a
heavenly body and the meridian of Greenwich is known as the Green-
wich hour angle (GHA) of the body; the difference of longitude
between the point directly beneath the body and the meridian passing
%?J;%K%h the position of the observer is known as the local hour angle

For convenient reference and comparison, table 1 lists the various
terms of the celestial sphere opposite the corresponding terms for the
terrestrial sphere. Figure 58 shows these terms graphically.

Table 1.—Coordinates of the celestial sphere and corresponding terms on
the terrestrial sphere

Terrestrial sphere Celestial sphere
North Pole.cceemm e ceiccecccmmaeam e North Pole.
South Pole. --.| South Pole.
Equator........... -| Equator.
Latitude_........._ ----| Declination; north declination (+),
0° to 90° north of Equator.. .cocwmeeemaenx (Dec.) 0° to 90° north of celestial equator.
south declination (—),
0° to 90° south of Bquator._ . c-cceememeo- 0° to 980° south of celestial equator.
Longitude; reckoned from Greenwich (@)....| Right Ascension; reckoned from vernal equinox, or first
(R point of Aries (7).
0° to 180° east or west of G....cocceucan-. Ob to 24" east of T,

Oh to 12b east or west of G. )
GIHA. Greenwich Hour Angle; difference of longitude he«
tween the point directly beneath the celestial body
and the meridian of Greenwich.
LITA. Local Hour Angle; difference of longitude between
the point directly beneath the bcdy and the ob-
server’s meridian.

THE ASTRONOMICAL TRIANGLE

It is not essential that pilots understand, or even read, this section
on the astronomical triangle. It is presented here for the benefit of
those who wish to know the mathematical principles involved in com-
puting the line of position, but the explanation presented elsewhere in
this text is sufficient for practical purposes.

In spherical trigonometry, if any three parts of a triangle are
known (whether sides or angles), the remaining three parts may be
computed. The position of the star on the celestial sphere, the
latitude and longitude of the assumed or dead reckoning position, and
the time of the observation, provide us with the data needed to
compute the astronomical triangle and to obtain the data for the line

1 The ecliptic is'the intersection of the piane of the earth’s orbit with the celestial sphere (see fig. 58).
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of position. This is illustrated in figure 59, which shows the celestial
poles, P and P’, the Equator, and the horizon. The earth is a tiny
dot at the center of the celestial sphere, and Z is the zenith, or the
point directly above the assumed or dead reckoning position of the
observer.

The circumference PZP’ represents the meridian passing through
the assumed position of the observer, and the arc PS is a portion of
the meridian passing through the observed star S. The angle be-
tween these two meridians ZPS is the local hour angle, and the angle
PZS is the azimuth of the star from the assumed position. Some
students can visualize the triangle more readily if they think of it as
projected down upon the earth; in this case P becomes the terrestrial
pole, Z the assumed or dead reckoning position of the observer, and
the point directly beneath the star.

The arc from the Equator to the star is the declination of the star,
and is known from the Nautical Almanac. It is also known that

90°- Lat.

FigURE 69.—The astronomical triangle.

the arc from the Equator to the pole is 90°. Therefore, the side
SP=90° —declination.?

Since Z is the point directly above the assumed or dead reckoning
position of the observer, the declination of the point Z is the same as
the assumed latitude, and the side ZP=90°—latitude.

The local hour angle of the star may be known by combining the
Greenwich hour angle of the star at the instant of observation (found
in the Nautical Almanac), and the assumed or dead reckoning
longitude of the observer.

From these three known parts, two of the remaining parts of the
triangle are computed: the azimuth of the star, PZS, from the as-
sumed position of the observer; and the side SZ, which is the distance
from the star to the assumed position, or the radius of the circle of
position through the assumed position. In figure 59, it is seen that
the arc from the horizon to the zenith Z is 90°, and the computed
altitude (H,) of the star is therefore equal to 90°—SZ.

31 the star were south of the Equator (In south declination), the side SP=90°-+declination.
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In order to save as much time as possible, the line of position table
(pp. 167 to 181) is so arranged that it may be entered directly with
the declination of the star and the latitude of the assumed position
(instead of 90° minus these quantities, as might be supposed from the
above explanation); also, the computed altitude is obtained directly
instead of the side SZ.

Unless the navigator happened to be exactly on the circle of position
passing through the assumed or dead reckoning position when the
sextant observation was made, the computed altitude will differ from
the altitude observed. The altitude difference and the computed
azimuth provide all the data needed for plotting the line of position,
as illustrated in figure 57. If the observed altitude is greater than the
computed altitude, the plane was toward the star from the assumed
position, and the altitude difference is therefore laid off toward the
star; if the observed altitude was less, the plane was {further away
than the assumed position. (See fig. 55.)

THE SEXTANT OBSERVATION

Before actually making the sextant observation the navigator should
be able to identify the star observed. It is as impossible to compute
and plot on the chart a line of position from an unknown star, as to
plot a radio bearing from an unknown radio station. The identifica-
tion of the stars and planets is not difficult, and is treated at the end
of this chapter (pp. 96 to 98). ,

It is also important to select for observation stars that are favorably
situated for the problem under consideration. The value of a line of
position from a star directly along the line of flight, or from a star
directly to the right or left of the aircraft, has already been pointed
out (p. 75). The more nearly two position lines are at right angles to
each other, the more accurate is the fix obtained. An intersection at
an angle of less than 30° is not desirable, although even this may prove
of value in an emergency. Whenever possible, then, stars (or other
bodies) should be observed which differ in azimuth by approximately
90°; if at all possible, they should differ in azimuth by not less than 30°.
Because of the varying effect of refraction (p. 80) on the observation
of a star near the horizon, the bodies selected should also be at least
15° above the horizon, if possible.

For celestial navigation by day there is, of course, little choice
among the heavenly bodies. The sun is available, and, at times, the
moon., At night, however, we have our choice of the stars, usually
of one or more of the planets, and, about half the time, of the moon.

The moon, and the planets Venus and Jupiter, are so much brighter
than the stars and are so easily identified that they tempt the beginner.
With the present arrangement of the Nautical Almanac the computa-
tion of a line of position from one of these bodies is only slightly more
difficult than for the stars, and requires very little more time; all
should be used from time to time as a matter of practice, in order to
be able to use them quickly and with confidence if the need should
arise.

The sextant observation is probably the most difficult step in the
RImctice of celestial navigation. Certainly, it is the most important.

o matter how accurate the computations, a line of position based on
an inaccurate observation is still inaccurate.
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Sextants are of various types, some making use of the natural (sea)
horizon, others making use of an artificial horizon formed by a bubble
level. Most bubble sextants can also be used with the natural hori-
zon, if desired, In some sextants the eyepiece is to be pointed directly
at the celestial body, while in others the eyepiece is always horizontal,
and the body observed is reflected through an arrangement of mirrors.
In any case, good sextant observations are largely a matter of practice
and of thorough familiarity with the instrument.

The bubble sextant is generally used in air navigation, since the
natural sea horizon is often not available because the plane is over
land, or above clouds or haze, or because the horizon is obscured by
darkness.

After the observations are made and recorded, several corrections
must be applied. One of these is for the index error of the instrument
itself. Obviously, if the instrument does not indicate zero properly,
a correction for this error must be applied to all observations. It is
often possible to adjust the sextant so that it does correctly indicate
zero, and this correction becomes unnecessary. The method of ad-
justment will not be discussed here, since it is assumed that any one

, who purchases an instrument will receive with

%S it complete instructions on its care and adjust-

7 / %S ment. In the absence of detailed instructions

T for the adjustment of a particular sextant, gen-

eral instructions of a very practical nature are

contained in The American Practical Navigator

(Bowditch), published by the United States

Hydrographic Office. The correction for index
error, if any, is usually abbreviated as I. C.

If the natural horizon is used in taking the
sextant observation (instead of the artificial
bubble horizon), a correction must be applied
for dip, or the height of eye of the observer.
(See p. 99.) This is made necessary because the aviator sees a horizon
further away, “over the rim” of the round earth, and hence lower than
the horizon he would see if his eye were at the surface.

When the natural horizon is used for an observation on the sun or
moon, the altitude is taken when the reflection of the upper or lower
edge (the ‘“upper limb’’ or the “lower limb’’) of the body, is brought
into contact with the horizon. Since the altitude of the center of the
body is required, it is clear that a correction for the semidiameter
(half the 3iameter) of the body must be applied. Consequently,
the semidiameter of the sun and of the moon for various dates appears
on each page of the Nautical Almanac devoted to these bodies. If
the lower limb is observed, the semidiameter must be added in order
to find the altitude of the center; if the upper limb is observed, the
semidiameter must be subtracted. Ordinarily the sun’s lower limb
is observed, and the corrections for semidiameter, refraction, and
parallax are combined into one table (table A, p. 99). )

Additional corrections must be made for refraction and, in the case
of the moon, for parallax. In one sense, it is immaterial whether the
student understands the theory of these corrections or not; a table is
always given in the Nautical Almanac and in many navigational
tables (p. 100), in which these items are combined into one correction

- FIGURE 60.—Refraction.
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for any observed altitude. Its application is very simple. For the
benefit of those who wish to understand the principles involved, the
following brief explanation of these two corrections is given in small
type; it may be passed over without reading, if desired.

In figure 60, the earth is represented, P and P’ being the poles; HH is the
horizon of an observer at O, S the star observed. A ray of light from the star to
the observer is bent by the effect of the earth’s atmosphere, much the same as a
stick partly submerged in water appears to bend where it enters the water. As
a result of refraction, a star always appears to the observer to be slightly higher
than it really is, at S’ rather than at S, and the angle of elevation measured is
always too large. As the star approaches the horizon its light must pass through
a thicker section of the earth’s atmosphere (OH), at a more oblique angle than
when it is near the zenith (0OZ); consequently, the correction for refraction is
greatest for bodies near the horizon and decreases with the altitude of the observed
body above the horizon.

The correction for parallax is illustrated in figure 61, in which the circle repre-
sents the earth, P, P’ the poles of the earth, and M the moon. For an observer
at O the altitude of the moon is represented by the angle h; but to be used for
position determination all altitudes must be reduced to the horizontal plane
through the center of the earth, where the altitude is k’. The difference between
the two angles, k' —h, is the parallax.t By geometry it can be shown that the
angle at M=h’—h, and therefore represents the parallax; it is the angle formed
at the observed body by
lines to the observer’s posi- )
tion and to the center of N Parallax
the earth. From the figure
it is evident that as the dis-
tance of the celestial body
from the earth increases, the
angle at M (parallax) be- h
comes smaller. Parallax is 0
of navigational importance P
only in the case of the moon,
which is comparatively W
near the earth; the sun
and planets are far enough Earth
from the earth that paral-
lax is negligible, while the \
stars are at such infinite P
g]lgggggﬁzrthat it disappears ' F1GURE 61.—Parallax.

From figure 61 it may also be seen that the angle at M is greatest
when the body is near the horizon and decreases to zero when the
body is overhead. The parallax when the body is at the horizon is
referred to as the horizontal parallax. In the Nautical Almanac, at
the bottom of each page devoted to the moon there is tabulated the
moon’s horizontal parallax for each day. When using the table of
bubble sextant corrections for the moon (p. 101), the combined correc-
tion for refraction and parallax is found in the column under the hori-
zontal parallax for that date, and opposite the observed altitude.

) ile considerable time has been used in explaining these correc-
tions, with a little practice they can be taken from the tables and
applied in a very few moments with little possibility of error.

FORMS FOR COMPUTATION

A standard form for computing the line of position is not abso-
lutely necessary; however, for convenience, speed, and accuracy, a
blank form is very desirable. One of the chief advantages of using

¢ As used in celestial navigation.
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of the table itself. Below the rules on the form, spaces are provided
for recording the date, the time, and the star or other body observed.
In the upper right corner, space is provided for recording a series
of as many as 10 sextant observations. The abbreviation GCT stands
for Greenwich civil time, while I, is the altitude (Height) actually
measured with the sextant. The other quantities and abbreviations
appearir.l% on the form are briefly defined in the tabulation below.
They will be explained more fully in the succeeding section, “Com-
puting the line of position.”
GHA, 0b=The Greenwich hour angle of the observed body at 0P (midnight)
GCT; taken from the Nautical Almanac.
Corr.=Corrections from the Nautical Almanae, to be added to the GHA for
0t in order to find the GHA for the exact time of observation.
Long.=The longitude of the assumed or dead reckoning position.
LHA=The local hour angle; obtained by combining the GHA and the longi-
tude assumed.
Dec.=The declination of the observed body; taken from the Nautical
Almanac.
K=An auxiliary part introduced to facilitate solution of the astronomical
triangle, but of no importance in itself.
L=The latitude of the assumed or dead reckoning position.
K~L=0btained by combining K and latitude in accordance with the rules at
the top of the form.,
H.=The computed altitude of the observed body; this is the exact altitude
of the body for the assumed position at the instant of observation.
H,=The altitude observed at the actual position of the observer; the sex-
tant altitude corrected for index error, refraction, etc.
a="The difference between the observed and computed altitudes; often
called the intercept, or altitude difference.
Z="The azimuth of the observed body, reckoned from true north up to
180° toward the east or west (in the Northern Hemisphere) .5
Z,=The azimuth of the observed body reckoned in the conventional way;
clockwise from true north, from 0° up to 360°.

COMPUTING THE LINE OF POSITION

Figure 62 records all the data actually obtained by observation,
for a series of 10 bubble sextant altitudes of the star A{tair; figure 63
shows the complete solution for a line of position from the recorded
data. At first glance it may look somewhat complicated, but with
a little practice the complete solution should require no more than
3 to 5 minutes.

Opposite each observed altitude of the series, the Greenwich civil
time (see p. 84) of the observation is recorded; since the average
altitude and the average time of the series are used in computing
the line of position, these quantities are averaged by adding each
column and then dividing the totals by the number of observations.

The average sextant altitude is next corrected for any index error,
and a combined correction for refraction and parallax (if any) is
applied from the table on page 100 (p. 101, if the moon is observed),
when using a bubble sextant. When using the natural horizon, the
correction for height of eye must be applied, and a combined correc-
tion for refraction, parallax, and semidiameter is applied from the
tables on pages 99 and 102. The corrected sextant altitude is con-
sidered as the observed altitude H,, and is used to determine the
altitude difference a, at the bottom of the form.

The navigator’s watch should be set to keep Greenwich civil time,
and should be reset or checked at least once every day by radio time

% It the navigator were south of the Equator, Z as taken from the table would be reckoned from the south,
from 0° to 180° toward the east or west.
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5 hours later, nearly 3% hours past midnight and hence June 11.
When this situation exists it should be noted on the form, to avoid
any possibility of taking the values from the Nautical Almanac for
the wrong day.

After recording and correcting the sextant observations, the next
step is to determine the Greenwich hour angle (GHA) of the body at
the instant of observation. This is to be taken from the Nautical
Almanac, and the method of obtaining it under all circumstances
may best be illustrated by working out the GHA for a star, the sun
the moon, and a planet, from the sample pages of the Nautical
Almanac, pages 99 to 112. In each case, the G%T of the problem of
ficure 63 will be used, namely 3°26™22* GCT, June 11, 1938. Once
the GHA is obtained, the computation is identical, whether the
observed body be sun, moon, star, or planet.

Example 1.—GHA of Altair. From the table on page 103 we find the GHA for
0P GCT on June 11. From the table on page 104 we find the corrections to be

added to the GHA of a star for 3526™, and for 22*; adding these corrections we
find the GHA for the day and hour required.

GHA, o° 321° 434
Corr. 3b 2¢m 51 38.5
Corr. 22°¢ 5.5
373° 274

—360

GHA, 3" 26™= 22¢* 13° 274
Example 2.—GHA of the sun. From the table on page 105 we find the GHA for

2t GCT on Saturday, June 11. From the table on page 106 we find the corrections
for 1226, and for 22*. Adding these, the required GHA is obtained.

GHA, 2 oo™ 210° 11/0
Corr. 1" 26™ 21 30.0
Corr. 22 5.5

GHA, 3t 26= 22* 231° 465
Example 3.—GHA of the moon. From the table on page 107 we find the GHA
for 3® GCT on June 11. From the table of Multiples of Variation per Minute,
in small type just to the right on the same page, we obtain the corrections to be
added for 20, and for 6=; the correction for 22= is a little more than one third
(22/60) of the correction for 1=. Adding these corrections, the required GHA is

obtained.
GHA, 3* oo 66° 572
Corr. 20= 290.2
Corr. 6™ 87.1
Corr. 228 5.3

66°439'8, or
GHA, 3b 26= 22* 73° 198

The corrections just applied are considered only approximate, and special
tables are also provided in the Nautical Almanac for finding the GHA of the
moon with greater precision; however, the method just given is sufficiently ac-
<curate for air navigation, and in this way the GHA of the moon can be found
complete on one page. or this problem the more precise method differs from
the approximate results by only 0086.

Example 4.—GHA of Jupiter. From the table on page 108 we find the GHA
for 0» GCT on June 11, and note also that the “variation per minute’ is 15/0397.

The corrections to be added to the GHA of a planet are tabulated under the
variation per minute, the corrections for hours on page 109, and the corrections
for minutes and seconds on page 110. The correction for a variation of 15/0397
dies 0.7 of the way between the corrections tabulated for 15/039 and 15/040.
For 3k this correction is determined as 45°7/1. For 26=, the desired correction
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lies 0.97 of the way between the values for 15703 and 15/04, and is determined as
6°31’ The correction for 22¢ is found in the column at the right of the same
page. Adding these corrections we find the GHA for the day and hour required.

GHA, o° 284° 162
Corr. 3% 45 7.1
Corr. 26 6 31.0
Corr. 22¢ 5.5

GHA, 3B 26™ 22* 335° 59’8
Having found the GHA from the Nautical Almanac, the local hour
angle (LHA) is found by combining the GHA and the longitude of
the dead reckoning or assumed postition. Since both are referred to
Greenwich as the zero meridian this should present no difficulty;
however, as an aid to clear understanding of the problem, the circle
(time diagram) on the work sheet is usually filled in. The blank

a. Star west of the observer and G
west of the meridian of Greenwich:

LHA = GHA - longitude

M
b. Star east of the observer and ¢
west of the meridian of Greenwich:
LHA = longitude — GHA S
M
S
c. Star east of the observer and I
east of the meridian of Greenwich:
LHA = 360°- GHA + longitude
M

FIGURE 64.—Determining the local hour angle (LHA),

form shows only the circle, and the radius PM (see fiz. 62). The
circle represents the earth as it would appear looking straight down
upon it from a point over the pole. P is the pole and the circum-
ference represents the equator; PM is the meridian passing through
the position of the observer. For the problem illustrated in figure
63, the longitude of the assumed position is 83°30” west; the meridian
of Greenwich P@ can therefore be drawn in, about 83° east of M.
The GHA of the star was about 14°, and the meridian passing through
the star PS can therefore be drawn, the angle GPS being approxi-
mately 14°. The GHA is always measured from the meridian of
Greenwich in the direction indicated by the arrow. The angle MPS
is the LHA.

The LHA is measured from 0° to 180° east or west from the
observer’s meridian., It is desirable to note on the work sheet whether
the LHA is east or west of the observer, to avoid error in laying off
the altitude difference a toward or away from the star. FKor the
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same reason, it is desirable to estimate the azimuth of the body upon
completing the sextant observations.

For an observer in the United States (that is, in west longitude)
three conditions for obtaining the LHA are possible; these are illus-
trated in figure 64, with the operation required for obtaining the LHA
in each case. The problem illustrated in figure 63 is similar to case
b in the figure.

The declination of the star, or other body, is taken from the Nautical
Almanac. For a star, the change in declination is so slight that it is
given only for each month (see p. 103). For a planet the declination
1s tabulated for O of each day, with the difference between successive
days indicated (see p. 108); if the change is great enough to warrant, a
correction can be applied for the time elapsed since 0%, just as with
the GHA, and special tables are provided in the Nautical Almanac
for this purpose. For the sun, declination is tabulated at intervals of
2" for each day (see pp. 105, 106); the maximum change in declination
for the 2-hour period 1s only about 2/, and it is easy to interpolate for
any intervening period. The declination of the moon is given for
every hour, and in smaller type to the right is given the variation
per mi)nute, so that correction for any period is quickly made (see

. 107).

P Along with the degrees and minutes of declination, it should be
noted whether the body is north (N) or south (S) of the equator,
and when “K"’ is found it should be named N or S, according as the
declination is N or S. See rule at top of form: “Give K same name
as declination.” K is an auxiliary part of the triangle needed for the
solution, but of no importance in itself.

The corrections to the sextant altitude, and the data obtained from
the Nautical Almanac (LHA, declination, etc.), are preliminary steps.
They supply the data needed for the actual computation, which is the
simplest part of the whole problem; it may be performed by means
of the Line of Position Table (pp. 167 to 181).

The Line of Position Table is an abridged form of the “Dead
Reckoning Altitude and Azimuth Table,” prepared by Lieut. Arthur
A. Ageton, United States Navy, and published by the United States
Hydrographic Office as H. O. No. 211. It is reproduced here by the
courtesy of that Bureau. Those desiring further information as to
the derivation and other uses of the table are referred to the original
publication.

One should not be misled by the phrase ‘“dead reckoning” which
appears in the name of the table, since it has no application to naviga-
tion by that method; rather, it signifies that the computation may be
made from the dead reckoning position as readily as from any other
position. This feature is more important than is at first apparent.
Although there are other tables which yield a solution with a slight
saving In time and figures, with those tables a position must be
arbitrarily assumed such that the table may be entered with a whole
degree. The data for the line of position may be obtained in a trifle
less time, but before it can be drawn on the chart the additional
position assumed for convenient use of the tables must be plotted,
consuming whatever time may have been saved in computing. With
the table beginning on page 167, the dead reckoning position or any
convenient projection intersection may be used for the computation;
gince both of these appear on the chart the line of position can be
plotted more quickly.
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The table itself is very short and no interpolation is necessary; the
few rules required are ever before the pilot—either on the pages of the
table itself or on the work form—and the procedure is practically
uniform under all conditions. Many of the other ‘“‘short methods”
are very good, and have certain advantages; however, for the reasons
given it 1s believed that this method is entirely satisfactory for the
most experienced navigator, and the best yet available for the student.

It has already been remarked that the use of the table for com-
puting the altitude (H,) and azimuth (Z) is the simplest part of the
whole problem. For each degree and minute up to 180° there are
listed in separate columns an A value and a B value. The values
given are sufficiently accurate without interpolation. The work con-
sists only in copying down these values and adding or subtracting as
indicated on the standard form. To illustrate, we will follow through
the problem of figure 63.

Tﬁe LHA is determined as 70°3’, and the A value for that angle is
copied from the table in the space indicated on the form.

Next the B value for 8°42’ (declination to the nearest whole min-
ute) is copied in the space indicated, and the corresponding A value
is written in the next column.

As indicated on the form, the first column is added, and totals
3191; this is shown on the form as an A value. We run through the
tables until 3192 (the number nearest 3191) is found in the A column
and take out the corresponding B value, which is written in columns
2 and 3, the A value being repeated in column 4.

Now the subtraction required in column 2 is performed, obtain-
ing 38817; the value nearest this number is found in the A columns
of the table, and the degrees and minutes under which it is found
are entered at the left of the form as the value of K. The value of K
is found at the top of the column or at the bottom of the column in

. accordance with tﬁe rule at the top of the pages of the table.

K is then combined with L, and the B value corresponding to K~ L,
is entered in column 3 and the required addition performed. The
number nearest this result is found in the A columns of the table,
and the corresponding B value entered in column 4; at the top of
the same column in the table there is read the number of degrees,
and at the left the minutes, of the computed altitude, which is now
entered in the form as H,.

The difference between H, and H, is recorded at @, and the word
toward or away is entered on the form, according as the actual

osition is toward the star from the assumed position, or away from
it.  (See p. 73.)

Finally, the subtraction indicated in the fourth column is per-
formed and the A value corresponding to the azimuth Z is found.
The value of Z is taken from the tables in accordance with the rule
at the top of the pages of the table—and the data for the line of
position have been computed.

The azimuth obtained in the problem of figure 63 is N. 96°22’ E,
which means that the body is 96°22’ toward the east from true
north. An azimuth of N. 96°22’ W means that the body is 96°22’
toward the west from true north.

Below Z there is a space for Z,, the azimuth from the north reckoned
in the conventional way, from 0° to 360° (see p. 29). An azimuth
of N. 96°22° W. could be entered in this space as 263°38’. This
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conversion is optional with the navigator, and need not be made
unless the first form is confusing.

The process of computing a line of position is not nearly as difficult
nor as time consuming as 1t sounds when put into words. Students
may prove this to their own satisfaction by working out a few prac-
tical examples.

There are several short-cut methods for obtaining the data for a
line of position. For example, there are mechanical computers,
on which the observed data and the information from the Nautical
Almanac can be set up, and the answer can then be read directly
from the instrument. By their use, some slight saving in time is
effected, and any possibility of error in arithmetic is removed; but
it is as possible to set up the data erroneously, on the computer, as
to make a mistake in arithmetic, and in either case the results are
worthless.

Another short cut is found in the use of precomputed altitudes.
By this method, using the best data available, the probable positions
of the plane along a projected route are determined by dead reckoning,
for a series of regular time intervals. The altitudes and azimuths
of the bodies selected for observation on the flight are then computed
for the dead-reckoning positions and the corresponding times. These
altitudes are then ({)lotted in the form of a graph, against the proper
time intervals, and a smooth curve is drawn through the points so
obtained. The computed azimuths are each plotted on the chart
of the route, from the dead reckoning positions to which they apply.
(See pp. 141 to 144.)

This method affords no saving in labor; its one advantage is that
the labor is performed on the ground, before taking off, E%eaving a
minimum of work to be performed in the air. The procedure while
in flight may be outlined as follows:

Having obtained the corrected sextant altitude and noted the time
of observation, as already described, read from the graph the pre-
computed altitude for the same time. The difference between the
precomputed altitude and the observed altitude is the altitude differ-
ence (intercept) required for plotting the line of position.

If the time of observation coincides with one of the dead reckoning
positions chosen for computing the curve, the azimuth is already
plotted on the chart, and it is only necessary to lay off the altitude
difference, from the dead reckoning position toward or away from the
body according as the observed altitude is greater or less than the

recomputed altitude. If the time of observation happens to fall
getween two of the dead reckoning positions used for the computations,
a new dead reckoning position corresponding to the time of observa-
tion is plotted on the chart, and the azimuth is laid off by eye, in a
direction roughly parallel to or intermediate between the azimuths
})lotted from the nearby positions; the altitude difference is then
aid off as before, to obtain the line of position. If curves are pre-
computed and plotted for two or more celestial bodies, lines of position
from each can be most quickly plotted, as already described, and
their intersection fixes the position of the plane,

Any difference between the actual position of the plane and the
dead reckoning position does not affect the accuracy of the line of
position, provided only that the azimuth and altitude difference are

835673—38-——T7
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laid off from the dead reckoning position on the plotted route as
determined from the original data used in precomputing the altitude
curve.

If desired, the corrections for index error, refraction, etc., can
be applied to the precomputed altitudes, with reversed signs, when
plotting the curve. In this way, sextant altitudes can be used
directly as read from the instrument, still further reducing the work
required while in the air.

Perhaps the simplest method of all is provided by the “star altitude
curves,” In this method, intersecting circles of position from two
or more stars are printed on the same graph; the altitudes of the
stars for which the curves have been drawn are observed in quick
succession, and the Greenwich sidereal time® of the observations
recorded. It is then necessary only to note the point of intersection
of the curves corresponding to the two altitudes observed, and read
from the margins of the graph the latitude of the observer’s position
and the local sidereal time at that place. Combined with the Green-
wich sidereal time by ordinary arithmetic, the local sidereal time
affords the longitude in terms of time; this may be converted to arc
by means of a special table in the Nautical Almanac, and the position
has been fixed with a minimum of time and almost no arithmetic.

This method is subject to the disadvantage that it cannot be used
by day and is available for only a few stars at night. For satisfactory
results, not more than a minute should elapse between the two altitude
observations; if more time does elapse, a method is provided for
carrying forward the curve corresponding to the first observation.

A LINE OF POSITION FROM POLARIS

In the case of Polaris, a line of position may be obtained with very
little computation, the line of position being the parallel of latitude
on which the observer is located.

As suggested on page 72, the altitude of the celestial pole is equal
to the latitude of the place from which it is observed; however,
Polaris is not exactly at the pole, but moves about it in a small circle
with a radius of about 1°2'5. (See fig. 65.) Now if the altitude of
the pole is equal to the latitude, it is apparent that when Polaris is
directly above the pole the radius of 1°25 must be subtracted from
the altitude of the star in order to find the altitude of the pole—and
hence the latitude of the place. If the star is directly below the
pole, the radius of 1°2/5 must be added to the altitude of the star
in order to obtain the altitude of the pole; if the star is directly to the
right or to the left of the pole, the altitude of the star is the same as
the altitude of the pole. .

In the Nautical Almanac there is a special table (see p. 111) giving
the GHA of Polaris for 0 GCT for each day of the year. Just as
with any other star, a correction may be applied from the tables
illustrated on page 104 to obtain the GHA for the GCT of observation.
The ILHA is then found, as before, by combining the GHA and the
longitude of the assumed position.

Having obtained the LHA, either east or west, the table on page 112,
from the Nautical Almanac, is entered and a correction obtained
which is to be added to or subtracted from the corrected sextant

¢ For a Qiscussion of sideresl time, see “Additional Stars,” p. 94.
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altitude H,, as indicated. The result is the latitude of the observer,
which is most easily plotted on the chart as a line of position.

A line of position from Polaris (latitude) requires a minimum of
time; therefore, whenever this star is visible it might well be one
of the stars selected. When Polaris is chosen, the other star should
be as nearly due east or due west as possible. Another good practice
is to select a star directly before or behind the plane, and another
to one side; the first line of position in this case checks the progress
along the route, while the line from the second determines whether
or not the plane is tracking the intended route.

The process of taking and recording 5 to 10 sextant observations,
computing the data, and plotting the line of position on the chart
will probably require not less than 10 minutes. That is, after obtain-
ing one line of position about 10 minutes may elapse before a second
can be plotted on the chart. During this period a fast plane can
cover 30 to 35 miles, and the first line of position must be carried.

Celestial pole
\S* Polaris
7

’ . .
R Altitude of celestial pole
e = Latitude of observer

Observer's horizon L’

FIGURE 85.—Latitude from Polaris.

forward the course and distance made good by dead reckoning be-
tween the two observations, just as described in connection with
radio bearings, on page 64. Similarly, the resulting fix must be
carried forward the distance and direction made good after the
second observation, in order to obtain the current position of the
lane. If Polaris is selected as the second star, the distance that the
rst line of position or the fix must be carried forward is reduced to a
minimum because of the shorter time required for computing and
plotting a line of position (latitude) from Polaris.

A LINE OF POSITION FROM AN UNIDENTIFIED STAR

A few stars, such as Sirius and Vega, possess such distinctive
characteristics that they could probably be identified, even if no
other stars were visible; for the most part, however, a star is identified
by its ]gosition with reference to known star groups (such as the
Great Dipper) more than from its individual appearance.

Assume that a transatlantic flight is in progress, and that the
¥la,ne has been enveloped in clouds for several hours; the radio has
ailed, and a position from celestial observations is urgently required.
Finally a break appears in the clouds and a single star of about the
brightness of Polaris (second magnitude) is seen for only a few minutes.
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By some method, the star must be identified before the

computing the line of position cannot be taken from the Nautical
There are available several star finders,

but since the identity of the star is unknown, the necessary data for
Almanac.

In this brief interval, four sextant altitudes of the star are obtained,

line of position can be computed.
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approximately known data are set up, the star may be identified.

There are also special Star Identification Tables,

H. O. No. 127, by means of which the star may be identified with

s the most accurate of these is The Rude Star Finder and
but little difficulty.

Identifier, published by the United States Hydrographic Office as

H. O. No. 2102a.

Perhap
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The line of position table (pp. 167 to 181) may be used for star iden-
tification, if desired. The method is basically simple, but, like most
other methods, it requires enough time that it would not be used in
air navigation except under extreme conditions.

The method consists essentially in working the ordinary problem
backward in order to find the declination and LHA of the star observed ;
with these values approximately found, we can identify the star in the
Nautical Almanac, and the problem is then worked in the usual
way (as in fig. 63) to obtain the line of position. A convenient form
for the first part of the problem (the identification of the star) is
shown in figure 66, on which the problem just presented is worked
out.

As shown on the form, the mean time for the series of observations
was 23722 GCT, September 9, 1938; the corrected sextant altitude
H,, was 25°33’; and the azimuth of the star was estimated as approxi-
mately 85° east of true north. The A value of the azimuth is added
to the B value of the corrected altitude, and the result A 4634.6 is
obtained (column 1). This total is repeated in column 4, and the
B value corresponding to this number is written in columns 2 and 3
as indicated. The subtraction required in column 2 is now per-
formed to obtain the A value of I%'; K and L are combined (as in
fig. 63) and the B value of K~ L added as indicated in column 3,
the result being the A value of the declination of the star observed;
the corresponding B value is then subtracted as required in column 4,
to obtain the A value of the LHA, which is marked east, from the
known direction of the star. The declination is marked north or
south in accordance with the rule appearing on the form.

On the circle (time diagram) which appears on the form, the
meridian of Greenwich is now drawn in, 30° east of M (the observer’s
meridian), and also the meridian of the star, approximately 76° east
of M. From the relationship pictured, the GHA is 360° minus the

m}gle GPS, and the angle GPS is equal to the LHA minus the angle
GPM (longitude); hence the GHA is 313° 35,
76° 25’ LHA 360° 00’
—30 0 long. —46 25 angle GPS

46° 25’ angle GPS 313° 35’ GHA

The GHA just obtained is for 23%42= GCT, and in the Nautical
Almanac the GHA is tabulated for 0®. In order to obtain the GHA
for 0%, the correction that would normally be added for 23242™ must
be subtracted from the above:

GHA for 23t42m GCT, 9-9-38 313° 35’ 4+360°=673° 35
Corr. for 23%42= —356 284 —356 28.4
GHA for 0Ot, 9-9-38 317° 66

Since the correction is greater than the GHA, 360° must be added
to the latter before the subtraction can be performed. We now have
the GHA as about 317° and the declination as 22°23’: in the Nautical
Almanac, under “Stars, September 1938,” for September 9 we find
the second magnitude star Hamal (« Arietis) with a GHA of 316°26!9
and a declination of 23°10'4. No other star even approaches
these values, and it is therefore safe to assume that Hamal was the
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star observed. Its GHA and declination are entered on the form
shown in figure 63, and the line of position computed as illustrated
therein.

ADDITIONAL STARS

As already described, the Nautical Almanac in its present form
provides an easy method for finding the GHA of 55 stars. These
stars are so well distributed over the celestial sphere that there is
seldom a time when there are not two or more available for observa-
tion, if conditions are at all favorable.

For those occasions when clouds may shut out the stars ordinarily
used, but still leave a fairly bright star visible here and there, the
Nautical Almanac gives the celestial coordinates (but not the GHA)
of 110 additional stars. In order to find the GHA of these stars we
must resort to sidereal time; this is usually confusing to the beginner,
and it is hoped that some day the GHA of these additional stars will
also be tabulated in the Nautical Almanac, making all reference to

=== "Earth, 1 day later

Earth

FIGURE 67.—The civil day and sidereal time. Less time is required for rotation of the earth with respect
to a star than to the sun.

sidereal time unnecessary in air navigation. In the meantime, the
rules given below may be followed easily, although a knowledge of
sidereal time is helpful.

Ordinary civil time is based on the rotation of the earth with respect
to the sun,” the civil day being the period of time required for one
complete rotation. Sidereal time is also based on the rotation of the
earth, but a sidereal day is the period required for one complete rota-
tion with respect to the stars.

As illustrated in figure 67, at the same time that the earth rotates
on its axis it is also traveling along its orbit around the sun, at the
rate of almost a degree a day (360° in approximately 365 days).

Since the nearest star is so much farther away than the sun, there
is no appreciable difference in the direction of a star throughout the
year, while the direction of the sun changes from day to day. Thus,
the solid earth and the sun (fig. 67) are in direct line with a distant
star, which we will suppose is %ocated exactly at the vernal equinox,
or first point of Aries. As the point on the earth which is directly
toward the sun and star begins to rotate, the civil day and the side-
real day for that point begin simultaneously. The dotted earth
marks 1ts position near the end of the civil day, about 1° further
along in its orbit. It has already completed one rotation with re-
spect to the distant star, but must turn almost another degree to

7 8trictly speaking, with respect to the mean sun.



PRACTICAL AIR NAVIGATION 95

complete one rotation with respect to the sun. It is evident, then,
that the civil day is longer than the sidereal day, the difference
amounting to about 3™56°.

An important distinetion to remember is that a sidereal time inter-
val is always less than a civil time interval, but when used for angular
measure (GHA or LHA) the two are eqhual. In both cases a com-
plete circumference of 360° is equal to 24",

If the additional stars referred to are to be used, the simplest
method is to carry an additional chronometer rated to sidereal time
for the meridian of Greenwich. In this case, the Greenwich
sidereal time (GST) of the observation is recorded, instead of the
GCT, and the GHA is found from the equation GHA=GST—RA
(right ascension of the star). This relationship is apparent in the
time diagram of figure 68.

The GHA so obtained is in terms of time, and must still be con-
verted into arc; a special table is provided for this purpose, near the
back of the Nautical Almanac.

If the chronometer rated to sidereal time is not available, the
process is a little more complicated. The first table in the Nautical

M = meridian of the observer
= 110° west longitude

G = meridian of Greenwich

o

Y = vernal equinox

S = star
arc GMT = GST (Greenwich Sidereal Time)
arc PMS = RA of the star

\ arc  GS = GHA of the star
S

M GST - RA = GHA

FI1GURE 68.—The Greenwich hour angle and sidereal time.

Almanac is labeled, “Sun, 1938” (or for the current year). This table
gives the sidereal time of 0" GCT for each day in the year. At the
bottom of the same page there is a second table called, Correction for
longitude from Greenwich; it might just as appropriately have been
called, “Correction for converting civil time to sidereal time.”’” From
this second table, a correction is added to the civil hours, minutes,
and seconds past midnight, thus converting them to sidereal time.
This total (sidereal time past midnight) is then added to the sidereal
time of 0® (midnight) in order to obtain the GST of the observation;
then, as before, GHA=GST —RA.

To illustrate, suppose that the GHA of e Cygni is desired, for
2284 5m08 GCT, October 15, 1937:

A

GST of 0, 10-15-37 1b 32m 256
(From 1st table of Nautical Almanac.)

GCT of observation 22 45 0.0

Corr. for 22bh45= +3 44.2
(From bottom of same page in Almanac.)

GST of 22h45m0% GCT 24 21m Qe

RA of e Cygni —20 43 39.6

(From Nautical Almanac, “addl. stars.”’)
GHA of ¢« Cygni (in terms of time). 3b 37m  30%2



96 U. S. COAST AND GEODETIC SURVEY

The GHA is now converted from time to arc, by means of the
table near the back of the Nautical Almanac:
3r36m =54°
1m28s = 22/
202= 33"/

3137Tm3092=54°22/33’’, GHA in terms of are.

IDENTIFICATION OF STARS

It has already been pointed out that it is useless to observe the
altitude of a star unless the identity of the star is known. The be-
ginner is apt to be confused by the number of stars, and to suppose
that it is difficult to distinguish one star from another. On the con-
trary, stars differ from one another considerably, in relative bright-
ness, in color, and in their peculiar groupings. The Nautical Almanac
for 1938 lists 55 principal navigational stars, and 110 additional stars,
all of which are shown on the navigational star chart in the back of
the Almanac.

Any flat map has its difficulties. This is painfully apparent in the
star chart of the Almanac, in which the poles are stretched out into
lines extending all the way across the map. Globes are not so con-
venient to carry about, but the serious student will be well repaid for
the purchase of a good celestial globe, some of which may now be had
quite reasonably. With a globe, the astronomical triangle and celes-
tial coordinates can be clearly seen; the relation between civil and
sidereal time can be demonstrated, and the approximate solutions of
navigational problems can be obtained graphically. With any good
star chart, however, and a little patience, it is not difficult to identify
any or all of the principal stars, if we start from some familiar group.

For example, every one is familiar with the “Big Dipper”” which 1s
part of the constellation (star group) known as Ursa Major. Most
people are also aware that the two ‘“‘pointer stars” in the bowl of the
dipper point to Polaris, the North Star. The two pointer stars are
named Dubhe and Merak. Now, if we follow the curving handle of
the dipper, extending the curve beyond the dipper about the length
of the £pper itself, we come to the bright yellow star Arcturus, in the
constellation Bodtes. Continuing the same curve about an equal dis-
tance again we find the star Spica, in Virgo, a little fainter than
Arcturus and blue-white in color,

On the opposite side of Polaris from the Big Dipper, and about the
same distance from it, is an easily recognized W (or M, depending on
the position), which is the distinguishing feature of Cassiopela. Tbree
of the stars in the W have special names: Caph, Ruchbah, and Schedir.
Toward the south from the W and about as far from it as the W is
from the pole, is ‘“‘the great square in Pegasus,” the four stars of the
square being known as Alpheratz, Algenib, Markab, and Scheat. In
the same way, a few at a time, all the navigational stars may be
learned.

STAR NAMES

For centuries, the brighter stars have been known by special names,
as Sirius and Vega. 'Ighey also have another name, consisting of a
letter of the Greek alphabet and the possessive form of the constella-
tion name. Thus, Alpheratz is also known as a Andromedae. In
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celestial geography this is about the same as a city and state name,
a being the city and Andromeda the state. We may have « Andro-
medae and o Cassiopeiae, just as we have Portsmouth, N. H., and
Portsmouth, Va. The Greek alphabet is given in table 2.

Table 2.—The Greek alphabet

Letter Name Letter Name Letter Name

Tota.
----{ Kappa.
..| Lambda.

BRIGHTNESS OF STARS

Stars are classified as first magnitude, second magnitude, etc., ac-
cording to their apparent brightness. A first magnitude star is 2%
times as bright as a second magnitude star, and so on; conversely, a
second magnitude star is ¥ as bright as a first. Antares and Spica
are first magnitude stars; Polaris is second magnitude.

A few stars are brighter than first magnitude, and are classified in
order of increasing brightness as 0, —1, or —2 magnitude. Sirius,
the brightest star, is —2 magnitude; Arcturus is 0 magnitude, which
is one magnitude brighter than first,

In the preceding paragraphs the nearest whole magnitudes are given,
as is usually done in speaking of them. Astronomers determine mag-
nitudes to the nearest hundredth, and each whole magnitude includes
approximately half a magnitude on either side of it. Thus, first mag-
nitude extends from 0.51 to 1.50, second from 1.51 to 2.50, and so on.
In the Nautical Almanac magnitudes are tabulated to the nearest
tenth, Sirius being listed as —1.6 (nearest whole magnitude —2).

THE PLANETS

The stars are self-luminous like the sun, which is our nearest star;
the planets (of which the Earth is one) shine only by light reflected
from the sun, just as the moon does. Of the family of planets, only
four are of interest to the navigator: Venus, Jupiter, Saturn, and Mars.
They can usually be distinguished by their steady light, which does
not twinkle like the light from a star.

Venus is easy to recognize, since it is brighter than any star; it
is golden yellow in color and is often called ‘“‘the evening star’’, or “the
morning star,” since it is never seen more than 3 hours after sunset or
3 hours before sunrise.

Jupiter is a little fainter than Venus, but brighter than Sirius, the
brightest star. It is, therefore, also very easy to identify.

Saturn is about as bright as a first magnitude star and is pale
yellow in color.

Mars is decidedly red in color, and varies in brightness from second
magnitude (as bright as Polaris) to minus 3 magnitude, which is
between Jupiter and Venus in brightness.
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The sun and its planets all appear to move along approximately
the same path or plane in the sky, known as the ecliptic; frequently
there are one or more planets to be seen at night, and it is not gifﬁcult
to visualize the approximate position of the ecliptic, along the line
connecting them. If at any time a bright star is seen near the eclip-
tic where none is shown on the star maps, it is fairly certain to be one
of the four planets mentioned above.

MOTION OF THE STARS AND PLANETS

All are familiar with the way in which the sun rises in the east,
climbs up the sky on an inclined path till noon, when it is toward
the south,® and circles downward to set in the west. In exactly the
same way the stars and planets pass across the night sky from east
to west. Stars close to Polaris, the North Star, do not set. They
describe small cireles around it and never pass below the horizon,®
passing from view in the daytime only because of the greater bright-
ness of the sun. As the distance from Polaris increases, the radn of
the circles increase until, near the southern horizon, stars describe
only flattened arcs not very high above the horizon.

Aside from this nightly passage of the stars across the sky, their
apparent motion in space with respect to each other is so slight that
they are spoken of as “fixed,” and the star patterns or constellations
remain unchanged for millenniums. By way of contrast,there is
an appreciable motion of the sun and planets against the background
of the stars, even from day to day. It is for this reason that the process
of determining positions from the sun, moon, or planets, is slightly
more complicated than in the case of the fixed stars; however, with
the present arrangement of the Nautical Almanac it is very little
more difficult. This is all the more important since they are the
brighter and more easily observed bodies.

Some of the subjects discussed in this final section, such as the
motion of the stars and planets, may be considered in the light of
general astronomy. They are not essential to the practice of celestial
navigation. If these elements are known, however, the various prob-
lems are more clearly understood, and may be solved more intelli-
gently and quickly. Those who desire to study the subject further
are referred to some of the standard texts listed in the bibliography

(p. 182).
THE NAUTICAL ALMANAC

The pages next following are from the Nautical Almanac for 1938.
They are included here to illustrate the use of the Almanac in the
solution of the typical examples presented herein.

® For an observer in the United States.
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CORRECTIONS TO BE APPLIED TO THE OBSERVED ALTITUDE OF A 281
STAR OR OF THE SUN’S LOWER LIMB, TO FIND THE TRUE ALTITUDE

TABLE A TABLE B TABLE C
a Oorrection for Height of Eye
Observed o] * D
Altitude | Sun’s Corr. [Star's Corr. ate Jdditional b h
Sua’s Corr. Erdtesn | Com | Enlita|  com
o . , ' ’ .
6 30 + 8.2 -7.9 Jan. 1 +0.3 [ 0.0 100 - 9.8
6 40 8.4 7.7 1 -~1.0 150 12.0
6 50 86 7.6 15 +0.3 2 1.4 200 13.9
70 8.7 7.4 3 1.7 250 15.5
710 89 7.2 Feb. 1 +0.3 4 2.0 300 17.0
720 + 9.0 -7.1 15 +0.2 ] =22 350 -183
7 30 9.2 7.0 6 2.4 400 19.6
7 40 9.3 6.8 Mar. 1 +0.2 7 2.6 450 20.8
7 50 9.5 6.7 8 2.8 500 21.9
8 0 96 6.6 15 +0.1 9 2.9 550 23.0
8 10 + 9.7 -6.4 Apr. 1 0.0 10 -3.1 600 -24.0
8 20 9.8 6.3 11 3.2 650 25.0
8 30 10.0 6.2 15 0.0 12 3.4 700 25.9
8 40 10.1 6.1 13 3.5 750 26.8
8 50 10.2 6.0 May 1 ~-0.1 14 3.7 800 217
9 0 +10.3 -5.9 15 -0.1 15 -3.8 850 ~28.6
9 20 105 57 18 3.9 900 20.4
9 40 106 5.5 Jupe 1 -0.2 17 4.0 950 30.2
10 0 10 8 53 : 18 4.1 1000 31.0
10 20 10 5.2 15 ~0.2 19 4.3 1050 31.8
10 40 +11.2 ~5.0 July 1 -0.2 20 ~4.4 1100 -32.5
11 0 11.3 4.9 21 4.5 1150 33.2
11 30 11.5 4.7 15 ~0.2 22 4.6 1200 34.0
12 ¢ 11.7 4.5 23 4.7 1250 34.6
12 30 119 43 Aug. 1 -0.2 24 4.8 1300 353
13 0 +12.0 -4.1 16 -0.2 25 -4.9 1350 -36.0
13 30 122 40 26 50 1400 36.7
14 0 123 38 Sept. 1 -0.1 27 51 1450 37.3
15 0 126 3.6 28 52 1500 38.0
16 © 128 34 15 -0.1 29 5.3 1560 38.6
17 0 413 0 -32 Oct. 1 00 30 -5.4 1600 -39.2
18 0 13.2 3.0 31 54 1650 39.8
19 0 133 28 15 +0.1 32 5.5 1700 40.5
20 0 135 26 3 56 1800 41.6
22 0 13.7 24 Nov. 1 +0.2 34 5.7 1900 42.7
24 0 +14 0 -2.2 15 +0.2 35 -5.8 ! 2000 -438
26 0 141 2.0 37 6.0 2100 149
28 0 143 18 Dec. 1 +0.3 39 6.1 2200 46.0
30 0 14 4 1.7 41 6.3 2300 47.0
32 0 146 1.6 15 +0.3 43 6.4 2400 47.9
34 0 +14 7 -14 31 +0.8 45 -6.6 2500 ~49.0
36 © 148 1.3 47 8.7 2600 50.0
38 0 149 13 49 6.9 2700 50.9
40 0 150 12 51 7.0 2800 51.9
45 0 151 10 53 7.1 2900 52.8
5 0 +153 -08 56 -73 3000 -53.7
58 0 154 07 60 7.6 3100 64.6
60 0O 156 0.6 65 79 3200 55.4
65 0 15.6 05 70 8.2 3300 56.3
70 0 15.7 04 75 8.6 3400 57.1
7% 0 +15 8 -03 80 -8.8 3500 -58.0
80 0 158 02 85 9.0 3600 58.8
86 0 15.9 -0.1 90 9.3 3700 59.6
90 O +16 0 00 95 9.6 3800 60.4
100 -9.8 4000 ~62.0
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TABLE F

101

285

BUBBLE SEXTANT CORRECTION TO OBSERVED ALTITUDE OF MOON
AND PARALLAX

FOR REFRACTION

Obs. Horjzontal Parailax Obe. Borizontal Parallax
Alti- Alti-
wde | 54 | 557 | 56° | 577 | 58 | 59' | 60* | 61 | “% } 5qr | 557 | 56 | 577 | 58’ | 50" | 60’ | 61"
5.5 |+44.6(,45.6/+46.6/+47.6/+48.6/+49.6/+50.6{+51 6 46 |+36.6+37 3|+38.0[+38.7(+39.4(+40.1{+40.8/+41.5
6.0 | 45.2| 46.2| 47.2) 48.2] 49.2) 50.2 51.2| 52.2 47 | 35.9) 36.6{ 37.3| 38.0{ 38.7| 39.4] 40.0} 40.7
6.5 | 45.8; 46.8 47.8| 48.8| 49.7| 50.7| 51.7| 62.7 48 | 35 3| 35.9| 36:6| 37:3| 37.9{ 38.6| 39.3| 40.0
7.0 | 46.2] 47.2] 48.2] 49.2] 50.2) 51 2| 52.2| 53 2 49 | 34.6) 35.2| 35.9 36.6| 37.2| 37.9| 38.5| 39.2
7.5 | 46.6] 47.6] 48.6| 49.6] 50.6 51.6/ 52.6) 53 6| 50 | 33.9( 34.5( 35.2( 35.8| 36.5| 37.1] 37.8 38.4
8.0 [+46.9(+47.0/+48. 4»49.9}4509 +51 9(+52.9(+53 9 51 [+33 2(+33 8/+34.5(+35 1/+35.71+36.4[+37.0/+37.6
8.5 | 47 2| 48.2| 49.2| 50.2{ 51.2| 52.2| 53.2| 54.2 52 | 32.5) 33.1| 33.7| 34.3] 35.0| 35.6| 36.2] 36.8
9.0 | 47 5| 48.5| 49.4] 50 4 51 4| 52 4| 53.4| 54 4 53 1 31 8{ 32.4; 33.0f 33 6| 34.2| 34.8| 35.4] 36.0
9.5 | 47.7| 48.7( 49.7| 50 6] 51.6] 52 6 53.6/ 54.6 54 | 31 1] 31 6| 32 2| 32 8 33.4] 34.0{ 34.6] 35.2
100 | 47.9) 48 9 49 9| 50 8 51.8] 52 8 53.8| 54 8 55 | 30 3 30 9 31 5 32 0] 32.6| 33.2) 33.8 34.3
1n +48 2(+49 2(+50 1]+51 1]+52 1{+53.1{+54 1|+556 1 56 [+29 6(+30.1/+30.7[+31.2!:31.8/+32.4[,32.9/+33.5
12 48 4] 49 4| 50 3| 51.3| 52 3| 53 3| 84 2| 55 2 57 | 28 8| 29.3| 29 9 30 4| 81 0] 31.5 32.1] 32.6
13 48.5| 49 5 50 4) 51 4] 52 4| 53 4] 64 4| 55 3 58 | 28 0p 28 5 29 1| 29 6| 30.2| 30.7) 31.24 31.7
14 48 6| 49 6| 50 5/ 51 §( 52 5| 53 4] 54 4| 55 4 59 | 27 21 27 7| 28 3| 28.8| 29.3| 29.8( 30.3| 30.8
15 48 6} 49 6; 50 5[ 51.5/ 52 5 53 4| 54.4] 55.4]. 60 | 26 4} 26 9| 27 5 28 0| 28.5{ 29.0] 29.5/ 29.9
16 [+48 6(+49 .5{+50.5/+51 5«52 4{+53 4/+54 3|+55.3 61 {+25.6/+26 1|26 6/+27.1/+27.6(+28.1/+28.6/+29.0
17 |48 5| 49 5] 50 4| 51 4! 52 3| 53 3| 54 3| 55 2 62 | 24 8| 25 3| 25.8/ 26.3| 26.7| 27.2) 27.7) 28.1
18 48 4| 49 4 50 3| 51 3] 52 2 53.2j 54.1] 55.1 63 | 24.0| 24.5| 24 .9 25 4] 25.9 26.3] 26.8 27.2
19 48 3| 49 2] 50 2| 51 1) 52 1] 53.0| 54 0} 54 9 64 ] 23.21 237 24.1] 24 5[ 25 O] 25.4] 25.8] 26.3
20 48.1| 49 0 50 O 50 9 51 9| 52 8| 53.8| 54.7 65 | 22.4| 22.8; 23.2] 23.7] 24.1| 24.5] 24.9| 25.4
21 +47.9(+48 8(+49.8(+50 7+51.7[+52 6{+53 5/+54.5 66 [+21 5(+22.0/+22 4(+22.8(+23 2{+23.6/+24.0+24 .4
22 47 7| 48 6] 49 6| 50.5| 51 4| 52.3| 53.3| 54.2 67 | 20.7) 21.1] 21.5| 21.9{ 22.3] 22.7| 23.0{ 23.4
23 47 5| 48 4] 49 3] 50.2| 51 1] 52.0/ 63 0| 53 9 68 | 10.8! 20.2| 20.6( 21.0 21.4) 21.7| 22.1j 22.5
24 47 2| 48.1) 490, 49 9| 50 8] 51 7] 52 7| 53.61 68 | 190} 19 4| 19.7 20.1} 20.4} 20.8] 21.1] 21.5
25 46 9| 47 8| 48 7| 49 6| 50.5{ 51 4] 52.3| 53.2, 70 | 18.1f 18.5| 18.8] 19.2 19.5{ 19.8( 20.2] 20.5
26 |+46 8/+47 5+48.4/+49 31+50.2!+51.1/+52 0/+52.9 71 |+17.3]+17.6{+17 91+18.21+18.6/+18.9{+19.2(+19.5
7 46 2| 47 1| 48 0| 48.9] 40.8| 50.7| 51 6| 52 & 72 | 16.4| 16.7| 17.0| 17.3| 17.6{ 17.9| 18.2| 18.5
28 45 9| 46.8| 47 6| 48.5| 49 4| 50.3| 51 2| 52.1 73 | 15.5 15.8| 16.1] 16.4| 16.7] 17.0[ 17.3| 17.5
29 45 5| 46 4] 47.2) 48.1] 49.0; 49.9; 50 8| 51 6 741 14.6) 140 15.2] 15.4| 15.7| 16.0! 16.3{ 16.5
30 45 1| 46 O 46 8/ 47 7| 48:6 49.4] 50.3| 51.2 75 {°13.7 14.0{ 14.2| 14.5{ 14.8] 15.0{ 15.3| 15.5
31 +44 71545 6/+46 41447.3/+48.1/+49.0(+49.8(+50.7 76 |+12.8/+18.1/+13.3{+13.581+13.8/+14.0(+14.3(+14.8
32 44 3| 45.1) 46.0{ 46.8 47.7| 48.5) 49.4] 50.2 77 | 11.9] 12.2| 12.4{ 12.6| 12.8) 13.1} 13.3| 13.5
33 43.8) 44.7| 45.5/ 46.3| 47.2 48.0( 48.8) 49.7 78 | 11.0] 11.2] 11.4] 11.6[ 11.9| 12.1] 12.3! 12.5
34 43.4 44.2] 45.0] 45.8) 46.7| 47 5| 48.3| 49.2 79 { 10.1] 10.3{ 10.5{ 10.7| 10.9| 11.1] 11.3| 11.8
35 42.9) 43.7| 44.5] 45.3| 46.2] 47.0] 47.8/ 48.6 80 9.2 9.4/ 9.6 9.7 9.9 10.1] 10.2) 10.4
36 1+42.4/+43.2(+44.0[+44.8{+45.6/+46.4/+47.2/+48.0 81 [+ 8.3+ 8.5+ 8.6/+ 8.8/+ 8.9+ 9.1+ 9.2+ 0.4
37 41.9| 42.7) 43.8! 44.3| 45.1| 45.9| 46.6| 47 .4 82| 7.4 7.5 7.6 7.8 8.0/ 8.1 8.2 84
38 41.3[ 42.1| 42.9| 43.7| 44.5] 45.3| 46.0| 46.8 83| 6.5 6.6/ 6.7, 68 7.0 7.1 7.2 7.3
39 40.8] 41.6 42.3| 43.1| 43.9( 44.7] 45.4] 46.2 84| 5.6/ 5.7 58 59 6.0 6.1 6.2 63
40 40.2| 41.0| 41.8{ 42.5| 43.3] 44.1| 44.8( 45.6 85| 4.6 4.7 4.8 4.9 5.0 51 52 52
41 +39.7|+40.4{+41.21+41 9{+42.7(+43 4/+44.2/:44.9 86 [+ 8.7+ 3.8+ 3.8/+ 3.9/+ 4.0[+ 4.0{+ 4.1+ 4.2
42 39.1} 30.8| 40.6| 41.3; 42 0] 42.8 43.5| 44.3 87| 2.8 2.8 29 29 3.0 3.0 3.1 31
43 38.5| 39.2] 39.9) 40.7( 41.4] 42.1] 42.9| 43.6 88 1.8 1.9 1.9 20 20 20 21 2.1
44 37.9) 38.6) 39.3] 40.0| 40.7] 41.8| 42.2| 42.9 89 |+ 0.9+ 0.9/+ 1.0[+ 1.0+ 1.0/+ 1.0]+ }.0}+ 1.0
45 |+37.2+37.9(+38.6/+39.4(+40.1[+40.8]+41.5/+42.2 90 | 0.0/ 0.0f 0.0/ 0.0f 00 0.0 0.0 0.0
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282 TABLE D
CORRECTION TO THE OBSERVED ALTITUDE OF THE MOON
FOR REFRACTION, PARALLAX, AND SEMIDIAMETER
Lower Lius Urrgr Lins
Obs, Horizontal Paraliax Obs. Horizantal Parallax
Al 2 Alt.
Lower Upper
Limb | 54/ l 65’ | 66’ | 57’ | 58’ | 59’ | 60’ | 61’ | Limb | 54’ | 55’ | 56" | 57’ | 58’ | 59’ | 60" | 61
5.5 [+69.6/+60.9/+62.1.+63.4(+64.7/:66.0/+67.3/+68.5] 5.5 |+29.4/+30.2/+30.9| +31.61+32.3/+33.0;+33.7) +34 4
6.0 60.2[ 61.4) 62.71 84.0! 65.3/ 66.5 67.8 69.1 6.0 | 30.1{ 30.8| 31.5| 32.3| 33.0) 33.7| 34.4] 35.1
6.5 | 60.7) 61.9) 63.2] 64.5 65.8/ 67.0| 68.3) 69.6] 6.5 | 30.7| 31.4| 33.1| 32.8 33.5/ 34.3) 35.0, 3567
7.0 | 61.1] 62.4| 63.6| 64.9| 66.2) 67.4| 68.7) 70.0] 7.0 | 31.2j 31.9| 32.6| 33.3| 34.0| 34.8 35.5 36.2
7.5 61.5 62.7| 64.0| 65.3| 66.5/ 67.8 69.1) 70.4} 7.6 | 31.6, 32.3] 33.0; 33.7| 34.5( 352 35.9] 36.6
8.0 |+61.8/+63.1/+64.3/+65.6/+66.0/+68.1+69.4/+70.7] 8.0 {+32.0(+32.7:+33.4|+34.1/+34.8/+35.5/+36.3/ 1 37.0
8.5 |62.1] 63.3] 64.6/ 65.9 67.1| 68.4{ 69.7| 70.9] 8.5 32.3| 33.0] 33.7| 34.4 35.1| 35.9| 36.6 37.3
9.0 | 62.3) 63.6] 64.8/ 66.1] 67.4| 68.6/ 69.9| 71.1 9.0 | 32.6| 33.3} 34.0] 34.7| 35.4] 36.1| 36.8 375
9.5 | 62.5| 63.8! 65.0{ 66.3| 67.6| 68.8) 70.1| 71.3] 9.5 | 32.8| 33.5( 34.2| 34.9| 35.6{ 36.3| 37.1) 37.8
10.0 | 62.7) 84.0; 65.2| 66.5; 67.7| 69.0| 70.3| 71.5] 10.0 | 33.0| 33.7) 34.4| 351 35.8) 36.5 37.3] 38.0
11 +683.0{+684.2(+65.5/+66.7/+68.0/+69.3|+70.5/+71.8] 11 +33.3(+34.0[+34.7|+35.4/+36.2(+36.9/+37.6/ +38.3
12 63.2) 64.4| 65.7| 66.9| 68.2| 69.5| 70.7| 72.0] 12 33.6| 34.3| 35.0{ 35.7| 36.4| 37.1| 37.8 385
13 63.3| 64.6| 65.8| 67.0| 68.3| 69.6/ 70.8( 72.1] 13 33.7| 34.4( 35.1| 35.8| 36.5| 37.2) 37.9; 38.6
14 64.4| 64.6) 65.9 67.1 68.4| 69.6] 70.9] 72.1} 14 33.8| 34.5| 35.2| 35.9| 36.6/ 3..3| 38.0; 38.7
15 63.4| 64.6 65.9 67.1| 68.4; 69.6/ 70.9/ 72.1] 15 33.8| 34.5| 35.2| 35.9] 36.6| 37.3] 38.0; 38.7
16 |+63.4/+64.6/+65.8/+67.1/+68.3/+69.6/+70.8(+72.0| 16 +33,8+34.5+35,2+35.9 +36.6|+37.3(+38.0/ +38.6
17 63.3; 64.5{ 65.8] 67.0, 68.2| 69.5 70.7| 71.9] 17 33.8| 34.5( 35.1| 35.8] 36.5| 37.2| 37.9| 386
18 63.2| 64.4| 65.6 66.9| 68.1! 69.3| 70.6( 71.8} 18 33.7| 34.3| 35.0 35.7| 36.4| 37.1} 37.7} 384
19 63.1| 84.3| 65.5 66.7| 67.9{ 69.2| 70.4| 71.6] 19 33.5| 34.2| 34.9 35.6| 36.2| 36.91 37 .6/ 38.2
20 62.9| 64.1] 65.3] 66.5| 67.8; 69.0[ 70.2] 71.4] 20 33.4] 34.0| 34.7| 35.4| 36.0; 36.7| 37.4 38.1
21 +62.7/+63.91+65.1]+66 3(+67.5(+68.7(+70.01+71.2] 21 1+33.2{+33.9(+34.5/+35.2(+35.8/+36 §+37.21 +37.8
22 62.5) 63.7| 64.9] 66.1| 67.3] 68.5{ 69.7] 70.9} 22 33.0 33.6| 34.3| 34.9| 35.6{ 36.3| 36 .
23 62.2| 63.4{ 64.6| 65.9] 67.0] 68.2| 69.4{ 70.6] 23 32.71 33.4| 34.0| 34.7| 35.3] 36.0; 36 6{ 37.3
24 62.0| 63.1f 64.3] 65.5/ 66.7| 67.9 69.1| 70.3{ 24 32.5| 33.1{ 33.7 34.4| 35.0| 35.7| 36.3) 37.0
25 61.7| 62.9{ 64.0] 65.2| 66.4| 67.6/ 68.8 69.9] 25 32.2] 32.8] 33.4] 34.1| 34.7) 35.4| 36.0; 36.6
26 1461.3/+62.5/+63.7/+64.0(+66.0/+67.2(+68.4/+69.6] 26 |+31.9[+32.5/+33.11+33.7|+34.4(:35.0/+35.6/+36.2
27 61.0| 62.2| 63.3] 64.5| 65.7| 66.8 68.0; 69.2] 27 31.5) 32.1| 32.8 33.4| 34.0] 34.6| 35.2] 359
28 60.7| 61.8| 63.0{ 64.1| 65.3] 66.4/ 67.6] 68.8] 28 31.2] 31.8! 32.4| 33 0! 33.6| 34.2) 34.9) 355
29 60.3| 61.4| 62.6/ 63.7| 64.9| 66.0{ 67.2/ 68.4] 29 30.8| 31.4] 32.0| 32.6) 33.2| 33.8 34.41 35.0
30 59.9| 61.0{ 62.2| 63.3] 64.4| 65.6/ 66.7| 67.9] 30 30.4| 31.0] 31.6| 32.2| 32.8/ 33.4] 34.0, 34.6
31 +59.5+60.6(+61.7/+62.9/+64.0(+65.11+66.3/+67.4] 31 +30.0(+30.6(+31.2|+31.8/+32.3}+32.9+33.5{ -+ 34.1
32 59.0{ 60.2| 61.3{ 62.4| 63.5| 64.7| 65.8 66.9] 32 29.6| 30.1| 30.7[ 31.3] 31.9] 32.5[ 33.0| 336
33 58.6/ 59.7| 60.8} 61.9| 63.1| 64.2| 65.3| 68.4] 33 29.1] 29.7| 30.3| 30.8| 31.4; 32.0| 32.5/ 33.1
34 58.1] 59.2| 60.3} 61.4| 62.5| 63.6| 64.8) 65.9] 34 28.7) 29.2{ 29.8| 30.3| 30.9; 31.5 32.0| 326
35 57.7| 58.7| 59.8} 60.9| 62.0| 63.1| 64.2] 65.3} 35 28.2| 28.7| 29.3| 29.8( 30.4| 30.9[ 31 § 32.0
368 |+57.2/+58.21+59.3/+60.4/+61.5/+62.6[+63.7|+64.7] 36 |+27.7(+28.2(+28.8|+29.3{+29.8/+30.4/:30 .9 +31.5
37 56.7| 57.7| 53.8| 59.8| 60.9 62.0{ 63.1| 64.2] 37 27.2| 27.7] 28.2| 28.8; 29.3| 29.8/ 30 3 30.9
38 56.1| 57.2] 58.2| 59.3| 60.4| 61.4] 62.5/ 63.6] 38 26.71 27.2| 27.7| 28.2| 2871 29.21 297} 30.3
39 55.6| 56.6] 57.7| 58.7| 59.8 60.8| 61.9{ 62.9] 39 26.1[ 26.6| 27.1] 27.6| 28.1] 28 ¢ 29.1) 29.6
40 55.0/ 56.1 57.1) 58.1] 59.2| 60.2| 61.3] 62.3] 40 25.6 26.1] 26.6| 27.1] 27.6| 28.0| 28.5] 29.0
41  |+54.4]+55.5/+56.5/«57.5/+58.6/+59.61+60.6/:61.6] 41  1.25.0+25.5/+26.0/+26.4/+26.9/+27.4|+27 .0 +28.4
42 53.9) 54 9 55.9 56.9| 57.9/ 69.0 60.0[ 61.0 42 24 4] 24.9| 25.4) 25.8 26.3| 26.8 272 27.7
43 53.3] 54.3; 55.3| 56.3| 57.3/ 58.3; 59.3| 60.3] 43 23.8| 24.3( 24.7{ 25.2) 25.6/ 26.1} 26.6/ 270
44 52.7) 53.7| 54.8] 55.6] 56.6| 57.6] 58.6 59.6] 44 23.2} 23.6| 24.1 24,6’ 25.0, 25.4/ 25.9; 26.3
45 52.0| 53.0{ 54.0| 55.0| §6.0] 56.9| 57.9| 58.9] 45 22.6| 23.0| 23.4{ 23.9, 24.3| 24.7| 25.2( 256
46 [+51.4/+52.4|+53.3/+54.8+56.31+56.21+57.2]+58.2] 46 |+21.9/+22.4/+22.8/+23.2/+23.6[+24.0/+24.5 +24.9

For Height of Eye Cortection see Table C
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STARS, JUNE 1938 189
GREENWICH CIVIL TIME
Alphecca Dschubba Antares a Tri. Aus Subik Shauls Rasalague Etamin Kaus Austr.
Star a Cor. Bor, | & Scorpil a Scorpi Mag 1.9 | 7 Qphiuchi [ X Scorpii | @ Ophluchi | y Draconis { « Sagittaru
Mag. 23 Mag 25 Mag 12 g 1 Mug. 26 Mag. 17 Mag 21 Mag 21 Mag 2.0
Date Greenwich Hour Angle for O Greenwich Civil Time
13 27372 21279 1413 8 10 55 3556 (358167 357372351506 13145369
14 28363 | 22271 15129 | 11 4.6 45471359159 358363 {35249.7 |346360
15 29355 | 23262 16121 12 3.8 5538 0150 (359355 [353489 (347352
16 303461 24253 17112 13 29 6530 1142 0346 (354480 | 348 34.3
17 31337 25245 | 18103 14 20 7521 2133 1337 |35547.1 [ 349 33.4
18 32329 26236 19 95| 15 1.2 851.3 3124 2329 |35646.3 1350326
19 33320 | 27228 20 86| 16 03 9 50.4 411.6 3320 (357 45.4 | 351 31.7
20 34312 28219 21 7.7| 16594 10495 510.7 4311 |358446 (352308
21 353031 290210 22 69| 17586 11487 5 98 5303 359437 | 353300
22 36294 | 30202 | 23 6.0 | 1857.7 12 47.8 7 89 6294 042.8 (354 29.1
23 37286 | 31198 24 52| 19569 | 13469 8 8.1 7286 142.0 [35528.2
24 38277 32184 | 25 43| 20560 | 14461 9 72 8277 241.1 {35627 3
25 39269 331761 26 34| 21551 154527 10 6.4 9268 340.2 1357265
26 402601 34167 1 27 26| 2254.3 16 44.4 11 5.5 10 26.0 4394 1358256
27 41251 35159 28 1.7 23534 174351 12 4.6 | 11251 538.5 | 359 24.8
28 422431 36150 29 08| 24525 18426 | 13 38| 12242 6377 0239
29 43234 | 37141 20599 | 25517 19418 14 29 13234 7368 1230
30 44226 38133 30591/26608 20409 15 21 14225 8359 2222
Vega Nunki Altair Peacock Dencb Enif Al Nw'ir Fomalhaut Markab
Star a Lyriv e Sagittarit | a Aquile o Pavonls a Cygni e Pegasl a« Gruis a Ins, Aus. a Pegasi
Mag. 0.1 ag. 2.0 Mag.09 Mag. 2.1 Mag. 1.3 Mag. 2.5 Mag. 2.2 Mag. 1.3 Dag. 2.6

bm s|hm sthm s{hm s|lhm s|hm s|lbm s{hm s|lhbm s
18 34 53 318 51 29 1/19 47 48.5/20 20 49 7|20 39 21.621 41 10 822 422.72254 15723 1422

’ FI— ¢

June 1
P ’ o 4

Dec. +3843 5 -26223] +84237 -56557 +45 3.5 +9355 -47153| -2956 7 +14 524

h m h m h m h m hm h m h m h m hom
Transit 159 216 312 345 4 3 5 & 528 5 18 625
Date Greenwich Hour Angle for 08 Greenwich Civil Time

. . s . . . 7 . . s . . s
1 330 50 (325569 |311521 (303367 (208588 (283315 (277435 |265152 263236
2 |331 50{326560 !312512 (304359 (20957 9 | 284306 {27842 6 | 266 14 4 | 264227
3 332 4.1 (327552 (313503 1305350 300570 |28529.7 {279 41.8 | 267 135 {26521.9
4 333 331328543 (314495 30634.1 ;301 56.2 |286 28.9 | 280 40.9 | 268 12.6 | 266 21.0
5 334 2.4 132953.4 [ 315 48.6 | 307 33.3 | 302 55.3 | 287 28.0 | 281 40.0 | 269 11.8 | 267 20.1
6 335 15 1330526 |31647.7 | 308 32.4 | 303 54.4 | 288 27.1 | 282 30.1 | 270 10.9 | 268 193
7 336 0.7 1331517317469 [30931.5 (304 53 6 {289 26,2 | 283 38.3 | 271 10.0 | 269 18.4
8 336 59.8 1332508 | 318 46.0 | 310 30.6 | 305 52.7 {20025.4 | 284374 |272 9.2 |27017 5
9 337 58.9 333500 (319451 (311 29.8 | 306 51 8 | 291 24.5 (285365 {273 83 271167
10 338 58.1 | 33449 1 | 320 44.3?]2 28.9 [ 307 51 0 | 292 23.6 (286 35.7 274 7.4 [272158
11 339 57.2 | 335 48 2 | 321 43.477313 28.0 | 308 50.1 | 203 22.8 | 287 34.8 {275 6.5 273149
12 340 56.4 {33647 4 | 322425 (314 27.2 |30049.2 [ 204 21.9 |28833.9 |278 5.7 [274 141
13 341 55.5 | 337 46 5 | 323 41.7 {1 315 26.3 | 310 48.3 | 295 21.0 | 289 33.0 [ 277 4.8 {27513 2
14 342 546 | 338 45.6 | 324 408 [ 316 25.4 | 311 47.5 | 296 20.2 | 290 32.2 (278 3.9 | 276123
15 343 53.8 1339448 {325 399 |31724.6 131246.6 (207 19.3 }29131.3 279 3.1 {277114
16 344529 |1 340439 (326391 (318237 |31345.8 | 208 18.4 |29230.4 (280 22278106
17 345 52.0 [ 341 43.0 1327 38.2 1 31922.8 [ 314 44.9 | 290176 {203206 (281 1.3 {279 9.7
18 346 51.2 (342422 1328 37.3 (320 21.9 |1 31544.0 | 300 16.7 | 294 28.7 1282 0.5 |280 88
19 347 50.3 | 343 41.3 | 329 36.5 | 321 21.1 | 316 43.1 | 301 15.8 | 295 27.8 | 282 59.6 {281 8.0
20 318 49.4 | 344 40.4 | 330 35.6 | 322 20.2 | 317 42.3 | 302 15.0 | 296 26.9 | 283 58.7 | 282 71
21 349 48.6 | 345 30.6 (331 34.7 {323 19.3 | 318 41.4 {303 14.1 [ 297 26.1 (284 57.9 (283 62
22 350 47 7 | 346 38.7 1332 33.9 | 324 18.5 | 319 40.5 | 304 13.2 | 298 25 2 | 285 57.0 | 284 5 4
23 351 46 8 | 347 37.8 | 333 33.0 (325 17.6 | 320 39.7 (305 12.4 {29924 3 (28656 1 {285 45
24 352 46.0 } 348 37.0 | 334 32.1 | 326 16.7 | 321 38.8 [ 306 11.5 | 300 23.5 ;287 55.2 [ 286 3 6
25 353 45.1 | 349 36.1 [ 335 31.3 { 327 15.8 | 322 37.9 | 307 10.6 | 301 22.6 | 288 5H4.4 [287 28
26 354 44.3 | 350 35.2 | 336 30.4 | 328 15.0 | 323 37.1 | 308 9.8 |30221.7 {289 53.5 | 288 1.9
27 355 43.4 | 351 34.4 {337 29.5 | 320 14.1 | 324 36.2 | 309 8.9 | 303208 {290526 {280 10
28 356 42 6 | 352 33.5 | 338 28.7 1330 13.2 | 325 35.3 | 310 8.0 {304 20.0 {291 51.8 {290 O.1
29 357 41.7 } 353 32.6 | 339 27.8 {331 12.4 | 326 34.5 | 311 7.2 305 19.1 | 202 50.9 | 290 59.3
30 358 40.8 | 354 31.8 (340 26.9 [ 332 11.5 | 327 33.6 (312 6.3 | 306 18.2 | 293 50.0 | 291 58.4
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214 CORRECTION TO BE ADDED TO TABULATED GREENWICH

HOUR ANGLE OF STARS

11ours of Greenwich Civil Time
Miun. Bec. | Corr.
or in on iy 4 4n | 3h oh 7

0 0 00] 15 25) 30 49| 45 74| 60 99| 75123 9014.8|10517.2 0| 00

1 0150 15175 3019.9( 45224| 60249| 75274 9029.8{10532.3 1 0.3

2 030.1| 15325 303501 45375 60399 7542.4| 9044.9|10547.3 2 0.5

3 04511 15476 30501 | 45525 60550 75574 90599106 2.4 3 0.8

4 1 02) 16 26| 31 51| 46 76| 6110.0! 76 12.5] 91 14.9]|10617.4 4 1.0

5 1152 161777 31201 46226 61251 7627.5| 0130.0(10632.5 5 13

6 1302 16327 31352( 46376! 61401, 76426} 91450/ 106 47.5 6 1.5

7 14531 16478) 315802 46527 6155.1( 765767 62 0.1{107 25 7 1.8

8 2 03) 17 28| 32 53] 47 7.7| 6210.2] 77126 02151107176 8 2.0

9 2154 17178 32203 47228 62252 7727.7) 92302107 32.6 9 2.3
10 2304 17329 32353 47378| 62403 | 77427 | 924521107 47.7 10 2.5
11 2455 17479 32504 47528 62553 | 77678y 93 02108 2.7 i1 2.8
12 3 05} 18 30{ 33 54} 48 79| 63103 78 12.8| 93153108 17.7 12 3.0
13 31551 18180 33205( 48229 63254 78279 9330.3)108328 13 3.3
14 3306 18330 33355( 48380 63404 783429 93454(108478 14 3.5
15 3456 18481} 33505| 48530 63555 | 7857.9| 94 0.4[109 29 15 38
16 4 07| 19 31| 34 56| 49 80| 64105| 79130 94154|109179 16 4.0
i7 4157 19182 34206 4923.1( 64256 79028.0( 94205109329 17 4.3
18 43071 19332 34357 4938.17 64406 7943.1| 944551109480 18 4.5
19 4458} 19482 34507 4953.2| 64556 79538.1! 95 06)110 3.0 19 4.8
20 5 08 20 33} 35 57! 50 82| 65107 | 8013.1| 95156 11018.1 208 . 5.0
21 5159 20183 35208 50233 6525.7! 83282 95306110331 21 N5;3
22 53090| 20334} 35358 5038.3| 65408 8043.2| 95457110482 22 5.5
23 5459 | 20484 35509! 50533) 65558 80583 96-0.7]111 32 23 58
24 6 1.0 21 34} 36 59| 51 84| 66108 8113.3| 96158 |111182 24 6.0
25 6160 21185| 36210 5123 4&6 259( 81283 96308111333 25 8.3
267 6311| 21335| 36360 51385 66409 | 81434 96458111483 26 6.5
27 64617 21486 36510 51535 66560, 81584 97 091112 3.4 27 6.8
28 7 1.1} 22 36 37 6.1| 52 85| 67110| 82135| 97159112184 28 7.0
29 7162} 22187 37211) 52236 6726.0] 82285] 9731.0|11233.4 29 7.3
30 731.2( 22337 37362 52386 67411 82436} 9746.0|11248.5 30 7.5
31 T46.3| 224871 3751.2| 52537 6756.1| 82586 98 1.11113 3.5 31 7.8
32 8 13| 23 38) 38 62| 53 87| 68311.2| 83136| 0816.1]11318.6 32 8.0
33 8164} 23188) 3821.3) 53237) 68262 83287] 983117113336 33 8.3
34 831.4] 23339| 3836.3| 53388| 6841.2( 8343.7| 9846.2,113486 34 8.5
35 8464 23489 38514 53538 68563 83588 99 1.2({114 3.7 35 8.8
36 9 15 24 39) 30 64| 54 89| 60113] 84138 99163114187 36 9.0
37 9185 241001 30214 54239 60264 84288 9931.3)114338 37 9.3
38 9316| 24340 3936.5| 54390 60414| 8443.9| 0946.3]114488 38 9.5
39 946.6) 24 49:1) 39515 54564.0| 60565 8458.9)100 1.4[115 3.9 39 9.8
40| 10 1.6] 25 4.1 40 66| 55 90| 70115} 85140|10016.4(11518.9 40 10.0
41| 101671 251017 40216 5524.1] 7026.5) 8520.0)10031.5] 115339 41! 10.3
421 1031.7| 25342 4036.7{ 5539.1} 7041.6] 85440|100465|11549.0 421 10.5
43) 1046.8| 25492, 4051.7| 55542, 70566| 8569.1;100 1.5]116 4.0 43| 10.8
44 11 1.8} 26 43, 41 67| 56 92| 71117| 8614.1{10116.6{11618.1 447 11.0
45| 11168 ( 2619.3( 4121.8] 56242 71267 8620.2|10131.6{116 34.1 45| 11.3
46| 11319 26344 41368] 56393 71417| 8644.2|10146.7111649.1 48| 11.8
471 11469) 26494} 4151.9) 856543) 71568) B6 592|102 1.7}117 4.2 471 11.8
481 12 20 27 44 42 69| 57 94| 72118} 8714.3|102188[11719.2 48| 12.0
49} 1217.0] 271905 4221.9) 57244} 7226.9| 8729.3|10231.8|11734.3 49| 123
801 123211 27345 42370 57394 7241.9] 87444(10246.8]11749.3 50| 12.8
811 12471) 27496} 42520 57545) 72569] 8759.4:103 1.9|118 4.3 511 12,8
621 13 21| 28 46| 43 71| 58 95| 7312.0| 8814.5|103 16.9| 118 19.4 521 13.0
53] 13172) 28196 43221 ) 5824.6] 73270 8329.5{10332.0]118 34.4 53| 13.3
54| 13322 2834.7| 43371 568306 7342.1| 88 44.5]|103 47.0 118 49.5 54| 13.5
55| 13473 2840.7( 43522 58546 7357.1) 88 5061104 2.0(119 4.8 55) 13.8
561 14 23] 29 48] 44 72| 59 97| 74122| 89126104 17.1|11019.8 56| 14.0
57) 14173 29198 44223) 5924.7) 7427.2] 8920.7}|104 32.1 | 119 34.6 57} 14.3
68| 14324 20348 4437.3| 50398 74422 8044.7/10447.2(11949.6 581 148
89| 14474 29499 44524 59548] 74573 8959.7|105 22| 120 4.7 59| 14.8
601 15 251 30 491 45 74+ 60 99| 75123] 9014.8/10517.2112019.7 801 15.0
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106 U. S. COAST AND GEODETIC SURVEY

18 SUN, MAY 1938
E i S s Sun's 3 & )
G.Cr ] I | Denimtion | G iR % FRUBlon | ectiion | G i Corr.te 0. H. A.
Mi N C
, ] o o' | Somtor | Houe
Wednesday 25 Sunday 29 sec. +Minutes
N . o » . . PP
ol3193 k20 473 | 180 49.8 | 42 5374 |21 288 | 180 434 0| 0 00|15 00/ 00
2| 3188 20483210497 2528 | 2t 206 | 210 43 2 11015015150 03
4] 3184} 20492 240496 2522 21 304 | 240 430 2| 030015300 | 05
6) 317920501 270495) 2515 21 312 270 429 3] 0450[15450| 08
4 1t 00|16 00| 10
8| 3175| 20510 300494] 2509 | 21 320 300 327 s| 115016150 13
101 3170 20519330492 2503 21 328 | 330 426 ol 1300600l 12
12) 3165) 20528 0491) 2496 21 335 0 42 4 21 1420116450 18
14} 3160] 20537 30490] 2490 21 313 | 30 422 sl 2%l %0l 20
6] 31551205471 60489 2483 21 351 60 42 1 91 2150117150 23
180 3151120556 90488f 2477 | 20359 | 90 419 10 230017300 25
20} 3146 20565) 120486 247021367 120418] {11 | 2350 |174501! 2%
H%z 3141)20574) 150485) 2464 | 21375 150 416 121 3 0018 00/ 30
. D. 02 051 ... ... 03 o041 .. . 13 315018150 | 33
Thursday 26 Monday 30 i; g i(:g :: :(5) g g g
1]
0] +3 136 |+20 582 ) 180 484 | +2 457 |+21 38 2+ 180 41 4 16 4 0019 00/ 40
2l 3131|20591 ] 210483 2451 21 300 210 413 17| 415019150 43
4] 312621 00} 210481 2444 21398 240 41 1 18| 430019300 45
6] 3121721 09/ 270 480 437 21405 | 270 409 19| 4450 [ 19450 | 4.8
s 3116)21 181300479} 2431 21413 300408] |20] 5 00120 00y 50
10| 3110|210 27330478 2424 | 21420 330406 |21 | 515020150 &53
1 105 2t B ; 22 5300 120300 55
2] 3105 36 0 47 2417 21 428 40 4 2
14] 310021 44| 30475f 2410| 21436| 30403 3‘1 248-8 g‘l"*gg gg
16 3 95(21 53| 60474 2404 | 21 443 60 401 25 21 15.0 7%
181 3 8921 62| 9047.2| 2397 {21451 | 90399 %‘/g 5(5);8 21 ;133'0" 2'%
20 3 84 21 711 120 47.1 2390 21 458 | 120 397 271 6450121450 ! 68
22l 3 79]2t 790150470 2383 21466 | 150396 ) 138 7 00|22 00| 70
H D. 03 04 e s 0.3 04 ] ... .. 20| 7150 |22150| 7.3
Friday 27 Tuesday 31 30| 730.0(22300| 75
31] 745022450 7.8
O0f+3 73 [+21 88| 180 468 | +2 376 1+21 473 ) 180 394 321 8 00123 00| 80
2 3 681 21 97 210 46.7 2369 | 21 480 210 392 33| 8150 (23150 83
g 3 2:7; g: {(1'2 g;g 46.6 2 3§g 21 48 8 2;0 391 341 830023300 85
3 641 2355 21405270380 ) |0 | 20193450 88
8] 3 s51/20122|30463| 2318 21502 300387] (36| 9 0024 00/ 90
100] 3 46| 210131|330461] 2341 | 21500] 330385} |37 9150 [24150( 93
121 3 40121139 0460 233421517 0383 [38] 5300124300} 95
14] 3 35| 21148 30459 2327 21524 30382 [39] 9450 (24450 98
6] 3 2920156 60457 232021531 eoasof [47[10 90125 90
188 3 23| 21165 90456 2313 21538] 90378] 1451|0300 | 25500
200 3 18121173 120454} 2305215461 120376} (45110920 | 25450
" gz 3 ‘1).2 21 181 | 150 453 | +2 298 [+21 553 | 150 374} |47 111 "00 |28 60
. D, 3 041 ... ... 04 o4 ... . .
45111 13.0 26 15 0
Saturday 28 46 111300 | 26300 |11 5
0] +3 06 [+21 19.0| 180 452 47111450 26450 111.8
2]73 ool 21198 210 450 AR EE U
4] 2594 | 21 206 | 240 449 SEMIDIAMETER N
6 2 58 21 2 0 7 50 (12300 |27300 1125
9 L5270 44 51 (12450 (27450 (128
8] 2583 | 21223 | 300 446 5213 00|28 00130
10f 25771 21 23.1| 330 44 4 May 1 15.90 53113150(28150|13.3
12) 257311 21239 0443 1" 1587 54 | 13 30.0 | 28 30.0 | 13.
14 2 56.5 ) 21 24.7 30 441 21 ‘ 15 83 5511345.0 gg 438
18] 2559| 21256 60440 31 15.80 56 114 0.0 ¢
180 2552|210 264 90 43.8 57114150 128100
20| 2546 21272 120 437 58 114300 29 30.0
22 ] +2 54.0 |+21 280 | 150 43 5 59 11445.0 ) 29 45.0
H. D. 0.3 o4l ... ... 60 ‘15 0.0 '30 0.0

Nortg.—The Equation of Time i3 to be applied to the @ C. T ia accordance with the sign as gtven




PRACTICAL AIR NAVIGATION
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80 MOON, 1938
GREENWICH CIVIL TIME
R lina- | Greenwich | Multiples of Variation ighi Declina- | Greenwich | Multi] Variati
@.C.T. Alceg}sll';)n Da'fo:a H.A. p%rMinuum a.Cc.T Aslv}exxmlton tion H. A.c ltg)elresMognus“mon
JUNE 10 JUNE 12
h h m 8) L] ’ o ’ h h m 9 ’ ° ’
0| 14 50 24/-17 27.5| 35 5.3 01632 7|-2044.7] 11 38.0
1|14 52 30 17 33.7| 49 36.4 1{16 34 15| 20 46.4/ 26 8.5
2|14 54 36| 17 39.9] 64 7.4 2|16 36 23] 20 48.1| 40 38.9
314 56 42| 17 46.0] 78 38.4 316 38 31{ 2049.7 55 9.4
4|14 58 48] 17 52.0/ 93 9.4] IR.A|Dec.|H.A. 4|16 40 39 20 51.1] 69 39.8 .| B. A,
5115 054 17 57.9/107 40.3} m| & ¢ 4 516 42 47 20 52.5] 84 10.3 4
6i156 3 O 18 3.7/12211.3| 1| 2 -0a| 145 6| 16 44 55| 20 53.7| 98 40.7 1ns
7115 5 6| 18 9.5[136 42.2| 2| 4 0.2 2.0 7|16 47 3| 20 54.9]113 11.2 2.0
815 712 18 15.1{151 13.1| 3 6 0.3 43.5 8|16 49 11} 20 55.9{ 127 41.6 43.5
9|15 918| 18 20.7/16544.0] 4 8 o0.3] 8.1 9]16 51 19| 20 56.9| 142 12.1 58.0
10) 156 11 25] 18 26.2; 180 14.9( 5 11| 0.4 72.6 10|16 53 27| 20 57.8] 156 42.6 72.5
11|15 13 31| 183 31.6{ 104 45.7| o| 13] o.5) 872 11| 16 55 35| 20 58.5/171 13.0 87.0
.12115 15 38| 18 36.8{209 16.6| 7| 15 0.6 101.6 12| 16 57 43| 20 59.2{ 185 43.5 101.6
13| 15 17 44| 18 42.0{223 47.4| 8| 17} 0.7/ 1161 13| 16 59 51 20 59.7; 200 14.0 118.1
14|15 19 51| 18 47.2/ 238 18.2 9| 19| 0.8} 130.8 14117 169 21 0.2{214 44.5 130.6
1515 21 58] 18 52.2|252 49.0] 10 21| o0.9] 145.1 18|17 4 7] 21 0.5{229 14.9 5.1
16| 1524 4| 18 57.1{267 19.8] 20, 420 1.7} 200.3 16(17 615 21 0.8]243 45.4 4| 200.2
171526 11] 19 1.9{281 50.5) 30] 63| 2.6/ 435.4 17|17 823} 21 1.0]/258 15.9 435.2
18| 1528 18} 19 6.7|296 21.3] 40l s84f 3.5 580.8 18 (17 10 30} 21 1.0;272 46.5 580.3
191 15 30 25| 19 11.3|310 52.01 50} 105 —4.4] 725.7 1917 12 38| 21 1.0{287 17.0 725.4
20 | 15 32 32| 19 15.9]325 22.7 - 20]17 14 46| 21 0.9{301 47.5
21| 15 34 39| 19 20.4{339 53.4 21]17 16 54| 21 0.6| 3186 18.0
22| 15 36 46] 19 24.7| 354 24.1 2211719 1] 21 0.3|330 48.6
2311538 541-19 29.01 8 54.7 23|17 21 91-20 59.9/ 345 19.1
JUNE 11 JUNE 13
01541 1)-1033.2; 23 25.4 0117 28 1720 59.3, 359 49.7
111543 8] 19373 56.0 1§17 25 24| 20 58.7} 14 20.3
2 }6 45 15| 19 41.3| 52 26.6 2117 27 321 20 58.0; 28 50.9
3T15 47 23| 19 45.2] 66 57.2 3117 29 39| 20 67.11 43 21.5
411549 30] 1949.0{ 81 27.8] |R.A.[Dec.|H. A, 4|17 31 46} 20 56.2| 57 52.1| |R.A|Dec.|H.A
511551 38] 1962.7| 95584{m s ! 5|17 33 54] 20 565.2| 7222.7|m] s 4
6] 156 53 45| 19 66.3{ 110 29.0} 1 21 0.0 4.5 611736 1} 2054.1 86563:4| 1 2 0.0 145
7115 55 53} 10 59.8| 124 59.6| 2 4| -0.1f 20.0 7]1738 8] 2052.8/101 24.1] 20 4 +0.)| 2.0
811568 1| 20 3.2113930.1| 8 6 0.1 43.5 8117 40 15| 20 51.5{115 54.8| 3| 6] 0.1 43.5
9{16 0 8 20 6.6|1564 0.7| 4 9o 0.2 R0 9117 42 22| 20 50.1{130 26.4| 4 8 0.4 8.t
10|16 2 16| 20 9.8}168 31.2| s | 0.2 725 10 [ 17 44 29} 20 48.6( 144 56.2) 5| 1] 0.3 72.6
11116 4.24] 20 12.9{183 1.8] o 13) 0.3 87.14 11]17 46 36| 20 47.0{159 26.9| 6 13 0.2 s7.1
12} 16 6 31| 20 16.0(197 32.3y 7| 15 0.3 1016 12| 17 48 43] 20 45.3[ 173 57.6| 71 15| 0.2 w16
13]16 839| 20 18.9{212 2.8 8 17| 0.4/ 1161 13| 17 50 50| 20 43.5} 188 28.4| 8 171 0.2} 16.1
14 | 16 10 47} 20 21.7|226 33.3| 9| 19| 0.4| 130.8 14 } 17 52 57} 20 41.6}202 59.2| 9o 19 0.3] 130.6
15| 16 12 55 20 24.5|241 3.8{ 10_,21] 0.5 145.1‘( 15{17 55 3; 20 39.6]217 30.0| 10| 21| 0.3} 145.1
16|16 15 3 20 27.1|255 34.3| 20" 43} 1.0 200.2 16117 §7 10| 20 37.5]232 0.8] 20, 42/ o0.6| 200.3
17118 17 11| 20 29.7{270 4.8 30[ 64| 1.5435.3 17|17 59 16| 20 35.3| 246 31.7) 30] 63| 0.0] 436.4
18|16 19 19| 20 32.1}284 35.2| 40| 85| 2.0} 680.3 1818 1 23] 2033.1(261 2.5 4] &5 1.2 580.5
19| 16 21 271 20 34.4|299 5.7 s0f 108] -2.5 725.4 19|18 3 20| 20 30.7} 275 33.4] 50| 106 +1.5 725.6
20| 16 23 35| 20 36.7|313 36.2 20118 5 35 20 28.2(290 4.3
21116 25 43| 20 38.8/328 6.6 21118 7 41| 20 25.7| 304 35.3
22116 27 51| 20 40.9{342 37.1 22|18 9 47| 20 23.0|319 6.2
23 | 16 20 59| 20 42.8| 387 7.6 23|18 11 53] 20 20.3} 333 37.2
2416 32 7[-20 44.7[ 11 38.0 24 { 18 13 59{-20 17.4| 348 8.2
Greenwich Moon’s ' Moon’s Horlzontal (reenwich” Moon’s Moon’s Horizontal
Civil Time Semidlumeter Civil Time Semidiameter Parallax
d b ’ ‘ d h . ‘:
10 0 15.0 55.0 12 0 14.8 54.3
i1 0 14.9 54.6 13 0 14.8 54.1
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U. S. COAST AND GEODETIC SURVEY

JUPITER, 1938 147
GREENWICH CIVIL TIME

Right " Greenwich | Ver. | Transit Right linatlon | Oreenwich | V8r | Tranait
Patel Ascension Declination H, A. L}I)f; 0;‘;“‘ Date Ascension Declination H.A, N't’?:: :\::?M.
o o (] wich o o on W

APRIL MAY
hm s ° : , ° ’ , B m hbm s ° ’ , ° ’ ’ hm
11214242 114269 1223 131500 9 7|16/221015 f-1210.7 ,'1260 2.1 15.0087 6 37
2214328 14232 4223 48.90s0m1 O 4117|221040 2 12 8.6 11261 22.0/is.08 6 34
3214414 () 14195 37224 36.0/omm| 9 01812211 5 w12 8.6 301262 15.1|15.00 630
4214459 [} 14158 122524 4sowz 8571191221120 % 12 4.7 151263 8.2hs00m 626
51214544 I 14122 371226 12.2)s0m| 854)20] 221152 212 2.8 V264 1.6/15.0m 623
6|214629 14 86 , 1227 02wl 85121 (221214 f-12 10 | 126455110052 619
71204713 0 14 50 (72274820 848122)221236 1| 1160.2 17 26548.7) 1007 616
8(214757 4 14 1.4 30928 36.4\ic.0ms 844231221268 2 1157.5 171208 42.5015.0a1) 6 12
91214841 31 1357.8 29229 24.6| 1500 84a1]24]|221318 11558 171267 865150 8 9
16(214924 3 13543 a5 230 13.0/ 15,0555 8381251221339 3} 11542 1)1 268 30.6 uoxs] 6 5
1112150 7 |-1350.8 . 1231 14iicsr) 8351261221358 | 1-1152.7 | 1260 24.9)mo0s 6 1
1221 50 49 T1 13473 51231 50.00s.00m 83227221417 1 11512 121270 193015057 5 68
131215131 %) 13439 1123238600 828|28)221435 B 11498 14271 13.9)1omm) 5 54
141215213 % 1340.5 34233 27.301s.0m 8252922 14 52 b 11485 19272 8.7/ now| 550
15| 21 52 54 :l 1337.1 03/23416.2) 10000 822]30{2215 9 1 1147.2 13273 3610w 547
161215335 (113337 1235 6.1 isom0 818311221526 [-1146.0 273 58.7) 1008 543

171215415 ) 1330.4 a4 235 54.20.00) 8 15 :

1812154 55 1 1327.1 1236 43.3)1s.002f 8 12 JUNE

19| 21 55 34 P 13 23.8 3.2 237 32.6)15.042] 8 9O

20215613 | 1320.6 17 23822.0(ios 8 5| 112215641 | ~1144.8 | 1274 54.0{15.0085 540
212158662 ,|-1817.4 , 1239 (1.501s034 8 2| 2(221656 | (~1143.7 | 127540 4/15.0%5 5 36
22215730 ;4 1314.2 DU 240 1.1isomsl 750| 31221610 ) 1142.7 101276 45.1 cosr| 532
2312158 8 13 11.1 s 240 50.8(15.0348] 7 561 4221623 13 11 41.7 0.9 277 40.8/15.0388) 5 28
24(216845 ¥l 13 8.0 si241 40610000 752 51221636 L 1140.8 O3 278 368|100 5 25
25)2156922 I 13 4.9 ;'124230.6/1s.007 740) 61221648 ;1| 1140.0 ) 279 32.9/15.0391 5 21
261215058 ,1-13 1.9 . 124320.6/1s008 746| 7]2216569 | |-1139.2 1280202002 5 {7
27|22 034 A 125689 201244 10815080 742[ 8(221710 || 1138.56 1281 257 15,3 5 14
28122 1 9 38 1256.0 20245 1.1|1som0) 730} 0]221720 ') 11378 07282 22.4| 155w §10
20122 144 % 12531 23245 51.6/15.0m1 7361104421729 2 1137.3 0-°1 283 1020 8
30122 219 3J-1250.2 Ji246 421l wesl 782| 11T221737 Y 11368 JF 284 16.2f00w® 5 2
12|221745 1-1136.3 | |28513.4/1s.000 488
Y HE BRI
1122 252 -1247.4 , 1247 3285002 720]15/2218 4§ 11354 0988 6.1|monr| 447
2(22 326 . 12446 ;7124823.68/15.0053 725(16(2218 O | 121353 11280 4.0{m.0is 443
3122 358 12419 , 1240 14.5heme 722171221813 [-11352 1200 2.1)immel 438
4122 431 §1 1230.2 7711250 5.6/1mss| 7101181221817 4 11351 01201 04l 435
5|22 5 2 1236.6 'l 250 56.8{1n.006! 7161101221819 ) 11352 7)) 201 58.8|w.owr| 4 31
6122 534 ¥ 12340 29251 48.1|1s.0a7| 712]20 2218 21 2 11353 271202 57.4| 0408 427
7022 6 4 f 12314 [ 725230.6/ e 7 8211221823 2} 11355 7208 5.3/ 10000 424
8122 634 12280  l26331.0olimomet 7 6l22|221823 -11357  120465.30m) 420
9122 7 4 .t 1226.5 »1105423.0115.0000 7 21231221823 0 1136.0 %1205 B4 5lisoansl 418
10122 733 21 1224.1 24255 1485001 658f24|221822 J 11364 04200 530\ 412
11122 8 2 7 12217 73266 6.0)1s.0062 654 ]25) 221820 11139 gg 207 53.4/15.0414) 4 8
1222 820 7| 1210.4 7% 256 50.11s.c005| 6 51|26 (22 1818 3 11374 20208 53.2 5008 4 4
13(22 857 {12171 , 257 614(1s.004 648271221815 ,-1138.0 120983 Ljisoar| 4 O
14122 924 7 12140 271258438 scuesl 644128221811 ¥ 11387 071300 63.2{1s.00s| 3 58
15122 950 24 1212.8 71250 36.4/1s.0000] 8411292218 6 1139.4 11301 83.515.008 3 B2
181221018 | 1210.7 2112602910071 63713012218 1 I 1140.2 0¥ 302 54.0{som| 3 48.
171221040 *j-12 8.6 *'/ 261 22.0/15.0008) 634311221785 %-1141.1 °% 303 54.Ti1s.0021] 3 44

Hor. Parsllax: Jan. 1, 0.02; Feb. 1, 07.02; Mar. 1, 0.02; Apr. 1, 0/.03; May. 1, 0.08; Jupe 1, 0/.03; July 1, ’.08
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ANGLE OF PLANETS

PRACTICAL AIR NAVIGATION

CORRECTION TO BE ADDED TO TABULATED GREENWICH HOUR
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CORRECTION TO BE ADDED TO TABULATED GREENWICH
HOUR ANGLE OF PLANETS
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GREENWICH HOUR ANGLE OF POLARIS, 1938 265

FOR 0* GREENWICH CIVIL TIME
Jan. 1| 74263 Mar. 113251 8| May 1193 2 98July 1252 56.3{Sept. 131344 6 Nov. 1] 13445
2175258 2{133 51 2 21194 19 21253 55.2 2131443 5 2] 14436
3176252 31134 50.5 3195 1.0 31254 54.0 331542 4 3 15428
4177246 41135 49.9 41196 0.0 41255 52.8 41316 41 4 4] 16420
5178240 51136 49.2 51196 59.0 51256 51 6 51317403 5] 17411
6] 79235 6137 48 6 6197 58 0 6 (257 50 5 6318392 6] 18403
780229 7(138479 71198 57 0 71258 49.3 71319381 7] 19395
8| 81223 813947 2 8199 56.0 81259 48.1 8320370 81 20387
9| 82217 9140 46 5 91200 55.0 9 (260 47.0 91321359 9] 21378
1083211 10141458 10 (201 54 0 10261 45 8 10 (322 34.9 10| 22370
11{ 84206 11142 45 2 11 [202 53 0 11262 44 6 11323 33 8 11] 23362
12| 85200 121143 445 121203 52 0 12 {263 43.4 121324327 127 24354
13| 86194 13[144 438 131204 50 9 13264 423 13325317 13 25347
14 {87189 14{14543 1 14205 49 9 M {265 41 1 14 ]326 30 6 141 26339
15| 88 18.3 15(146 42 4 151206 48 9 15 (266 39.9 1532729 5 15| 27331
16| 89177 16 (147 41 6 16 [207 47.8 16 {267 38 7 16 {328 28.5 16| 28323
1790172 171148 40 9 17 {208 46 8 17 |268 37.6 171329 27 4 171 29315
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311104 92 31162 30.3 314222317 31(28221 2§0ct. 134313 1] Dec. 1{ 43212
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U. S. COAST AND GEODETIC SURVEY

112

269

TABLE III

FOR FINDING LATITUDE BY AN OBSERVED ALTITUDE OF POLARIS, 1938

HOUR ANGLE, ARGUMENT
Correction for Local Hour Angle to be Applied to True Altitude
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Chapter VI..METEOROLOGY

THE AIRWAY WEATHER SERVICE!
ORGANIZATION

With all of the advancements which have been made in instrument
flying and radio navigation, weather still remains one of the major
problems of aeronautics. Because of this, it is necessary that an
accurate and efficient weather reporting and information service be
maintained along civil airways to guard against the uncertainty of
weather.

The Weather Bureau of the Department of Agriculture is charged
with the responsibility of furnishing an adequate meteorological
service for aviation. Its authority is contained in the organic act
creating the Weather Bureau, which was amended after the passage
of the Air Commerce Act of 1926 to include specifically the furnish-
ing of weather reports, forecasts, and warnings ‘“to promote the
safety and efficiency of air navigation in the United States and above
the high seas, particularly upon civil airways designated by the
Secretary of Commerce under authority of law as routes suitable for
air commerce.”

Over 500 stations have been established at intervals of 50 to 100
miles on civil airways in the United States, Alaska, and Hawaii, and
over 160 at intervals of 100 to 200 miles off the airways in the United
States for reporting weather observations. The reports are collected
by teletype, radio, telegraph, and telephone and relayed as required
over the Bureau of Air Commerce teletype system. At 52 important
airway terminals the Weather Bureau maintains first-order stations
with qualified meteorological personnel on duty 24 hours a day, where
reports are mapped and analyzed, and the meteorological situations
are discussed with pilots. In addition, there are 72 well-distributed
stations equipped for taking upper air wind observations, and 27
stations equipped for taking airplane upper air observations. The
airway weather service is controlled by 11 general supervising sta-
tions; a map showing the supervising distriets and the E)cation of all
weather reporting stations in the United States may be obtained
upon request from the Chief, United States Weather Bureau,
Washington, D. C

SURFACE WEATHER OBSERVATIONS

Weather observations are taken hourly throughout the 24 hours at
most of the stations located on busy airways. Special observations
are taken at these stations whenever marked changes in weather con-
ditions occur. Observations are taken at 1:30 and 7:30 a. m. and
}}. m., eastern standard time, at stations located off the airways.

he observations consist of ceiling (height of cloud layer above the
ground) in feet, sky conditions, visibility in miles, weather conditions
(including precipitation, squalls, etc.), obstructions to vision (dense

1'This section prepared by the Aerological Division of the U. 8. Weather Bureau. 113
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fog, haze, etc.), temperature, dew point, wind direction and velocity,
barometric pressure, amount and type of clouds, and miscellaneous
information, such as thunderstorms, line squalls, etc. The stations
on civil airways report their observations in symbols on teletype and
radio circuits, as shown in figure 69, while off-airway stations, in-
cluding stations in Alaska and Canada, report their observations in a
word code.

E1202T+4-R+-HL+ 75/73—30+ 991 FIELD FLOODED
THDRSTM MVG E

Ceiling estimated 1,200 feet; sky overesst; visibility 2 miles; severe thunderstorm;
heavy rain; heavy hail; temperature 75°; dew point 73°; wind, west, 30 miles per
hour, strong gusts; barometric pressure (sea level) 20.91 inches; fleld flooded; thunder-
storm maving toward east.

F1GURE 69.—Typical symbolized sirway weather report, with interpretation.

Assuming that this weather report were broadcast at Cleveland, at
9:31 a. m., it would be spoken over the radio as follows:

WWO Cleveland, Ohio: 9:31 a. m.; Cleveland, Cleveland; ceiling estimated
one-thousand-two-hundred feet; ceiling estimated one-thousand-two-hundred
feet; sky overcast; visibility two miles; severe thunderstorm; heavy rain; heavy
hail; temperature seventy-five, dew point seventy-three; wind west thirty;
strong gusts; barometer twenty-nine ninety-one; field flooded; thunderstorm
moving east. WWO Cleveland, Ohio.

Ships at sea report weather observations at 8 a. m. and 8 E) m.,
eastern standard time, in a special figure code from which selected
reports are transmitted on airway teletype circuits. For a complete
description of the observations and codes used, pilots are referred to
Weather Bureau publications, Circular N, Instructions for Airway
Meteorological Service, the 1936 Weather Code, and Publication No.
1046 International Code for Radio Weather Reports from Ships.

UPPER AIR OBSERVATIONS

All Weather Bureau first-order stations at airway terminals and a
number of stations off the airways are equipped to take 6-hourly
observations of directions and velocities of upper air winds. The
observations are made by means of so-called pilot balloons, light-
weight balloons inflated with hydrogen gas to a diameter of approxi-
mately 26 inches. When released they ascend at a fairly uniform
rate of approximately 600 feet a minute. In taking an observation,
the observer follows the balloon with a theodolite, an instrument
similar to a surveyor’s transit, and angular readings are made each
minute. ¥rom these data and the ascensional rate, wind direction
and velocity at the height of the balloon are readily computed for
each minute of ascent. This information is transmitted in figures
and symbols, as shown in figure 70, by teletype and radio along the
airways shortly after the observations are completed. ¥or a descrip-
tion of the code used, pilots are referred to the Weather Bureau
circular, Instructions for Reporting Pilot Balloon Observations.
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CVI11 02318 2422 22625 2728 42832
2844 62852 2967 83078 3087 03194
8202*

Cleveland, Ohio.

Time—11:00 a. m., 75th Meridian.

Elevation | Wind direc- :

(feet above |tion (to near- iyl?lg vel(l)lc-)

sealevel) |est 10°, trug) 'Y (I P- D

o

230 18
240 22
260 25
270 28
280 32
280 44
280 52
290 67
300 78
300 87
310 94
320 102

*Velocities of 100 miles per hour or
over are indicated by adding 50 to the
direction figures.

F1GURE 70.—Typical symbolized report of pilot balloon observations, with interpretation.

Upper air observations are also made by means of airplanes at 27
stations in the United States through cooperation of the Weather
Bureau, War, and Navy Departments. The Weather Bureau ob-
servations are made under contract with commercial pilots, while
Army and Navy pilots take the observations for their respective
services. In most cases, the flights are made daily at 4 a. m., eastern
standard time, to a height of 16,500 feet. The airplanes carry a
self-registering instrument (aerometeorograph) which records the
barometric pressure, temperature, and humidity, throughout the flight.

After the airplanes return to the ground, the recorgs made by the
instruments are evaluated and are coordinated with the visual obser-
vations made by the pilot, such as those of icing, heights of cloud bases
and tops, levels of precipitation, turbulence, vertical and oblique
visibility, etc. The information thus obtained is transmitted in code
form by airway teletype and radio, and is particularly useful in
identifying air masses, tracing their movement, and delimiting their
boundaries, along which so many of the weather changes occur. The
observations serve also to give pilots information regarding the height
of the top of cloud layers, regions of ice formation on the airplane,
elevations of extreme bumpiness, etc. For a description of the code
used, see Weather Bureau circular, Instructions for Daily Trans-
mission of Airplane Weather Observations.

COMMUNICATIONS

A rapid communication system is of prime importance in collecting
and distributing weather information. Such a system is provided by
the Bureau of Air Commerce in its network of teletype and radio
circuits. All of the hourly airway weather reporting stations have
either teletype or radio connections to the land line circuits. A map
showing the teletype and radio circuits in the United States may be
obtained upon request, from the Director, Bureau of Air Commerce,
Washington, D. C.

The weather observations are collected in sequence each hour,
beginning with the first station on each circuit and continuing station
after station until all reports are collected. Relays between circuits
are made automatically as required. Since a report transmitted by
any station is received by all stations on the teletype circuit, complete
information is available at every station after the sequences and relays
have been run. Most of the air transport companies have teletype
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machines connected to the airway circuits, and thus secure the weather
information they need without loss of time. The reports for each
airway are broadcast by radio for the information of pilots in the air.
After that, they are turned over to the meteorologists for mapping or
posting on airport bulletin boards.

Reports from stations off the airways are collected by telegraph or
telephone every 6 hours at designated centers and relayed to teletype
circuits for use of all stations. Pilot balloon observations are broad-
cast locally and then transmitted in sequence on teletype and radio
circuits. Airplane observations are transmitted once a day on all
circuits.

WEATHER MAPS

A collection of weather reports gives a picture of instantaneous
weather conditions at each respective station. It does not give a
picture of conditions over a large area unless the reports are plotted
on a map. Kor that reason, Weather Bureau airport stations plot
a large number of reports on base maps every 6 hours. Symbols are
used for brevity, and a description of them is given in figure 71,
pages 117 to 119, from Weather Bureau circular Preparation of
Manuscript Maps.

An analysis of the data is made and lines are drawn on the map
through points of equal barometric pressure, with auxiliary lines
delineating the warm, cold, or occluded fronts between the air masses.
Copies of the maps are available to the air transport operators, Maps
in greater detail are prepared and analyzed at the general supervising
stations where forecasts are prepared. Detailed analyses of meteoro-
logical conditions over the United States are made daily in the Divi-
sion of Meteorological Research at the Central Office of the Weather
Bureau in Washington. The daily analysis of the 7:30 a. m., eastern
standard time, map is transmitted on teletype circuits in a special
figured code headed “AMAFA’ and is described in Weather Bureau
circular entitled “Transmission of Air Mass and Frontal Analysis by
Teletype and Radio.” A typical weather map, with the analysis of
air masses and fronts indicated thereon, is given in figure 72.

AIRWAY FORECASTS

The airway forecasters are on duty 24 hours a day at the supervising
centers referred to at the end of the section headed “Organization.”
They prepare regional forecasts for their respective districts, and ter-
minal airport forecasts every 6 hours covering an advance period
of 8 hours, Special intermediate forecasts are issued when condi-
tions change rapidly. In addition, forecasts for advance periods
up to 30 hours are prepared on request for long cross-country flights.
The following is given as an example of a regional airway forecast
issued by a supervising station:

Warm front extending Springfield to Tarkio to North Platte to Dickinson with
warm moist air to south and west overrunning cold surface air to north and east
will advance slowly north and eastward causing scattered to broken clouds with
ceiling 8,000 feet or more ahead of it and overcast 5,000 feet or more in few mild
thundershowers. Visibility 6 miles or more all stations except in rain areas and
smoke at Chicago where visibilities of 8 miles or more will be experienced. In-
creasing high scattered to broken clouds and increasing lower clouds becoming
overcast during afternoon in mild to moderate thundershowers within warm air
mass in Jowa and southern Minnesota. Ceiling 3,000 feet and visibility very
}SOW _;ﬂ', times during afternoon in shower areas, otherwise visibility more than

miies.
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METEOROLOGICAL DATA SYMBOLS AND DESCRIPTIONS
SKY COYERING
1. O Clear, cloudless.

2. O Scattered clouds. 3. @) Partly cloudy. 4. G Broken clouds. 5. @ Overcast, cloudy.
( Either high clouds, low clouds, or combinations of buth.)

6. ® Sky obscured by obstructions, such’ss dust, sand, smoke, blowing snow, etc.
( Enter ch of ph in plain or in abbreviations given in 46 to 50.)

WIND DIRECTION AND VELOCITY

N-1 (B NNE-7 J ey ENE-12@

E-18@q ESE-18 .7 SE-19 Q} SSE-24 %

26 5) SSW"”;P sw—g’ WSS o
wikQ® wnw—?ﬁ‘ NW—«?%) NNW~76%

STATE OF WEATHER

Symbols 8 to 35, 41 to 50, and 54 to 55, inclusive, will be entered to the Jeft of the station
circle (between circle and ceiling/visibility data on airport maps.)

8. o Light rain. 28. == Light or mederate fog.
9. ¢ Moderate rain; raining. 29, =2 Ground fog (light, moderate, or dense).
10. E Heavy rain, ‘30, == Dense fog; foggy.
11. <7« Light shower; sprinkling. 3. ©o  Light haze.
32, 22 Thickh hazy.
12. 7% Moderate shower. Hiek naze, fnay
33. [X Mild thunderstorm. Entry of
13. VE Heavy shower. v,imer{ﬁ 00-
34. [3  Moderate thunderstorm. currence of &
14, L] Light mist; mist. gwma( %)
35, K Severe thunderstorm, | * °ptonal.
15. ]  Heavy mist.
36.* Q Thunderstorm in progress at time of
16, & Light hail. observation.
o . o X ; R
17. 4  Moderate hail; hailing. 37 Q_] Th“&‘:i}zﬁ’;‘;u&j:?gf“ at time of
P
18. & Heavy hail. 38.* Q' Thunderstorm in progress at previous
S observation, and another at cur-
19. %  Light snow, rent observation,
* , . 39.* _J Thunderstorm in progress at previous
20, Moderate snow; snowing. O observation, anether (others) later,
% - but none at time of current
. % Heavy enow. observation.,
*
40.% O Thunderstorm(s) between observa-
22, U3 Light snow showers; flurries. ~. tions.
*FEntry of time of occurrence of a thunder-
storm by figures (1-3, 47, ete. ) under
23, V?)(; Moderate snow showers, 2;%::\(:;1.““ below the station circle is
24, 7% Heavy snow showers. 41, L\ Distant lightning.
*
42. 11 ly weather.
35. o Light sleet. 2\ Squalls or squally weather
43, "\ Heavy (or severe) squali(s).
26, g Moderate sleet; sleeting.
44, 6 Signs that tropical storm is forming.
AN .
2. g Heavy sleet. 45, 9 Signs that tropical storm has formed.

F1GURE 71,—Meteorological data symbols and deseriptions.
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Use symbol
No. 6 when
sky is
obscured.

SURFACE CONDITION

54, e Lightormoderate freezing rain (glaze).

46. BS Blowing snow; BS thick blowing snow.
47. BSA Blowing sand; BSA thick blowing sand.
48, BD Blowing dust; BD thick blowing dust.
49. K  Light smoke; K thick smoke; smoky.
50. D Light dust; D thick dust; dusty.

51. Line squall (in plain language)

52. Light Light froat. | May be

53. Heavy Heavy frost. | E',I'rﬁé{"’ﬁl

55, €22 Heavy freezing rain (heavy glaze).

PRESSURE CHANGE
¢ During 3 hours preceding observation. )

In black or in colors (56 to 60 in red; 61 to 65 in blue) placed to right of barometric pressure,
Need not be used on Map A, AA, CA, or other similar maps, at stations where a separate pressure-

change chart is prepared.

6. /> Rising, then falling.
87. Rising then steady;
or rising then ris-
ing more slowly.
hBlrl!‘)emetgr now
t
s8. ; Unsteady. bigher than or
hours ago.
$9. / Steady or rising.
60. Falling or steady then
rising; or rising
then rising more
quickly.
66.

to the right of the symbol.
Ezamples:

61. \/ Falling, then rieing.
62. \_ Falling then steady;

or falling then

falling more

slowly.

ll!uomg:r gu\v

63. ‘57,_ Unsteady. k?::;: !BOI-‘
64 \ Falling.
65. /\ Steady or rising then

falling: or falling

then falling more

- quickly.

Amount of pressure change: Indicate by figures, showing actual amount of change, placed

/l\ = Riging, then falling; .04 inch higher than 3 hours prior to observation.

\n = Falling steadily; .12 inch lower than 3 hours prior to obeervation.

MISCELLANEOUS

67. Temperature (Current).—Use figures placed
to right of circle.

68. Maximum (Minimum) Temperature.~—In pa-
renthesis immediately at side of current
temperature or dew point; optional use,
if separate temperature-change chart is
prepared.

69. Dew Point.—At side of current temperature,
separated from 1t by a dot, i. e., 56+47,
Barometric Pressure in Inches, Reduced to
Sea Level.—Use three figures, place
directly under current temperature and

dew point.

. Amount of Precipitation.—In inches and hun-
dredths of an inch.  Place figures directly
under those for barometric pressure.
Underscore in blue if desired.

72. Maximum Wind Velocity.—In miles per hour.

Place figuree in parenthesis below station
circle, with arrow to indicate direction.

70.

7

—

73. ‘Time of Occurrence of Precipitation.—Enter
in parenthesis immediately at side of
amount of precipitation. Use time periods
to correspond to paragraphs 50-53,
Weather Code, Revised, 1936.

74. Ceiling.—In hundreds of feet, to left of circle
and opposite current temperature; un-
limited ceiling will not be entered.

75. Visibility.—In miles and/or fractions, and
directly below ceiling; when the latter is
other than unlimited, to the left of circle.

76. 1sobars.—Each tenth inch. Use red (pencil
or ink), except in case of air-mass-analysis
maps.

77. Isotherms.—Each 10°F. Use blue (pencil or
ink). Not used on air-mass-analysis maps.

78. When a report is missing, the letter ‘M’ may
be placed within the circle,

FIGURE 71—Continued.
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AIR-MASS-ANALYSIS MAPS

Air-mass-analysis maps are drawn in the Air-mass Section of the Meteorological Research Division
at Washington, at airport stations, and also at Weather Bureau stations authorized to follow air-mass
analysis as a regular practice in conjunction with the analyses distributed by teletype and radio
from the Central Office. The application of air-mass analysis to airport maps is covered in a circular
dated October 15, 1935, ‘‘Transmission of Air Mass and Frontal Analysis by Teletype and Radio”, and
amendments. Construction of air-mass manuscript maps at city offices must be authorized by the Chief
of Bureau in writing.

All air-mass-analysis maps must be prepared in accordance with the following paragraphs, 79 to 82,
inclusive.

79. lsobars.—Each tenth inch. Use soft, black Lines of fronto-genesis are to be shown by
lead pencil. heavy red or blue dots depending on

whether the front being formed is a warm

or cold front.

81. Fronts.—For surface fronts use heavy blue 82, Air-mass abbreviations.—Use blue pencil for
solid lines for cold fronts, red for warm entering air-mass abbreviations for air of
fronts, purple for occluded fronts; for polar origin (Pe, Npp, etc.) and red for

80. Isotherms.—No isotherms will be drawn.

upper air fronts use broken lines of cor-
responding color. Stationary fronts are to
be shown by continuous single lines com-
posed of alternating red and blue segments.

those of tropical origin (Tg, Ntp, ete.)
The symbol for superior air(s) will be en-
tered in red whether of tropical or polar
air-mass origin.

CLOUDS

83. Entry of cloud forms on manuscript charts prepared at city and airport offices is not compulsory,
but whenever and wherever entered the following abbreviations must be used :

ABBREVIATIONS (SYMBOLS)

Ci=Cirrus. . Ca=Cumnulus.
Cigt== % rro-stmlm;. StCu= Strato-cumulus.
CiCu==Cirro.cumulus. MCU==Mammato-cumulus,
(UApb':)er:vci}::i\;i: ACu==Alto-cumulus. Lower clouds { St=Stratus. .
inred). AQCC=Alto-cumulus-castellatus. (Abbreviations | CuNb==Cumulo-nimbus.
ASt= Alto-stratus. in blue). Nbe=Nimbus.
FrSt=Fracto-stratus.

When a separate cloud chart is not prepared, amounta (in tenths), and directions of movement may
be shown by figures and arrow (upper clouds in red and lower clouds in blue), as follows: Eramples:
3 ASt — 200
(In red.) (In blue.)

F1GURE 71.—Continued.

CONSULTATION WITH METEOROLOGISTS

A consulting service is maintained by all first-order Weather Bureau
airport stations. Here facilities are available for pilots or operators
to discuss their meteorological problems. Information concerning
the movement of pressure centers, cloud, rain, or fog areas, and fronts
or line squalls may be secured through consultation with the meteor-
ologists and reference to the 6-hourly maps. Air navigation prob-
lems, particularly in regard to avoiding weather disturbances or
choosing the most desirable altitude with respect to upper air winds,
are satisfactorily solved when pilots avail themselves of this service.



INTERPRETATION OF THE WEATHER MAP
IMPORTANCE OF UNDERSTANDING WEATHER MAPS

The preceding section was prepared by the United States Weather
Bureau, and describes the collection and dissemination of this most
important information. It is not expected that a pilot should be his
own forecaster; however, a knowledge of fundamental meteorological
principles renders the advice of the meteorologist more intelligible
and may prove of great value when such services are not available.
The brief treatment which follows is necessarily general and suggestive
only, but it is hoped that it may be of some assistance, and may make
reference to the standard texts on meteorology a bit easier. Those
desiring a more complete and detailed treatment are referred to the
bibliography on page 182.

METEOROLOGICAL SYMBOLS

In order to depict aeronautical data clearly on the charts of the
Coast and Geodetic Survey, special aeronautical symbols are required ;
similarly, numerous symbols are used to record the various meteor-
ological data. By comparing the weather map of figure 72 with the
symbols and descriptions of figure 71, the wealth of information which
it contains may be more fully appreciated.

The amount and type of cloudiness at any of the reporting stations
on the map; temperature and dew point; precipitation of various
kinds and degree (light, moderate, or heavy); fog, thunderstorms,
barometric pressure and pressure changes; wind direction and ve-
locity—all and more are clearly indicated by symbols and figures.

To avoid any confusion, it should be explained here that the placing
of data on the map of figure 72 does not conform to the usage given in
figure 71. The data for ceiling, visibility, and barometric pressure
have been omitted from figure 72 altogether, and the remaining items
are not entered in their usual positions, in order to provide greater
clarity at the reduced scale of the map.

Wind directions are indicated by arrows; ‘“‘the arrows fly with the
wind,”” the wind always blowing along the shaft of the arrow, toward
- the city. The wind velocity is indicated by the number and length
of the barbs on the feather end of the arrow. Referring to the
Beaufort scale of wind force (table 6, p. 163), it may be seen that a
number has been assigned to each wind velocity defined and tabulated.
Wind of force 1 is represented by one short barb on the arrow;
wind of force 2, by one long barb; force 3 by one long and one short
barb, force 4 by two long barbs, and so on. Thus, the arrow at the
right end of the second line under “Wind Direction and Velocity”
(fig. 71) shows two long barbs and one short, and corresponds to a
wind of force 5, which ranges from 19 to 24 m. p. h.; in figure 71 this is
interpreted as 24 m. p. h.

Lines known as isobars are also shown, connecting points where
the barometric pressure is the same, and the boundaries or fronts be-
tween the diverse air masses are indicated.

120
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FIGURE 72.—Typical weather map (greatly reduced).
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THE AIR OCEAN

In order to understand the various meteorological actions and reac-
tions and their interpretation from the weather maps, it should be
realized that ‘‘man is a deep-air animal.” We live at the bottom of
an air ocean, and our fastest planes are those which have been stream-
lined so that they resemble a great fish, or a whale, and are able to
pass through the air ocean with the least resistance.

Even though it is invisible, the ocean of air is just as real, just as
tangible, as the ocean of water. In it there are currents (winds),
some of which flow with the regularity of the Gulf Stream, while
others are ‘““as changeable as the wind.” Near the surface of the earth,
wind is restrained and deflected by ridges and other obstructions,
resulting in gusts and bumpy air. *‘Airfalls’’ exist over the top of a
ridge or hangar, just as waterfalls exist where the stream plunges over a
ledge; the reverse situation also exists, the wind being deflected up-
ward for a considerable distauce when it meets an obstacle. The
greatest care must be exercised, therefore, when flying near the ground.

ATMOSPHERIC PRESSURE

The air ocean is substantial enough to support ships weighing many
tons, and possesses weight, exerting a pressure of nearly 15 pounds per
square inch at sea level. This means that at sea level the body of an
adult is subject to an atmospheric pressure of approximately 30 tons.

The weight of the air ocean may be measured with a barometer.
As we ascend there is less air above us, and hence less weight, or
atmospheric pressure; the altimeter is simply a barometer which has
been graduated to record this pressure-difference directly in feet.

Atmospheric pressure is generally measured in terms of the height
of the column of mercury which it will support in an ordinary mercurial
barometer; aneroid barometers are so graduated that they may also
be read in these same terms. The extreme variation in barometric

ressure recorded in the United States ranges from about 27.40
inches to 31.50 inches of mercury at sea level. 'The normal variation,
of course, is much less; the lowest appearing in figure 72 is about
29.93 inches, and the highest is about 30.05 inches.

On the manuscript weather maps prepared at the airports, tempera-
ture is recorded immediately to the right of the circle representing a
city, and the last three figures of the barometric pressure are recorded
just below the temperature. In order to have a uniform basis of
comparison, the pressures observed at various places are reduced to
pressure at sea level before being recorded on the map. The isobars
are then drawn through points having the same barometric pressure,
usually for each hundredth of an inch difference in pressure. The
centers of areas of low barometric pressure are indicated by the word
“row,” and the centers of areas o? high barometric pressure by the
word “migu.” Three areas of high barometric pressure and two areas
of low pressure may be noted in figure 72.

CAUSES OF WEATHER CHANGES

Comparison has already been made between the air ocean and the
ccean of water. Between the warm water of the equatorial regions
wnd the cold water near the poles some interchange and admixture are

33573—38—9
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continually taking place, and definite physical reactions occur.
Similarly, when a mass of air from the warm equatorial regions meets
an air mass from the cold polar regions there occur physical reactions
which may be readily understood.

Most of the phenomena associated with weather changes occur in
this way, a familiar illustration being found in the escaping steam from
the exhaust of a locomotive or power plant (fig. 73).

All air contains a certain amount of water vapor; the warmer the
air, the greater the amount of moisture it can contain. As the steam
(which-is essentially very warm, moist air) rises into the cooler and
drier atmosphere, 1t is cooled until it can no longer retain all its
moisture; some of it condenses into the minute water droplets which
we see as steam, and a small cloud is formed; an occasional drop of
water, or “rain,”’ may even fall to the ground The wind imparts
hor17onta1 motion, but the miniature cloud never attains any great
size, since around its edges the water vapor is again being absorbed
by the drier and “thirstier” surrounding air.

In this one illustration, as a result of the reactions between two
different air masses, we have seen vertical currents set up, horizontal
movement, condensation and precipitation, and cloud formation.
Ina general way, this is the process of all weather phenomena.

Masses of air that remain for some time over particular regions of
considerable extent develop properties that are characteristic of the
region, especially as regards temperature and moisture. For example,
a mass of air overlying the Gulf of Mexico gradually acquires the high
temperature and large moisture content characternstic of the region;
on the other hand, a mass of air over northwestern Canada, whero
temperatures and humidities both are low, acquires the properties of
its own source region. When warm, moist air from the Gulf comes in
contact with the cold polar air, it is chilled to the point where it can
no longer retain all its moisture; some of it condenses, just as in the
case of the warm, moist steam meefmg the colder and drier air, and
clloudmess or precipitation and other meteorological reactions take
place

On weather maps (see fig. 72) the air masses are divided into two
principal classes, according to their source regions—polar, or cold, and
tropical, or warm. These are again subdivided, on the general basis
of moisture, into two main classes, depending on whether the source
is land and dry, or water and moist; these two classes are designated
as continental and maritime, respectwely The identification of the
source regions of the air masseq and the tracing of the boundaries or
“fronts”’ between them, are important parts of the work of the
meteorologist.

Air masses that have acquired characteristic properties are desig-
nated by the name or abbreviation of the source region, even though
they may have moved to some other region and acquu‘ed different
thermal and moisture characteristics, especially in the lower layers.
When their characteristics have become somewhat modified, their
designations are changed by prefixing the letter N (Neutralized——
transitional or modified). The following table defines the source
regions used on weather maps and lists the abbreviations commonly
employed to designate them.
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FI1GURE 73.—Cloud formation illustrated by escaping steam.
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Table 3.—Air mass designations

Classification of local source regions
Sour(i% gg lati Natural o et o
" eneral classification wi
Local source region symbols
Alaska, Canada, the Arctic...... Polar Canadian, Pc.
Continental. ... Modified in southern and cen- | Neutralized polar Canadian,
tral United States. Npe.
North Pacific Ocean._...__...... Polar Pacific, Pp.
Polar (P) Modifled in central and western | Neutralized polar Pacific, Nrp.
olar () -wuuno- United States.
Maritime.__.... Colder portion of the North At- | Polar Atlantic, Pa.
lantic Ocean.
Modifled over warmer portions | Neutralized polar Atlantic, Npa.
of North Atlantic Ocean.
Southwestern United Statesand | Tropical continental, Tec.
Continental..... northern Mexico.
_________________________________ N?\Ifltl‘&lized tropical continental ,
TC-
Gglf of Mexico and Caribbean | Tropical Gulf, Te.
Ses.
Modified over the United States | Neutralized tropical maritime,
Tropical {(T).... or over the North Atlantic Nru, peutralized tropical Gulf,
" Ocean. Nrg.
Maritime......... Sargasso Sea, Middle Atlantic.. | Tropical Atlantic, Ta.
Modifled in United States or | Neutralized tropical maritime,
over the North Atlantic Nru; neutralized tropical At-
Ocean. lantic, Nra.
Pacific. oo oo Tropical Pacific, Tp; tropiecal,
dry (sec-superieur) !, Ts.

1 Tropical sec is tropical air, probably of high altitude, Pacific origin, that, having erossed the Rockies,
descends over the great central valleys.

4 /s

F1auRre 74.—Development of a depression.

In the weather map of figure 72, the greater part of the United
States is covered by polar continental air, with neutralized tropical
Pacific and tropical sec aloft; all of these air masses, as present here,
are relatively cold and dry. Farther south, and also in the northeast,
the polar continental air has become neutralized.

From the southwest, a wedge of neutralized tropical Pacific air
extends to the Canadian border, with a ‘“warm front” (heavy dotted
line) between it and the polar continental air to the east. The neu-
tralized tropical Pacific air is in turn being squeezed out and up
(“occluded;” see p. 125) by the underrunning neutralized polar Pacific
air from the west, the “cold front” between the two masses being
indicated by a heavy solid line.

In the eastern part of the map, warm, moist air (tropical Atlantic
and tropical maritime) is pushing northward to meet the colder and
drier neutralized polar continental air along the warm front (heavy
dotted line). The meeting of these dissimilar air masses results in
widespread precipitation, the latter being indicated by shading.

The way in which the meeting of dissimilar air masses produces the
various meteorological reactions is further illustrated in figure 74. At
the left of the figure cold air is shown flowing from the northeast,
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with warm air flowing from the southwest. The surface between the
two air masses and along which they move is referred to as ““the surface
of discontinuity,” and the line representing this surface on the weather
map is called the “polar front.”” Depressions (areas of low barometric
pressure) form along this front as described below, and constitute the
means by which interchange takes place between the cold and warm
air,

As the two air masses continue to rub elbows along the front be-
tween them, the usual tendency is for the cold air to bulge southward
and for the warm air to bulge northward, causing a bulge toward the
north, as shown in the central part of the figure. This movement
having once started, the cold air tends to swing around still farther
at the back, emphasizing the bulge as illustrated in the right section

~ -~
an A Cu
~ - .
Cold air "> =F e Cold

F16URE 75.—Typical depression, with section through fronts.

of the figure. This exaggerated bulge is the newly born depression,
which is shown on a larger scale and in more detail in figure 75.

In the upper part of the figure the broken line representing the
polar front is divided into two sections, marked respectively as the
“warm front” and the ‘“cold front.”” The area within the bulge of
the polar front, between the warm and cold fronts, contains warm
air, while the rest of the area shown is covered by cold air.

In the lower part of figure 75 there is shown & cross section through
the depression along the line A4, each part of the section lying directly
beneath the corresponding part of the depression in the upper portion
of the figure.

Along the warm front, the warm air, being lighter, ascends and is
forced forward over the gradually sloping surface of the colder under-
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lying air. Just as the warm, moist steam coming in contact with the
colder air resulted in condensation and precipitation, so in this case
the ascent of the warm air over the colder air beneath it results in the
cloud sequence shown. The approach of the warm front, then, is
marked by increasing and lowering clouds, and finally by rain, which
becomes heavier as the front approaches and the clouds get lower.
Rain is represented in the lower part of the figure by vertical shading.
The passing of the warm front 1s followed by a rise in temperature,
as the cold air is replaced by the warmer air behind the front. Rela-
tively clear sky and sunshine are to be expected, although cumulus
clouds and scattered showers are not infrequent, because of ascending
currents in the warm, moist air.

As the cold front approaches (see left part of cross section, fig. 75)
the warm air is again lifted as the colder air pushes in under it. Alto-
cumulus or cumulo-nimbus clouds form, and are usually accompanied
by brief but heavy rainfall of a squally, showery type. A narrow
band of nimbus clouds and showers is pictured along the cold front,
but in many cases these are entirely absent.

As the cold front passes and the colder air behind it comes in contact
with the surface ofp the area so recently occupied by the warm air,
the air near the surface is heated, and strong vertical currents are sef.

Warm air

Cold air .y, ||
o a0iD

FIGURE 76.—0cclusion (cold-front type). F1GURE 77.—Occlusion (warm-front type).

up. The warm air meeting the cold air at higher levels results in the
formation of clouds—usually cumulus or cumulo-nimbus. The
resulting weather characteristics of such areas are clear periods
alternating with occasional showers.

The shaded area in the upper part of figure 75 represents the area
of the depression in which precipitation (rain, snow, etc.) is taking
place. The area of precipitation preceding the warm front is usually
quite broad, while the precipitation following the cold front as a rule
is quite narrow.

rdinarily the cold front advances more rapidly than the warm
front, and overtakes it. When the cold air from the back of the
depression overtakes the cold air before it, the warm air is lifted
entirely from the ground, and is said to be occluded. If the over-
taking air is colder than the cold air in front of the depression, because
of a different path of travel or other reason, the situation is as shown
in figure 76, and is known as a cold-front type of occlusion; if the
reverse is true, a warm-front type results (fig. 77). The cold-front
type is characterized by squally rain and falling temperature, the
warm-front type by low cloud and continuous rain or drizzle.

It has already been suggested that the apex of the northward bulge
of the polar front is the center of the depression. The air at this point
is warmer, and therefore lighter, than elsewhere; as a result, the
barometric pressure (weight of the air ocean) is lower here. As we
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progress away from the center of the low-pressure area to points where
the air is colder and heavier, the barometric pressure increases until,
where the air is coldest, a high-pressure area (or HiGH) is located.
Figure 78 shows the depression of figure 75, with the addition of a
system of typical isobars.

Generally speaking, the western part of a Low and the eastern part
of a HiIGH may be considered as similar air masses; conversely, the
eastern part of a Low and the western part of a HIGH may be so con-
sidered. This may be illustrated from the Low shown in the north-
eastern part of the United States in figure 72. Air in the western

art of this Low and in the eastern part of the HIGH over the Great

akes is from one source region (P¢); air in the eastern part of the
same Low and in the western part of the micu in the northeast corner
of the map is also of one common origin (Np¢). In the first case
(west of the Low, east of the HicH) surface temperatures are low or
falling, and the pressure rising; in the second case, temperatures are
high or rising, and the pressure is falling.

Cold air

Cold air

Fi1GURE 78,—Typical depression, showing isobars.
ISOBARS

More than anything else, the system of isobars on a weather map
resembles the system of contours on a topographic map. As a matter
of fact, they are very similar, as may be seen from the following
comparisons.

A contour is a line at every point of which the elevation above sea
level is the same; at every point on an isobar the barometric pressure
is the same.

If we think of the isobars as contours depicting the atmospheric
topography, the area represented by a micu represents a hill of air;
the area represented by a Low represents a depression, or valley.
This conception is further suggested by the use of the words nicu (for
the hill of air) and Low (for the valley).

On a topographic map, contours close together indicate a steep
slope; on a weather map, isobars close together represent a steep hill of
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air, or “gradient.” In contrast with the topographic feature, an air
hill is fluid, and therefore tends to flow down into the valleys—the
closer the isobars, the faster the rate of flow (wind velocity). We
find, then, surface winds always blowing out from a H1GH, and in toward
a Low. If the earth were stationary, this flow might follow a direct
line between the two centers; however, because of the rotation of the
earth, wind in the northern hemisphere is always deflected toward the
right. Wind therefore blows spirally outward from a HIGH In a
generally clockwise direction, and spirally inward toward a Low, in a
counterclockwise direction (fig. 79). While individual exceptions
may be noted in figure 72, for the most part the arrows indicating
wind direction follow this rule.

This regular circulation of the winds about a pressure center is
more pronounced near the surface; it becomes less definite as the
altitude increases, due to the effect of the prevailing winds at higher
levels. The micHs and Lows themselves move across the United
States in a generally easterly or northeasterly direction, at a rate
Esua%ly in excess of 500 miles a day (from about 20 to 30 miles an

our).

Technically, a low-pressure area with its system of winds is known
as a cyclone, a high-pressure area as an anticyclone. ‘“Cyclone” as
used here should not be Cleari
confused with the de- area
structive storm so often
given that name, but
properly known as a
tornado.

As already stated, the
altimeter is simply a
form of barometer. It
is well to remember that in flying from a high-pressure area into a
low-pressure area the instrument indicates an altitude higher than
the true altitude; the same is true, of course, if the pressure falls
during flight, before the plane returns to the point of departure.
For this reason altimeters are provided with a barometric scale, by
which they may be adjusted to the pressure in the vicinity of flight,
so that they indicate actual heights, and not dangerously misleading
altitudes.

For example, in figure 72 the barometric pressure at Buffalo is about
30.01 inches, and at Portland, Maine, about 29.95 inches. Under
these conditions, if a pilot left Buffalo with his altimeter adjusted to
the pressure there, upon landing at Portland his altimeter would
indicate that he was still approximately 60 feet in the air. If he were
coming in to land under conditions of low visibility, and thought
he was flying 120 feet above the airport in order to clear a 60-foot
tower, his actual height above the field would be only 60 {feet, and he
would be in danger of colliding with the tower.

In the illustration just given, the pressure difference was not
great—only 0706; under conditions that are not infrequent a differ-
ence in pressure of as much as a half inch may be met, and in this case
the altimeter error would amount to approximately 500 feet. An
error of this magnitude might prove serious, and it is important that
the altimeter be adjusted for the barometric pressure prevailing at the

Storm
area

FIGURE 79.—Wind system of a LOW.
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time in the region of flight. The necessary information for making
this adjustment is given 1n the hourly weather broadcasts (see fig. 69).

TEMPERATURE AND DEW POINT

If a glass of cold water is placed in a warm room, tiny drops of
moisture form on the outside of the glass. This is another everyday
illustration of the meeting of dissimilar air masses: the warm air
coming in contact with the chilled glass is cooled to the point where
it can no longer retain all its moisture, and condensation takes place.
The temperature at which condensation begins is known as the dew
point.

The name ‘‘dew point”’ was probably used in this connection because
it is in this manner that dew is formed. After sunset the earth rapidly
radiates the heat which it has stored up during the day; finally the
surface of the earth becomes cold enough that air coming in contact
with it is chilled to the point where condensation must take place,
and the drops of dew are formed.

Temperature and dew point are among the most important items of
information appearing on the weather map. On the manuscript maps
prepared at the airports, temperature is recorded immediately to the
right of the circle representing a city, and the dew point is recorded
beside the temperature, without parenthesis. The dew point is also
given in weather reports (see fig. 69), and should be especially noted
in reports received by radio while in flight. When the dew point
comes within about a degree of the air temperature, fog may usually be
expected within an hour. There are many instances when the ex-
pected fog fails to materialize, but safety demands that pilots should
recognize the danger and plan accordingly.

While knowledge of surface temperatures is important, pilots are
more particularly concerned with temperatures at the flight level.

_Under normal conditions temperature decreases with altitude at the
rate of approximately 1° F. for each 300 feet.

When a body of air is caused to rise—because it has become warmer
(and hence lighter) than the surrounding air; because of pressure;
because of being lifted over a mountain range or underrunning mass
of air, or for other reasons—it meets continuously decreasing atmos-
pheric pressure, and therefore continues to expand. As it expands
1t becomes cooler, and is said to cool at the adiabatic rate if its cooling
is due to expansion alone, and it neither gains nor loses heat from its
surroundings. The adiabatic rate of cooling is about 16 F. for each
300 feet of change in elevation.

An ascending mass of air which cools at the adiabatic rate (126
for 300 feet) because of expansion, is cooling more rapidly than the
normal decrease of temperature with altitude (1° for 300 feet); under
these conditions the ascending air soon reaches a level where it is as
cool as the surrounding air and ceases to rise. If the ascending air
is rising through air, the temperature of which decreases more rapidly
than the adiabatic rate, it remains warmer than its surroundings and
continues to rise until it is cooled to the dew point (because of expan-
sion) and cloud formation begins.

Under certain conditions (as on clear nights, when there is little or
no wind) the air becomes appreciably colder at the surface than at
higher altitudes. Such an Increase of temperature with altitude is
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known as a temperature inversion, since the normal condition is
inverted, or upside down. If a considerable amount of moisture is
present, the chilling of the air near the surface may result in con-
densation and the formation of fog.

CLOUDS AND FOG

The general process of cloud formation has already been illustrated
by the escaping steam, the glass of cold water, and the meeting of
dissimilar air masses. A study of the various cloud forms is of very
practical value. From the weather map we may learn the tempera-
ture, dew point, wind direction and velocity, and other related data,
at or near the ground level; from a study of the clouds we may visual-
ize the unseen air currents, and may know something of flying condi-
tions—wind direction and velocity, temperature, and humidity—at
the cloud levels. Within limits, we may even predict the weather
from them.

As an aid to cloud study and identification of cloud types, a 25-page
bulletin of photographs and descriptions, entitled “Cloud Forms Ac-
cording to the International System of Classification,” may be ob-
tained for 20 cents, from the Superintendent of Documents, United
States Government Printing Office, Washington, D. C. The stand-
ard abbreviations for the various cloud forms, as used in weather
reports and on weather maps (fiz. 72) are included in figure 71.

The sequence of cloud ﬁ1’jypes is illustrated in figure 75. The cirrus
clouds are the highest of all, at times reaching altitudes of 40,000 feet.
At their altitude it is so cold that the condensed water droplets are
frozen, and these clouds always consist of minute ice crystals.

The flat, darker bases of the cumulus clouds indicate the altitude
at which the dew point is reached as the vertical current of air ascends.
If the mass of rising air is of considerable proportions, these clouds may
develop into the familiar ‘“thunder head,” or cumulo-nimbus, and the
condensation soon becomes sufficient to cause precipitation. It has
been said that “cumulus clouds are the visiblie tops of ascending
columns of air.”

At times the towering heads of thunderstorms reach the regions of
high winds, where the cloud tops are whipped off and driven on well
in advance of the storm. These cloud tops, driven by the wind,
resemble cirrus clouds, and are often referred to as ‘“false cirrus.”

Stratus clouds are defined as ‘“‘a uniform layer of cloud resembling
a fog but not resting on the ground.” When such a layer occurs at
greater altitudes, it takes on something of the form of the clouds
ordinarily found at those levels, and a combined name is given to the
layer, as cirro-stratus.

Fogs are stratus clouds at or near the ground; they seldom extend
more than a few hundred feet above the surface, although they some-
times reach heights of two or three thousand feet. Land fogs occur
most frequently when temperature inversions exist, although they are
also due to other causes.

THUNDERSTORMS

The common thunderstorms of summer are the result of tempera~
ture differences and ascending air currents caused by uneven heating
within a given body of air. A concrete or macadam road becomes
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appreciably hotter than a grassy meadow; a ploughed field absorbs
more heat than the shady woods, and the sandy beach becomes much
hotter than the sea. Air in contact with these warmer surfaces is
heated by conduction; as it becomes hotter it also becomes lighter and
is forced to rise by the cooler and heavier air around and above it.

From the rising currents of air thus set up, the cumulo-nimbus
clouds are formed as described in the preceding section, and a thunder-
storm is soon in progress. Many rules have been given for flying in a
thunderstorm; the only safe rule is to avoid one. Aside from the
hazards of hail and lightning, the vertical currents are frequently so
strong that an aircraft cannot be controlled in them; also, they often
extend to such heights that it is doubtful if a plane can climb above
them. Even if the plane is able to fly above the storm, the time lost
in climbing would enable the pilot to fly many miles in level flight
around the storm—which is a much safer procedure.

It should be remembered that whenever a column of air ascends,
an equal amount of air must descend. Just preceding a cumulo-
nimbus cloud (thunder head) a strong upward current of air is found;
just behind this current is a compensating down draft, which is more
dangerous, since, if flying low, a plane may be carried all the way to
the ground.

As a rule, a thunderstorm of the thermal type just described is com-
paratively local in character, and it is quite practical to fly around it
with little delay. There is another type of thunderstorm, however,
associated with the passage of a cold front and known as a line squall,
which may prove more serious. Not only are the vertical currents
often stronger, but the storm may extend along a front for several
hundred miles, making it impractical to fly around it.

If, along a cold front, the cold air underruns the warmer air which
it replaces, the warm, moist air is forced up to levels where condensa-
tion and all the other characteristics of the ordinary thunderstorm
occur; the only difference in this case is that the thunderstorm is pro-
duced by mechanical lifting of the warm air. When the cold air
overruns the warmer air, violent vertical currents are set up as the
lighter air breaks through the colder and heavier air above it. In
either case & series of thunderstorms is developed almost simultane-
ously along a line several hundred miles in length.,

The violent motions associated with the line squall usually extend
only to an altitude of about 6,000 feet, and it is sometimes possible to
fly above them; however, the vertical currents common to all thunder-
storm clouds may extend up to 15,000 or 20,000 feet, and may exceed
velocities of 100 m. p. h. There are also many line squalls of more
moderate intensity, but it may be seen that attempts to fly through
or over such a disturbance are hazardous.

At best, ascending and descending air currents and gusts result in
turbulence and bumpy air. Ordinarily, this is not of great impor-
tance, aside from the personal discomfort involved, yet occasionally
serious injury to passengers has resulted from this cause, even on
heavy transport planes. When rough air is encountered it is often

ossible to find relatively smooth air at another level—sometimes at
ower altitudes, if the terrain permits, and sometimes by flying as
high as possible, where the vertical currents have already spent much
of their energy and a comparative state of balance has again been
established. '
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VERTICAL CURRENTS AND SOARING

Knowledge of ascending and descending currents as revealed by
cloud forms is important to pilots of powered craft, but it becomes
of first importance to glider pilots. Clouds do not float—rather, the
minute drops of water are falling in a current of rising air. Similarly,
a turkey buzzard has no secret formula for escaping the law of gravity
and soaring to higher levels without flapping a wing; he is falling all
the time with respect to the air, but has learned to do his falling in
air currents that ascend faster than he falls.

As already suggested, rising currents of air may be found beneath
a cumulus cloud, particularly just ahead of it; up the windward slope
of a ridge or mountain; over a sandy beach, desert, ploughed ground,
or paved highway; over a smokestack or factory; when an air mass
is driven upward over a wedge-shaped mass of dissimilar air, and from
other causes or combinations of causes. Descending currents may be
found over the leeward edge of a ridge or other obstruction; over a
large lake or river; over wooded areas, etc.

hese few instances are only suggestive of the possibilities in this
field, and a more detailed study of the subject will be well repaid.

ICE

In spite of the progress that has been made toward overcoming the
formation of ice, condensation near freezing temperatures still re-
mains one of the greatest hazards of flight. This is due not only to
the increase in weight, but also to the loss of efficiency resulting from
the deformation of the wings by the encrusted ice. Ice may also
form around the controls and render the plane unmanageable.

In general, ice does not form on an aircraft unless moisture is
present in the air in visible form (rain, fog, snow, etc.) and the tem-
perature of the air is 34° or less. Frost sometimes forms in clear air
when a cold plane enters a warm, moist air mass, but it usually dis-
appears as the plane reaches the same temperature as the surrounding
air. Ice seldom forms in any considerable quantity at temperatures
below 0° F., because of the small amount of water vapor present in
air at such low temperatures.

Maximum icing occurs at temperatures between 26° and 34°, and
in regions of strong vertical currents, which are evidenced in somse
measure by the cloud types. Such areas should be avoided if possible.
If temperatures near the ground justify, icing may be avoided by
flying low; if not, the pilot should climb as high as possible and as
fast as possible—high, in order to reach colder regions where the
moisture content is small; as fast as possible in order to accumulate
the minimum amount of ice while climbing.

Sometimes the pilot may have definite knowledge of the existence
of a temperature inversion, from Weather Bureau radio broadcasts;
in this case, by climbing to the region of higher temperatures he may
not only escape further icing, but may even melt off ice that has
already formed.

CONCLUSION

While a knowledge of the general principles of meteorology leads
to a better understanding of the weather map and may prove useful
in an emergency, it should always be remembered that the most
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approved theories have their exceptions and may be wrong in any
given instance. Also, weather often changes very quickly—some-
times in ways entirely unexpected even on the part of the most ex-
perienced meteorologists. To keep informed of these constantly
changing conditions pilots should be careful to listen in on all weather
broadcasts during flight and should not depend for too long a period
on reports and forecasts received before taking off.

Conclusions based only on general principles may be very mislead-
ing. For example, knowing the general wind system accompanying
a Low (see fig. 79), it is sometimes suggested that when flying in a
northerly direction it is preferable to fly to the east or southeast of a
Low because of favoring winds. This is theoretically correct, yet the
Low itself is moving in an easterly direction and the worst weather
is found along the easterly or southeasterly edge, while better or
clearing weather may be expected west of the Low; to fly to the east
of the Low, then, would mean flying through bad weather, or flying
80 far east to avoid it that better time would be made by facing the
headwinds in the safer weather west of the Low. For an east-west
flight, better weather might be expected north of the Low.

ith the necessary knowledge and experience, very helpful results
can be obtained from local observations of pressure, temperature,
winds, and clouds; however, except in emergencies, conclusions based
on observations at a single point should not be relied upon. Far more
definite and reliable forecasts can be made from reports from a well-
organized network of stations, since more complete information is
available regarding the size, rate, and direction of movement of dis-
turbances, or of air masses and the fronts that attend them. It is
for this reason that the regular weather maps are prepared and expert
advice is made available.  Whenever possﬁﬂe, therefore, consult the
airport meteorologist.



Chapter VIL.—PRACTICAL EXAMPLES

If, for any of the methods of air navigation described herein, the
procedure seems complicated or in any way involved, it is only be-
cause of the difficulty of finding words as simple as the operations
required. Most of the mystery can be removed from the subject by
just a little practice. Even working out a few typical problems
will help to correlate the various steps and to demonstrate the nat-
ural procedure from one step to another; at the same time, more
efficient operation and the personal satisfaction and safety of the
pilot make it well worth while. With this in mind, the following
practical examples are offered.

Example 1.—Starting at 10 a. m., a flight is to be made from Scott
Field (near Wheeling, W. Va.) to Huntington Airport (Huntington
sectional chart).

Known data: Cruising speed of plane, 90 m. p. h.; wind 15 m. p. h,,
from 45°.

Required : The distance, compass heading, and time of arrival.

A straight line is drawn on the chart between the two airports,
and is found to be a Era‘ctical route, with two intermediate airports
an(%l aﬁ abundance of landmarks for checking the route of the plane
in flight.

By means of the border scale of miles the distance is found to be
151 miles.

When the route crosses not more than 3 or 4 degrees of longi-
tude, the course may be measured for the route as a whole, but
must be measured with the meridian nearest halfway between the
two points, as illustrated in figure 20. By inspection it is seen that
the meridian of 81°30’ is nearest halfway.

219° true course, measured with meridian of 81°30’.
-+ 3° westerly magnetic variation (average),

222° magnetic course.
+2° westerly deviation on this heading (from deviation card).

224° compass course.

The wind from 45°, in this case, is almost directly behind the plane;
hence there will be no correction to the course for wind, and the com-
pass course (the true course plus or minus variation and deviation) is
also the compass heading (the compass course plus or minus the correc-
tion for wind effect).

With a tail wind of 15 m. p. h., the ground speed of the plane be-
comes 105 m. p. h. The tota{) distance of 151 miles will be covered in
%—g—éXGO minutes, or a little more than 1 hour 26 minutes, making
the time of arrival 11:26 a. m.

This is checked in flight by noting that the town of Woodsfield,
34 miles southwest of Scott %‘ield, is passed in about 19.5 minutes
of flying. The spacing dividers are set with the tooth marked 0
on Scott Field, and the tooth marked 10 just a little south of the
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town of Woodsfield; each tooth now represents 2 minutes of fly-
ing time, and the space between teeth numbered 0 and 10 represents
20 minutes. Four 20-minute sections are stepped off along the route,
and the short section remaining is found to represent 7 minutes,
which checks rather closely the data obtained before taking off,

By means of the spacing dividers the exact time when the plane
should pass Marietta, Parkersburg, Gallipolis, the bends of the Ohio
River, or other characteristic landmarks may be noted.

The section below Marietta, where the route follows the general
trend of the Ohio River, affords a splendid opportunity for checking
the compass heading in flight.

Attention should be given to the number of landmarks along this
route. Starting from Scott Field, in about 9 minutes the plane
should pass the town of Jacobsburg, which is near the top of a ridge,
and at the end of a railroad. Note also the race tracks at Woods-
field, Marietta, Parkersburg, and Gallipolis; the two bridges at
Marietta, with dam and lock between; the dams and locks along
the Ohio River; and the location of the Huntington Airport with
respect to the dam and bridge.

Example 2.—A flight is to be made from Pittsburgh-Allegheny
County Airport to Chanute Field, Rantoul, Il

For this flight either the Cleveland and Chicago sectional charts,
or regional chart 9M may be used. In this case the ship is fairly
fast, dead reckoning (rather than piloting) will be employed, and
the drainage pattern and larger cities will furnish sufficient check
of position; therefore chart 9M is chosen.

Known data: Cruising speed of plane 165 m. p. h.; wind 20 m. p. h.,
from 165°.

Required: The distance, compass headings, and the total flying time.

A straight line between the two airports is drawn on the chart

_and, by means of the border scale of miles, the distance is found
to be 434 miles.

When the route crosses more than 3° or 4° of longitude the straight
line should be divided into sections crossing approximately 2° of
longitude each, and the true course for each section should be meas-
ured with the middle meridian of that section.

After a careful study the route is divided into three sections:

(a) Pittsburgh-Mount Vernon, Ohio.

() Mount Vernon—Portland, Ind.

(¢} Portland—Chanute Field.

The data for each section are tabulated as follows:

(@) () ()

Meridian nearest halfway__..._._... 83%45% o eeaianes 86°30/.
TIue COUrSO__ oo eenceccceeen 208°,

Variation._... - -1°
Magnetic cOUrse . ..ocoooioomiaaooa- 267°

Deviation ..ol + +1°,
Compass course._. - 268°,

Ind 1.l —7°.

Compass heading_._................ 261°,
Lengih. .. __..___.._.. -] 136 miles. ..j132miles. .. _..._.__ 166 miles.
Distance from Pittsburgh___._______ 136 miles. . __.... 268 miles. ... _..__.. .. 434 miles, .
Time from Pittsburgh. .___...__... 48 minutes.._.__.. 1 hour, 35 minutes. .. .| 2 hours, 34 minutes.

1 With the known data of true course and air speed of plane and direction and velocity of wind, a triangle
of velocities is constructed for each section of the route. Figure 80 shows the solution for the first section
In each case the correction to the course is determined as 7°, and since the wind is from the left the_correction
must be subtracted; the ground speed is 169 m. p. h.
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Example 3.-—A flight is proposed from Pittsburgh-Allegheny
County Airport to North Platte Airport, Nebr.

Required: The distance and compass headings.

The cruising speed of the plane in this case is relatively low, and
the flight will be chiefly for pleasure. Navigation will consist in
larg(ia measure of piloting, and the sectional charts will therefore be
used.

Since the Lambert projection affords a perfect junction between
any number of charts, if space is available the charts required may be
carefully fitted together and a straight line drawn across all of them,
from starting point to destination.

However, when more than two or three charts are involved, it is
often easier to plot the route first as a straight line, or sertes of
straight lines, on a small-scale control chart, such as Coast and Geo-
detic Survey chart No. 3060a or 3074 (see p. 28). The points at
which the straight line crosses meridians and parallels on the small-
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Air speed of Plane 165 mph

Ground Speed J\_/_‘_ ——————— 169 mph 4
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FIGURE 80.—Graphic determination of wind correction and ground speed.
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scale chart are then measured and transferred to the large-scale charts,
and connected on each of them with straight lines. The portion of
the route appearing on each of the large-scale charts is treated as in
the two preceding examples, in order to obtain the required distance
and compass headings.

Following this procedure, we find that the straight line between the
two airports on chart 3074 crosses longitude 84° (the western limit
of the Cleveland sectional chart), at latitude 40°48’. This point is
plotted on the Cleveland chart, using the marginal scale of minutes
of latitude, and connected with Pittsburgh-Allegheny Airport by a
straight line.

The portion of the route on the Cleveland chart crosses 4° of longi-
tude, and is therefore divided into two sections crossing 2° of longi-
tude each. The true course for each section is then obtained as in
example 1, and magnetic variation, compass deviation, and correction
for the effect of wind are applied in order to find the required com-
pass heading for each section. The total distance on the Cleveland
chart is 215 miles.

In the same way the portions of the route crossing the Chicago,
Des Moines, and Lincoln sectional charts are subdivided into sec-
tions of practical length, and the compass heading for each section
determined. The distances from the various charts are totaled, of
course, to obtain the distance for the entire route.
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Example 4.—After leaving Burgess Field, Uniontown, Pa., under
conditions of poor visibility, a plane is flown for 40 minutes on a
compass heading of 55° and at an air speed of 120 m. p. h. Com-
pass deviation on this heading is 3° east; average magnetic varia-
tion in this vicinity as noted on the chart, 6° west; wind as reported
at Burgess Field, 30 m. p. h., from 315°. (Cleveland sectional chart,
or regional chart 9M.)

Required: The track of the plane (the ‘“course made good’’), and
the dead reckoning position of the plane at the end of the 40
minutes.

55° compass heading.
+ 3° easterly deviation (to rectify, add easterly deviation).

58° magnetic heading.
—6° westerly variation (to rectify, subtract westerly variation).
“52° true heading.

F1GURE 81.—Graphic determination of track and ground speed.

Because of poor visibility it was impossible’to obtain drift ob-
servations, and therefore the true heading must be rectified for wind
%y {ﬁeans of a triangle of velocities, from the data obtained at Burgess

1eld.

From O (fig. 81) lay off OA on the true heading of 52° and equal
to the air speed of 120 m. p. h.; from A lay off AW to represent
the direction (from 315° true) and velocity (30 m. p. h.) of the wind.
Draw OW, which represents the track of the plane over the ground,
and also the ground speed. OW is measurec}) and found to be 127
m. p. h., and the angle AOW (the drift angle) is found to be 14°,

52° true heading (see above).
-+ 14° drift (to rectify, add for wind from left).
66° true course (track).

In 40 minutes, at a ground speed of 127 m. p. h., the plane will
have covered 85 miles. Here it must be remembered that we are
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plotting a course, not a bearing, and that the true course made good
must be plotted with the meridian nearest halfway. Roughly esti-
mating the distance of 85 miles on & true course of 66°, it 1s seen
that the meridian of 79° is about in the center of the route already
flown. From any convenient intersection on the seventy-ninth me-
ridian the true course of 66° is laid off (lightly), and a line parallel
thereto is drawn from Burgess Field. This final line represents the
track of the plane, and a point along this line 85 miles from Burgess
Field is the dead reckoning position of the plane.

Example 5.—While flying the radio range course between Colum-
bus and Cleveland, Ohio, in heavy fog, a pilot became uncertain as
to his position along the course. He was able to tune in the Goshen
radio range station and, by means of a direction finder on his own
plane, the true bearing of that station from his position was deter-
mined as 294°. See chart 9M.

Required: The position of the plane.

In this case we are working with a bearing, not a course, and the
angle must be plotted with the meridian nearest which it was deter-
mined; no correction for distortion is necessary when using the
Lambert projection. The pilot supposed himself to be somewhere
near Mount Vernon; consequently, the bearing was plotted with the
meridian of 82°30’, at its intersection with latitude 40°30’. It was
found that this plotted bearing passed slightly to the north of the
Goshen radio station, so a second line was drawn, through the Goshen
station and parallel to the first ine. The intersection of the second
line with the northerly course of the Columbus radio range, about
6 miles north of Mount Vernon, marks the position of the plane at
the moment the bearing was measured.

If the Cleveland sectional chart were being used on this flight, it
would be easier to plot the bearing directly from the Goshen radio
range station on the Chicago chart, transferring the bearing to the
Cleveland chart at the point where it crosses the meridian between
the two charts. The bearing to be plotted from the radio station is
obtained as follows (see p. 65):

204° bearing observed at plane.
—180°
114° reciprocal bearing.

The difference of longitude between the plane and the radio range
station is 3°. Multiplying this number by the convergence of 0°6
per degree of longitude (see p. 32), we obtain 3X096=1°8 or, to
the nearest whole degree, 2°. The correction is to be subtracted,
since the plane is east of the station.

o
—2° to be subtracted, since plane is east of station.
T12° bearing to be plotted from Goshen radio range station.

The bearing of 112° is plotted from Goshen and crosses the 84th
meridian at 40°58:5 of latitude, the bearing at that point being
measured as 113°. This bearing is laid off from the same latitude on
the 84th meridian of the Cleveland chart, and its intersection with
the northerly course of the Columbus radio range determines the
position of the plane in the same location as before.

Example 6.—In the preceding example, if the Goshen radio sta-
tion had been equipped with the necessary apparatus (as are the

33573—38——10



' 1y =
(’ BEAUMONT B "\
NEW OR
E rs HOUSTON Wit los
A N
o SANANTONID RS
;"a’cuvesrou N353
}‘é S
A
CORPUS CHRIST) {
! &
0 S,
)
B\
AN,
LN\ o
l NG 7
g >,
b SN
.
[
'bq%
BROWNSVILLE ) V4
| ¢ j4 3060a

FIGURE 82.—A fix from radio bearings when t he assumed position is considerably in error.

8¢CI

XTAYAS OILFAOTD ANV LSVOD °*S ‘N



PRACTICAL AIR NAVIGATION 139

naval radio direction finder stations along our coasts), the pilot
might have called Goshen and requested that his bearing from that
station be determined. When the bearing was reported back by
radio, he could have plotted the bearing at once with the meridian
nearest the radio station (not with the meridian nearest the location
of the plane), and its intersection with the Columbus radio range
course would have determined his position as in example 5.

Example 7.—On a direct flight from Key West, Fla., to Brownsville,
Tex., a pilot was approximately at position A, figure 82, but by dead
reckoning believed himself to be in the vicinity of B. By radio
compass he determined the bearing of WWL (New Orleans) as 39°,
which was plotted on the chart with the meridian nearest B, affording
“bearing No. 1.” Not until 30 minutes later was he able to obtain
the bearing of WOAI (San Antonio). Since he was flying due west
at an estimated ground speed of 125 m. p. h., his true position was now
at C, although he believed himself to be near D. The bearing of
WOALI, 322° true, was therefore plotted at the meridian of D, resulting
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FI1GURE 83.—Plotting a radio bearing on a radio direction finding chart.

in “bearing No. 2.” Carrying bearing No. 1 due west 62.5 miles
(the dead reckoning distance and direction made good between the
taking of the two bearings), fixes the approximate position of the
plane at F.

Since this fix is nearly 2° of longitude away from the supposed
position at D, it is decided to replot both bearings, plotting them at
the meridian nearest the preliminary fix. Bearing No. 2 is replotted,
and No. 1 is replotted and carried forward as shown, giving the fix
at F?. From F*? an adjusted course to Brownsville can be deter-
mined, and the estimated time of arrival is revised, not only to allow
for the shorter distance ahead, but also for the tail winds which had
placed the plane so much farther ashead than was supposed.

Example 8.—A pilot was flying in the vicinity of P (fig. 83) when,
by means of radio direction finder, he obtained the bearing of the radio
station RS.
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Known data:

Compass heading, 347°.
Compass deviation, 2° W.
Bearing of RS, 60° to the right of the plane’s head.

Required: The line of position on the radio direction finding chart
of the region.

To rectify for deviation of the compass (case 1I; p. 43), subtract
westerly deviation: 347°—2°=345°, the magnetic heading of the plane
when the bearing was obtained.

The observed bearing was 60° to the right of the plane’s head, or
45° magnetic. From the radio station draw a straight line through
the 45° graduation of the compass rose as read from the outer figures;
this is the desired line of position, at some point on which the plane
was located when the bearing was observed.

Example 9.—In Notices to Airmen there is reported the erec-
tion of a high radio tower which is considered an obstruction to air
navigation. The position of the tower is given as latitude 40°19’,
longitude 83°44’.

Required: To plot the position of the tower on the Cleveland
sectional chart (pl. I).

By means of the marginal scale showing minutes of latitude, on
the adjacent meridians (83°30’, and 84°) lay off northward from lati-
tude 40° a distance equal to 19 minutes of latitude and draw a straight
line through the points so obtained. This line represents the latitude
of the radio station.

In the lower margin are scales showing minutes of longitude for
each parallel of latitude printed on the chart. Lay off along lati-
tude 40°30’, westward from longitude 83°30’, a distance of 14 min-
utes measured from the scale for latitude 40°30’; along latitude 40°
lay off 14 minutes measured from the scale for latitude 40°, and draw
a straight line between the points so obtained. This line represents
the longitude of the radio station (83°30'+ 14'=83°44"), and its
intersection with the line representing the latitude is the position of
the tower.

In practice it should not be necessary to measure the 14 minutes
along both parallels. Instead, having drawn the line representing
the latitude of the station, the 14 minutes may be laid off along it,
if the value of this measurement has been scaled at the correct pro-
portionate position on the scales of minutes of longitude.

On some sectional charts the meridians and parallels themselves
are subdivided into minutes, and in this case positions can be plotted
directly as outlined above.

Example 10.—After an extended period of flying above fog, it is
desired to check the position of a plane by celestial observations,
and the latitude and longitude of the dead reckoning position are
required.

On the regional charts (pl. II) the meridians and parallels corre-
sponding to whole degrees are subdivided into minutes of latitude
and longitude. It is therefore necessary only to draw a north-and-
south line through the dead reckoning position to the nearest sub-
divided parallel and read the longitude, while a straight line east-
and-west permits reading the latitude from the nearest subdivided
meridian. The slight curvature of the parallel within the limits of
1° is entirely negligible for all practical purposes.
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Example 11.—A pilot flying “over the top” by dead reckoning,
believed his position to be about latitude 37°15’, longitude 99°30/,
when he was able to obtain a series of altitudes of the sun.

Having made the necessary computations with the aid of the line of
position table, the pilot has these data:

Azimuth (bearing) of thesun_._____________ .. ___.____. 235°

Observed altitude, H,_ - _ . 42°34'

Computed altitude, Ho- - . __________________________. 42°20’
Altitude difference, a_ __ ___ . _________._. 14/

The azimuth, or bearing, of the sun is laid off from the dead reckon-
ing position of the plane. The altitude difference of 14 minutes is
equal to 14 minutes of latitude; therefore, a distance equal to 14
minutes of latitude is measured on any convenient meridian, or on the
marginal scale, and laid off along the bearing, toward the body (since
the observed altitude is greater than the computed altitude). A
line drawn at right angles to the bearing through the point so obtained
is the required line of position.

The intersection of this line of position with a second line obtained
by observing the moon (if visible by daylight), or the intersection
o{ lines of position from two stars at nig}};t, fixes the location of the
plane. .

Example 12.—A flight is planned from New York to Paris, along
the great-circle route. It is desired to leave New York on May 13,
1938. From the best data available, a ground speed of 190 m. p. h.
is expected (165 m. p. h. air speed plus 25 m. p. h. westerly wind).
The distance is a little more than 3,600 statute miles, and approxi-
mately 19 hours are required for the flight. It is planned to leave
New York about 1:30 p. m. eastern standard time (=18°30= GCT),
arriving at Paris at about 1:30 p. m. the following day (=13"30™ GCT).

From the Nautical Almanac it is learned that the moon will be full
on May 14, and will be favorably situated for observation. The
dead reckoning positions of the plane from about the end of evening
twilight, May 13, to about the beginning of morning twilight, May 14,
are as indicated in figure 84.

Using the latitude, longitude, and GCT corresponding to each dead
reckoning position, the altitude and azimuth of the moon for each
position are computed by means of the line of position table, pages 167
to 181. In the Nautical Almanac it is noted that the horizontal
parallax for the moon on May 14 is 55/1. From the table on page 101,
the bubble sextant corrections for refraction and parallax are found
and applied to the computed altitudes, with reversed sign. The azi-
muths are then plotted on the chart of the route (fig. 84), and the pre-
computed altitude curve of figure 85 is drawn. During flight, the
only correction to be applied to the sextant altitude of the moon is that
forindex error (if any).

To illustrate the use of the method in flight, suppose that at 3°30™
GCT a sextant altitude of 18°59’ is obtained. Applying a known
index correction of —3’, the corrected sextant altitude is 18°56'.
From the curve of figure 85 the altitude of the moon for 3"30™ is read
as 18°43’. Since the observed altitude is 13" greater, the position at
the time of observation is 13’ closer to the moon. At 330 the dead
reckoning position of the plane is halfway between positions 5 and 6;
the approximate azimuth of the moon is laid off through that point, as



3

Qo

50°

ATLANTIG

To P

ARIS

Scale

? I?O 2?0 St. Mi.

D. R. POSITION LATITUDE LONGITUDE G.C.T. AZIMUTH ALTITUDE | (corr. Yot Tl & par.)
1 49° 17 50° 18 1h 15m 153° 4 18° 26/ 17° 37
2 49 42 48 16 1 45 162 10 20 18 19 29
3 50 4 46 14 2 15 171 .33 21 15 20 2
4 50 24 a1 2 45 181 1 21 17 20 28
5 50 42 2 4 315 19 29 20 19 19 30
6 50 58 40 0 3 45 199 42 18 29 17 40
7 51 12 37 51 4 15 208 39 15 49 15 0
8 51 24 35 42 4 45 217 12 12 25 1 3

i FIGURE 84.—Portion of great circle route, New York to Paris.

(44!

‘1

S

XHAMAS DILHAOAY ANV ISVOD



21°

20°

19°

18°

17°

16°

14°

13°

11°

3./

\ 7
\,
ih  ecT 2h 3h ah May 14, 1938

FIGURE 85.—Precomputed altitude curve for the moon.

5h

NOILVOIAVN 49IV TVOILOVEd

g7l



144 U. S. COAST AND GEODETIC SURVEY

indicated by the light broken line, and the line of position LP is
drawn, 13’ toward the body from the dead reckoning position.

A curve of altitudes can also be precomputed and plotted for some
other celestial body, differing from the moon in azimuth by about 90°
if possible. The intersection of a line of position from the moon with
a ﬁne from this second body, obtained as described above,! fixes the
position of the plane.

For other examples in celestial navigation, see pages 83 to 96.

Additional examples, involving time—speed—distance relations,
and simpler methods of correcting for the efféct of wind, are included
in the Appendix which follows.

1 With due regard to the course and distance made good between observations,



APPENDIX

In the preceding examples all problems pertaining to wind effect
have been solved graphically, by means of a triangle of velocities.
This principle is essential to a clear understanding of the factors
involved ; however, the construction of such a triangle in flight is often
impractical, and may be considered laborious even on the ground.

Many pages of tables and computations have been reduced to form
the following simple graphs, by means of which pilots may read at
a glance the answer to any problem involving the effect of wind, or
time-speed-distance relations. Each graph has its own special use and
is easy to interpret, with the aid of the simple examples given. It is
believed that pilots will be well repaid for the little time required to
become thoroughly familiar with their special uses.

In order to make the graphs useful for planes of all cruising speeds,
it is necessary to arrange some of them for wind velocities and ground
speeds in terms of percent of air speed. The first of the graphs which
follow, therefore, is for the conversion of percentage velocities into
miles per hour, and vice versa.

In all the graphs it is immaterial whether statute miles or nautical
miles are used; the answers will be obtained from the graphs in the
same terms with which they are entered.
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CONVERSION OF PERCENTAGE VELOCITIES AND MILES-PER-HOUR
VELOCITIES

[See fig. 86]

This graph is intended to facilitate the conversion from miles per
hour to percentage velocities, as well as the reverse process. It needs
no explanation other than the following examples.

Example 1.—A wind velocity of 20 m. p. h. is reported. What
percent is this of an air speed of 120 m. p. h.?

Follow the curve for 20 m. p. h. across to its intersection with the
vertical line for 120 m. p. h.; opposite this point at the left read the
percentage velocity of 17. That is, 20 m. p. h. is 17 percent of the
air speed of 120 m. p. h.

Example 2.—From figure 89 it is found that a ground speed equal
to 116 percent of the air speed of 140 m. p. h. will be made good along
the intended track. What is the ground speed in m. p. h.?

Follow the horizontal line corresponding to 116 percent across to
the vertical line for an air speed of 140 m. p. h., and read 162 m. p. h,
(interpolating between the curves for 160 and 165 m. p. h.).
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FINDING THE TRUE AIR SPEED
[See fig. 87]

For many problems of piloting and dead reckoning a knowledge of
the true air speed is essential. The air speed meter records the pres-
sure of the air against the pressure chamber of the instrument, in terms
of speed. Pressure varies with altitude and with the temperature of
the air, and the indicated air speed must therefore be corrected for
these factors in order to obtain the true air speed. This correction
may be found from figure 87.

In using the graph it is assumed that the air speed meter has pre-
viously been corrected or calibrated for any instrumental or installa-
tion errors. Perhaps the most satisfactory method of calibration is
to fly a measured course under no-wind (or known wind) conditions,
noting the time with a stop watch. The ‘“‘pressure altitude’” with
which the graph is entered is the reading of the altimeter when set for
the standard barometric pressure of 29.92 inches of mercury (and cor-
rected for instrumental and installation errors). The following exam-
ple illustrates the use of the graph.

Example 1.—A pilot flying at an altitude of 5,000 feet, at an indi-
cated alr speed of 135 m. p. h., wishes to determine his true air speed.
The temperature, read from a wing strut thermometer at the time,
is 50° F.

Follow the horizontal line corresponding to an altitude of 5,000 feet
across to its intersection with the vertical line for a temperature of
50°, and read the true air speed from the nearest curve—a little more
than 108 percent of the indicated air speed. .

Referring to figure 86, it is seen that 108 percent of the indicated
air speed of 135 m. p. h. is 146 m. p. h., which is the true air speed
required.
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FIGURE 87.—Graph for finding the true air speed.
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TIME—SPEED—DISTANCE PROBLEMS
{See fig. 88]

Example 1.—A prominent charted landmark, along the desired
route and 6 miles from the starting point, is passed in 3 minutes of
flight. What is the ground speed being made good?

Using the inner scales (see note below graph), follow the vertical
line corresponding to 6 miles down to its intersection with the hori-
zontal line for 3 minutes. The diagonal line passing through the
intersection, 120 m. p. h., is the ground speed required.

Example 2.—With a ground speed of 120 m. p. h., how many
minutes will be required to reach a town 95 miles distant?

Using the outer scales (see note below graph), follow the vertical
line corresponding to 95 miles down to its intersection with the ground
speed line for 120 m. p. h., then follow the horizontal line across to
read the required time of 47.5 minutes.

Example 3.—A plane is making good a ground speed of 150 m, p. h.
and it is desired to divide the route into time intervals of 10 minutes
each. Find the number of miles that will be made good for each 10
minutes.

Follow the horizontal line for 10 minutes across to the ground speed
line for 150 m. p. h., and above this point read 25 miles, the distance
to be made good for each 10 minutes of flight.

Example 4.—A flight of 850 miles is to be made, and a ground speed
of about 140 m. p. h. is expected. Find the total flying time required.

For the infrequent cases involving distances in excess of 100 miles,
multiply the two outer scales by 10. Follow the vertical line corre-
sponding to 850 miles (85 miles) down to its intersection with the
ground speed line for 140 m. p. h., then across to read the time interval
of 365 minutes (36.5), or 6 hours 5 minutes, which is the time required.

Example 5.—Find the ground speed corresponding to a distance of
" 10.5 miles made good in 4.5 minutes. See example 1, page 160.

For distances over 10 miles and time less than 6 minutes, the graph
is not directly useful, since the ground speed lines are too close to-
gether to be read easily and many of them must be omitted. This
portion of the graph should seldom be used, as results obtained from
high speeds and short distances (or time) are not likely to be very
dependable.

hen such a problem arises, multiply both time and distance by
any convenient number, as 2. In this case the distance becomes 21
miles and the time 9 minutes, and the ground speed of 140 m. p. h. is
easily read from the corresponding point on the graph.
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For distances under 10 miles or time under 6 minutes use the inner scales.
For distances over 10 miles or time over 6 minutes use the outer scales.



152 U. S. COAST AND GEODETIC SURVEY

CORRECTION TO COURSE FOR WIND AND DETERMINATION OF
GROUND SPEED
[See fig, 89]

This graph is intended for use when the wind direction and velocity
are definitely known. It would ordinarily be used to determine the
correct compass heading from weather reports before taking off, as well
as the ground speed that will be made good along the intended track
while flying the correct compass heading.

As explained on page 41, the correction to the course that is read
from the graph is also the drift angle that will be observed in flight, as
long as the correct compass heading is maintained and there is little
change in wind. This provides a very definite check, then, as to
whether the conditions encountered in the air are as predicted. If
at any time an appreciably different drift angle is observed, corrections
based on the new wind conditions should be determined as outlined
in connection with figure 92 or figure 94.

To use this graph, the wind velocity in miles per hour must first be
converted into percent of air speed; the ground speed is read from the
%}'aph in percent of air speed and must be converted into miles per hour.

his is done most readily by reference to figure 86.

The “angle between wind and true course” is reckoned from dead
a}(llead, i. e., looking toward the destination, from 0° to 180° on either
side.

Example 1.—The cruising speed of plane is 160 m. p. h.; true course,
85°; wind, 25 m. p. h., from 45°, F‘Ii)nd the correction to the course
for wind, and the ground speed that will be made good along the in-
tended track while flying the corrected course (compass heading).

The angle between the wind and the true course is 85°—45°, or 40°.
By reference to figure 86 it is seen that the wind velocity of 25 m. p. h.
is 16 percent of the cruising speed of 160 m. p. h. Now, in figure 89,
follow the vertical line corresponding to a wind velocity of 16 percent
down to its intersection with the horizontal line for 40° wind angle and
read from the red curve the correction to the course, which is 6°; by
interpolation between the black curves, the ground speed that will be
made good along the intended track is found to be 87 percent of the air
speed of 160 m. p. h.,or 140 m. p.h. Thisis the ground speed that will
be made good along the intended track. Since the wind is from the
left, the correction of 6° must be subtracted from the true course.

Example 2.—The cruising speed of plane is 88 1. p. h.; true course,
270°; wind, 32 m. p. h., from 30°. Find the correction to the course
for wind, and the ground speed that will be made good along the
intended track.

The angle between the wind and the true course is 120°. If this
factor is not entirely clear at any time, a crude sketch similar to figure
90 will guard against errors,.

From figure 86 it is seen that the wind velocity of 32 m. p. h. is
24 percent of the cruising speed of 135 m. p. h. Now, in figure 89 fol-
low the vertical line for 24 percent down to its intersection with the
horizontal line for 120° and read the correction to the course, which is
12°. Since the wind is from the right, this correction must be added
to the true course. At the same point in the graph, a ground speed
equal to 110 percent of the air speed 1s indicated; referring again to
figure 86 it is seen that 110 percent of 135 m. p. h.=148 m. p. h., which
is the ground speed that willl) be made good along the intended track.
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Example 3.—A pilot flying the radio range course has been able to
determine his ground speed as 90 percent of the air speed, and finds
that he has to head 10° to the right of the magnetic course on the chart
in order to keep along the right side of the equisignal zone, because of
strong cross winds. Find the direction and velocity of the wind.

The 10° which the pilot must head into the wind 1s the wind correc-
tion angle. In figure 89, locate the point where the black curve cor-
responding to a ground speed of 90 percent intersects the red curve for a
wind correction angle of 10°; directly above this point find the wind

TC
2700
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P

FIGURE 90.—Determining the wind angle.

velocity, which is 19 percent of the air speed, and at the left find the
wind angle, which is about 63° to the right of the true course.

If preferred, table 4 can be used for these problems, instead of figure
89. 'The table aflords the same information as the graph, but in some
respects is less exact and requires mental interpolations. For example,
for a wind velocity equal to 28 percent of the air speed the corrections
must be interpolated between the values given in the column for 25
percent and the column for 30 percent. If the wind of 28 percent is at
an angle of 80° from the head of the plane, the correction to the course
for wind is 16°, and the ground speed that will be made good along the
intended track is 91 percent of the air speed.

88578~-88——11



154 U. S. COAST AND GEODETIC SURVEY

Table 4.—Correction to course for wind, and determination of ground
speed

{**Corr.” is the correction to the course for wind: to be ADDED for wind from the RIGHT, subtracted for
wind from the left].

[“a. 8.” is]the ground speed that will be made good along the intended track; it is expressed in percent of
air speed]

‘Wind velocity—in percent of air speed

Wind angle 5 10 15 20 25 30 35 40
Elw |lEg|la|E|l®d |E|lb|E|« i n
(=] . o - [=] . (=] - o . [=] - .
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31 91) 4| 87 6| 82| 7| 78| 9| 73|10 68 12| 63
4| 92| 6| 88| 7| 84| 9| 8011 75| 13| 71|15 66
41 931 71 90| 9| 86|11 | 82 (13| 78|16| 74| 18| 69
5| 95 7} 92|10| 88|13 | 85|15 82|18 | 78|20 | T4
65} 96| 8| 9411 | 91| 14| B} 16| 86|19 B2} 22| 79
61 98| 8] 96 {111 o5 14| 93 [171 960 |20 88|23 85
6] 991 9| 99112 98|14 97 |17 | 95120 | 94| 24| 62
61101 | 81102 (11| 102 | 14| 101 |17 (101 (20} 100 |23} 0O
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5105} 7]107 ;10108 | 13 | 110 | 15| 112 | 18 | 113 | 20 | 114
4106 7|109] 9|112| 11| 11413 | 117 |16} 119 | 18 | 121
41107 6111 | 7114 | 9| 1811|121 | 13 | 124 | 15| 127
31109 4}113| 6117 | 7|121) 9| 125} 10 | 129 | 12 | 133
21100} 3114} 4{119| 57123 | 6128} 71132 | 8} 137
1{10) 1]115] 2120 2|124| 3 ({129 3| 134 4| 139
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CORRECTION TO COURSE AND DETERMINATION OF GROUND
SPEED BY THE DOUBLE DRIFT METHOD

[See fig. 92)

Figure 89 and table 4 are intended chiefly for determining the
round speed and the correction to course before beginning a flight,
rom predicted wind velocities and directions. Their use is subject

to the disadvantage that winds vary with time, place, and altitude,
and the conditions actually experienced in flight may differ appreci-
ably from those predicted.

By the use of figure 92, the pilot needs only to make two drift.
observations, and may read directly the correction to the course and
the resultant ground speed. The results are precise and are based
on conditions existing at the moment, rather than on predicted
conditions,

Without the graph, this could be accomplished by plotting the two
drift angles in a combined figure from which the wind direction and
velocity could be scaled, and then applying a correction for the wind
so determined. By the use of this graph the plotting is eliminated
altogether and the desired corrections are read opposite the observed
drift angles. The procedure is as follows:

1. Fly a compass course at an angle of 45° to the right of the intended track
and observe the drift angle (defined on pp. 40 and 41)—say, 10° to the right.

2. While returning to the intended track and at an angle of 45° to the left
thereof, observe a second drift angle—say, 5° to the right.

3. With these two values enter the graph and read the correction to the course

as 11° (turn 11° toward the left), and the ground speed that will be made good
along the intended track as 90 percent of the air speed.
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FIGURE 91.—Measuring the two drift angles.

Figure 91 further illustrates the procedure. The compass course
from A to a distant point D (not allowing for wind) is 60°. Upon
reaching the point B, it is decided to determine definitely the correc-
tion to course and ground speed by this method. A compass course
of 105° (45° to the right) is therefore flown until the dnft angle is



156 U. S. COAST AND GEODETIC SURVEY

determined; the ship is then turned through 90°, returning to the
plotted route on a compass course of 15° (45° to the left), and the
second drift angle is determined. Under average conditions, the
plane should be approximately over the intended track when the
second drift angle is obtained, and the data read from the graph
supply the pilot with the exact compass beading and ground speed
toward his destination.

As previously stated, the ‘“‘correction to the course’ is also the drift
angle that will be observed as long as the plane is kept on the cor-
rected compass heading and the wind remains unchanged. If at any
time an appreciably different drift angle is observed, it is notice of
changed wind conditions, and new corrections to course and ground
speed should be determined as before,

In flying the two courses at 45° to the plotted route, it is not nec-
essary to consider differences of compass deviation unless they are
excessively large. Minor differences such as would ordinarily be
present, would not affect the results. ‘

In the above process the pilot does not learn—in fact, does not
need to know—the direction and velocity of the wind. Instead,
these values have been previously computed and incorporated in the

raph, and the pilot reads from it only the corrections therefor. If,
%or any special purpose, the pilot should wish to know the wind
direction and velocity, he can obtain them from the corrections read
from the graph, as explained in example 3, p, 157.

This detailed explanation of the graph and of the method involved
may sound complicated. As a matter of fact, it is very simple and
one of the most accurate methods devised to date. The simplicity
is shown by the following examples.

Example 1.—A pilot desiring to make good a compass course of
78°, flies first on a compass course of 123° (45° to the right), then on
a course of 33° (45° to the left), observing the drift angle on each
course. On the first course a drift angle of 15° to the right was
obtained; on the second a drift angle of 5° to the left. ¥ind the
correction to the course, and the ground speed that will be made good.
} At the top of the graph are shown the drift angles for the course 45°
to the right of the intended track; follow the vertical line correspond-
ing to a drift angle of 15° to the right down to its intersection with the
horizontal line for a drift of 5° to the left, and read 7° correction to
be subtracted from the course, and a ground speed of 77 percent.
The compass heading to be flown, then, is 78°—7°=71°, and the
ground speed will be 77 percent of the air speed of the plane.

Example 2,—The compass course from A to B is 225°; observed
drift angle on compass course of 270° (45° to the right), 20° to the
left; drift angle on compass course of 180° (45° to the left), 5° to the
right. Find the correction to the course and the ground speed that
will be made good.

From the top of the graph, follow the vertical line for a drift of 20°
to the left down to its intersection with the horizontal line for a drift
of 5° to the right, and read 12° correction to be added to the course,
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FIGURE 92. — Graph for finding the wind correction angle and ground
speed by the double drift method.
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and a ground speed of 136 percent. The compass heading to be flown
is 225°+4-12°=237°, and the ground speed will be 136 percent of the
air speed.

As long as the compass heading of 237° is maintained and there is
no appreciable change in wind, a drift angle of 12° to the left will be
observed. If any great change from this value is noted, the correc-
tions to course and ground speed should be redetermined.

C

True Merigian

FIGURE 93.—Finding the wind direction and velocity from figure 82.

Example 3.—A pilot, having obtained from figure 92 a correction
to the course of 10° to the left and a ground speed of 85 percent,
wishes to determine the direction and velocity of the wind.

At the meridian AN (fig. 93) lay off the true course AB and plot
the correction to the course. The air speed is in the direction of the
compass heading AC, which is therefore plotted=100 percent; the
ground speed is 1n the direction of AB, which is plotted=85 percent.
CB then represents the wind velocity in percent of air speed, and its
direction, with respect to true north or to the true course, may be
measured from the drawing with a protractor. Wind direction and
velocity may also be obtained readily by the use of figure 95; see
example 3, page 159.
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FINDING WIND CORRECTION AND GROUND SPEED IN FLIGHT
FROM ONE OBSERVATION WITH A DRIFT INDICATOR

[See fig. 94)

As with the preceding figure, the corrections obtained from this
graph are based upon conditions actually being experienced in flight,
rather than upon predicted conditions which may or may not hold
good. The procedure is as follows:

1. Head the plane along the no-wind compass course to the destination.

2. Note the drift angle and the ground speed being made good.

3. With these data read directly from the graph the correction to the course
and the ground speed that will be made good, in percent of air speed.

This method is the simplest possible, and its precision is limited
only by the accuracy with which the ground speed can be determined.
With some drift indicators fairly good determinations of ground speed
are possible; at other times this factor can be definitely known by
reference to landmarks, radio marker beacons, etc. Whenever the
ground speed can be satisfactorily determined, this method is the
quickest and most satisfactory. It should be noted that with this
method no departure from the course is necessary in order to make the
drift-and-ground speed observations.

As with the preceding graph, the correction to the course will be
the drift angle that will be observed as long as the corrected compass
heading is maintained and wind conditions do not change. If at any
time during flight an appreciable difference is noted, it is only neces-
sary to head the plane once more on the no-wind compass course,
observe the new drift angle and ground speed, and read the desired
corrections from the graph.

Example 1.—A plane flying at an air speed of 140 m. p. h. is headed
on the no-wind compass course when a drift angle of 11° to the right
and a ground speed of 153 m. p. h. are observed with a drift indicator.
Find the correction to the course and the ground speed that will be
made good along the intended track.

By reference to figure 86 it is seen that 153 m. p. h. is 109 percent
of the air speed of 140 m. p. h. Follow the vertical line corresponding
to an 11° drift angle down to the (interpolated) horizontal line for
109 percent and read, from the nearest red curve, 12°, the correction
to the course for wind; the nearest black curve, 105 percent, indicates
that a ground speed equal to 105 percent of the air speed will be made
good along the intended track. Referring again to figure 86, it is
seen that 105 percent of 140 m. p. h.==147 m. p. h. Since the drift is
to the right, the wind is from the left, and the 12° must be subtracted
from the compass course.
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FIGURE 94. — Graph for finding the wind correction angle and ground
speed from one observation with a drift indicator.
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RECTIFYING THE HEADING AND GROUND SPEED FOR THE
EFFECT OF WIND

[See fig. 95]

This graph is intended chiefly for rectifying the heading and ground
speed for the effect of known wind, in order to plot on the chart the
true course and distance made good (case 11 of dead reckoning; p. 44).
It may also be used to determine wind direction and velocity. As in
the preceding figures, wind velocities and ground speeds are indicated
in percent of air speed.

In effect, figure 95 contains all possible combinations of the triangle
of velocities. It consists of a red wind compass superimposed on a
series of black drift angles and ground speeds.

The red wind compass is graduated to show wind direction at 10°
intervals, and concentric red circles for reading wind velocities are
drawn from the center at intervals corresponding to 5 percent of the
air speed of the plane.

The black drift angles are at intervals of 2°, and the central line
marked 0° may be considered either as true north or as the heading of
the plane, according to the problem. The black arcs are spaced at
intervals of 5 percent of the air speed, and provide a conveunient scale
for reading ground speeds.

Example 1.—A pilot flying in fog at 100 m. p. h. on a true heading
of 270° is advised by radio that the wind is 20 m. p. h. from 45°. Find
the track (or true course) being made good and the ground speed.

It is seen that the wind is from the right of the plane and 135° from
the plane’s head, and the wind velocity of 20 m. p. h. is 20 percent of
the air speed of the plane. Following the (interpolated) red line for
135° toward the left from the center, to its intersection with the circle
for 20 percent, it is seen that the ground speed is 115 percent of the air
speed, or 115 m. p. h., and the drift angle is 7° to the left. 270°—7°==
263°, which is the track, or true course, desired.

Example 2.—A pilot flying over broken clouds at an air speed of
120 m. p. h. and on a true heading of 90° was able to determine a drift
angle of 10° to the right; at the same time he noted that smoke from a
chimney was practically at right angles to his heading. Find the
wind direction and velocity, the track, and the ground speed.

Following the red line at right angles to the center line out to its
intersection with the black line representing a 10° drift to the right,
we find a wind velocity equal to 17.5 percent of the air speed, or 21
m. p. h. The wind is from the left and 90° from the plane’s head, or
from true north.

Since the wind is from the left, the drift angle of 10° must be added:

90°-+10°=100°, the track made good. The ground speed is also
read flx;om the graph as 101 percent of the plane’s air speed, or 121
m. p. h.
EI;{ample 3.—A plane cruising at a speed of 90 m. p. h. is headed
true north, and, by means of a drift indicator, a drift angle of 10° to
the right and a ground speed of 103 m. p. h. are observed. Find the
wind direction and velocity.

The ground speed of 103 m. p. h. is 114 percent of the plane’s air
speed. Follow the black drift line marked 10° (to the right of 0°) out
to its intersection with the (interpolated) black ground speed arc repre-
senting 114 percent. The position of this intersection between the
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red circles for 20 and 25 percent indicates the velocity of the wind
which is 23 percent of the air speed, or 21 m. p. h., and the nearest
radial red line from the center, 120°, indicates the direction of the wind
with reference to the plane’s head. Since the heading of the plane in
this case is true north, or 360°, the wind is from 360°—120°, or from
240° true.

DRIFT DETERMINATION WITHOUT A DRIFT INDICATOR
[See fig. 96]

Most texts on air navigation include a ‘‘table of course errors,”
showing the angular errors corresponding to the miles off-course for
any distance flown. It is usually stated that, in any given case, if
the tabulated error is applied to the compass heading the plane will
then parallel the original intended track; or that if double the error
is applied the plane will return to the original track in the same
distance. Such statements are mathematically incorrect when the
departure from the course is due to wind, as is most often the case.

figure 96 shows the course errors for any departure from the track
and any distance flown. As already pointed out, this error applied
to the compass heading will not give the correct heading to steer.
The graph serves just one useful purpose: When the error is due
to wind drift (and not to erroneous measurement of the course on
the chart, or compass errors) the course error indicated on the graph
is the drift angle.

In the absence of a drift indicator, then, the drift angle can be
obtained by means of this graph. The ground speed can be obtained
from figure 88 from the elapsed time and distance flown. With the
drift angle and ground speed known, the correction to the course
and the ground speed that will be made good along the intended
track can be obtained at a glance from figure 94. Or if wind direc-
tion and velocity are required, these may be obtained from figure 95
with the same data.

Example 1.—In flying from Cedar Lawn Airport, near Kenton,
Ohio, to Springfield Airport (pl. I), on a true heading of 189° and at
an air speed of 120 m. p. h., a pilot passes directly over the town of
Rushsylvania just 4.5 minutes after taking off. Knowing that this
town 18 west of his intended track, he wishes to find the correction
to l()le made to his course, and the ground speed that will be made
good.

From the chart he finds that Rushsylvania is 10.5 miles from Cedar
Lawn Airport and 2 miles west of the intended track. He notes,
from figure 96, that this corresponds to a drift angle of 11°, and from
ﬁgure 88 that the ground speed is 140 m. p. h., which is 117 percent
of the plane’s air speed. (See example 5, p. 150.) Referring to figure
94 with these data he reads the correction to bis course as 13°, and
the ground speed that will be made good along the intended track as
112 percent of the air speed, or 134 m. p. h. Since the wind is from
the left, the correction of 13° must be subtracted from the heading:
189°—13°=176°, the true heading to be steered. .

If he should wish to know the direction and velocity of the wind,
he may enter figure 95 with a drift angle of 11° to the right and a
ground speed of 117 percent, and read the wind velocity as 27 percent
of the air speed, or 32 m. p. h., and the wind direction as 125° from
the heading of the plane, or 189°—125°=64° true.
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RADIUS OF ACTION

Radius of action ‘problems are treated on pages 47 to 51. The
solutions offered there are precise, and should be followed whenever
exact data are essential. Often the approximate radius of action is
all that is required, and for quick convenience the following approxi-
mate table is given. It tabulates the distance a plane may fly under
given wind conditions and still return to the point of departure.

Table 5.—Approximate radius of action for each hour of flying time

available
‘Wind velocity--in m. p. h.
Air speed of plane

5 10 15 20 25 30 35 40 45 50

37 36 36 34

39 39 38 37

42 41 41 40

44 44 43 42

47 47 46 45

49 49 48 48

52 52 51 50 49 48 46 44 | |l

54 54 54 53 52 50 49 L7 8 PSSO SR

57 57 56 b5 54 53 52 50 48 | ..

59 59 59 58 57 56 54 53 51 |

62 62 61 60 60 b8 57 56 54 52

64 64 64 63 62 61 60 58 56 55

67 67 66 66 65 64 62 61 60 58

69 69 69 68 67 66 65 64 62 61

72 72 71 71 70 69 68 66 65 63

74 74 74 73 72 72 70 69 68 66

77 77 76 76 75 74 73 72 70 69

79 79 79 78 78 7 76 75 73 72

82 82 81 81 80 79 78 77 76 74

84 84 84 83 83 82 81 80 79 77

87 87 86 86 85 84 84 82 81 80

89 89 89 88 88 87 86 85 84 83

92 92 91 91 90 90 89 88 87 85

94 94 94 93 93 92 1 90 89 88

97 97 96 96 96 95 94 93 92 01

99 99 99 99 98 97 96 96 94 93
102 102 101 101 100 100 99 98 97 96
104 104 104 104 103 102 102 101 100 98
107 107 106 106 106 105 104 103 102 101
109 109 109 109 108 107 106 106 105 104
112 112 112 111 111 110 109 108 108 106
114 114 114 114 113 113 112 111 110 109
117 117 117 116 116 115 114 114 113 112
119 119 119 119 118 118 117 116 116 114
122 122 122 121 121 120 120 119 118 117
124 124 124 124 123 123 122 121 120 120

Minimum radius of action exists with the wind parallel to the
route (head or tail winds); maximum radius occurs with the wind at
right angles thereto. The difference between maximum and minimum
is surprisingly small, amounting to only:

109, for a 409, wind (wind 409, of plane’s air speed)
59, for a 309, wind
39 for a 259, wind, and
29 for a 209, wind.

The values given in table 5 are for wind parallel to the route, and
therefore represent minimum radius of action. For other conditions
slightly greater radius is possible.

The radius of action indicated in the table is the radius for one
hour’s flight, and should be multiplied by the number of hours of
flying time available. Thus, for a plane with an air speed of 120
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m. p. h. and a wind of 25 m. p. h., the radius of action indicated in
the table is 56 miles for each hour’s flight. Fuel for 3 hours and 30
minutes is available; therefore the radius of action is 3.5 X 56, or 196

miles.
THE BEAUFORT SCALE

In the preceding pages various methods have been given for cor-
recting the course of a plane for the effect of wind. For dependable
navigation it is desirable to obtain wind data as accurately as possible;
however, in the absence of better facilities the following table may
be of some assistance in estimating wind velocities. It 1s commonly
known as the Beaufort scale.

Table 6.—Beaufort scale for estimating wind velocities

. Terms used in
; Miles per r
Beaufort Specifications for u n ho, U. 8. Weather
number P se on land (statlllll;c) Burcgasltxsflote-
0..___ Calm; smoke rises vertically____________._.... Less
1 Direction of wind shown b but |
_____ irection of wind shown smoke drift, bu 1-3 .
not by wind vanes. y ’ Light.
2. ... Wind felt on face; leaves rustle; ordinary vane 4-7
moved by wind.
3. .- Leaves and small twigs in constant motion; 8-12 | Gentle.
wind extends light flag.
4____. Raises dust and loose paper; small branches 13-18 | Moderate.
are moved,
5. .- Small trees in leaf begin to sway; crested wave- 19-24 | Fresh,
lets form on inland waters.
[ J— Large branches in motion; whistling heard in 25-31
telegraph wires; umbrellas used with diffi-
culty. Strong.
PR Whole trees in motion; inconvenience felt in 32-38
walking against wind.
8 _u-- Breaks twigs off trees; generally impedes 39-46
progress. . Gale
9 ... Slight structural damage occurs (chimney pots 47-54 .
and slate removed).
10..__. Seldom experienced inland; trees uprooted; 55-63
considerable structural damage occurs, Whole gale
) 3 DR Very rarely experienced; accompanied by wide- 64-75 ole gale.
spread damage.
2 U Above 75| Hurricane.

! Except for the word “calm,” these terms are not ordinarily used in aeronautical weather reports and
forecasts.

The Beaufort numbers are represented on weather maps by the
number and length of the barbs on the wind arrows (see p. 120), and
indicate the approximate wind velocities at the various reportin
stations. They are seldom used for any other purpose, and should
not be confused with wind veloeities in %Veather Bureau reports and
forecasts, which are always given in miles per hour.
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Table 7.—Code adopted for airway use

J e v - Seve
Kou—oam T e
Leameo Ueo—
M e Vieeoom
N e W om —
——— P, QN

) A —
200 =

| S

Qe oo ) QL —— Y oo o — [
Hoeoeo Q e ¢ —— o T o s
I.. R, 8 mean
9 o —
Table 8.—Airports of entry
AS OF FEBRUARY 3, 1938
WITHOUT TIME LIMIT
Location Name T.ocation Name
ﬁkron [0) 131, S Mu%mpal Airport. Nogales, Ariz.......... Nogales International Air-
port.
ibany, N.Y. oo Albany Airport. Ogdensburg, N. Y.._._| Ogdensburg Harbor.
Brownsville, Tex._..._. Brownsville - Pan Ameri- || Pembina, N. Dak_ Fort Pemhina Airport.
can Airport. Portal, N. Dak.___. Portal Airport.
Buffalo, N. Y_._....._. Buffalo Airport. Port Angeles, Was. Port Angeles Airport.

Caribou, Maine________
Cleveland, Ohio.._.
Detxign Mich.

Do
Douglas, Ariz_. ...

Eagle Pass, Tex_.......
Fairbanks, Alaska___.__
Juneau, Alaska__..___..
Ketchikan, Alaska_.._.
Key West, Fla__
Laredo, Tex..

Municipal Airport. Port Townsend, Wa
Do.

Do. Rouses Point, N. Y
Ford Airport.

Put-in-Bay, Ohio__. o

Wayne County Airport.
Douglas International
Airport.
Eagle Pass Airport,
Weeks Municipal Airport.
Juneau Airport.
Ketchikan Airport,
Meacham Airport.
Laredo Airdrome.
Dinner KeySeaplane Base.
Pan American Airways
Airport (or 36th St.
Alrport).

San Diego, Calif..._ ...
Seattle Wash

San Juan, P. R__....__.
Swanton, Vt___________
West Palm Beach, Fla_

‘Wrangell, Alaska.
El Paso, Tex--_....

Port Townsend Airport,

Eric Isle Airways Airport,

Rouses Point Seaplane
Base.

Lindbergh Field.

Boeing Field.

T.ake Union Seaplane Base.

Skagway Municipal Air-
port.

Isla Grande.

Missisquoi Airport.

Roosevelt Flying Service
Base (Curric Common
Park).

Wrangell Seaplane Base.

El Paso Airport.

TEMPORARY (1 YEAR)

Location

Name

Date desig-
nated

Bangor, Maine_ __..__....
Bellingham, Wash.
Buffalo, N
Burlington Vt_..,
Calexico, Chalit
Cape Vincent, N. Y_
Crosby, N. Dak.
Dul&l)th Minn.
Great Falls, Mont.
Havre, Mont_..___
Malone, N. Y .-
Miamj, "FlAeer oot
Plattsburg, N. Y_._.
Rochester, N. Y____...
Sault Ste. Marie, Mich..
Scobey, Mont.._._....
8pokane, Wash___-
atertown, N. Y. ..
Warroad, Minn. ._......

Bangor Airport
Graham Airport._..

Buffalo Marine Base
Burlington Airport
Calexico Airport__...
Cape Vincent Harbor.
Crosby Airport. ...
Williamson-Johnson Airport_. ..
Duluth Boat Club Seaplane Bast
Great Falls Airport . ...........
Havre Airport_.._.
Malone Airport
Chalks Flying Service
Plattsburg Airport.__........_.
Rochester Airport._...
Sault Ste. Marie Airport.
Scohey Airport______.
Felts Field
Watertown Aijrport. .
Warroad Seaplane Baso

26, 1937
. 18,1937
20,1937
29, 1937
10, 1938
25,1937
_| June 29,1937
Sept].) 4,1937

June 2 1937
Do,

....... Apr.

Apr. 18. 1937
Sept. 17,1937
June 2,1937

....... Nov. 7,1938

....... Aug. 4,1037

..... June 2,1937
Do.

Do.
Sept. 2.1937
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PRICE LIST OF AERONAUTICAL CHARTS

All aeronautical charts of the Department of Commerce may be ordered from
the Director, Coast and Geodetic Survey, Washington, D. C., or from the field
stations of the Bureau at the following places:

808 Customhouse, Boston, Mass.

915 Federal Office Building, New York, N. Y.

423 Canal Street, New Orleans, La.

307 Customhouse, San Francisco, Calif.

601 Federal Office Building, Seattle, Wash.

Prices of charts per single copy are as follows:

Sectional aeronautical charts (1 : 500,000), 40 cents.

Regional aeronautical charts (1 :1,000,000): Day flying, 75 cents; day and
night flying, $1.20.

Aeronautical radio direction finding charts (1 : 2,000,000), 75 cents.

3060a, Aeronautical planning chart, United States, Lambert projectiornr
(1 : 5,000,000) ; shows principal airports and broadecasting stations, index to
sectional charts, and lines of equal magnetic variation at 5° intervals; 40
cents.

3074, Great-circle chart, United States, Gnomonic projection; shows principal:
airports; 40 cents,

3077, Magnetic chart of the United States, showing the lines of equal magnetic:
variation (declination) at 1° intervals, and of equal annual change, for the
year 1935. This chart is issued at intervals of 5 years, the lines of annual
cha{lge providing means of estimating variation for intervening years; 20
cents.

A discount of 33% percent from full published prices is allowed on orders for
aeronautical and auxiliary charts and books amounting to $10 (gross value) made
in one shipment to one address. They are not returnable.

PUBLICATIONS OF THE BUREAU OF AIR COMMERCE

The Bureau of Air Commerce, under its obligations to promote and
regulate air commerce, publishes pamphlets and bulletins of general
and specific interest to the aircraft industry, airmen, and the public.
One of its publications, the Air Commerce Bulletin, is issued monthly.
The others are nonperiodic bulletins on special phases of aeronautics,
both technical and nontechnical in character, and are known as Aero-
pautics Bulletins. In addition to these publications, airway bulletins
and reports of committees and conferences are published. Requests
for publications should be addressed to the Bureau of Air Commerce of
the Department of Commerce.

A description of the printed publications follows:

Air CoMMERCE BULLETIN, issued the 15th of each month and distributed free.
Civir A1R REGULATIONS.—An index to the chapters of the Civil Air Regulations
is available upon request from the Bureau of Air Commerce.
A1r CoMMERCE MaNvaLs.—Interpretations of the airworthiness requirements in
the Civil Air Regulations.
AEroNAUTICS BULLETINS.—
No. 1. Civil Aeronautics in the United States, August 1, 1937. 58 pp., 7 illus.
No. 8. Airway Map of the United States. December 1, 1937.
No. 18. State Aeronautical Legislation Digest and Uniform State Laws.
January 1, 1936. 94 pp.
No. 19. Aviation Training. July 1, 1936. 86 pp., 19 illus.
No. 24. The Federal Airway System. July 1,1936. 25 pp., 14illus.
No. 27. Aeronautic Radio. July 1, 1937. 43 pp., 20 illus.
ArrporT BULLETINS.—No. 1. Airport Grading and Drainage. June 1, 1935. 42
., 11 illus.
Al?tgv.’u' BuLLeTiNs.—No. 2. Descriptions of Airports and Landing Fields in the
United States. January 1, 1938,
MisCELLANEOUS PUBLICATIONS,.—
Tabulation of Air Navigation Radio Aids. November 1, 1937. 18 pp.
The Airway Radio Range. A description of the use of the Bureau of Air
Commerce radio range stations. 31 pp., 14illus.
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First Report of Liaison Committee on Aeronautic Radio Rescarch. June 1,
1930. 14 pp.
Second Report of Liaison Committee on Aeronautic Radio Research. October
15, 1931. 35 pp.

Proceedings of the National Conference on Uniform Aeronautic Regulatory
Laws. December 16 and 17, 1930. 2d ed., rev., 128 pp.

Report of Committee on Airport Zoning and Eminent Domain.
18, 1930. 16 pp.

Report of Committee on Airport Drainage and Surfacing. December 1, 1931.
40. pp., 7 illus.
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CONVENIENT ABBREVIATIONS

December

In the solution of navigational problems and the tabulation of data,
the use of suitable abbreviations saves time and affords greater clarity.
The following abbreviations are often used and will be found very
convenient in practice.

Long=Longitude.

a—= Altitude difference (intercept).

AP=Airport.

AS=Air Speed.

Bn = Beacon.

CC=Compass course.

CH = Compass heading.

Corr= Correction.
D= Drift angle.
D/F=Direction finding.
DR=Dead reckoning.
Dec=Declination.
+ =north dec.
— =gouth dec.
Dev=Deviation.
ETA=Estimated time of arrival.
G =Greenwich.
GCT = Greenwich civil time.
GHA = Greenwich hour angle.

GS=Ground speed.

GST = Greenwich sidereal time.

H,=Computed altitude (from as-
sumed or DR position).

HD=Hourly difference.

HE=Height of eye.

H,=0bserved altitude (sextant alti-
tude corrected for refraction,
etc.).

HP=Horizontal parallax.
H,=Sextant altitude (uncorrected).
IC=Index correction.

Lat=Latitude.

LHA =Local hour angle.

LP=Line of position.
M= Meridian of observer.
MC = Magnetic course.
MH = Magnetic heading.
mph = Miles per hour.
NA=Nautical Almanac.
O = Origin, or starting point.
Par=Parallax.
RA=Right ascension.
R/A=Radius of action.
RBn= Marine radiobeacon.
RC=Radio compass (naval
direction finder station).
Ref = Refraction.
RM = Radio marker beacon.
RRa=Radio range station.
RS=Radio station (commercial
broadcast).
SD = Semidiameter.
SP=Seaplane port.
TC="True course.
TH =True heading.
Var= Variation.
W= Wind (direction and velocity).
WC=Wind correction angle.
Z= Azimuth or bearing.

radio

) = Moon.
*=Star
© =8Sun.
T =Vernal equinox (first point of
Aries). ‘

THE LINE OF POSITION TABLE

The Line of Position Table is an abridged form of the Dead Reckon-
ing Altitude and Azimuth Table, prepared by Lt. Arthur A. Ageton,
United States Navy, and published by the United States Hydrographic
Office as H. O. No. 211. It is reproduced here by the courtesy of that
Bureau. Those desiring further information as to the derivation and
other uses of the table are referred to the original publication.
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Table 9.—Line of position table
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WHEN LHA (E OR W) IS GREATER THAN 9%°, TAKE “K” FROM BOTTOM OF TABLE

l

©W-ID AW~

0°00 1°00" 2°00" 3°00" 4°00 5°00’
A B A B A B A B A B A B
......... 0.0 | 175814 6.6 | 145718 | 26,5 | 128120 | 59,6 | 115641 | 105,9 § 105070 | 165.6 | 60
353627 0,0 | 175097 6.8 | 145358 | 26,9 | 127880 | 60.2 | 115461 | 106.8 | 105826 | 166.7 | 59
323524 0,0 | 174301 7.1} 145000 | 27.3 | 127640 | 60.9 | 115282 | 107,7 | 105683 | 167.8 | 58
306915 0.0} 173696 7.3 | 144646 | 27.8 | 127403 | 61.6 | 115103 | 108.6 | 105539 | 168,9 | 57
293421 0,0 | 173012 7.5 | 144205 | 28.3 | 127166 | 62,2 | 114925 | 109,5 | 105397 | 1700 | 56
283730 0,0 | 172339 7.8 | 143946 | 28,7 | 126931 | 62.9 | 114747 | 110.4 | 105254 | 171, 1 | 55
276812 0.1} 171876 8,0 | 143600 | 29.2 | 126607 | 3.6 | 114571 | 111.3 | 105113 | 172.3 | 54
260118 0.1] 171023 8.2 | 143257 | 29.6 | 126465 | 64,3 | 114305 | 112,2 | 104971 | 173, 4 | 53
263318 0,1 | 170379 8.5 | 142016 | 30,1 | 126233 | 65,0 | 114220 | 113,1 | 104830 | 174,5 | 52
258203 0,1} 169745 8.7 | 142579 | 30.6 | 126003 | 65.7 | 114045 | 114,0 | 104690 | 175.7 | 51
253627 0,2} 169121 9.0 | 142243 | 31.1| 125774 | 66.4 § 113872 | 114,9 | 104550 | 176.8 | 50
249488 0,2 | 168505 9,31 141911 | 3051} 125546 | 67.1 | 113699 | 1159 | 104411 | 178,0 | 49
245700 0,3 | 167897 9.5 | 141581 | 32,0 | 125320 | 67.8 | 113526 | 116,8 | 104272 | 179,1 | 48
242233 0.3 | 167208 9,8 | 141253 | 32,5 | 125094 | 68.5 | 113354 | 117,7 | 104133 | 180.3 | 47
239015 0.4 166708 | 10,11 140928 | 33.0 | 124870 | 69,2 | 113183 | 118,7 | 103995 | 181.4 | 46
236018 0.4 | 166125 | 10,3 | 140605 | 33.5 | 124647 | 69.9 | 113013 | 119,6 | 103857 | 182.6 | 45
233215 0.5} 165550 | 10.6 | 140285 | 34,0 | 124425 | 70,6 | 112843 | 120,5 | 103720 | 183,7 | 44
230583 0.5] 164982 | 10,9 ] 130067 | 34,5 | 124204 | 71.3 | 112674 | 121.5 | 103583 | 184,9 | 43
228100 0.6 | 164422 | 11,2 | 139651 | 35.0 | 123085 | 72,1 | 112506 | 122, 4 | 103447 | 186.1 | 42
225762 0.7 | 163868 | 11.5| 139338 | 35.5 ] 123766 { 72.8 | 112338 | 123,4 | 103311 | 187,2 § 41
223525 0,7 | 163322 | 11,8 | 139027 | 36,0 | 123540 | 73.5 | 112171 | 124,3 | 103175 | 188.4 | 40
221406 0.8 | 162783 | 12,1 138718 | 36,5} 123332 | 74.3 | 112005 | 125,3 | 103040 | 189.6 | 39
219385 0.9 | 162250 | 12,4 | 138411 | 37.1] 123117 { 75,0 | 111839 } 126.2 | 102905 | 190.8 | 38
217455 10| 161724 | 12,7 | 138106 | 37,6 122003 | 75.8 | 111674 | 127.2 | 102771 | 192,0 } 37
216607 1,1 | 161204 | 13,0 | 137804 | 38,1 122690 | 76,5 | 111510 | 128,2 | 102037 | 193,2 | 36
213834 1,1 | 160890 | 13,3 137504 | 38.6 | 122478 | 77.3 | 111346 | 129.2 | 102504 | 194.4 { 35
212130 1.2| 160182 | 13.6| 137205 | 39.2 | 122267 | 78.0 | 111183 | 130,1 | 102371 | 195.6 | 34
210491 1.3 | 159680 | 13.9 | 136900 | 39,7 | 122057 | 78.8 { 111020 | 131,1 | 102238 | 196,8 § 33
208912 1.4] 159184 | 14.2] 136615 | 40,3 | 121848 | 79,5 | 110858 | 132,1 | 102106 | 198,0 | 32
207388 1.5 | 158603 | 14.6 | 136322 | 40.8 | 121639 | 80,3 | 110696 | 133,1} 101874 199,2 | 31
205916 1.7 | 158208 | 14,9 | 136032 | 41.4 | 121432 | 81.1 ] 110536 | 134.1 | 101843 200,4 | 30
204492 1.s| 157728 | 15.2] 135744 | 41,91 121226 | 81,9 | 110375 | 135.1 101732 | 201,6 | 29
203113 e | 157254 | 15.6 | 135457 | 42,5 | 121021 | 82.6 | 110216 | 136,1 | 101581 202.8 § 28
201777 20| 156784 | 15,9 | 135173 | 43.0 | 120817 | 83.4 | 110057 | 137.1 | 101481 204,71 | 27
200480 2.1 156320 | 16,2 | 134800 | 43.6 | 120614 | 84,2 | 109898 | 138.1 | 101321 | 205,3 { 26
199221 23| 155861 | 16,6 | 134609 | 44.2 | 120412 | 85,0 | 109740 | 139.1 | 101192 | 206.5 | 25
197998 2.4 | 155408 | 16.9 | 134330 | 44.7 | 120211 | 85.8 | 109583 | 140,1 | 101063 | 207.8 | 24
190808 25| 154958 | 17.3 | 134052 | 45.3 | 120010 | 86,6 | 109426 | 141,1 | 100034 | 209,0} 23
195650 27| 154511 | 17.6 | 133777 | 45,9 | 119811 | 87.4 | 100270 | 142,2 | 100806 } 210,3 | 22
194522 28| 154070 | 18.0 | 133503 | 46.5 | 110612 | 88,2 | 109115 | 143.2 | 100478 | 211,5 | 21
193422 2.9 | 153633 | 18.4 | 133231 | 47.1| 119415 | 89,0 | 108960 | 144.2 | 100550 | 212.8 | 20
192350 3.1 153201 | 18.7 | 182061 | 47.6 | 119218 | 89,8 | 108305 | 145.2 ] 100423 | 214,0 | 19
101303 3.2 | 152774 | 19,1 ] 132602 | 48,2 119022 | 90,6 | 108651 | 146,3 | 100296 | 215.3 | 18
100282 3.4 | 152350 | 19.5 ) 132425 | 48,8 | 118827 | 91.4 | 108498 | 147.3 | 100170 | 216.5 | 17
189283 3.6 | 151031 | 19.9] 132150 { 49,4 | 118633 | 92.3 | 108345 | 148.4 | 100044 | 217.8 | 16
188307 3,71 151515 | 20,3 | 131806 | 50,0 | 118440 | 93.1 | 108193 | 149.4 [ 90918 | 219.1 | 15
187353 3.9 | 151104 | 20.6 | 131633 | 50,7 | 118248 | 93,9 | 108041 | 150,5 | 96793 | 220.3 | 14
186419 4,1 150696 | 21.0 | 131373 | 51,3 | 118056 | 94.7 | 107890 | 151,5 | 99668 | 2216 [ 13
185505 4.2 150202 | 21,4 | 131114 | 519 ) 117866 | 95.6 ] 107739 | 152,6 | 09544 | 222.9 | 12
184800 4.4 | 140802 | 21.8 | 130856 | 52.5 | 117676 | 96,4 | 107580 | 153.6 | 99420 | 224,2 | 11
183732 4.6 | 140495 | 22.2 ] 130600 | 53.1 | 117487 | 97.3 | 107439 | 154,7 | 00296 | 225.5 | 10
182872 4.8 140103 | 22.6 | 130346 | 53,7 | 117200 | 98,1 | 107200 | 155,8 | 99172 | 226.8 | ©
182029 5.0 | 148713 | 23.1| 130003 | 54.4 | 117112 | 99.0 | 107141 | 156,9 | 09040 { 2281} 8
181201 5.2 148327 | 23.5 | 120841 | 55,0 | 116925 [ 99.8 [ 106093 } 157.9 | 08926 | 229.4 | 7
180390 5.4 | 147045 | 23.9 1 120501 | 55.7 | 116739 | 100,7 | 106846 | 159,0 | 98804 | 2307 | 6
179593 5.6 | 147566 | 24.3 | 120342 | 56,3 | 116554 | 10L.6 | 106608 | 1601 | 08682 | 232.0 | &
178810 5.8 147190 | 24.7 | 120005 | 56,9 | 116370 | 102.4 | 106552 | 161.2 | 08560 | 233.3 | 4
178042 6.0 | 146817 | 25.2 | 128840 | 57.6 ) 116187 | 103.3 | 106406 | 162,3 | 98439 | 234.6 3
177287 6.2| 146448 | 25.6 | 128605 | 58.2 | 116004 | 104.2 | 106260 | 163,4 | 98318 | 235,9 2
176544 6.4 146081 1 26.0 | 128362 | 58.9 | 115823 | 1050 | 106115 | 164.5 | 98107 | 237, 2 1
1756814 6.6 | 145718 | 26,5 | 128120 | 59.6 | 115641 | 105.9 | 105970 | 165.6 | 98076 | 238.6 0
A B A B A B A B A B A B
179°00° 178°00" 177°00' 176°00 175°00/ 174°00
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T. s,

COAST

AND GEODETIC SURVEY

Table 9.—Line of position table—Continued

ALWAYS TAKE “Z” FROM BOTTOM OF TABLE, EXCEPT WHEN “K” IS SAME NAME AND
GREATER THAN LATITUDE, IN WHICH CASE TAKE “Z” FROM TOFP OF TABLE

6°00’ 7°00 8200/ 9°00’ 10°00° 11000’
’ ’
A B A B A B A B A B A B
o osore| 289 | o1 | 3251 msesa | 425 sose7 | 538 | 76033 | 665 | 71040 | 805 | 60
1] 907957 | 240 91308 | 326| 85555 | 426 | 80487 | 540 | 75061 | 667 | 71875 | 808 | 5o
2| oma7| 241| 91205 | 328| 85485 | 428 | 80407 | 542 | 7880 | 669 | 71810 | s10 | 58
3] om7| 243 e1103| 330 85376 | 430 | 80328 | 544 | 7ss19 | e72| 71746 | su3 | 57
4| o508 | 244 91001 | 331 sazse | 432[ 80240 | 546 ( 75747 | 674 | 71631 | 815 | 56
5[ 97480 25| w0809 | 333 | 85197 | 434 | 80170 | 548 | 75676 | 676 | 71616 | 818 | 55
8| o736t | 247| oo798| 334 ss108 | 435 so00r | 50| 7seos | 678 | 7issz| s20 | 54
7| o243 | 248 90606 | 336 | 85020 | 437 | 80012 | 52| 75534 | 680 | 71488 | 823 | ha
8| o97126| 29| 90505 | 387 84031 | 439 70033 | 584 | 75164 | es3| 71423 | 825 52
9| or008| 251 90404 | 339 | 84843 | 441 7oms5 | 856 7303 | ess | 71350 | s28 | 51
10| 96891 | 252 | 0304 | 341 | 84755 | 443 | 79777 | 558 | 75322 | 687 | 71205 | 830 | 50
1} oer7e | 253 00203 342 sa667 | 444 | 70608 | 560 | 75252 | 690 | 71231 | 833 | 49
12| 96658 | 255 00193 | 344 84570 | d4de{ 70620 | 562 | 7sis2| es2| 71167 | 835 | 48
13| 96542 | 256 | 00003 | 345 84492 | 44 | 79542 | Be4| 75112 e84 | 71104 | 838 | 47
14] 96426 | 257 | 80004 | 347 84404 | 450 | 70465 | 566 [ 75042 | 696 [ 71040 | 840 | 46
15] 96310 | 259 | sosod | 349 | samiz i 452 ve3s7 | ses | 74072 | 699 | 70076 | 843 | 45
16{ 96105 | 260 80795 | 350 84230 | 454 | 79300 | 570 | 7av02 | 701 | 70013 | 845 | 44
17| 96080 | 262 89696 | 352 | 84143 | 455) 79232 | 573 | 74832 | 703 | 70850 | 848 | 43
18| o5966 | 263 | 80507 | 353 | ss056 | 457 ) 79155 | 675 74763 | 706 | 70786 | 850 | 42
19| 95851 264 89499 | 355 83070 | 459 | 79078 | 577 | 74693 | 708 | 70723 | 853 | 41
20| 95737 | 266 o401 | 357 | 83884 | 461 7o001 | 579 74624 | 710 70660 | 855 | 40
21 os624 | 267 | 8303 | 358 | 83707 | de3 | 78024 | g81| 74585 | 712 | 70507 | 858 | 30
22| @510 | 269 | 80205 | 360 | 83781 | 465 | 7ewdv | 583 | 74486 | 715 | 70534 | seo | a8
231 95397 | 270] 89107 | 262 | 83626 | 467 | 78771 | 885 [ 74417 | 717 | 70471 | se3 [ 37
24| o52%5 | 2711 89010 | 363 | 83540 | 468 | 7me94 | 587 [ 74348 | 719 [ 70409 | 865 [ 36
25| os172 | 23| 88013 | 365 s3455] 470 78618 | 589 | 74270 | 722 | 70346 | 868 | 35
26| 95060 | 274 | ses16 | 366 | 83360 | 472 | 7mss2| s91| mazi0 | 72| 70284 | 70| 34
27| 94948 | 276 | 8710 | 368 | 8324 | 474 | 78460 | 593 | 74142 | w26 | 70221 873 | 33
28| 04836 | 277 88623 | 370 | &3luo | 476 | 7ss00 | 595 74073 | 729 | 70159 | 876 | 32
29| 94725 | 279 seso6 | 371 | 83114 | 478 783151 598§ 74005 | 731 | 70007 | 878 { 31
30 o414 | 20| ssa30| 373 83080 | 480 [ 7230 | 600 | 7sea7 | 733 | 70034 | 88130
31| os503 | 21| ms33a | ars| sooas | 482 | 7mies | eoz | 7aseo | 736 | epor2 | ass [ 29
.32 | 04303 | 283 | 8239 | 376 | s2801 | 483 | 7ROR® | 604 | 73801 | 738 | 09910 | 886 | 28
33| 04283 | 284 | 8143 | 378 | 2777 | 485 | 7R0i3 | 606 | 73733 | 740 | eomd9 | ses | 27
34| o4173| 286 | ss043 | k0| 82003 | 487 | 773k | 608 | 73665 | 743 60787 | 891 | 26
35| 04063 | 287 [ 87053 | 281 | 82600 | 489 | 77863 | 610 | 73507 | 745 | 60725 894 | 25
38| o30s4| 2801 s7sse | 383 ] s2606 | 491 | vyzes | exz| 73sB0 | 747 | o664 | 896 | 24
371 0345| 200| 87764 | 385 s2442 | d93 ) 77714 | 605 | 73462 | 750 | 69602 | 899 | 23
38| 03736 | 202| 7600 | 87| modso | 495 | 77630 | 617 | 73305 | 752 | 6954l | 901 | 22
39| o628 | 203| wsos7s | ass | sazre | 497 | 77565 | 619 | 73328 | 75 | eo47o | 904 | 21
40| 3510 | 205) 87481 390 | 82103 | 499 | v7apt | 621 | 73260 | 757 | esd1s | 907 | 20
41| o3an1| 296 | w737 | ae2] s2110| 01| 7rar7 | 623 | 73193 | 759 | 60357 | 909 | 19
42| o304 | 298| w7204 03| 82027 | 03| 77343 | 625 72| 762 | 69208 | 912 | 18
43{ 3196 | 209 | 87200 | 395| 81945 504 | 77260 | 627 | 73060 | 764 | 69235 914 | 17
44| o300 | 301 | 87107 | 97| sise3 | 06| 77195 | 630 | 72003 | 766 | egi7a | 917 | 16
45| o208z | 302 srors | 3o | si7so | 508 | 7ri2e | 632 | 72026 | 769 | 60113 | 920 15
461 o276 | 304| 80022 | 400 81008 10| 7ro4s | 634 | 7aseo | 77r| e90s3 | 922 14
a7| o269 | 305] som20 | 402 81617 | 12| 769751 636{ 72ro4 | 774 | eseo2 | 925113
48| 02663 | 307 | seva7 | doa | s1535 | maa| 7evo2 | eas | 72ver | 776 | ewesi | ez |2
49| 02558 | 308 [ 86645 | dos| 81453 [ 16| 7esas | ear | 72e61 [ 7re| ess7i| e |11
50 92452 | 310 | 8553 | 407 | 81372 | 518 | 70756 | 643 | 72505 | 781 essii| 933 ) 10
51| o23a7 | 311 se46: | doo| s1201 | 20| 7e683 | 645 | 72520 | 7s3| esvso | sss| o
52| o2o42 | 3t3| seato| 411| mi2zi0| 822 76610 | 647 | 72463 | 786 | eseo0 | 93| 8
53 o2137 | am4| se2rs | d412| sinzo | 524 | 7esaz | 60| 72307 | 7ss | eme30 | sa1| 7
54| 92032 | 36| seis7 | 414 si048 | 26| 7e4e5 | es2| 7232 | 791 | essro| 943 8
65| o1028 | 317 86006 | 416 | sooe7 | 528 | 76303 | 664 | 72266 | 793 | essio| 946 5
56| o1s2¢| 319| se006 | 418 | soss7 | 30| 7e320 | 666 | 72201 | 796 | eseso | 949 4
57| 91720 | 320 85015 | 19| soso7 | 532 | 76248 | ese | 72135 | 798 | eszor | es1| 3
58| 91617 | 322] wsse25 | 421 sorz7 | 34| 76176 | €60 | 72070 | 800 | es3s1 | 984 | 2
59| 91514 323 | w5734 [ 423 | sooay | 536 | 76105 | 663 | 72005 | 803 | 6822 | 967 1
60| 91411 | 325| ss644 | 425| sose7 | 538 | 76033 | 665 | 71040 | 805 es212 | 960 O
A B A B A B A B A B A B
’
173°00/ 172°00/ 171°00/ 170°00’ 169°00" 168°00/
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Table 9.—Line of position table—-Continued
WHEN LHA (E OR W) IS GREATER THAN 90°, TAKE “K” FROM BOTTOM OF TABLE

169

12°00' 13000 14°00’ 15°00' 16°00" 17°00"

’ ’

A B A B A B A B A B A B
ol 82| 60| ea7o1 | 1128 | 61632 | 1310 | 58700 | 1506 | 53066 | 1716 53406 | 1940 | 60
1 68153 962 84736 1130 | 61582 1313 | 58653 1509 | 55022 | 1719 | 53365 1944 | 59
2| 68003 | 965 | 64682 | 1133 | 61531 | 1316 | 58606 | 1512 | 55878 | 1723 | 53324 | 1943 | 58
3| esoza| 968 | 64627 | 1136 | 61481 | 1319 58550 | 1516 | s5R3a | 1727 | 53283 | 1952 | 57
4 67075 970 64573 1139 | 61430 | 1322 | 58512 1519 | 55790 1730 | 53241 1956 | 56
5| 67016 | 973| 64518 | 1142 | 61380 | 1325 [ 58465 | 1523 | 55746 | 1734 | 53200 | 1960 | 55
6| ems7| or6| 64404 | 1145 | 61330 | 1320 [ oeais | 1526 | 65703 | 1738 | 53159 | 1964 | 54
7 67798 978 64410 148 | 61279 1332 | 58372 1529 | 55659 1741 53118 | 1967 { 53
8 67739 981 84356 1151 | 61229 1335 | 58325 1533 | 55615 1745 1 53077 1971 | 52
9| ezest| oma| 64302 | 1154 | e1179 | 1333 | ss278 | 1536 | &bs72 | 1749 53036 | 1976 | ;1
10| 67622 | 987 | 64248 | 1157 | 61129 | 1341 58232 | 1540 | 85528 | 1752 | 52095 | 1979 | 50
11 67563 989 64194 1160 | 61079 134 58185 1543 55484 1756 | 52054 1983 | 49
12 87505 992 64140 1163 61020 1348 58138 | 1546 55441 1760 | 52014 1987 | 48
13| 67447 | 9951 6480 | 1166 | oo | 1351 | s80e2 | 1550 [ 55397 | 1763 | 52873 | 1991 | 47
14 67388 997 64032 1169 | 60929 1354 58046 1553 | 55354 1767 52832 | 1995 | 46
15| 67330 | 1000 | 63678 | 172 6089 | 1357 | 57ev9 | 1857 | 55311 | 1771 | 52701 | 1999 | 45
16 67272 | 1003 63925 1175 § 60830 1360 | 57953 1560 | 55267 1774 | 52751 2003 | 44
17 67214 1006 83871 1178 { 60780 1364 57907 1564 55224 1778 | 52710 | 2007 | 43
18 67156 1008 63818 1181 60730 1367 | 57860 1567 65181 1782 | 52670 | 2010 | 42
10| 67008 | 1011 | 63764 | 1isd | 60oRl | 1370 | 57814 | 1571 | 55138 | 1785 [ 52620 | 2014 | 41
20 67040 | 1014 63711 1187 | 60631 1373 | 57768 1574 55005 1789 | 52588 | 2018 | 40
21| 6eos2 | 1017 | 63658 | 1190 [ coss2 | 1377 | s7ree | 1s7s | o051 | 17o3 | s2nas | 2022 | 39
22 66025 1020 63605 1193 | 60533 1380 | 57676 1581 55008 1796 52508 | 2026 | 38
23 66867 1022 63551 1196 | 60483 1383 | 587630 1584 | 549685 1800 | 52467 | 2030 | 37
24| 66810 | 1025 | 63498 { 1199 [ 60434 | 1386 | 7584 | 1588 | 54922 | 1804 | 52497 | 2031 | 36
25 66752 1028 63445 | 1202 | 60385 1390 | 57538 1591 54880 | 1808 52387 | 2038 | 35
26| 60005 | 1031 | 63302 | 1205 | 60330 | 1393 [ 57403 | 1895 | 54837 | 1811 | 52346 | 2042 | 34
271 66638 | 1033 | 63340 | 1208 [ 60287 | 1396 | 57447 | 1598 1 54704 | INI5 | 52306 | 2045 | 33
29| 66580 | 1036 | eazsy | 321t | ao2es | 1399} 57401 | 1602 | 54751 | 1819 | 52208 | 2080 | 32
29 66523 1039 63234 1214 60189 1403 | 57356 1605 | 54708 1823 | 52226 | 2054 | 31
30| 66466 | 1042 63181 | 1217] 60140 | 106 | 57310 | 1609 | 54666 | 1826 | 52186 | 2058 { 30
31| eea00 | 1045 | 63120 | 12201 60091 | 10| 57205 | 1612 | 54623 | 1830 52146 | 2062 | 29
32 66352 1047 63076 1223 | 60042 1412 § 57219 1616 54581 1834 | 52106 | 2066 | 28
33| 66208 | 1050 | 63024 | 1226 | 59904 | 16| 57174 | 1619 | sesis | 1s37 | B2006 | 2070 | 27
34 66239 1053 62071 1229 59945 1419 | 57128 1623 54496 1841 52026 + 2074 | 28
35| 66182 | 1056 | 62010 | 1232 | 5906 | 1422 | 57083 | 1627 | 54453 | 1845 | 51986 | 2078 | 25
36 66126 1059 82867 1235 50848 | 1426 | 57038 | 1630 | 54411 1849 | 51046 | 2082 | 24
37| eeoso | 1061 | 62815 | 1238 | som00 | 1420 | so002 | 1634 | s4ses | 1ss3 | slo06 | 2086 | 23
38 66013 | 1064 62763 1241 59751 1432 | 56047 1637 54326 1856 | 51867 | 2090 | 22
39| 65057 | 1067 | 2711 | 1244 | 50703 | 1435 | b6z | 1641 | 54284 | 1860 | 51827 | 2094 | 21
40| 65000 | 1070 | 62650 | 1247 | 50654 | 1439 | 56857 | 1644 | 54242 | 1864 | 51787 | 2088 | 20
a1 es8aa | 1073 eo607 | 1250 | 59006 | 142 | Sesiz | 1e4s | 54190 | 1868 51747 | 2102 19
42 85788 1076 82555 1253 | 59558 1445 56767 1651 54157 1871 51708 | 2106 { 18
43| estaz| 1079 | 62503 | 1257 | 9510 | 1449 [ ae722 | 1855 | 54115 | 1875 | S1668 | 2110 | 17
44 85676 1081 62451 1260 | 59462 1452 | 56677 1658 + 54073 1879 | 51629 | 2114 | 16
45| 05620 | 1084 | 62400 | 1263 | 50414 | 1455 | bee3z | 1662 | 54031 | 1883 | 5160 | 2118 | 15
46| 65564 | 1087 | 62348 | 1266 | 50366 | 1459 | snses | 1605 | ssoro | 1887 | s1ss0 | 2122 | 14
47| 05509 | 1090 | 62206 | 1269 | 50318 | 1462 | se5a3 | Mseo [ Sana7 | 1se0 | 515101 2126 [ 13
18 654563 1093 62245 | 1272 | 50270 1465 | 56498 1673 | 53905 1894 51471 2130 | 12
40 65398 1096 82194 1276 | 59222 1469 | 5645 1676 | 53864 1898 | 51432 | 2134 | 11
50| 65342 | 1099 | 62142 | 1278 | 50175 | 1472 | 5609 | 1eso | 53s22 | 1s02 | 51392 | 2138 | 10
51| os287 | 1101 ] 62001 | 1281 { sorey | w475 | s636s | 1483 | 63780 | peos | 51353 | 2143 | 9
52| 65231 | 11041 02040 | 1284 | 50079 | 1479 | 5e320 | 1es7 | 53738 | 1sv0 | 51314 | 2147 | 8
53 85176 1107 61930 1288 | 59032 | 1482 | 56276 1691 53697 1913 51275 t 2151 7
54| 63121 | 1110 | 61038 | 1291 ] 5oR¢ | 1485 | 56231 | leod | 53655 | 1917 | 51236 | 2155 | 6
55| 65066 | 1113 | 61887 | 1204 | 58037 | 1489 | 56187 | less | 53614 | 1921 51197 | 2159 | 5
o6 | 65011 | 1116 | 61836 | 1207 | 8880 | 102 | 56143 | 1701 | s3572 | 1925 | s | 2163 ] 4
57| o950 | 1119 | 61785 | 1300 [ 58842 | 95| 56080 | 1705 | 53531 | 1929 | 51119 | 2167 ] 3
88| 60l | 1122| 61734 | 1303 | 58705 | 1499 56054 | 1709 | 53489 | 1933 | 5080 | 2171 2
80| 64846 | 1125| 61683 | 1306 [ 68748 | 1502 56010 | 1712 53448 | 1936 | 5i041 | 2175 1
60| 4791 | 1128 | 61632 | 1310 | 58700 | 1506 | 55066 | 1716 | 53406 | 1sd0 | 51002 | 2179 | 0

A B A B A B A B A B A B

167°0" 166°00' 185°00/ 164°00 163°00/ 163°00/
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COAST AND GEODETIC SURVEY

Table 9.—Line of position table—Continued

ALWAYS TAKE “Z” FROM BOTTOM OF TABLE, EXCEPT WHEN “K” IS SAME NAME AND
GREATER THAN LATITUDE, IN WHICH CASE TAKE “Z” FROM TOP OF TABLE

18°00° 19°00 20°00" 21°00 22°00 23°00"
1 - ’
A B A B A B A B A B A B

0 51002 | 2179 48736 | 2433 | 46595 | 2701 § 44567 | 2985 | 42642 | 3283 | 40812 | 3597 | 60

1 50063 | 2183 48600 | 2437 | 46560 | 2706 | 44534 | 2990 | 42611 | 3288 | 40782 | 3603 | 59

2 50024 | 2188 48662 | 2442 | 46525 | 2711 | 44501 | 2994 | 42580 | 3294 | 40753 | 3608 | 58

3 50885 | 2192 48626 | 2446 | 46491 | 2715 | 44468 | 2999 | 42549 | 3299 § 40723 | 3613 | 57

4 50846 | 2196 48580 | 2450 1 46456 | 2720 | 44436 | 3004 | 42518 | 3304 | 40693 | 3619 | 56

5 50808 | 2200 48553 | 2455 | 46422 | 2724 | 44403 | 3009 | 42486 | 3309 | 40664 | 3624 | 55

6 50769 1 2204 48516 | 2459 | 46387 | 2720 | 44370 | 3014 | 42455 | 3314 | 40631 | 3630 } 54

7 50730 | 2208 48480 | 2463 | 46353 | 2734 | 44337 | 3019 | 42424 | 3319 | 40604 | 3635 | 53

8 50692 | 2212 48443 | 2468 | 46318 | 2738 | 44305 | 3024 { 42303 | 3324 | 40575 | 3640 | 52

9 50653 | 2216 48407 | 2472 | 46284 | 2743 | 44272 | 3029 | 42362 | 3329 | 40545 | 3646 ] 51
10 50615 | 2221 48371 | 2477 | 46249 | 2748 | 44239 | 3033 | 42331 | 3335 | 40516 | 3651 | 50
1 50576 | 2225 48334 | 2481 | 46215 | 2752 | 44207 | 3038 | 42300 | 3340 | 40486 | 3657 | 49
12 50538 | 2229 48208 | 24851 46181 | 2757 | 44174 | 3043 | 42260 | 3345 | 40457 | 3662 | 48
13 50499 | 2233 48262 | 2490 | 46146 | 2761 | 44142 | 3048 | 42238 | 3350 | 40427 | 3667 | 47
14 50461 | 2237 48225 | 2494 | 46112 | 2766 | 44109 | 3053 | 42207 | 3355 | 40398 | 3763 | 46
15 50423 | 2241 48189 | 2499 | 46078 | 2771 | 44077 | 3058 | 42176 | 3360 | 40368 | 3678 | 45
16 50385 | 2246 48153 | 2503 | 46043 | 2775 § 44044 | 3063 | 42145 | 3366 | 40339 | 3684 | 44
17 50346 | 2250 48117 | 2507 | 46009 | 2780 | 44012 | 3068 | 42115 | 3371 | 40310 | 3689 | 43
18 50308 | 2254 48081 | 25121 45975 | 2785 | 43079 | 3073 | 42084 | 3376 | 40280 | 3695 | 42
19 30270 | 2258 48045 | 2516 | 45941 | 2789 | 43947 | 3078 | 42053 | 3381 1 40251 |° 3700 | 41
20 50232 | 2262 48009 | 2821 | 45007 | 2794 | 43914 | 3083 | 42022 | 3386 | 40222 | 3705 | 40
21 50194 | 2266 7073 | 2525 | 45873 1 2799 | 43882 | 3088 I 41991 3391 | 40192 | 3711 | 39
22 50156 | 2271 47937 | 2530 | 45830 | 2804 | 43850 [ 3092 | 41961 | 3397 | 40163 | 3716 | 38
23 50117 | 2275 47901 | 2534 | 45805 | 2808 | 43818 | 3097 | 41930 | 3402 | 40134 | 3722 | 37
24 50080 | 2279 47865 | 2539 | 45771 | 2813 | 43785 | 3102 | 41849 | 3407 | 40105 | 3727 | 36
25 50042 | 2283 47820 | 2543 | 45737 | 2818 | 43753 | 3107 | 41869 | 3412 | 40076 | 3733 | 35
26 50004 | 2287 47793 | 2547 | 45703 | 2822 | 43721 | 3112 | 41838 | 3418 | 40046 | 3738 | 34
27 49066 | 2292 47758 | 2552 | 45660 | 2827 | 43689 | 3117 | 41808 | 3423 | 40017 | 3744 } 33
28 49928 | 2296 47722 | 2556 | 45635 | 2832 | 43657 | 3122 | 41777 | 3428 | 30988 | 3749 | 32
29 49800 | 2300 47686 | 2561 | 45601 2836 | 43624 | 3127 | 41746 | 3433 | 39959 | 3755 | 31
30 49852 | 2304 47650 | 2565 | 45567 | 2841 | 43592 | 3132 | 41716 [ 3438 | 39930 { 3760 | 30
31 49815 | 2309 47615 | 2570 | 45534 | 2846 | 43560 | 3137 | 41685 | 3444 | 39901 | 3766 | 29
32 49777 | 2313 47579 | 2574 | 45500 | 2851 | 43528 | 3142 | 41655 | 3449 | 39872 | 3771 | 28
a3 49739 | 2317 47544 | 2579 | 45466 | 2855 | 43496 | 3147 | 41625 | 3454 | 30843 | 3777 ] 27
34 49702 | 2321 47508 | 2583 | 45433 | 2860 | 43464 | 3152 | 41594 [ 3459 | 39814 | 3782 | 26
35 40664 | 2325 47472 | 2588 | 45300 | 2865 | 43432 | 3167 | 41564 | 3465 | 39785 | 3788 | 25
36 49626 { 2330 47437 | 2592 | 45365 | 2870 | 43400 | 3162 | 41533 [ 3470 | 39756 | 3793 | 24
37 49589 | 2334 47402 | 25971 45332 | 2874 | 43369 | 3167 | 41503 | 3475 | 39727 | 3799 | 23
38 49551 | 2338 47366 { 2601 | 45208 | 2879 | 43337 | 3172 | 41473 | 3480 | 39698 | 3804 | 22
39 49514 | 2343 47331 | 2606 | 45265 | 2884 | 43305 | 3177 | 41443 | 3486 | 39669 | 3810 | 21
40 49477 | 2347 47205 1 2610 | 45231 | 2889 | 43273 | 3182 | 41412 ) 3491 | 39641 | 3815120
41 49439 | 2351 47260 | 2615 | 45198 | 2893 | 43241 [ 3187 | 41382 | 3496 | 30612 | 3821 |19
42 49402 | 2355 47225 | 2619 | 45164 | 2898 | 43210 | 3192 | 41352 | 3502 | 39583 | 3826 | 18
43 49365 | 2360 47189 | 2624 | 45131 | 2903 | 43178 | 3197 | 41322 | 3507 { 39554 | 3832 } 17
44 40327 | 2364 47154 | 2628 | 45007 | 2908 | 43146 | 3202 | 41291 3512 | 395251 3838 | 16
45 49200 [ 2368 47119 | 2633 | 45064 | 2913 | 43114 | 3207 | 41261 | 3517 | 39497 | 3843 | 15
40 49283 | 2372 47084 | 2637 | 45031 | 2017 | 43083 | 3212 | 41231 | 3523 | 30468 | 3849 | 14
47 49216 | 2377 47049 | 2642 | 44997 | 2022 | 43051 | 3217 | 41201 [ 3528 | 39430 | 3854 | 13
48 49179 | 2381 47014 | 2646 | 44964 | 2927 | 43020 | 3222 | 41171 3533 | 39411 | 3860 | 12
49 49141 | 2385 46978 | 2651 44931 | 2932 | 42088 | 3227 | 41141 | 3539 | 39582 | 3865 [ 11
50 49104 | 2390 46943 | 2656 | 44808 | 2036 | 42956 | 3233 | 41111 | 3544 | 39353 | 3871 |10
51 49067 | 2394 46908 | 2660 | 44864 | 2941 | 42025 | 3238 | 41081 | 3549 | 39325 | 3876 | 9
52 49030 | 2398 46873 | 2665 | 44831 | 2946 | 42893 | 3243 | 41051 | 3555 | 39296 | 3882 | 8
53 48903 | 2403 46839 | 2669 | 44798 | 2051 | 42862 | 3248 [ 41021 | 3560 | 39268 | 3888 | 7
54 44957 | 2407 46804 | 2674 | 44765 | 2056 | 42830 | 3253 | 40091 | 3565 | 39230 | 3893 | 6
55 48920 | 2411 46769 | 2678 | 44732 | 2961 | 42799 | 3258 { 40061 | 3571 | 39211 | 3899 | B
56 48883 | 2416 46734 | 2683 | 44699 | 2965 | 42768 | 3263 | 40031 | 3576 | 30182 | 3904 | 4
57 48846 | 2420 46600 | 2688 | 44666 | 2970 | 42736 [ 3268 | 40002 | 3581 | 39154 | 3910 | 3
58 48809 | 2424 46664 | 2692 | 44633 | 2975 | 42705 | 3273 | 40872 | 3587 | 30125 | 3916 | 2
59 48772 | 2429 46630 | 2607 | 44600 | 2980 | 42674 ! 3278 | 40842 | 3592 § 39097 | 3921 | 1
60 48736 | 2433 46595 | 2701 | 44567 | 2985 | 42642 | 3283 | 40812 | 3597 | 390690 | 3927 f O

A B A B A B A B A B A B
’ 1
161°00’ 160°00 159°00 158°00 157°00 156°00
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Table 9.~—Line of position table—Continued
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WHEN LHA (E OR W) IS GREATER THAN 90°, TAKE “K” FROM BOTTOM OF TABLE

24°00° 25°00/ 26°00° 27°00' 28°00/ 29°00'
’ — -
A B A B A B A B A B A B

o| 30000 | 3927 | 37405 | 4202 | 35816 | 4634 | 34205 | 5012 | 32830 | 5406 | 31443 | 5818

1| 30040 | 3932 | 37378 | 4278 | 35700 | 4640 | 84270 | 5018 | 32815 | 5413 | 31420 5825

2| se012| 3938 | 37351 | 4284 | 35764 | 4646 | 34246 | 5025 32792 | 5420 | 31397 | 5832

3| 380R4 | 3044 | 37324 | 4290 { 35738 | 4651 [ 34221 | 5081 ( 32768 | 5426 | 31375 | 5839

4| 38055 | 3949 | 37207 | 4296 | 35712 | 4659 | 34196 | 5038 | 32744 | 5433 | 31352 | 5846

5| 3s27 | 3955 | 37270 | 4302 35686 | 4665 | 34172 | 5044 | 32720 | G440 [ 31320 | 5853

6| 3%Roo | 3061 | 37243 | 4308 | 35061 | 4671 | 34147 | 5051 | 32607 | 5447 | 31306 | 5860

7| ase71| 3966 | 37216 | 4314 | 35635 | 4677 | 34122 | 5057 | 32673 | 5434 | 31284 | 5867

8| 3ss4z| 3972 37189 4320 | 35600 | 4683 | 34007 | 5064 | 32649 | 5460 | 31261 | 5874

o] a3ss14| 3978 | 37162 | 4326 | 35583 | 4690 | 34073 | 5070 | 32625 | 5467 | 31238 | 5881
10| 37se | 3983 | 37135 4332 | 35558 | 4696 | 34048 | 5076 | 32602 | 5474 | 31216 | 5888
11| 38758 | 3989 | 87108 | 4337 35532 | 4702 | 34024 | 5083 | 32579 | bas1 | 31193 | 5895
12] 38730 | 3995 | 37081 | 4343 | 33506 | 4708 | 33090 | 5089 | 32355 | 5487 | 31170 | 5902
13| 3s702 | 4000 | 37055 | 4349 | 35481 | 4714 | 33074 | 5096 | 32532 | 5do4 | 31148 | 5909
14t 38674 | 4006 | 37028 | 4355 | 35465 | 4721 | 83050 | 5102 | 32508 | 5501 | 31125 | 5917
15| 38645 | 4012 [ 37001 | 4361 | 35420 | 4727 | 33925 | 5109 | 32484 | 5508 | 31108 | 5924
16| sse17 | 4017 | 30074 | 4367 | 35404 | 4733 | 33001 | 5115 | 32461 | 5515 | 31080 | 5931
17| 3soso | 4023 | 30048 | 4373 | 35u7’ | 4739 | 33876 | 5122 | 32438 | 5521 | 31058 | 5938
18| 38561 | 4029 | 36921 | 4379 | 35353 | 4746 | 33852 | 5128 | 32414 | 5528 | 31035 | 5945
19| 3533 | 4035 | 36804 | 4385 | 35327 | 4752 | 33827 { 5135 | 32301 | 5535 [ 31013 | 5952
20| 38506 | 4040 | 3867 | 4391 | 35302 | 4758 | 33803 | 5142 | 32367 | 5542 | 30990 | 5959
21| 38478 | 4046 | 36841 | 4397 | 35276 | 4764 | 33779 | 5148 | 32344 | G549 | 30968 | 5966
29 ] 33450 | 4052 | 36814 | 4403 | 35261 | 4771 | 33754 | 5155 | 32320 | 5555 | 30845 | 5973
23| 38422 | 4057 | 36787 | 4409 | 35225 | 47777 33730 | 5161 [ 32207 | 5562 | 30923 | 5980
24| 38304 | 4063 | 30761 | 4415 | 35200 | 4783 [ 33705 | 5168 | 33274 | 5569 | 30800 | 5988
25 38366 | 4069 | 36734 | 4421 | 35174 | 4789 | 33681 | 5174 | 32250 | 5576 | 30878 | 5995
06| 38338 | 4075 | 36708 | 4427 | 35140 | 4796 | 33667 | 5181 | 32227 | 5583 | 30856 | 6002
27| 38311 | 4080 | 36681 | 4433 [ 35123 | 4802 | 3632 | 5187 | 32201 | 5590 | 30833 | 6009
28| 328 | 4086 | 36655 | 4439 | 3500% | 4808 | 33608 | 5194 | 32180 | 5596 | 30811 | 6016
20| 3s255 | 4092 | 36628 | 4445 | 35073 | 4815 | 3ass4 | 5200 | 32157 | Bcos | 30788 | 6023
30| 38227 | 4098 | 36602 | 4451 | 35047 | 4821 | 33550 | 5207 | 32134 | 610 [ 30760 | 6630
31| 38200 | 4103 | 36575 | 4457 | 35022 | 4827 | 33585 | 5214 | 32110 | 5617 | 30744 | 6038
32| 38172 | 4109 | 30540 | 4463 | 34907 | 4833 | 33511 | 5220 | 32087 | 5624 | 30721 | 6045
33| 3mi44 | 4115 | 30622 | 4469 | 34071 | dedo | 33487 | 5227 | 32004 | 5631 | 30699 | 6052
341 38117 | 4121 36406 | 4475 | 34046 | 4846 | 33462 | 5233 | 32041 | 5638 | 30677 | 6059
35| 38080 | 4127 | 36460 | 4481 | 34021 | 4852 | 33438 | 5240 [ 32018 | 5645 | 30655 | 6066
36| 38061 | 4132 | 36443 | 4487 | 34806 | 4859 | 33414 | 5247 | 31994 | 5651 [ 30632 | 6073
371 38034 | 4138 | 36417 | 4493 | 34870 | 4865 | 33390 | 5253 | 31971 | 5658 | 30610 | 6080
38| 38006 | 4124 | 36390 | 4499 | 34845 | 4871 | 33306 | 5260 | 31948 | 5665 | 30588 | 6088
30 37979 | 4150 | 36364 | 4506 | 34820 | 4878 | 33342 | 5266 | 31025 | 5672 | 30566 | 6095
40| 37951 | 4165 | 36338 | 4512 [ 34705 | 4884 | 33318 | 5273 [ 31002 | 5679 | 30544 | 6102
41| 37024 | 4161 | 36311 | 4518 | 34770 | 4890 | 33203 | 5280 | 31870 | 5686 [ 30521 | 6109
42| 37896 | 4167 | 36285 | 4524 | 34744 | 4897 | 33269 | 5287 | 31856 | 5693 | 30400 | 6116
43| 3789 | 4173 | 36260 | 4530 | 34719 | 4903 | 33245 | 5293 | 31833 | 5700 | 30477 | 6124
41 a7sar| 4179 | 36233 | 4536 | 34604 | 4910 | 33221 | 5300 [ 31800 | 5707 [ 30455 | 6131
45| 37814 | 4185 | 36208 | 4542 | 34600 | 4916 | 33107 | 5306 | 31786 | 5714 | 30433 | 6138
46 37786 | 4190 | 36180 [ 4548 | 34644 | 4022 | 33173 | 5313 | 31703 | 720 | 30411 | 6145
a7| 37se | 4196 | 36154 | 4554 | 34610 | 4929 | 33140 | 5320 | 31740 | 5727 | 30380 | 6153
48] 37732 | 4202 | 36128 | 4560 | 34504 | 4935 | 33125 | 5326 | 31717 | 5734 | 30367 | 6160
49| 37704 | 4208 | 36102 | 4566 | 34560 | 4941 | 33101 | 5333 | 31604 | 5741 | 30345 | 6167
50| 37677 | 4214 | 30076 | 4573 | 34544 | 4948 | 33077 | 5340 | 31672 | 5rs | 30322 | 6174
51| 37650 | 4220 [ 36050 | 4579 | 34519 | 4954 | 33054 | 5346 | 31648 | 5765 [ 30300 [ 6181
52| 37623 | 4225 | 30024 | 4585 | 34404 | 4961 | 33030 | 5353 | 31626 | 5762 | 30278 | 6189
53| 37505 | 4231 | 35008 | 4591 | 34460 | 4967 | 33000 | 5360 | 31603 | 5769 | 30256 | 6196
54| 37568 | 4237 | 35072 | 4597 | 34445 | 4973 | 32082 | 5366 | 31580 | 5776 | 30235 | 6208
56| 37541 4243 | 35046 | 4603 | 34420 | dos0 | 32058 | 5373 | 31557 | 5783 | 30213 | 6210
56| 37514 | 4249 [ 35920 ) 4609 | 34395 | 4986 | 32034 | 5380 | 31534 | 5790 | 30101 | 6218
57| 37486 | 4265 | 35804 | 4615 | 34370 | 4993 | 32050 | 5386 [ 3.511 | 5797 [ 30169 | 6225
58] 37450 | 4261 | 35868 | 4622 | 34345 | 4999 | 32887 | 5393 | 31488 | 5804 | 30147 | 6232
59| 37432 | 4266 | 35842 | 4628 | 34320 | 5005 32863 | 5400 [ 31466 | 5811 [ 30125 | 6240
60| 37405 | 4272 | 35816 | 4634 | 34205 | 5012 | 32839 | 5406 | 31443 | G818 [ 30103 | 6247

A B A B A B A B A B A B
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3. COAST AND GEODETIC SURVEY

Table 9.—Line of position table—Continued

ALWAYS TAKE “Z” FROM BOTTOM OF TABLE, EXCEPT WHEN “K” IS SAME NAME AND
GREATER THAN LATITUDE, IN WHICH CASE TAKE “Z” FROM TOP OF TABLE

30°00” 31°00" 32°00" 33°00 34°00 35°007
4 ’
A B A B A B A B A B A B

0 30103 | 6247 28816 | 6693 | 27579 | 7158 | 26380 | 7641 | 25244 | 8143 | 24141 | 8663 | 60

1 30081 6254 28795 6701 27559 7166 26370 7649 25225 8151 24123 8672 | 59

2 30059 | 6262 28774 | 6709 | 27539 | 7174 | 26350 | 7657 | 25206 | 8160 | 24105 | 8681 | 58

3 30037 | 6269 28753 | 6716 | 27518 | 7182 | 26331 | 7665 | 25188 | 8168 | 24087 | 8690 | 57

4 30016 | 6276 28732 | 6724 | 27498 | 7190 | 26311 | 7674 | 25169 | 8177 | 24069 | 8699 | 56

5 20994 6284 28711 6731 27478 7197 26292 7682 25150 | 8185 24051 8708 | 55

8 20072 | 6291 28600 | 6739 | 27458 | 7205 | 26273 | 7690 | 25132 | 8194 | 24033 | 8717 | 54

7 29050 6298 28669 6747 27438 7213 26253 7698 25113 8202 24015 8726 | 53

8 20928 | 6305 28648 | 6754 | 27418 | 7221 | 26234 | 7707 | 20094 | 8211 | 23997 | 8734 | 52

9 20007 6313 28627 6762 27398 7229 26214 7715 25076 8219 23979 8743 | 51
10 20885 | 6320 28606 | 6770 | 27377 | 7237 | 26195 | 7723 | 25057 | 8228 | 23061 | 8752 | 50
11 29863 6328 28586 6777 27357 7245 26176 7731 25038 8237 23943 8761 | 49
12 20841 | 6335 28565 | 6785 | 27337 | 7253 | 26157 | 7740 | 25020 | 8245 | 23925 | 8770 | 48
13 20820 6342 28544 6791 27317 7261 26137 7748 25001 8254 23907 8779 § 47
14 29798 | 6350 28523 | 6800 { 27297 | 7269 | 26118 | 7756 | 24983 | 8262 | 23880 | 8788 | 46
15 29776 | 6357 28502 | 6808 27277 7277 26099 7764 24964 8271 23871 8797 | 45
18 20755 | 6364 28481 | 6815 | 27257 | 72851 26079 | 7773 | 24046 | 8280 | 23854 | 8R06 | 44
17 29733 6372 28461 6823 27237 7293 26060 7781 24927 8288 23%36 8815 | 43
18 20711 | 6379 28440 | 6831 | 27217 | 7301 | 26041 | 7789 | 24000 | 8297 { 23818 | 8824 | 42
19 20690 ; 6386 28419 | 6839 | 27497 [ 7309 | 26022 | 7798 | 24890 | 8305 | 23800 | 8833 | 41
20 29668 | 6394 28398 | 6846 | 27177 | 7317 | 26002 | 7806 | 24872 | 8314 | 23782 | 8842 | 40
21 20647 | 6401 28378 | 6854 | 27157 . 7325 | 25083 | 7814 | 24853 | 8323 | 23764 | 8850 | 30
22 20625 | 6409 28357 | 6862 | 27137 )1 7333 | 25064 | 7823 | 24835 | 8331 % 23747 | 8859 | 38
23 20604 | 6416 28336 | 6869 | 27117 | 7341 | 250451 7831 | 24816 | 8340 § 23729 | 8868 | 37
24 20582 6423 28315 6877 27008 7349 25926 7839 24798 8349 23711 8877 | 36
25 29560 | 6431 28295 | 6885 | 27078 | 7357 | 25007 | 7848 | 24779 | 8357 | 23603 | 8886 | 35
26 29539 | 6438 28274 | 6893 | 27058 | 7365 { 25887 | 7866 | 247681 | 8366 | 23675 | 8895 | 34
27 20517 6446 28253 6900 27038 7373 25868 7864 24742 8375 23658 8904 | 33
28 20406 | 6453 28233 | 6908 | 27018 | 7381 | 25849 | 7873 | 24724 | 8383 | 23640 | 8913 | 32
29 29475 6461 28212 6916 26998 7389 25830 7881 24706 8392 23622 | 8922 | 31
30 20453 | 6468 28191 | 6923 | 26078 | 7397 | 25811 | 7889 | 24687 | 8401 | 23605 | 8931 30
31 20432 6475 28171 6931 26958 7405 25792 7898 24669 8409 23587 8940 § 29
32 20410 | 6483 28150 | 6939 | 26030 | 7413 | 25773 | 7906 | 24650 | 8418 § 23560 | 8949 | 28
33 20389 6490 28130 6947 26019 7421 25754 7914 24632 8427 23551 8958 { 27
34 20367 6498 28109 6954 26399 7429 25735 7923 24614 8435 23534 8967 { 26
36 29346 | 6505 28089 | 6962 | 26879 | 7437 | 25716 | 7931 | 24595 | 8444 | 23516 | 8976 | 25
36 20325 | 6513 28068 | 6970 | 20860 | 7445 | 25697 | 7940 | 24577 | 8453 | 23408 | 8986 | 24
37 20303 6520 28047 6978 26840 7453 25678 7948 24559 8461 23481 8995 | 23
38 20282 | 6528 28027 | 6985 | 26820 | 7462 | 25650 | 7956 | 24540 | 8470 | 23463 | 9004 | 22
39 29261 6535 28008 6993 26800 7470 25640 7965 24522 8479 23446 9013 | 21
40 29239 | 6543 27986 | 7001 | 26781 | 7478 | 25621 | 7973 | 24504 | 8488 | 23428 | 9022 | 20
41 29218 6550 27965 7009 26761 7486 25602 7982 24486 8496 23410 9031 | 18
42 20197 | 6558 27945 | 7017 { 26741 | 7494 | 255683 | 7990 | 24467 | 8505 | 23303 | 9040 | 18
43 29175 6565 27925 7024 26722 7502 25564 | 7998 24449 8514 23375 9049 | 17
44 20154 | 6573 27904 | 7032 | 26702 | 7510 | 25545 | 8007 | 24431 | 8523 | 23358 | 9058 | 16
45 29133 6580 27884 7040 26082 7518 25520 8015 24413 8531 23340 9067 | 16
46 20112 | 6588 27863 | 7048 | 26663 | 7526 | 25507 | 8024 | 24305 | 8540 | 23323 | 9076 | 14
47 20001 6595 27843 7056 26643 7538 25488 8032 24376 8549 23305 9085 | 13
48 29069 6603 27823 7064 26623 7543 25469 8041 24358 8558 23288 9094 | 12
49 20048 | 6610 27802 | 7071 | 26604 | 7551 | 25451 | 8049 | 24340 | 8567 | 23270 | 9104 | 11
50 29027 6618 27782 7079 26584 7559 26432 8058 24322 8575 23252 9113 | 10
51 29008 | 6625 27761 | 7087 | 26565 | 7567 | 25413 | 8066 | 24304 | 8584 | 23235 | 9122 | 9
52 28985 6633 27741 7095 26545 7875 25394 8075 24286 8593 23218 8131 8.
53 28064 | 6640 27721 | 7103 | 26526 | 7584 | 25375 | 8083 { 24267 | 8602 | 23200 | 9lde| 7
54 28942 6648 27701 711 26508 7592 25356 8091 24249 8611 23183 9149 8
55 28021 | 6655 27680 | TII8 | 26486 | 7600 | 25338 | 8100 | 24231 | 8619 | 23165 | 9168 | 5.
56 28900 6663 27660 7126 26467 7608 25319 8108 24213 8628 23148 9168 4
57 28879 | 6671 27640 | 7134 | 26447 | 7616 | 25300 | 8117 | 24195 | 8637 | 23130 | 9177 43
58 28858 6678 27619 7142 26428 7625 25281 8125 24177 8646 23113 9186 2
50 28837 | 6686 27509 | 7150 | 26400 | 7633 | 25263 | 8134 | 24150 | 8655 | 23005 ) 9195 1
60 28816 | 6693 27579 | 7158 | 26380 | 7641 | 25244 | 8143 | 24141 | 8663 | 23078 | 9204 [ O

A B A B A B A B A B A B
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PRACTICAL AIR NAVIGATION

Table 9.—Line of position table—Continued
WHEN LHA (E OR W) IS GREATER THAN $0°, TAKE “K” FROM BOTTOM OF TABLE

36°00° 37°00/ 38°0¢' 39°00' 40°00’ A1°00
’ ’
A B A B A B A B A B A B

0| 23078 | 9204 | 22054 | 9765 | 21066 | 10347 | 20113 | 10950 | 10193 | 11575 | 18306 | 12222 | 60

1| 23061 | 9213 | 22037 | 9775 | 21050 | 10357 | 20087 | 10960 | 10178 | 11685 | 18201 | 12233 | 50

2| 23043 | 9223 | 22020 | 9784 | 21033 | 10367 | 20082 | 10970 | 19163 | 11596 | 18277 | 12244 | 58

3| 23026 | 9232 | 22003 | 9794 | 21017 | 10376 | 20066 | 10980 | 19148 | 11606 | 18262 | 12255 | 57

4| 23000 | 9241 | 21987 | 9803 | 21001 | 10386 | 20060 | 10991 | 10133 | 11617 18248 | 12266 | 56

5| 22001 | 9250 | 21070 | 9813 | 20985 | 10396 | 20035 | 11001 | 19118 | 11628 | 18233 | 12277 | 55

61 22074 | 9259 [ 21053 | 9822} 20960 | 10406 | 20019 | 11011 [ 19103 | 11638 | 18219 | 12288 | 54

7| 22057 | 9269 | 21937 | 9832 20053 | Xo4l6 | 20004 | 11021 | 19088 | 11649 | 13204 | 12299 | 53

8| 22030 | 9278 | 21920 | 9843 | 20037 | 10426 | 19988 | 11032 | 19073 | 11660 | 18100 | 12310 | 52

9| 22022 | e287 | 21903 | 9851 | 20021 | 10436 | 19973 | 11042 | 15058 | 11670 18175 | 12321 | 51
10| 22005 | 9296 [ 21887 | 9861 20006 | 10446 { 19957 | 11052 | 19043 | 11681 | 18161 | 12332 [ 50
11| 22887 | 9305 | 21870 | 9870 | 20888 | 10456 | 19942 | 11063 | 19028 | 11692 | 18146 | 12343 | 49
12| 22870 | 9315 | 21853 | 9880 [ 20872 | 10466 [ 10926 | 11073 | 19013 | 11702 | 18132 | 12354 | 48
13| 22853 | 9324 | 21837 | 9889 | 20856 | 10476 | 19911 | 11083 | 18998 | 11713 | 18117 | 12365 | 47
14| 22830 | 9333 | 21820\ 9899 | 20840 | 10486 | 19895 | 11094 | 18983 | 11724 | 18103 | 12376 | 46
15§ 22818 | 9342 | 21803 | 9909 | 20824 | 10496 | 19880 | 11104 | 18968 | 11734 | 18089 | 12387 | 45
16| 22801 | 9352 | 21787 | 9918 | 20808 | 10505 | 19864 | 11314 | 18953 | 11745 | 18074 | 12398 | 44
17| 22784 | 9361 | 21770 | 9928 | 20792 | 10515 | 19849 | 11124 | 18939 | 11756 | 1060 | 12410 | 43
18 | 22767 | 9370 | 21754 | 9937 | 20776 | 10525 | 19834 | 11135 | 18924 | 11766 | 18045 | 12421 | 42
19| 22750 | 9380 | 20737 | 9947 | 20760 | 10535 | 19818 | 11145 | 18909 | 11777 | 18081 | 12432 | 41
20| 22732 | 9388 21720 | 9957 [ 20744 | 10545 | 10803 | 11156 | 1sevd | 11788 | 18017 | 12443 | 40
21 22716 | 9398 [ 21704 | 9966 | 20728 | 10555 [ 19787 | 11166 | 18879 | 11799 | 19002 | 12454 | 39
22 22698 | 9407 | 21687 | 9976 | 20712 | 10565 [ 19772 | 11176 | issed | 11809 | 17088 | 12465 | 38
23| 226811 9417 | 21671 | 9986 [ 20096 | 10575 | 10756 | 11187 | 18849 | 11820 | 17974 | 12476 | 37
241 22064 | 9426 | 21654 | 9995 | 20680 | 10585 [ 19741 | 11197 | 18834 | 11831 | 17950 | 12487 [ 36
25 | 22647 | 9435 [ 21638 | 10005 [ 20665 | 10595 | 19726 | 11207 | 18820 | 11842 | 17945 | 12499 | 35
26| 22030 | 9445 | 21621 | 10015 [ 20649 | 10605 [ 19710 { 11218 [ 38805 | 11852 | 17931 | 12510 | 3¢
271 22612 | 9454 | 21605 | 10024 | 20633 | 10615 | 10605 | 11228 | 18790 | 11863 [ 17916 | 12521 | 33
28 1 922595 | 9463 | 2158 | 10034 [ 20017 | 10625 | 1oex0 | 11239 | 18775 | 11874 | 17002 | 12532 | 32
29 | 22578 | 0473 [ 20572 | 10044 [ 20601 | 10635 | 19664 | 11249 | 18760 | 11885 { 17888 | 12543 | 31
30 | 22561 | 9482 [ 21555 | 10053 [ 20585 | 10646 | 10640 | 11259 | 18746 | 11895 | 17873 | 12554 | 30
31| 22044 | oa92 [ 21530 | 10063 [ 20560 | 10656 | 19634 | 11270 | 18731 | 11906 | 17859 | 12866 | 20
32 | 22627 | o501 | 21522 | 10073 | 20553 | 10666 | 19618 | 11280 | 18716 | 11947 | 17845 | 12577 | 28
33| 22510 | 9510 [ 21506 | 10082 [ 20537 | 10676 | 19603 | 112011 18701 | 11928 [ 17831 | 1nses | 27
34 [ 22403\ 9520 [ 21480 | 10092 [ 20522 | 10686 | 19588 | 11301 | 18086 | 11939 [ 17816 | 12599 | 26
35{ 22476 | 9529 | 21473 | 10102 | 20506 | 10696 | 1972 | 11311 ] 18672 | 11949 | 17802 | 12610 | 25
36| 22450 | 9538 [ 21457 | 10112 | 20490 | 10706 | 19557 | 11322 | 18657 | 11960 | 17788 | 12622 | 24
37| 22442 | 9548 | 21440 | 10121 | 20474 | 10716 | 19541 | 11332 | 18642 | 11971 | 17774 | 12633 | 23
38 [ 22425 | 9567 [ 21424 | 10131 | 20458 | 10726 | 19527 | 11343 | 18627 | 11982 [ 17760 | 12644 | 22
89 [ 22408 | 9566 [ 21407 | 10141 | 20442 | 10736 | 19511 | 11353 | 1813 | 11993 | 17745 | 12685 | 21
40 [ 22391 9576 [ 21391 | 10151 | 20427 | 10746 | 19496 | 11364 | 18508 | 12004 | 17731 | 12667 [ 20
a1 22374 | o585 [ 21375 | 10160 | 20411 | 10756 | 10481 | 11374 | 18583 | 12014} 17717 | 12678 [ 19
42 | 22357 | 9595 [ 21358 | 10170 | 20305 | 10767 | 19466 | 11385 | 18569 | 12025 | 17703 | 12689 | 18
43 | 22340 | 9604 [ 21342 | 10180 § 20379 | 10777 | 19450 | 11395 | 18554 | 12030 | 1769 | 12700 | 17
44 | 22323 | 9614 | 21326 | 10190 | 20364 | 10787 | 10435 | 11406 | 18539 | 12047 | 17474 | 12711 | 16
45 22306 | 9623 [ 21309 | 10199 | 20348 | 10797 | 19420 | 11416 | 18525 | 12058 | 1760 | 12723 | 15
46 | 22280 | 9632 | 21203 | 10209 | 20532 | 10807 | 19405 | 11427 [ 18510 | 12069 | 17646 | 12734 | 14
471 22272 | 9642 | 21277 | 10219 | 20316 | 10817 | 19390 | 11437 | 18405 | 12080 | 17632 | 12745 | 13
4g | 22256 | 9651 [ 21260 | 10220 | 20301 | 10827 | 19375 | 11448 | 184K | 12091 | 17618 | 12757 [ 12
49 [ 22230 | 9661 [ 21244 | 10239 | 202%5 | 10838 | 19360 | 11458 | 13466 | 12302 | 17604 | 12768 | 11
50 22222 | 9670 [ 21228 | 10248 | 20260 | 10848 | 19344 | 11469 | 18451 | 12112 | 17590 | 12779 | 10
51 [ 22205 | 9680 [ 212121 10258 | 20254 | 10858 | 19329 | 11479 | 18437 | 12123 | 17575 | 12790 | 9
521 22188 | 9689 [ 21105 | 10268 | 20235 | 10868 | 19314 | 11490 | 18422 | 12134 | 17561 | 12802 | 8
53| 22171 | 9699 | 21179 | 10278 | 20202 | 10878 | 10209 | 11501 | 1408 | 12145 [ 17547 | 12813 | 7
54 | 22154 | 9708 [ 21163 | 10288 | 20207 | 10888 | 19284 | HIA11 | 18303 | 12156 | 17533 | 12824 | 6
56 22188 | 9718 [ 21147 | 10298 | 20191 | 10899 | 19260 | 11522 | 18378 | 12167 | 17519 | 12836 | 5
56| 22121 | 9727 | 21131 | 10307 | 20175 | 10909 | 19253 | 11532 | 18304 | 12178 | 17505 | 12847 | 4
57 22104 | 9737 | 21114 | 10317 { 20160 | 10919 | 16238 | 11543 { 18349 | 12189 [ 17491 | 12859 | 3
B8 { 22087 | 9746 | 21008 | 10327 | 20144 | 10920 | 19223 | 11553 | 18335 | 12200 | 17477 | 12870 | 2
59 | 22070 | 9756 [ 21082 | 10337 | 20128 | 10939 | 19708 | 11564 | 18320 | 12211 | 17463 | 12881 ] 1
60 | 22054 | 9765 | 21006 { 10347 [ 20113 | 10950 | 39193 | 11575 | 18300 | 12222 [ 17440 | 12893 [ O

A B A B A B A B A B A B
’ ’
143°00' 142°00’ 141°00 140°00/ 139°00/ 138°00°
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U. 8. COAST AXND GEODETIC

SURVEY

Table 9.—Line of position table-——Continued

ALWAYS TAKE “Z” FROM BOTTOM OF TABLE, EXCEPT WHEN “K” IS SAME NAME AND

GREATER THAN LATITUDE, IN WHICH CASE TAKE “Z” FROM TOP OF TABLE

—
CDOWID PN D '

42°00’ 43°007 14°00 45°00 46°00” 47°00/
’
A B A B A B A B A B A B
17449 | 12893 16622 | 13587 15823 | 14307 15051 | 15051 14307 | 15823 13587 | 16622 | 60
17435 | 12904 | 16608 | 13599 | 15810 | 14319 | 15039 | 15064 | 14294 | 15836 | 13575 | 16635 | 59
17421 | 12915 | 16595 | 13611 15797 | 14331 15026 | 15077 | 14282 | 15849 | 13564 | 16649 | 58
17407 | 12927 | 16581 | 13623 | 15784 | 14343 | 15014 | 15089 | 14270 | 15862 | 13552 | 16662 | 57
17393 | 12938 | 16567 | 13634 15771 | 14355 | 15001 | 15102 | 14258 | 15875 { 13540 | 16676 | 56
17379 | 12950 | 16554 | 13646 | 15758 | 14368 | 14988 | 15115 | 14246 | 15888 | 13528 | 16689 | 55
17365 | 12961 16540 | 13658 | 15744 | 14380 | 14976 | 15127 | 14233 | 15901 13517 | 16703 | 54
17351 12972 | 16527 | 13670 { 15731 | 14392 | 14963 | 15140 | 14221 | 15915 | 13505 | 16717 | 53
17337 | 12984 16513 | 13682 | 15718 | 14404 14951 | 15153 | 14209 | 15928 | 13493 | 16730 | 52
17323 | 12995 16500 | 13694 | 15705 | 14417 | 14938 & 15165 | 14197 | 15941 13481 | 16744 | 51
17309 | 13007 16487 | 13705 | 15692 | 14429 } 14925 | 15178 | 14185 | 15954 | 13470 | 16757 | 50
17205 | 13018 | 16473 | 13717 | 15679 | 14441 14913 | 15191 14173 | 15967 | 13458 | 16771 | 49
17281 13030 | 16460 | 13729 | 15666 | 14453 | 14900 | 15204 | 14161 | 15980 | 13446 | 16785 | 48
17267 | 13041 16446 | 13741 15653 | 14466 | 14888 | 15216 | 14149 | 15994 | 13435 | 16798 | 47
17253 13053 | 16433 | 13753 | 15640 | 14478 14875 | 15229 | 14136 | 16007 | 13423 | 16812 | 46
17239 | 13064 | 16419 | 13765 | 15627 | 14490 | 14863 | 15242 | 14124 | 16020 § 13411 | 16826 | 45
17225 | 13075 | 16406 | 13777 15614 | 14503 | 14850 | 15255 14112 | 16032 § 13400 | 16839 | 44
17212 | 13087 | 16392 | 13789 | 15602 | 14515 | 14838 | 15267 | 14100 | 16046 | 13388 | 16853 | 43
17198 | 13098 16379 | 13800 | 15589 | 14527 | 14825 | 15280 | 14088 | 16060 | 13376 | 16867 | 42
17184 | 13110 | 16366 | 13812 | 15576 | 14540 | 14813 | 16293 | 14076 | 16073 | 13365 | 16880 | 41
17170 | 13121 16352 | 13824 | 15563 | 14552 | 14800 | 15306 | 14064 | 16086 | 13353 | 16894 | 40
17156 | 13133 16329 | 13836 | 15350 | 14564 | 14788 | 15318 | 14052 | 16099 | 13341 | 16908 | 39
17142 | 13144 16325 | 13848 | 15537 | 14577 | 14775 | 15331 14040 | 16112 | 13330 | 16922 | 38
17128 | 13156 | 16312 | 13860 | 15524 | 14589 | 14763 | 15344 | 14028 | 16126 | 13318 | 16935 | 37
17114 | 13168 | 16299 | 13872 | 15511 | 14601 14750 ; 15357 | 14018 | 16139 | 13306 | 16949 | 36
17101 | 13179 | 16285 | 13884 15408 | 14614 14738 | 15370 | 14004 | 16152 | 13295 | 16963 | 35
17087 | 13191 16272 | 13896 | 15485 | 14626 | 14725 | 15382 | 13092 | 16166 | 13283 | 16977 | 34
17073 13202 | 16259 | 13908 15472 | 14639 | 14713 | 15395 | 13980 | 16179 | 13272 | 16990 | 33
17059 | 13214 | 16245 [ 13920 | 15459 | 14651 14701 | 15408 | 13968 | 16192 | 13260 | 17004 | 32
17046 | 13225 16232 | 13932 | 15447 | 14663 | 14688 | 15421 13956 | 16205 § 13248 | 17018 | 31
17032 | 13237 | 16219 | 13944 | 15434 | 14676 | 14676 | 15434 13944 | 16219 | 13237 | 17032 | 30
17018 | 13248 | 16205 | 13956 { 15421 | 14688 14663 | 15447 | 13932 | 16232 { 13225 | 17045 | 29
17004 | 13260 | 16192 | 13968 | 15408 | 14701 14651 | 15459 | 1392C | 16245 | 13214 | 17059 | 28
16000 | 13272 | 16179 | 13980 | 15395 | 14713 | 14639 | 15472 | 13908 | 16259 { 13202 | 17073 | 27
16977 | 13283 | 16166 | 13992 | 15382 | 14726 | 14626 | 15485 13896 | 16272 | 13191 | 17087 | 26
16063 | 13295 16152 | 14004 | 15370 | 14738 14614 | 15498 13884 | 16285 13179 | 17101 | 25
16049 | 13306 | 16139 | 14016 | 15357 | 14750 | 14601 | 15511 | 13872 | 16299 | 13168 | 17114 | 24
16935 | 13318 | 16126 | 14028 15344 { 14763 14589 | 15524 13860 | 16312 | 13156 | 17128 | 23
16922 | 13330 | 16112 | 14040 | 15331 | 14775 | 14577 | 15537 13848 | 16325 13144 | 17142 | 22
16908 | 13341 16099 | 14052 | 15318 | 14788 | 14564 | 15550 | 13836 | 16339 | 13133 | 17156 | 21
16894 | 13353 16086 | 14064 15306 | 14800 § 14552 | 15563 | 13824 | 16352 | 13121 | 17170 | 20
16880 | 13365 | 16073 | 14076 | 15293 | 14813 § 14840 | 15576 13812 | 16366 | 13110 | 17184 | 19
16867 | 13376 | 16060 | 14088 | 15280 | 14825 | 14527 | 15589 | 13800 | 16379 | 13098 | 17198 | 18
16853 | 13388 | 16046 [ 14100 15267 | 14838 | 14515 | 15602 § 13788 | 16392 | 13087 | 17212 | 17
16839 | 13400 | 16033 | 14112 | 152565 | 14850 | 14503 | 15614 13777 | 16406 | 13075 | 17225 | 16
16826 | 13411 16020 | 14124 15242 | 14863 | 14400 | 15627 13765 | 16419 | 13064 | 17239 | 15
16812 | 13423 | 16007 | 14136 | 15220 | 14875 | 14478 | 15640 | 13753 | 16433 | 13053 | 17253 | 14
16798 | 13435 | 15994 14149 | 15216 | 14888 | 14466 | 15653 13741 | 16446 | 13041 | 17267 | 13
16785 | 13446 | 15980 | 14161 15204 | 14900 | 14453 | 15666 | 13729 | 16460 | 13030 | 17281 | 12
18771 13458 16967 | 14173 | 15191 | 14913 | 14441 | 15679 } 13717 | 16473 | 13018 | 17295 | 11
16757 | 13470 | 15054 14185 | 15178 | 14925 { 14420 | 15692 | 13705 | 16487 | 13007 | 17309 | 10
16744 | 13481 15041 14197 | 15165 | 14938 | 14417 | 15705 13604 | 16500 | 12095 | 17323 | @
16730 { 13493 15928 | 14209 15153 | 14951 14404 | 15718 13682 | 16513 | 12984 | 17337 | 8
168717 | 13505 15915 | 14221 15140 | 14963 | 14392 | 15731 13670 | 16527 | 12972 | 17351 | 7
16703 | 13517 15901 14233 15127 | 14976 14380 | 15744 | 13658 | 16540 | 12061 | 17365 | 6
16689 | 13528 | 15888 | 14246 15115 | 14988 | 14368 | 15758 | 13646 | 16554 | 12950 | 17379 | 5
16676 | 13540 | 15875 | 14258 15102 | 15001 14355 | 15771 13634 | 16567 | 12938 | 17393 | 4
16662 | 13552 | 15862 | 14270 | 15080 | 15014 | 14343 | 15784 13623 | 16581 12027 | 17407 | 3
16649 | 13564 15849 | 14282} 15077 | 15026 14331 | 15797 13611 | 16595 | 12915 | 17421 | 2
16635 | 13575 | 15836 | 14294 15064 | 15039 | 14319 | 15810 | 13590 | 16608 | 12004 | 17435 1
16622 | 13587 | 15823 | 14307 | 15051 | 15051 14307 | 15823 13587 | 16622 | 12803 | 17449 } O
A B A B A B A B A B A B
’
137°00" 136°00’ 135°007 134°00" 133°00 132°00°
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Table 9.—Line of position table—Continued
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WHEN LHA (E OR W) IS GRFATER THAN 90°, TAKE “K” FROM BOTTOM OF TABLE

48°00’ 49°00/ 50°00" 51°00 52°00" 53°00
'
A B A B A B A B A B A B

0 12803 17449 12222 18306 11575 | 19193 10950 | 20113 10347 | 21066 9765 | 22054

1 12881 17463 12211 18320 11564 | 19208 10039 | 20128 10337 | 21082 9756 | 22070

21 12870 | 17477 | 12200 | 18335 | 11553 | 19223 | 10929 | 20144 | 10327 | 21098 9746 | 22087

3 12859 17491 12189 18349 11543 | 19238 10919 | 20160 10317 | 21114 9737 | 22104

41 12%47 | 17505 | 12178 | 18364 | 11532 | 19253 | 10909 | 20175 | 10307 | 21131 9727 | 22121

b 12836 17519 12167 18378 11522 | 19269 10899 | 20191 10208 { 21147 718 | 22138

6 12824 | 17533 | 12156 | 18393 | 11511 | 19284 | 10888 | 20207 | 10288 | 21163 9708 | 22154

7| 12813 | 17547 | 12145 | 18408 | 11501 | 19299 | 10878 | 20222 | 10278 | 21179 0699 | 22171

8 12802 17561 12134 18422 11490 | 19314 10868 | 20238 10268 | 21195 9689 | 22188

9 12790 17576 12123 18437 11479 | 19329 10858 | 20254 10258 | 21212 9680 | 22205
10| 12779 | 17590 | 12112 | 18451 | 11469 | 19344 | 10848 | 20269 | 10248 | 21228 9670 | 22222
11 12768 17604 12102 18466 11458 | 19359 10838 | 20285 10239 | 21244 9661 | 22239
12 12767 17618 12091 18481 11448 | 19375 10827 | 20301 10229 | 21260 0651 | 22256
13 12745 17632 12080 18495 11437 | 19390 10817 | 20316 10219 | 21277 9642 | 22272
14 12734 17646 12069 18510 11427 | 19405 10807 | 20332 10209 | 21293 9632 | 22289
16 12723 | 17660 | 12058 | 18525 | 11416 | 19420 | 10797 | 20348 | 10199 | 21309 9623 | 22306
16| 12711 | 17674 § 12047 | 18539 | 11406 | 19435 | 10787 | 20364 | 10190 | 21326 9614 | 22323
17 | 12700 | 17689 1 12036 | 18554 | 11395 | 19450 | 10777 | 20379 | 10180 | 21342 9604 | 22340
18 12689 17703 12025 18569 11385 | 19466 10767 | 20395 10170 | 21358 9595 | 22357
19 12678 17717 12014 18583 11374 | 19481 10756 | 20411 10160 ! 21375 9585 | 22374
201 126066 | 17731 | 12004 | 18598 | 11364 | 19496 | 10746 | 20427 | 10151 | 21391 9576 | 22391
21 12656 17745 11093 18613 11353 | 19511 10736 | 20442 10141 | 21407 a566 | 22408
22 | 12644 | 17760 | 11082 | 18627 | 11343 | 19527 | 10720 | 20458 | 10131 | 21424 9657 | 22425
23 | 12633 | 17774 | 11071 | 18642 | 11332 | 19542 | 10716 | 20474 | 10121 | 21440 9548 | 22442
24§ 12622 ) 17788 | 11860 | 18657 | 11322 | 19557 | 10706 | 20490 | 10112 | 21457 9538 | 22459
25| 12610 | 17802 | 11949 | 18672 | 11311 | 19572 | 10696 | 20506 | 10102 | 21473 9529 | 22476
26 | 12509 | 17816 | 11039 | 18686 | 11301 | 19588 10686 | 20522 1 10002 | 21489 9520 | 22193
27 | 12588 7831 | 11928 { 18701 | 11291 | 19603 | 10676 | 20537 § 10082 | 21506 9510 | 22510
28 12577 17845 11917 18716 11280 | 19618 10666 | 20553 10073 | 21522 9501 | 22527
20 | 12566 | 17859 | 11006 | 18731 | 11270 | 19634 | 10656 | 20569 | 10063 | 21539 9491 | 22544
30 | 12564 | 17873 | 11895 | 18746 | 11259 | 19649 | 10646 | 20585 | 10053 | 21555 9482 | 22561
31 12543 17888 11885 18760 11249 | 19664 10635 | 20601 10044 | 21872 9473 | 22578
32 125632 17902 11874 18775 11239 | 19680 10625 | 20617 10034 | 21588 9463 | 22595
33 12521 17916 11863 18790 11228 | 19695 10615 | 20633 10024 | 21605 0454 | 22612
34 12510 17931 11852 18805 11218 | 19710 10606 | 20649 10015 | 21621 0445 | 22630
35 12499 17945 11842 18820 11207 | 19726 10595 | 20665 10005 | 21638 9435 | 22647
36 12487 17959 11831 18834 11197 | 19741 10685 | 20680 0905 | 21654 9426 | 22664
27 12476 17974 11820 18849 11187 | 19756 10675 | 20696 9986 | 21671 0417 | 22681
38 12465 17988 11809 18864 11176 | 19772 10565 | 20712 9976 | 21687 9407 | 22698
39 12454 18002 11799 18879 11166 | 19787 10555 | 20728 9966 | 21704 9308 | 22715
401 12443 | 18017 | 11788 | 18894 | 11156 | 19803 | 10545 | 20744 9957 | 21720 389 | 22732
41 ] 12432 | 180311 11777 | 18909 | 11145 | 19818 | 10535 | 20760 0947 | 21737 0380 | 22750
42 12421 18045 11766 18924 11135 | 19834 10525 | 20776 9937 | 21754 9370 | 22767
43 12410 18060 11756 18939 11124 | 19849 10515 | 20792 9928 | 21770 9361 | 22784
44 | 12398 | 18074 | 11745 | 18953 [ 11114 | 19864 | 10505 | 20808 0918 | 21787 9352 | 22801
46 12387 18089 11734 18968 11104 | 19880 10496 | 20824 9909 | 21803 9342 | 22818
46| 12376 | 18103 § 11724 | 18983 | 11004 | 19895 | 10486 | 20840 0890 | 21820 0333 | 22836
47 12365 18117 11713 18998 11083 | 19911 10476 | 20856 9889 | 21837 9324 | 22853
48 12354 18132 11702 19013 11073 | 19926 10466 | 20872 9880 | 21853 0315 | 22870
49 12343 18146 11692 19028 110683 | 19942 10456 | 20888 0870 | 21870 93056 | 22887
50 ] 12332 | 18161 | 11681 | 19043 | 11052 | 19957 | 10446 | 20905 0861 | 21887 0206 | 22905
51 12321 18175 11670 19058 11042 | 19973 10436 | 20921 0851 | 21903 9287 | 22922
521 123101 18190 | 11660 | 19073 [ 11032 | 19988 | 10426 | 20937 0841 | 21920 0278 | 22939
53 12209 18204 11649 19088 11021 | 20004 10416 | 20953 0832 | 21937 9269 | 22957
54 1 12288 | 18219 | 11638 | 19103 § 11011 | 20019 | 10406 | 20969 9822 | 21953 9250 | 22974
56 12277 16233 11628 19118 11001 | 20035 10396 | 20985 0813 | 21970 9250 | 22991
56 | 12266 | I8248 | 11617 { 19133 | 10001 | 20050 [ 10386 | 21001 9803 | 21987 9241 | 23009
&7 12255 18262 11606 19148 10980 | 20066 10376 | 21017 9794 | 22003 9232 | 23026
58 12244 18277 11596 19163 10070 | 20082 10367 | 21033 9784 | 22020 09223 | 23043
59 12233 18291 11585 19178 10960 | 20097 10357 | 21050 0775 | 22037 9213 | 23061
60 12222 158306 1157 19193 10050 | 20113 10347 | 21066 9765 | 22054 9204 | 23078

A B A B A B A B A B A B
, !
131°00 130°00" 129°60’ 128°00/ 127°00" 126°00
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T. 8.

COAST AND GEODETIC SURVEY

Table 9.—Line of position table—Continued

ALWAYS TAKE “Z" FROM BOTTOM OF TABLE, EXCEPT WHEN “K” IS SAME NAME AND
GREATER THAN LATITUDE, IN WHICH CASE TAKE “Z” FROM TOP OF TABLE

54°00 55°00" 56°00 57°007 58°00 59°00"
14 ’
A B A B A B A B A B A B
0 9204 | 23078 8663 | 24141 8143 | 25244 7641 | 26389 7158 | 27579 6603 | 28816 | 60
1 9195 { 23095 8655 | 24159 8134 | 25263 7633 | 26409 7150 | 27599 6686 | 28837 | 50
2 9186 [ 22113 8646 [ 24177 R125 | 25281 7624 | 26428 7142 | 27619 6678 | 28858 | 58
3 9177 | 23120 8637 | 24195 8117 | 25300 7616 | 26447 7134 | 27640 6671 | 28879 | A7
4 9168 | 23148 8628 24213 8108 | 25319 7608 | 26467 7126 | 27660 6663 | 28900 | 56
& 6158 | 23165 8610 | 24231 8100 | 25338 7600 | 26486 7118 | 27680 6655 |+ 28921 | 55
L] 0149 { 23183 8611 24249 8092 | 25356 7502 | 26506 7111 | 27701 6648 | 28942 | 54
7 9140 | 23200 8602 | 24267 8083 | 25375 7584 | 26526 7103 | 27721 6640 | 28964 | 53
8 9131 23218 8593 | 24286 8075 | 25394 7575 | 26545 7005 | 27741 6633 | 28985 | 52
9 9122 | 23235 8584 [ 24304 8066 | 25413 7567 | 26565 TOR7 | 27761 6625 | 29006 | 51
10 9113 | 23252 8575 | 24322 8058 | 25432 75569 | 26584 7079 | 27782 6618 | 29027 | 50
11 9104 | 23270 8567 | 24340 8049 | 25451 7551 | 26604 7071 | 27802 6610 | 29048 | 49
12 9094 | 23288 85568 | 24358 8041 | 25469 7543 1 26623 7064 | 27823 6603 | 29069 | 48
13 9085 | 23305 8549 | 24376 8032 | 25488 7535 | 26643 70586 | 27843 6505 | 29091 | 47
14 9076 | 23323 8540 | 24395 8024 | 25507 7526 | 26663 7048 | 27863 6588 | 29112 | 46
15 9067 | 23340 8531 | 24413 8015 | 25526 7518 | 26682 7040 | 27884 6580 | 29133 | 45
16 9058 | 23358 8523 | 24431 8007 | 25545 7510 | 26702 7032 | 27904 6673 | 29154 § 44
17 0049 | 23375 8514 | 24448 7998 | 25564 7502 | 26722 7024 | 27925 6665 | 29175 | 43
18 9040 | 23393 8505 | 24467 { . 7990 | 25583 7494 | 26741 7017 | 27945 6558 | 29197 | 42
19 9031 23410 8496 | 24486 7942 | 25602 7486 | 26761 7009 | 27965 6550 | 29218 § 41
20 9022 | 23428 8488 | 24504 7973 | 25621 7478 | 26781 7001 | 27986 6543 | 29239 | 40
21 9013 | 23446 8479 1 24522 7965 | 25640 7470 | 26800 6993 | 28006 6535 | 29261 | 39
22 9004 | 23163 8470 | 24540 7956 | 25659 7462 | 26820 6U85 | 28027 6625 | 29282 | 38
23 K095 | 23481 8461 24559 TO48 | 25678 7453 | 26810 6978 | 28047 6520 | 29303 | 37
24 8085 | 23198 8453 | 24577 7940 | 25697 7445 | 26860 6970 | 28068 6513 | 29325 | 36
25 8976 | 23516 8444 | 24595 7931 | 25716 7437 | 26879 6962 | 28089 6505 | 29346 | 35
26 8967 | 23534 8435 | 24614 7923 | 25735 7429 | 26899 6451 | 28109 6498 | 29367 } 34
27 8958 | 23551 8427 | 24632 7014 | 25754 7421 | 26919 6947 | 28130 6400 | 29389 | 33
28 8949 | 23569 8418 | 24650 7906 | 25773 7413 | 26939 6939 | 28150 6483 | 29410 | 32
29 8940 | 23587 8400 { 24659 7808 | 25792 7405 | 26958 6931 | 28171 6475 | 29432 | 31
30 8931 | 23605 8401 24687 7889 | 25811 7307 | 26978 6923 | 28191 6468 | 29453 | 30
31 8922 | 23622 8392 | 24706 78K1 | 25830 7380 | 26998 6916 | 28212 6460 | 29475 | 29
© 32 8313 | 23640 8383 | 24724 7873 | 25849 7381 | 27018 8908 | 28233 6453 | 29496 | 28
33 8004 | 23658 8375 | 24742 7864 | 25868 7373 | 27038 6000 | 28253 6446 | 29517 | 27
34 8895 [ 23675 8366 i 24761 7856 | 25887 7365 | 27058 6892 | 28274 6438 | 29539 | 26
35 888G [ 23693 8357 | 24779 7848 | 25907 7357 | 27078 6885 | 28295 6431 | 29560 | 25
38 8877 | 23711 8349 | 24798 7839 1 25926 7349 | 27098 6877 | 28315 6423 | 29582 | 24
37 8868 | 23729 8340 { 24816 7831 | 25945 7341 27117 6860 | 28336 6416 | 29604 | 23
38 8850 | 23747 8331 | 24835 7823 | 25964 7333 | 27137 6862 | 28357 6409 | 29625 | 22
39 8850 | 23764 8323 | 24853 7814 | 25983 7325 | 27157 6854 | 28378 6401 | 29647 | 21
40 8842 | 23782 8314 | 24872 7806 | 26002 7317 | 27177 6546 | 28398 6394 | 29668 | 20
41 8833 | 23800 8305 | 24890 TT98 | 26022 7309 | 27197 6830 | 28419 6386 | 29690 | 19
42 8824 | 23818 8207 [ 24909 7784 | 26041 7301 | 27217 6841 | 28440 6370 | 29711 | 18
43 8815 | 23836 8288 | 24927 7781 | 26060 7203 | 27237 6R23 | 28461 6372 1 29733 | 17
44 8806 | 23854 8240 | 24946 7773 | 26079 7285 | 27257 6815 [ 28481 6364 | 29755 | 16
45 8797 | 23871 827 24964 7764 | 26099 7277 | 27277 6808 | 28502 6357 | 29776 | 15
46 K788 | 23889 8262 | 24983 7756 | 26118 7269 | 27297 6800 | 28523 6349 | 29798 | 14
47 8779 | 23907 8254 | 25001 7748 | 26137 7261 | 27317 6792 | 28544 6242 | 29820 1 13
43 R770 | 23925 8245 | 25020 7740 | 26157 7253 1 27337 G785 | 28565 6335 | 29841 § 12
49 K761 23943 8237 | 25038 7731 1 26176 7245 | 21357 6777 | 28586 6327 | 29863 | 11
50 8752 | 23961 8228 | 25057 7723 | 26195 7237 | 27377 6770 | 28607 6320 | 29885 | 10
51 8743 1 23979 R219 | 25076 7715 | 26214 7229 | 27398 6762 | 28627 6313 | 29907 { 9
52 8734 | 23997 8211 25094 TT07 | 26234 7221 | 27418 6754 | 28648 6305 | 29929 | 8
53 8726 | 24015 8202 | 25113 7608 | 26253 7213 | 27438 6747 | 28G69 6298 | 29960 | 7
54 8717 1 24033 8194 [ 25132 7690 | 26273 7205 | 27458 6739 | 28690 6201 | 29972 | 6
56 8708 | 24051 8185 | 25150 7652 | 26292 7197 | 27478 6731 | 28714 6283 | 29994 | 5
56 8699 | 24069 8177 | 25169 7674 | 26311 7190 | 27498 6724 | 28732 6276 | 30015 | 4
57 8600 [ 24087 8168 | 25188 7665 | 26331 7182 | 27518 6716 | 28753 6260 | 30037 | 3
58 8681 24105 8160 | 25206 7657 | 26350 TIT4 | 27539 6709 | 28774 6261 | 30059 | 2
89 8672 1 24123 8151 | 25225 7649 | 26370 7166 | 27559 6701 | 28795 6264 | 30081 1
60 8663 | 24141 8143 | 25244 7641 | 26389 7158 | 27579 6693 | 28816 6247 | 30103 | ©
A B A B A B A B A B A B
’ ’
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PRACTICAL AIR NAVIGATION

Table 9.—Line of position table—Continued
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WHEN LHA (E OR W) IS GREATER THAN §0°, TAKE “K” FROM BOTTOM OF TABLE

60°00” 61°00/ 62°00 63°00 64°00’ 65°00
’
A B A B A B A B A B A B

0| 6247 | 30103 5818 | 31443 | 5408 | 32839 | 5012 | 34295 | 4634 | 35816 | 4272 | 37405

1 6240 | 30125 5811 | 31466 | 5400 | 32863 | 5005 | 34320 [ 4628 | 35842 | 4266 | 37432

2| 6232 30147 5804 | 31488 | 5303 | 32887 | 4009 | 34345 | 4622 | 35868 | 4261 | 37459

3 6225 | 30169 5797 | 31511 | A386 | 32910 | 4003 | 34370 | 4615 | 35894 | 4255 | 37487

4 6218 | 30191 5790 | 31534 | 5330 | 32934 | 4986 | 34395 | 4609 | 35920 { 4249 | 37514

5 6210 | 30213 5783 | 31557 | 5373 | 32958 | 4980 [ 84420 | 4603 | 35946 | 4243 | 37541

[ 6203 | 30235 5776 | 31580 | 5366 | 32982 | 4973 | 34444 | 4507 | 35972 ] 4237 | 37568

7 6196 | 30256 5769 | 31603 | 5360 | 33006 | 4967 | 34469 § 4501 | 35998 | 4231 | 37595

8 6180 | 30278 5762 | 31626 | 5353 | 33030 | 4961 | 34494 | 4585 | 36024 | 4u25 | 37623

9 6181 | 30300 5755 | 31649 | 5346 | 33054 | 4054 | 34519 | 4579 | 36050 | 4220 | 37650
10 6174 | 30322 5748 | 31672 | 5340 | 33077 | 4948 | 34544 | 4573 | 36076 | 4214 | 37677
11 6167 | 30345 5741 [ 31694 | 5333 | 33101 ] 4041 | 34569 | 4566 | 36102 | 4208 | 37704
12 6160 | 30367 5734 | 31717 | 5320 | 331251 4935 | 34594 | 4560 | 36123 | 4202 | 37732
13 6152 | 30389 5727 | 31740 | 5320 | 33149} 4920 | 34619 | 4554 | 36154 | 4106 | 37759
14 6145 | 30411 5720 | 31763 | 5313 | 33173 | 4922 | 34644 | 4548 | 36180 | 4190 | 37786
15 6138 | 30433 5714 | 31786 | 5306 | 33197 | 4916 | 34669 | 4542 | 36206 | 4185 | 37814
18 6131 | 30455 5707 | 31809 § 5300 | 33221 | 4910 | 34694 | 4536 | 36233 | 4170 | 37841
17 6124 | 30477 5700 | 31833 | 5203 | 33245 | 4903 | 34719 | 4530 | 36259 | 4173 | 37869
18 6116 | 30499 5693 | 31856 | 5286 | 33269 | 4807 | 34744 | 4524 | 36285 | 4167 | 37896
19 6109 | 30521 5086 | 31879 1 5250 | 33293 | 4800 | 34770 | 4518 | 36311 | 4161 | 37924
20 6102 | 30544 5679 | 31902 | 5273 | 33318 | 4884 | 34795 | 4512 36338 | 4155 | 37951
21 6005 | 30566 5672 | 31925 1 5266 | 33342 | 4878 | 34820 | 4506 | 36364 | 4150 | 37979
22 6088 | 30588 5665 | 31948 | 5200 | 33366 | 4871 | 34845 | 4500 7 36390 | 4144 | 38006
23 6080 | 30610 5658 | 31971 | 5253 | 33390 | 4865 | 34870 | 4403 | 36417 | 4138 | 38034
24 6073 | 30632 G651 § 31994 § 5247 | 33414 | 4850 | 34896 | 4487 | 36443 | 4132 38061
25 6006 | 30655 5644 | 32018 | 5240 | 33438 | 4852 | 34921 | 4481 | 36469 | 4127 | 38089
26 6059 | 30677 5638 | 32041 { 5233 | 33462 | 4846 | 34946 { 4475 | 36496 { 4121 | 38117
27 6052 | 30699 6631 | 32064 | 5227 | 33487 | 4840 | 34971 ] 4460 | 36522 | 4115 | 38144
28 6045 | 30721 5624 | 32087 | 5220 | 33511 | 4833 | 34997 | 4463 | 36549 | 4100 | 38172
29 6037 | 30744 5617 | 32110 | 5214 | 33535 | 4827 | 35022 | 4457 | 36575 | 4103 { 38200
30 6030 | 30766 5610 | 32134 | 5207 | 33559 | 4821 | 35047 | 4451 | 36602 | 4093 | 38227
31 6023 | 30788 5603 | 32157 | 5200 [ 33584 | 4815 | 35073 | 4445 | 36628 | 4002 | 38255
321 6016 | 30811 550G | 32180 | 5194 | 33608 | 4808 | 35098 | 4439 | 36655 | 4086 | 38283
33 6000 | 30833 5500 | 32204 | 5187 | 33632 | 4802 | 35123 | 4433 | 36681 | 4080 | 38311
34 6002 | 30856 5583 | 32227 | 5181 | 33657 | 4708 | 35149 | 4427 | 36708 | 4075 | 38338
35 5995 | 30878 5575 | 32250 | 5174 | 33681 | 4780 | 85174 | 4421 { 36734 | 4069 | 38366
36 5987 | 30900 5560 | 32274 | 5168 | 33705 | 4783 | 35200 | 4415 { 36761 | 4063 | 38394
371 5980 | 30923 5562 | 32297 § 5161 | 33730 | 4777 | 35225 | 4400 | 36787 | 4057 | 38422
38 5973 | 30945 5556 | 32320 | 5155 | 33754 | 4771 | 35251} 4403 | 36814 | 4052 | 38450
39 5966 | 30968 5549 | 32344 | 5148 | 33779 | 4764 | 35276 | 4397 | 36841 | 4046 | 38478
40 5959 | 30990 5542 | 32367 | 5142 | 33803 | 4758 | 35302 | 4391 | 836867 | 4040 | 38506
41 5952 | 31013 5535 | 32391 [ 5135 | 33827 | 47521 35327 | 4385 | 36894 | 4035 | 38533
42 5945 | 31035 5528 | 32414 | 5128 | 33852 ) 4746 | 35353 | 4379 | 36921 | 4020 | 38561
43 5938 | 31058 5521 | 32438 | 5122 | 33876 | 4730 | 35378 | 4373 | 36948 | 4023 | 38589
44 5031 | 31080 5515 | 32461 | 5115 | 33901 | 4733 | 35404 | 4367 | 36974 | 4017 | 38617
45 5924 | 31103 5508 | 32484 | 5100 | 33925 | 4727 | 35429 | 4361 | 37001 | 4012 | 38645
46 5917 | 31125 5501 | 32508 | 5102 | 33950 | 4721 | 35455 | 4355 | 37028 | 4006 | 38674
47 5900 | 31148 5404 | 32532 | 5006 | 33974 | 4714 | 35481 | 4349 | 37055 | 4000 | 38702
48 5902 | 31170 5487 | 32555 | 5080 | 33999 | 4708 | 35506 | 4343 | 37081 | 3995 | 38730
49 5805 | 31193 5481 | 32579 | 5083 | 34024 | 4702 | 85582 | 4337 | 37108 | 3989 | 38758
50 5888 | 31216 5474 | 32602 | 5076 | 34048 | 4606 | 36558 | 4332 | 37135 | 3083 | 38786
51 5881 | 31238 5467 | 32625 { 5070 | 34073 | 4690 | 35583 | 4326 | 37162 ) 3978 | 38814
52 5874 | 31261 5460 | 32649 | 5064 | 34097 | 4683 | 385609 | 4320 | 37189 | 3072 | 38842
53 5867 | 31284 5454 | 32673 | 5057 | 34122 | 4677 | 35635 | 4314 | 37216 | 3008 | 38871
54 5860 | 31306 5447 | 32697 | 5051 | 34147 | 4671 | 35661 | 4308 | 387243 [ 3961 | 38899
55 5853 | 31329 5440 | 32720 | 5044 | 34172 ] 4665 | 35686 { 4302 | 37270 3955 | 38927
56 5846 | 31352 5433 | 32744 | 5038 | 34196 | 4650 | 35712{ 4206 | 87207 | 3040 | 38955
57 5830 | 31375 5427 | 32768 | 5031 | 34221 | 4652 | 35738 | 4200 | 37324 | 3044 | 38984
58 5832 | 31397 5420 | 32792 | 5025 | 34246 | 4646 | 38764 | 4284 [ 87351 | 3938 | 39012
59 5825 | 31420 5413 | 32815 | 5018 | 34270 | 4640 | 35790 | 4278 | 37378 | 3033 | 39040
60 5818 | 31443 5406 | 32839 | 5012 | 34295 | 4634 | 35816 | 4272 | 37405 | 3927 | 39069

A B A B A B A B A B A B
’
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U. S.

COAST AND GEODETIC SURVEY

Table 9.—Line of position table—Continued

ALWAYS TAKE “Z” FROM BOTTOM OF TABLE, EXCEPT WHEN “K” IS SAME NAME AND
GREATER THAN LATITUDE, IN WHICH CASE TAKE “Z” FROM TOP OF TABLE

66°00 67°00" 68°00 69°00" 70°00 71°00
A B A B A B A B A B A B
0 3027 | 39069 3597 | 40812 | 3283 | 42642 | 2085 | 44567 | 2701 } 46595 1 2433 | 48736 | 60
1 3921 | 39097 3502 | 40842 | 3278 | 42674 | 2080 | 44600 | 2697 | 46630 | 2429 | 48772 | 59
2 3916 | 39125 3587 | 40872 | 3273 | 42705 | 2975 | 44633 | 2692 | 46664 | 2424 | 48809 | 58
3 3010 | 39154 3581 40902 | 3268 | 42736 | 2970 | 44666 | 2688 | 46699 { 2420 | 48846 | 57
4 3004 | 39182 3576 | 40931 | 3263 | 42768 | 20065 | 44699 | 2683 | 46734 | 2416 | 48883 | 56
5 3899 | 39211 3571 | 40961 | 3258 | 42799 | 2961 | 44732 | 2678 | 46769 | 2411 48920 | 55
8 3803 | 39239 3565 | 40991 | 3253 | 42830 | 2056 | 44765 | 2674 | 46804 | 2407 | 48957 | 54
7 3888 | 39268 3560 | 41021 | 3248 | 428621 2951 | 44798 | 2669 | 46839 | 2403 | 48993 § 53
8 3882 | 39296 3555 | 41051 | 3243 | 42893 | 2046 | 44831 | 2665 | 46873 p 2308 | 49030 | 52
9 3876 | 39325 3549 | 41081 | 3237 | 42925 | 2041 44864 | 2660 { 46908 | 2394 | 49067 | 51
10 3871 | 39353 3544 | 41111 | 3233 | 42956 | 2036 | 44898 | 2656 | 46943 | 2390 | 49104 | 50
11 3865 | 39382 3530 | 41141} 3227 | 42988 | 2032 | 449311 2651 | 46978 | 2385 49141 | 49
12 3860 | 39411 3533 | 41171 | 3222 { 43020 | 2027 | 44964 | 2646 | 47014 { 2381 | 49179 | 48
13 3854 | 39439 3528 | 41201 | 3217 | 43051 | 2022 | 44997 | 2642 | 47049 | 2377 | 49216 | 47
14 3840 | 39468 3523 | 41231 3212 | 43083 | 2917 | 45031 | 2637 | 47084 | 2372 | 49253 { 46
15 3843 | 39497 3517 | 41261 | 3207 | 43114 | 2013 | 45064 | 2633 | 47119 | 2368 | 49290 | 45
16 3838 | 39525 3512 | 412911 32021 43146 | 2008 | 45097 | 2628 | 47154 | 2364 | 49327 | 44
17 3832 | 39554 3507 | 41322 | 3197 | 43178 | 2003 | 45131 | 2624 | 47189 | 2360 | 49365 | 43
18 3826 | 39583 3502 | 41352 | 3192 | 43210 | 2898 | 45164 | 2619 | 47225 | 2355 | 49402 | 42
19 3821 | 39612 3496 | 41382 | 3187 | 43241} 2893 | 45198 | 2615 | 47260 | 2351 | 49439 | 41
20 3815 | 39641 3491 | 41412 ] 3182 | 43273 | 2889 | 45231 | 2610 | 47205 | 2347 | 49477 | 40
21 3810 | 39669 3486 | 41443 | 3177 | 43305 | 2884 | 45265 | 2606 | 47331 | 2343 | 49514 { 30
22 3804 | 39698 3480 | 41473 | 3172 | 43337 | 2879 | 45298 | 2601 | 47366 | 2338 | 49551 | 38
23 3799 | 39727 3475 | 41503 | 3167 | 43369 | 2874 | 45332 | 2507 | 47402 | 2334 | 49589 | 37
24 3793 | 39756 3470 | 41533 | 3162 | 43400 | 2870 | 45365 | 2592 | 47437 | 2330 | 49626 | 36
25 3788 | 39785 3465 | 41564 | 3157 | 434327 2865 | 45399 | 2588 | 47472 2325 | 49664 | 35
26 3782 | 39814 3450 | 41594 | 3152 | 43464 | 2860 | 45433 | 2583 | 47508 | 2321 | 49702 | 34
27 3777 | 39843 3454 | 41625 | 3147 | 43496 | 2855 | 45466 | 2579 | 47544 1 2317 | 49739 | 33
28 3771 1 39872 3449 | 41655 | 3142 | 43528 | 2851 | 45500 | 2574 | 47579 § 2313 | 49777 | 32
29 3766 | 39901 3444 | 41685 | 3137 | 43560 § 2848 | 45534 | 2570 | 47615 | 2309 | 49815 { 31
30 3760 | 39930 3438 | 41716 | 3132 | 43592 | 2841 | 45567 | 2565 | 47650 | 2304 | 49852 | 30
31 3755 | 39959 3433 | 41746 | 3127 | 43624 | 2836 | 456011 2561 | 47686 | 2300 } 49890 | 29
-32 3740 | 39988 3428 | 41777 | 3122 | 43657 | 2832 | 45635 | 2556 | 47722 2206 | 49928 | 28
33 3744 | 40017 3423 | 41808 | 3117 | 43689 | 2827 | 45669 | 2552 | 47758 | 2202 | 49966 | 27
34 3738 | 40046 3418 | 41838 | 3112 | 43721 ¢ 2822 | 45703 | 2547 | 477931 2287 | 50004 | 26
35 3733 | 40076 3412 | 41869 | 3107 | 43753 | 2818 | 45737 | 2543 | 47829 | 2283 | 50042 | 25
36 3727 1 40105 3407 | 41899 | 3102 | 43785 | 28131 45771 | 2539 1 47865 | 2279 | 50080 | 24
37 3722 ¢ 40134 3402 | 41930 | 3097 | 43818 § 2808 | 45805 | 2534 | 479013 2275 | 50117 | 23
38 3716 40163 3307 | 41961 | 3092 | 43850 | 2804 | 45839 | 2530 | 47937 | 2271 | 50156 { 22
39 3711 | 40192 3301 | 41991 | 3088 | 43882 | 2799 | 45873 | 2525 | 47973 ] 2266 | 50194 | 21
40 3705 | 40222 3386 | 42022 | 3083 | 43914 | 2744 | 45907 | 2521 | 48009 | 2262 | 50232 | 20
41 3700 | 40251 3381 42053 | 3078 | 430477 2780 | 45941 ] 2516 ) 480451 2258 | 50270 | 19
42 3605 | 40280 3376 | 42084 | 3073 | 43979 | 2785 | 45975 | 2512 | 48081 2254 | 50308 [ 18
43 3689 | 40310 3371 | 42115 | 3068 | 44012 | 2780 | 46009 | 2507 | 48117 | 2250 | 50346 | 17
44 3684 | 40339 3366 | 42145 [ 3063 | 44044 | 2775 | 46043 | 2503 | 48153 | 2246 | 50385 | 16
45 3678 | 40368 3360 | 42176 | 3058 | 44077 § 2771 { 46078 1 2409 | 48189 | 2241 | 50423 {1 15
46 3673 | 40398 3355 | 42207 | 3053 | 44109 | 2766 | 46112 | 2494 | 48226 | 2237 | 50461 | 14
47 3667 | 40427 3350 | 42238 | 3048 | 44142 | 2761 | 46146 | 2490 | 48262 | 2233 | 50499 | 13
48 3662 | 40457 3345 | 42269 | 3043 | 44174 | 2757 | 46181 2485 | 48298 | 2229 | 50538 | 12
49 3657 | 40486 3340 | 42300 ] 3038 | 44207 | 2752 | 46215 | 2481 | 48334 | 2225 | 50576 | 11
50 3651 | 40516 3335 | 42331 | 3033 | 44239 ] 2748 | 46249 ) 2477 | 48371 | 2221 } 50615 § 10
51 3646 | 40545 3320 | 42362 | 3020 | 442721 2743 | 46284 | 2472 | 48407 | 2216 | 50653 | 9
52 3640 | 40575 3324 | 42393 | 3024 | 44305 | 273% | 46318 | 2468 | 48443 2212 | 50692 | 8
53 3635 | 40604 3310 | 42424 | 3010 | 44337 | 2734 | 46353 | 2463 | 48480 | 2208 | 50730 [ 7
54 3630 | 40634 3314 | 42455 | 3014 | 44370 | 2720 | 46387 | 2459 | 48516 | 2204 | 50769 | 6
55 3624 | 40664 3300 | 42486 | 3000 | 44403 | 2724 | 46422 | 2455 | 485563 | 2200 | 50808 | 5
56 3619 | 40693 3304 | 42518 ] 3004 | 44436 ] 2720 | 46456 | 2450 | 48589 ) 2196 | 50846 | 4
67 3613 | 40723 3200 | 42549 | 2009 | 44468 | 2715 | 46491 2446 | 48626 [ 2192 | 50885 | 3
58 3608 | 40753 3204 | 42580 | 2994 [ 44501 | 2711 46525 | 2442 ) 48662 | 2188 ) 50924 | 2
59 3603 | 40782 3280 | 42611 2000 | 44534 | 2706 | 46560 | 2437 | 48699 | 2183 | 50963 | 1
60 3507 | 40812 3283 | 42642 | 2085 | 44567 | 2701 | 46595 | 2433 | 48736 | 2179 | 51002 | 0
A B A B A B A B A B A B
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Table 9.—Line of position table—Continued
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WHEN LHA (E OR W) IS GREATER THAN 90°, TAKE “K” FROM BOTTOM OF TABLE

72°00 73°60 74°007 75°00 76°00" 77°007
A B A B A B A B A B A B
0 2179 | 51002 1040 | 53406 | 17168 | 55966 | 1506 | 58700 | 1310 | 61632 | 1128 | 64791
1 2175 | 51041 1936 { 53448 | 1712 | 56010 | 1502 | 58748 | 1306 | 61683 | 1125 | 64846
2 2171 | 51080 1943 | 53489 | 1709 | 56054 | 1499 | 58795 | 1303 | 61734 } 1122 | 64901
3 2167 + 51119 1929 | 53531 | 1705 | 56099 | 1495 | 58842 1300 | 61785 | 1119 | 64956
4 2163 | 51158 1925 | 53572 1 1701 | 56143 | 1492 | 58889 | 1207 | 61836 | 1116 | 65011
5 2159 | 51197 1921 | 53614 | 1608 | 56187 | 1489 | 58937 | 1204 | 61887 | 1113 | 65066
4 2155 | 51236 1917 | 53655 | 1694 | 56231 | 1485 | 58984 | 1291 | 61938 | 1110 | 65121
7 2151 | 51275 1613 | 53697 | 1691 | 56276 | 1482 | 59032 { 1288 { 61989 | 1107 | 65176
8 2147 | 51314 1810 1 53738 | 1687 | 56320 | 1479 | 59079 | 1284 ( 62040 | 1104 | 65231
9 2143 | 51353 1006 | 53780 | 1683 | 56365 | 1475 | 59127 | 1281 [ 62091 [ 1101 | 65287
10 2138 | 51392 1902 | 53822 | 1680 | 56409 | 1472 | 59175 | 1278 | 62142 | 1099 | 65342
11 2134 | 51432 1R08 | 53864 | 1676 | 56454 | 1469 [ 59222 | 1275 [ 62194 | 1096 | 65398
12 2130 | 51471 1894 | 53905 1 1673 | 56498 | 1465 [ 59270 | 1272 [ 62245 1 1093 | 65453
13 2126 | 51510 1890 | 53947 | 1669 | 56543 | 1462 [ 59318 | 1269 [ 62296 | 1000 | 65509
14 2122 | 51550 1887 | DB3989 | 1665 | 56588 | 1459 [ 59366 | 1266 | 62348 | 1087 | 65564
15 2118 | 51689 1883 | 54031 ) 1662 | 56632 | 1455 | 59414 | 1263 | 62400 | 1084 | 65620
16 2114 | 51629 1879 | 54073 | 1658 | 56677 | 1452 | 59462 | 1260 | 62451 1081 | 65676
17 2110 | 51668 1875 | 54116 | 1655 | 56722 | 1449 | 59510 | 1257 | 62503 | 1070 | 65732
18 2106 | 51708 1871 | 54157 } 1651 | 56767 1 1445 | 59558 | 1253 | 62555 | 1076 | 65788
19 2102 | 51747 1868 | 54199 | 1648 | 56812 | 1442 | 59606 | 1250 | 62607 | 1073 | 63844
20 2098 | 51787 1864 | 54242 ] 1644 | 56857 | 1439 | 59654 | 1247 | 62659 | 1070 | 65900
21 2004 | 51827 1860 | B54284 | 1641 | 56902 | 1435 | 59703 | 1244 | 62711 | 1067 | 65957
22 2090 | 51867 1856 | 54326 | 1637 | 56947 | 1432 ; 59751 | 1241 | 62763 | 1064 | 66013
23 2086 | 51906 1853 | 54368 | 1634 | 56992 | 1429 | 59800 | 1238 | 62815 | 1061 | 66069
24 2082 | 51946 1849 | 54411 1630 | 57038 | 1425 | 59848 | 1235 | 62867 | 1059 | 66126
25 2078 | 51986 1845 | 564453 | 1627 | 57083 | 1422 | 59896 | 1232 | 62919 | 1056 | 66182
26 2074 | 52026 1841 | 54496 | 1623 | 57128 | 1410 ) 59945 | 1220 | 62971 1053 | 66239
27 2070 | 52066 1837 | 54538 | 1619 | 57174 | 1416 | 59994 | 1226 | 63024 | 1050 | 66296
28 2066 | 52106 1834 | 54581 1 1616 | 57219 | 1412 | 60042 | 1223 | 63076 | 1047 | 66352
20 2062 | 52146 1830 | 54623 | 1612 | 57265 | 1409 | 60091 | 1220 | 63129 | 1045 | 66409
30 2058 | 52186 1826 | 54666 | 1609 | 57310 | 1406 | 60140 | 1217 | 63181 1042 | 66466
31 2054 | 52226 1823 | 54708 | 1605 | 567356 | 1403 | 60189 | 1214 | 63234 | 1039 | 66523
32 2050 | 52266 1819 | 54751 1602 [ 57401 1309 | 60238 | 1211 | 63287 | 1036 | 66580
33 2046 | 52306 1815 | 54794 | 1598 | 57447 | 1306 | 60287 | 1208 | 63340 | 1033 | 66638
34 2042 | 52346 1811 | 54837 | 15695 | 57493 | 1393 | 60336 | 1205 | 63392 | 1031 | 66695
35 2038 | 52387 1808 | 54880 | 1591 | 57538 [ 1300 { 60385 | 1202 | 63445 | 1028 | 66752
36 2034 | 52427 1804 | 54922 | 1588 | 57584 | 1386 | 60434 | 1109 | 63498 | 1025 | 66810
37 2030 | 52467 1800 | 54965 | 1584 | 57630 | 1383 | 60483 | 1196 | 63551 | 1022 | 66867
38 2026 | 52508 1706 | 55008 [ 1881 | 57676 | 1380 | 60533 | 1193 | 63605 | 1020 | 66925
39 2022 | 52548 1793 | 565051 | 1578 | 57722 | 1377 | 60582 | 1190 | 63658 | 1017 | 66982
40 2018 | 52588 1789 | 55095 | 1574 | 57768 | 1373 | 60631 | 1187 | 63711 | 1014 | 67040
41 2014 i 52629 1785 | 55138 | 1571 57814 | 1370 | 60681 | 1184 | 63764 | 1011 | 67098
42 2010 | 52670 1782 | 55181 ) 1667 | 57860 | 1367 | 60730 f 1181 | 63818 | 1008 | 67156
43 2007 | 52710 1778 | 55224 § 1564 | 57907 | 1364 | 60780 | 1178 | 63871 | 1006 | 67214
44 2003 | 52751 1774 | 65267 | 1560 | 57953 | 1360 | 60830 ] 1175 | 63925 | 1003 | 67272
45 1999 | 52791 1771 | 55311 | 1657 | 57999 | 1357 | 60879 | 1172 | 63978 | 1000 | 67330
46 1095 | 52832 1767 | 55354 § 1553 | 58046 | 1354 | 60929 t 1109 | 64032 997 | 67388
47 1991 [ 52873 1763 | 55397 | 1550 | 58092 | 1351 [ 60979 | 1166 | 64086 995 | 67447
48 1987 | 52814 1760 | 554411 1546 | 58138 | 1348 | 61029 | 1163 | 64140 092 1 67505
49 1083 | 52954 1756 | 55484 | 1543 | 58185 | 1344 | 61079 | 1160 | 64194 989 | 67563
50 1979 | 52995 1752 1 55528 | 1540 | 58232 { 1341 | 61129 ] 1157 | 64248 087 | 67622
51 1075 | 53036 1740 | B5572 | 1536 | 58278 | 1338 | 61179 | 1154 | 64302 084 | 67681
52 19071 53077 1745 | 55615 | 1533 | 58325 ) 1335 | 61229 | 1151 | 64356 981 1 67739
53 19067 | 53118 1741 | 55659 1 1529 | 58372 | 13321 61279 | 1148 | 64410 978 | 67798
54 1964 | 53159 1738 | 55703 | 1526 | 58418 | 1329 [ 61330 | 1145 | 64464 976 | 67857
55 1960 | 53200 1734 | 55746 | 1523 | 58465 | 1325 | 61380 | 1142 | 64518 973 | 67916
56 1056 | 53241 1730 | 55790 | 1519 | 58512 | 1322 | 61430 | 1130 | 64573 970 | 67975
57 1952 | 53283 1727 | 55834 | 1516 | 58559 | 1310 | 61481 1136 | 64627 968 | 68034
58 1048 | 653324 1723 | 55878 | 1512 | 58606 | 1316 ) 61531 | 1133 | 64682 965 | 68093
&9 1944 | 53365 1719 | 55922 | 1509 | 58653 | 1313 | 615821 1130 | 64736 962 | 68153
60 1940 | 53406 1716 | 55966 { 1506 | 58700 | 1310 | 61632 | 1128 | 64791 960 | 68212
A B A B A B A B A B A B
’
107°00’ 106°00/ 105°00 104°00’ 103°00’ 102°00
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U. S. COAST AND GEODETIC SURVEY

Table 9.—Line of position table—Continued

AWAYS TAKE “Z” FROM BOTTOM OF TABLE, EXCEPT WHEN “K” IS SAME NAME AND
GREATER THAN LATITUDE, IN WHICH CASE TAKE “Z” FROM TOP OF TABLE

78°00 79°00' 80°00 81°00" 82°00 83°00"
4 ’
A B A B A B A B A B A B

0 060 | 68212 805 | 71940 665 | 76033 538 | 80567 425 | 85644 325 | 91411 ] 60

1 967 | 68272 803 | 72005 663 1 76105 536 | 80647 423 | 85734 323 | 91514 | 59

2 954 | 68331 800 | 72070 660 | 76176 634 | 80727 421 | 85825 322 | 91617 | 58

3 95} 68391 798 | 72136 658 | 76248 532 | 80807 419 | 85915 320 | 91720 | 57

4 949 | 68450 796 | 72201 656 | 76320 530 | 80887 418 | 86006 319 | 91824 | 56

5 946 | 68510 793 | 72266 6564 | 76393 528 | 80967 416 | 86096 317 | 91928 | 55

6 943 | 68570 791 | 72332 652 | 76465 526 | 81048 414 [ 86187 316 | 92032 | 54

7 941 | 68630 788 | 72397 649 | 76537 524 | 81129 412 | 86278 314 | 92137 | 53

8 938 | 68690 786 | 72463 647 | 76610 622 | 81210 411 | 86370 313 | 92242 § 52

9 935 | 68750 783 | 72529 645 | 76683 520 | 81291 409 | 86461 311} 92347 | 51
10 933 | 68811 781 | 72595 643 | 76756 518 | 81372 407 | 86553 310 | 92452 | 50
11 930 | 68871 779 | 72661 641 76828 516 | 81453 405 | 86645 308 | 92558 | 49
12 928 | 68931 716 | 12727 638 | 76902 514 | 81535 404 | 86737 307 | 92663 | 48
13 925 | 68992 7741 72794 636 | 76975 512 | 81617 402 | 86829 3056 | 92769 | 47
14 922 | 69053 771 1 72860 634 | 77048 510 | 81698 400 | 86922 304 | 92876 | 46
15 020 | 69113 769 | 72926 632 i 77122 508 | 81780 399 | 87015 302 | 92982 | 45
16 917 | 69174 767 | 72993 630 | 77195 508 | 81863 397 | 87107 301 | 93089 | 44
17 914 | 69235 764 | 73060 627 | 77269 504 | 81945 395 | 87201 200 | 93196 | 43
18 912 | 69296 762 | 73127 625 | 77343 503 | 82027 393 | 87294 208 | 93304 | 42
19 909 | 69357 759 | 73193 623 | 77417 501 [ 82110 392 | 87387 206 | 93411 { 41
20 907 | 69418 757 | 73260 621 77491 499 | 82193 300 | 87481 205 | 93519 | 40
21 904 { 69479 755 | 73328 819 | 77565 497 | 82276 388 | 87575 293 | 93628 | 39
22 901 | 69541 752 | 73395 817 | 77639 495 { 82359 387 | 87669 202 | 93736 | 38
23 899 | 69602 750 | 73462 615 | 77714 493 82442 385 | 87764 200 | 93845 | 37
24 806 | 69664 747 | 73530 612 | 77788 491 | 82526 383 | 87858 289 | 93954 | 36
25 894 | 69725 745 | 73597 610 | 77863 489 | 82609 381 | 87953 287 | 94063 | 35
26 891 | 69787 743 | 73665 608 [ 77938 487 | 82693 380 © 88048 286 | 94173 | 34
27 888 [ 69849 740 | 73733 606 | 78013 485 | 82777 378 | 88143 284 | 94283 | 33
28 886 | 69910 738 | 73801 604 | 78088 483 | 82861 376 | 88239 283 | 94393 | 32
29 883 | 69972 736 | 73869 602 | 78164 482 1 82945 375 | 88334 281 | 94503 | 31
30 881 [ 70034 733 | 73937 600 | 78239 480 | 83030 373 | 88430 280 | 94614 | 30
31 {78 | 70097 731 | 74005 598 | 78315 478 | 83114 371 | 88526 279 | 94725 | 29
32 876 1 70159 729 | 74073 595 | 78390 476 | 83199 370 | 88623 277 | 94836 | 28
33 873 | 70221 726 | 74142 503 | 78466 474 | 83284 368 | 88719 276 | 94948 | 27
34 870 | 70284 724 | 74210 591 78542 472 | 83369 366 | 88816 274 | 95060 | 26
35 868 | 70346 722 | 74279 589 | 78618 470 | 83455 365 | 88913 273 | 95172 § 25
36 865 1 70409 719 | 74348 587 | 78694 468 | 83540 363 | 89010 271 | 95285 | 24
37 863 | 70471 77 | 74437 585 | 78771 467 | 83626 362 | 89107 270 | 95397 | 23
38 860 | 70534 715 | 74486 583 | 78847 465 | 83711 360 | 89205 269 | 95510 | 22
39 858 | 70597 712 | 74555 581 | 78924 463 | 83797 358 | 89303 267 | 95624 | 21
40 855 | 70660 710 | 74624 579 | 79001 461 | 83884 357 | 89401 266 | 95737 | 20
41 853 | 70723 708 | 74693 577 | 79078 459 | 83970 3556 | 89499 264 | 95851 | 19
42 850 | 70786 706 | 74763 875 | 79185 457 | 84056 353 | 89597 263 | 95966 | 18
43 848 | 70850 703 | 74832 573 | 79232 455 | 84143 352 | 89696 262 § 96080 | 17
44 845 | 70913 701 | 74902 570 | 79309 454 | 84230 350 | 89795 260 | 96195 | 16
45 843 | 70976 699 | 74972 568 | 79387 452 | 84317 349 | 89894 259 | 96310 | 15
46 840 | 71040 696 | 75042 566 | 79468 450 | 84404 347 | 89994 257 | 96426 | 14
47 838 | 71104 694 1..75112 564 | 79542 448 | 84492 345 | 90093 256 | 96542 113
48 835 | 71167 692 | 75182 562 | 79620 446 | 84579 344 | 90193 255 | 96658 | 12
49 833 | 71231 690 | 75252 560 | 79698 444 | 84667 342 | 90293 253 | 96774 | 11
50 830 | 71295 687 [ 75322 558 | 79777 443 | 84755 341 | 90394 252 | 96891 | 10
51 828 | 71359 685 | 75393 5566 | 79855 441 [ 84843 339 | 90494 251 | 97008 | 9
52 825 1 71423 BR3 | 75464 554 | 79933 439 | 84931 337 | 90595 249 | 97126 | 8
53 823 | 71488 680 | 75534 552 | 80012 437 | 85020 336 | 90696 248 | 97243 1 7
54 820 | 71552 678 | 75605 550 | 80091 435 | 85100 334 | 90798 247 | 97361 | 6
55 818 71616 676 | 75676 54% | 80170 434 | 85197 333 | 90899 245 | 97480 | 5
&6 815 | 71681 674 | 75747 546 | R0249 432 | 85286 331 91001 244 | 97598 | 4
57 813 1 71746 672 | 75819 544 | 80328 430 | 85376 330 | 91103 243 | 97717 ] 3
&8 810 [ 71810 669 | 75890 542 | 80407 428 | 85455 328 | 91205 241 1 97837 | 2
59 808 | 71875 667 | 75961 540 | 80487 426 | 85555 326 | 91308 240 | 97957 | 1
60 805 | 71940 665 | 76033 538 | 80567 425 | 85644 325 | 91411 2391 98076 | O

A B A B A B A B A B A B
’ ’
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Table 9.—Line of position table—Continued
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WHEN LHA (E OR W) IS GREATER THAN 90°, TAKE “K” FROM BOTTOM OF TABLE

84°00/ 85°00" 86°00 87°00’ 88°00" 89°00’
’ ’
A B A B A B A B A B A B

0] 2386 ) 98076 | 165.6 | 105970 | 105.9 | 115641 | 50.6 | 128120 | 26.5 | 145718 6.6 | 175814 | 60

1| 237.2 0 98197 | 164.5 | 106115 [ 105.0 | 115823 | 58.9 | 128362 { 26.0 | 146081 6.4 | 176544 | 59

2] 235.9 | 98318 | 163.4 | 106260 | 104.2 | 116004 | 58.2 | 128605 | 25.6 | 146448 6.2 | 177287 | 58

3| 234.6 | 98439 ( 162.3 | 106406 { 103.3 { 116187 1 57.6 | 128849 | 25 2 | 146817 6.0 | 178042 § 57

4] 233.3 ) 98560 | 161.2 | 106552 | 102.4 | 116370 | 56.9 | 129095 | 24.7 | 147190 8.8 ) 178810 | 56

51 2320 986821 160.1 1 106698 | 101.6 | 116554 | 56,3 | 129342 | 243 | 147566 5.6 ) 179593 | 55

6] 230.7 | 98804 | 150.0 | 106846 § 100.7 | 116739 | 55.7 | 129591 | 23.9 | 147945 5.4 ] 180390 | 54

71 22941 98926 | 157.9 | 106993 { 90.8 | 116925 | 55.0 | 129841 | 23.5 | 148327 5.2 | 181201 | 53

8| 228.1 | 99049 | 156.9 | 107141 | 00.0 | V17112 | 54.4 | 130093 | 23.1 | 148713 5.0 | 182029 | 52

9§ 2268 99172 155.8 | 107290 | 98,1 | 117299 | 53.7 § 130346 [ 22.6 | 149103 4.8 | 182872 | 51
10| 225.5 | 99296 | 154.7 | 107439 | 07.3 | 117487 | 53.1 | 130600 | 22.2 | 149495 4.6 | 183732 | 50
11| 224.2 | 99419 | 153.6 | 107589 | 06.4 | 117676 | 52.5 | 130856 | 21.8 | 149892 4.4 | 184609 | 49
12| 2229 99544 ) 152.6 | 107739 | 05.6 | 117866 | 51.9 | 131114 | 21.4 | 150292 4.2 | 185505 | 48
13| 221.6 | 99668 | 151.5 | 107890 | 94.7 | 118056 | 51.3 | 131373 | 21.0 | 150696 4.1 | 186419 | 47
14| 220.3 | 99793 | 150.5 | 108041 | 93.9 | 118248 | 50.7 | 131633 | 20.6 | 151104 3.9 | 187353 1 46
15| 219.1 | 99918 | 149.4 | 108193 | 93.1 | 118440 | 50.0 | 131896 | 20.3 | 151515 3,7 1188307 | 45
16 | 217.8 | 100044 | 148.4 | 108345 | 02.3 | 118633 | 49.4 | 132159 | 10.9 | 151931 3.6 | 189283 | 44
17 | 216.5 | 100170 | 147.3 | 108498 | 91.4 | 118827 | 48.8 | 132425 | 19.5 | 152350 3.4 1190282 | 43
18 | 215.3 | 100296 | 146.3 ) 108651 | 900.6 | 119022 | 48,2 | 132692 | 19.1 | 152774 3.2 | 191303 | 42
19 | 214.0 | 100423 |} 145.2 | 1,8805 | 89.8 | 119218 7.6 | 132961 | 18.7 | 1533201 3.1 | 192350 | 41
20 | 212.8 | 100550 | 144.2 | 108960 | 89.0 | 119415 | 47.1 | 133231 18.4 | 153633 2.9 ) 193422 | 40
21| 211.5 | 100678 | 143.2 | 109115 | 8&.2 | 119612 | 46.5 | 133503 | 18.0 | 154070 2.8 1 194522 | 39
22| 210.3 [ 100806 | 142.2 | 109270 | 87.4 | 119811 | 45.9 | 133777 | 17.6 { 151511 2.7 | 195650 | 38
231 209.0 | 100934 § 141.1 | 109426 | 86.6 | 120010 } -45.3 | 134052 | 17.3 | 151956 2.5 | 196808 | 37
24| 207.8 1 161063 { 140.1 | 109583 | R5.8 | 120211 | 44.7 | 134330 | 16.9 | 155406 2.4 | 197998 | 36
25| 206.5 | 101192 | 139.1 } 109740 | 85.0 | 120412 | 44.2 | 134609 | 16.6 | 155861 2.3 1199221 | 35
26 | 2053 101321 ] 138.17| 109898 | R4.2 | 120614 | 43.6 | 134890 | 16.2 | 158320 2.1 | 200480 | 34
27 | 204,71 } 101451 137.1 | 110057 | 83,4 | 120817 § 43.0 | 135173 15.9 | 156784 2.0 ) 201777 § 33
28 § 202.8 | 101581 136.1 | 110216 | 82.6 | 121021 | 42.5 | 136457 | 15.6 | 157254 1.9 | 203113 | 32
20 ] 2016 ) 201712 § 135.1 | 110375 | R1.9 | 121226 | 41.9 | 135744 | 15.2 | 157728 1.8 | 204492 | 31
30| 2004 | 101843 | 134.1 | 110536 | B1.1 | 121432 | 41.4 | 136032 | 14.9 | 158208 1.7 | 205916 { 30
311 196.2 | 101974 | 133.1 | 110696 { 80.3 | 121630 | 40.8 | 136322 | 14.6 | 158493 1.5 ( 207388 [ 20
321 198.0 | 102106 1321 ] 110858 | 79.5 | 121848 | 40.3 | 136615 | 14.2 | 159184 1.4 1208912 1 28
33 1 106.8 | 102238 | 131.1 | 111020 | 78.8 | 122057 | 39.7 | 136909 | 13.9 | 159680 1.3 ] 210491 | 27
341 195.6 {1 102371 | 130.1 | 111183 | 78.0 | 122267 | 39.2 | 137205 | 13.6 | 160182 1.2 | 212130 | 26
351 194.4 | 102504 | 120.2 | 111346 § 77.3 | 122478 | 38.6 | 137503 | 13.3 | 160690 11 213834 | 25
36 | 103.2 | 102637 | 128.2 | 111610 | 76.5 | 122690 | 38.1 | 137804 | 13.0 | 161204 111 215607 | 24
37| 1920 | 10277} 127.2 ¢ 111674 | 75.8 | 122903 | 37.6 | 138106 | 12.7 | 161724 1.0 | 217455 [ 23
39 ] 100.8 | 102905 | 126.2 | 111839 { 750 | 123117 | 37.1 | 138411 | 12.4 | 162250 0.9 219385 | 22
30§ 1x9.6 | 103040 { 1253 | 112005 | 74.3 | 123332 1 36.5 [ 138718 | 121 | 162783 0.8 | 221406 | 21
40 | 188.4 | 103175 | 124.3 ) 112171 | 73.5 | 123549 | 36.0 | 139027 | 11.8 | 163322 0.7 | 223525 | 20
41 187.2 | 103311 | 123.4 | 112338 | 72.8 | 123766 | 35.5 | 139338 { 11.5 | 163868 0.7 | 225752 | 19
421 186.1 | 103447 1 122.4 | 112506 { 72.1 | 123985 | 35.0 | 139651 11,2} 164422 0.6 | 228100 | 18
43 [ 184.9 | 103583 1215 [ 2674 | 71.3 | 124204 | 34.5 | 139967 | 10.9 | 164982 0.5 1 230583 | 17
44 | 183.7 | 103720 | 120.5 | 112843 | 70.6 | 124425 | 3-.0 | 140285 | 10.6 | 185550 0.5 1 233215 | 16
45| 182.6 | 103857 } 119.6 | 113013 | 69.9 ) 124647 | 33.5 | 140605 | 10.3 | 166125 0.4 } 236018 } 15
46 | 181.4 | 103995 | 118.7 | 113183 | 69.2 | 124870 | 33.0 | 140928 | 10.1 | 166708 0.4 | 239015 | 14
47 [ 180.3 | 104133 | 117.7 | 113354 | 68.5 | 125094 | 32.5 | 141253 0.8 | 167298 0.3 | 242233 | 13
48 1 170.1 | 104272 | 116.8 | 113526 | 67.8 | 125320 | 32.0 | 141581 9.5 | 167897 0.3 | 245709 | 12
49 1 178.0 ) 104411 ¢ 115.9 ) 113699 | 67.1 | 125546 | 31.5 | 141911 9.3 | 168505 0,2 ] 249488 | 11
50 | 176.8 | 104550 | 114.9 | 113872 | 66.4 | 125774 | 31.1 | 142243 9.0 | 169121 0.2 | 253627 | 10
51 175.7 | 104690 | 114.0 { 114045 | 65.7 | 126003 | 30,6 | 142579 8.7 | 169745 0.1 258203) 9
52 174.5 | 104830 | 113.1 | 114220 | 65.0 | 126233 | 30.1 | 142916 8.5 | 170379 0.1 12338 8
531 173.4 1 104971 1 112.2 | 114396 | 64,3 | 126465 | 29.6 | 143257 8.2 ) 171023 0.1 ) 260118} 7
54 | 172.3 | 105113 | 111.3 | 114571 | 63.6 | 126697 [ 29.2 | 143600 8.0 | 171676 0.11275812| 6
55§ 171.1 § 305254 | 110.4 | 114747 | 62.9 | 126931 | 28.7 | 143946 7.8 | 172339 0.0 ) 283304 | 5
56 § 170.0 | 105397 | 100.5 | 114925 | 62.2 | 127166 | 28.3 | 144295 7.5 | 173012 0.0 | 293421 ] 4
57 | 168.9 | 105639 ] 108.6 ) 115103 } 61.6 | 127403 | 27.8 | 144646 7.3 | 173696 0.0 § 305915 | 3
58 | 167.8 | 105683 | 107.7 [ 115282 | 60.9 | 127640 [ 27.4 | 145000 7.1 | 174391 0.0 | 323524 | 2
50 | 166.7 | 105826 | 106.8 | 115461 | 60.2 | 127880 | 26.9 | 145358 6.8 | 175097 0.0 353627 | 1
60 1 165.6 | 105970 | 105.9 | 115641 | 59.6 | 128120 | 26.5 | 145718 6.6 | 175814 0.0 [..o.eoe 0

A B A B A B A B A B A B
[ ’
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PUBLICATION NOTICES

To make immediately available the results of its various
activities to those interested, the Coast and Geodetic Survey
maintains mailing lists of persons and firms desiring to
receive notice of the issuance of charts, Coast Pilots, maps,
and other publications.

Should you desire to receive such notices, you may use
the form given below, checking the lists covering the sub-
jects in which you are interested.

DirecTOR, UNITED STATES COAST AND GEODETIC SURVEY,
Washington, D. C.

DEeAr Sir: I desire that my name be placed in the mailing

lists indicated by check below, to receive notification of the

issuance of publications referring to the subjects indicated:

0o 109. Astronomical work.
0 109-A. Base lines.
O 109-B. Coast Pilots.
0 109-C. Currents.
0 109-D. Geodesy.
O 109-E. Gravity.
0O 109-F. Hydrography.
0 109-G. Leveling.
0 109-H. Nautical charts.
O 109-1. Oceanography.
0O 109-J. Traverse.
O 109-K. Seismology. )
O 109-L. Terrestri%ifmagnetism.
O 109-M. Tides.
0 109-N. Topography.
0O 109-0. Triangulation.
O 109-P. Cartography.
O 109-R. Aeronautical charts.
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(Address) -

A catalog of the publications issued by all bureaus of the
Department of Commerce may be had upon application to
the Chief, Division of Publications, Department of Com-
merce, Washington, D. C. It also contains a list of libraries
located in various cities throughout the United States, desig-
nated by Congress as public gepositories, where all publica-
tions printed by the Government for public distribution may
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