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PRACTICAL AIR NAVIGATION 

INTRODUCTION 

The Air  Coninierce Act of 1926 provided for the charting of 
airways and the publication of aviation maps necessary for  safety 
in flying. At that  time there were no  such maps of the  country, 
and no  maps were available which could serve even as an adequate 
base for  the addition of aeronautical data. A new type of ma for  
aerial needs was urgently re uired, and to the United States &ash 
and Geodetic Survey of the 9 epartment of Commerce was assigned 
the technical work of investigating this field, and of compiling and 
publishing the new maps of the airways. 

The  first air i m p s  published by the Coast and Geodetic Survey 
for  the Bureau of Air  Commerce were strip maps of the  principal 
airways. However, it was realized tha t  strip maps could not long 
meet the need, and in  December 1930 an  experimental edition of the 
first sectional airway map was published. 

Although these early maps qiiickly found favor, they were little 
more than accurate 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 
coming of more advenced methods of navigation, features tha t  once 
were considered essential have been replaced with others of greater 
relative importance. Certain items which should be included in  a 
topographic map now are omitted in  order not to obscure details 
of more inrportance to  the navigator; other features are exaggerated 
beyond topographic justification, because of their lantlmark value. 
Thus, with the addition of the system of highly developed aids to  
navigation, the airway maps have gradually assumed the character 
of the nautical charts so essential for  safety a t  sea, arid recently the 
designation of tlicsc highly specialized publications has been changed 
to  aeronautical charts. 

Even today the development of the aeronautical chart cannot 
be considered complete. Changing conditions of flight (such as 
higher speeds, longer flights, and hiqher altitudes) are fairly certain 
to result in c1iangSr.d niethod, of navigation. Srrch clianges the chart 
should not merely keep pace with, but should anticipate. 

Maps in general may he looked upon a s  containing inforniaticm 
which is siibject to comparatively little change, even over 5 consid- 
erable period. By way of contrast, tlio acronautic:d charts include 
25,000 miles of airways equ ippd  with beacon lights, i-adio ranges, 
teletype service, and other related fc:itures. Over such a n  extensive 
system i t  is obvious that  miny  clinnges must occur; new airways 
are being establishetl and old routes rebuilt for more cfficierit operu- 
tion ; in iprovd equipment is being instdled, and the 1)cpurtment is 
even looking toward tlie early extension of its aids fo r  the navigation 
of a i r  routes acroPs the oceans. The  frequent correction of its charts 
to show these changes as they occur is a most important function of 
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2 U. S.  COAST AND GEODETIC SURVEY 

the Government, and is imperative for safety in all forms of air 
transport a ti on. 

Two series of aeronautical charts are now being published by the 
Coast and Geodetic Survey: 

* Sectional charts, covering the entire United States, in 87 $ieets, a t  a 
scale of 1 : 500,000, or about 8 miles to  the inch (fig. 1). 

* Regional charts, covering the whole coiiiitry, in 17 sheets, a t  a scale 
of 1 : 1,000,000, or about 16 miles to the inch (fig. 2). 

The sectional charts are entirely suitable8 for all forms of naviga- 
tion, but are intended primarily for use in piloting. 

The regional charts are designed particularly for air navigation, 
as contrasted with piloting. They were made necessary by faster 
planes flying greater distances. 

Because of the larger scale and more detailed 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 resorted to. 
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. 

CHART READING 
THE IMPORTANCE OF CHART READING 

A chart is a small-scale representation of the earth and its culture, 
presenting to the trained eye1 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 inforrnation 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 
repaid3 that this is beginning to be appreciated is evidenced by the 
growing demand for thew charts. 

I n  charting the details of the terrain and the system of aids to 
navigation, many conventional symbols are employed. Some of these 
have been in use for many years, and their significance is generally 
understood ; others have been adopted 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. 

Not all of the cultural and topographic features described are 
included in the regional series, because of their smaller scale; how- 
ever all are included in the sectional series, and such as can be shown 
on the regional charts are in conformity therewith. 

The features shown on these charts may be divided into two groups: 
1. Those necessary to a clear and ac-curate topographic representation of 

2. Aeronautical data and information of interest (Wefly for air navigation. 
The topographic features may in turn be subdivided into three 

Water, including streams, lakes, canals, swamps, and other bodies 

the region. 

groups : 

of water. 

* Fifty-six sectional and 2 regional aeronautical charts nere available November 1938. 



FIOCEE 1.-Index to sectional aeronautical charts. 



FIGGR~ 2.-Index to regional aeronautical charts. 
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Culture, such as towns, cities, roads, railroads, and other works of 

Relief, including mountains, hills, valleys, and other features of the 
man. 

terrain. 
WATER FEATURES 

[See flg. 3.1 

Water features are represented on the aeronautical 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. 

I n  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. 

,--**.--- 
Large river and stream-.-- Dry lake __________._.__. ~ 

Intermittent lake.. _ _ _ _ _  _ _  - Glacier _ _ _ _ _  _ _ _  _ _  _ _ _ _  _ _  __. 

Figure R.-Wnter features. 

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. 

CULTURAL FEATURES 
[See  flgs. 4 and 61 

Cultural features are generally indicated in black. Towns of 
less than 1,000 in population are indicated by a conventional black 
circle. Towns 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 t~ purple outline. 

Railroads are represented by fairly heavy black lines with cross- 
ties a t  5-mile intervals, electric railways by lighter black lines with 
crossties at  21h-niile intervals. Thus, when the route parallels a 
railroad or eltlctric 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. 
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Even if a railroad has been abandoned or torn up, the old roadbed 
is sometimes a prominerit 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 because they are also a source of potential danger. I f  a pilot 
is following a railroad through territory with which he is not famil- 
iar, and the railroad enters a tunnel, he may find himself suddenly 
confronted by a mountain side, without sufficient space either to turn 
or to climb above it. This difficulty seldom is encountered in the 
case of highways, but any highway tunnels are shown by the same 
symbol. 

Prominent highwa s are indicated by a heavy purple line, sec- 

" Prominent highways " and " secondary highways " must be 
understood as only relative terms. I n  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 

ondary highways by f ighter lines in purple. 

O.....less than 1,000 Railroad, one track-. ~ _ _ _ _  - 
Cities and towns 0..-1.000 to 5,000 Two or more tracks. . _ _  .+-tk I.- more than 5,000 Abandoned ... - - .  _ _ _  _ _  ---t - - 4 

Prominent highway .. . .._. Electric- _ _  - - - - . - ~ - .. -. ~ - 
TUNNEL 

Secondary highway _ _  ___. . Tunnel _ _ _ _  _ _  -. . ___. . . .---.:r&, 

FIOURB 4. Cu1tur:il features. 

impossible even to incliide all the highly improved roads. The 
treatment of highways, then, varies with the region under considera- 
tion, but in each case an attempt is macle 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. I n  congested areas 
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 arid because of their 
importance to air traffic they are shown in red. Usually, only steel 
tower lines are shown on the aeronautical charts, but occasionally 
pole lines are shown, if they are particularly prominent when viewed 
from the air. 

Oil derricks are represented by a symbol suggestive of their struc- 
tural framework. Oil tanks are shown by small black dots, or 
circles. Where there are just a few scattered derricks or tanks, a 
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symbol often represents an individual well or tank; where they are 
very numerous, the symbols are distributed a t  convenient intervals 
and indicate an area, rather than individual derricks or tanks. 

Lookout towers in the state and national forests are located on 
the highest ground in the vicinity, and are usually quite prominent. 
I n  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. I f  there is a telephone available a t  a tower, this fact 
is also indicated on the chari, as it may prove of value in the event 
of a forced landing. 

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. 

A Coast Guard station is indicated by a sm:tll black “boat ”, 
accom anied by the number with which it has been marked for 
ideiiti i! cation from the air. 

Quarry or mine.. _ _ _ _  _ _  _ _  ._. _ _  ..P Transmission line-.- - - - -.-T-T- 

Oil well derrick- _ _ _ _ _ _  _ _  - - _ _ _ _ _  d Coast Guard station _ _ _ _ _  _ .____ + CG326  

0.0 011 tanks _ _ _ _ _ _  _ _ _ _  ___.___ . .- .*e 

Misc. landmark.. . . - .  _ _  ~ 

Tel Lookout tower-.- _ _  ~ - ~. . . . _ _ _ _  .@ 24 

FIQURIC 5.--Cultural features (landmarks). 

I n  addition to the foregoing, there are in many localities a number 
of unclassified distinctive landmarks which are of great assistance in 
identifyin position. These are usually indicated on the sectional 

It should be understood that, even on the larger-scale series, cer- 
tain features must be exag erated in size. For example, if a promi- 

chart, the highway appears to be about 650 feet in width, but this 
exaggeration is necessary for the sake of clarity and emphasis. 
Again, in a narrow canyon it ma be required to show a stream with 

the 3 features ma occupy a space no more than 75 feet in width, 

they appear to  occup Or, in the case of water 

standing landmark; a t  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 as a double line, and in len h enou rh to  preserve 
in a general way, a t  least, the shape of the la %!. e As k ar  as possible, 
symbols are centered on their true locations and exaggerated only 
as much as may be essential to a clear representation. 

charts wit Isl a dot and descriptive note. 

nent highway is measured f y the scale of statute miles on a sectional 

a railroad on one side and a hig l way on the other. On the ground 

yet on the chart, s :: owing the 3 symbols as close together as possible, 

features, a lake 300 P eet wide and 2,000 feet long may be an out- 
about 2,000 feet. 
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LIGHT PALE 
GREEN GREEN BROWN 

RELIEF 
[See fig. 6.1 

k“ Relief is shown by contour lines in brown, and is emphasized b 
a series of gradient tints ranging from green a t  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. 

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 also are shown. 

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

horizontal pIane 
with the surface of the terrain. To illustrate, $&ire 7 represents 

Any contour is the intersection of an imaginar 

LIGHT MEDIUM DEEP DARK 
BROWN BROWN BROWN BROWN 

Hachured peak Mountain pass 
with elevation-.. ....... __. 

.... ;.:.<;: . , :. .: :>>: ._., .,:.. . . . .  .:.......:. ..... :. 
Sand dunes _ _ _ _  _ _ _ _ _ _  .- .::; ~:~:::i::.: :i...c.. . 

:..... .............. n:.:.; 

....... ... .................... .......... ................. .3.:. .... .::,..:. i: .,,. 
3 foot depth CUNe--. .____ 

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. I n  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. 

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

I n  figure 8 the curves a t  V ,  V ,  V ,  represent valleys of varying 
width and depth, while R, R, R, represent ridges or hills. 

One way of visualizing mor0 readily the significance of the curv- 
ing 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 seacoast itself is a contour, every point thereon having the 
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same altitude (zero) with respect to mean high water. Any valleys 
running down to the shore line are represented by a curve or in- 
dentation landward ; any ridges result in a curve seaward (fig. 9). 
Now if the sea should rise 1,000 feet, the 1,000-foot contour would 
become the shore line; valleys would still be indicated by a curve 

FICWRBI 7.-Contoura illustrated by u Rand pile. 

toward the higher ground (which could now be culled " landward '7, 
and ridges would be indicated by a curve toward the lower ground 
(" seaward ") . 

If a cliff should rise almost vertically above the shore line for 
1,000 feet, the 1,000-ftmt contour would appear on the chart very 

F~ouum 8.-Ridges nntl vnllrya 
shown by contours. 

close to the shore. If the terrain should rise from the coast in a 
long gentle slo e, the 1,000-foot contour would be a considerable dis- 
tance inland. \'bus, contour lines that are far apart on the chart in- 
dicate a gentle slope, while lines that are close together indicate 
a steep slope; contours that run together 'ndicate a cliff. 
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The manner in which contours express altitude, form, and degree 
of slope is shown in figure 10. The sketch in the upper part of the 
figure represents a river valley that lies between two hills. In  the 
foreground is the sea, with a bay that is partly enclosed by a hooked 
sand bar. On each side of the valley is a terrace into which small 
streams have cut narrow gullies. The hill on the right has a. 
rounded summit and gently sloping spurs separated by ravines. 
The spurs are cut off sharply a t  their lower ends by a sea cliff. The 
hill a t  the left terminates abruptly a t  the valley in a steep and almost 
vertical bluff, from which it slopes gradually away and forms an in- 

I 
KIGUKE lO.-Altitudc, form, und dope expressed by contour#. 

clined 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. 

It should be noted that in figure 10 the contours represent suc- 
cessive increases of 20 feet in elevation-that is, the " contour inter- 
val " is 20 feet. For the aeronautical charts a contour interval of 
1,000 feet has been adopted. 

The %foot depth curve, in water areas (fig. 6 ) ,  may be thought of 
as an under-water contour, and every point along the curve is 3 feet 

1 On a few of the charts, because of unusual local condltions, intermcdinte contours a t  
500-foot intervals are shown in broken lines. 
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below 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. 

Sand and sand dunes are indicated by brown dots (fig. 6) .  
All the foregoing features are combined by the cartographer in 

such a manner as to reproduce the characteristic details of the region 
accurately, but without confusion. Then to  this basic topographic 
representation . .  are added those features of special interest for air 
navigation. 

AERONAUTICAL INFORMATION 

[See figs. 11 and 12.1 

Aeronautical information and features of interest chiefly for air 
navigation-airports, beacon lights, radio ranges, etc.-are shown in 
red. These data are subject to  constant change, and it is well to 
remember that charts are safe only as long as their data are correct. 
The elimination of certain airports, with changes in beacon lights 
or radio aids to navigiation, makes the use of an obsolete chart as 
dangerous in the air as a t  sea. For this reason, new editions are 
frequently printed, showing the latest information available, with 
the date of issue printed in red in the lower left corner of each 

8 Seaplane Port or Anchorage--- _ _ _ _ _ _ _  
(with ramp. beach and handling facilities) 0 Army, Navy or Marine Corps Field. - ~ ~ ~ 

Seaplane Anchorage- - - - - - - - - - - 
(with refueling and usual harbor tachtwr) 

Seaplane Anchorage. - - _ _  - _ _ _  -. _ _  ~ 

. --& Commercial or Municipal Airport------. 

b (with limited lacnlities) 
Dept. of Commerce Intermediate Field 

+ Marked Auxiliary Field -___ _ _ _ _ _ _  - - 
Fiouna 11.-Airport classification. 

chart. The pilot’s own interests and the safety of the public make 
i t  imperative to discard obsolete charts and to obtain new editions 
as soon as they become available. 

Airport and airway changes subsequent to the date of printing 
are listed in the Air Commerce Bulletin (which is published monthly 
by the Department, and may be had free upon request), and in the 
weekly Notices to Airmen (which are posted a t  principal airports). 
A pilot should note such changes on his own copies of the charts 
affected. Even then, whenever possible, he should obtain local infor- 
mation 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 
accompanying legend (fi . 11). It is important to consider the 

obtain supplies OF service a t  an Army or Navy field. 
Elevations of the airports above sea level are indicated by red 

numerals adjacent to the airports. 
The letters LF, in red, adjacent to an airport symbol indicate that 

the field is equipped with night lighting facilities. Sometimes these 
facilities are operated only at  certain hours, or on request. The 

classification of a field be f ore landing, as frequently civilians cannot 
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same is true of certain other beacon lights and aids, and for com- 
plete information on these points pilots should refer to Airway 
Bulletin No. 2,  or obtain local information. 

A rotating airway beacon light is indicated by a red star with open 
center. Red arrows in conjunction with the beacon symbol indicate 
that the beacon is equipped with course lights and show the direc- 
tions in which they are pointed; the number of the beacon (which 
is painted at the base of the beacon for daylight identification, and 
flashed by the course lights in Morse code for identification at  night), 
with the corresponding Morse signal, is placed adjacent to the 
symbol. 

A flashing beacon light is indicated by a smaller solid red star. 
If an airport is equipped with beacon light, the proper beacon 

symbol is placed in the center of the airport symbol. I f  the airport 

Rotating beacon light _ _ _ _ _ _ _ _  ++ 

nc8AEy@ 

Mooring mast _ _ _ _  _ _ _  _ _ _ _ _  _ _  r 
(wi th  course hghtz) 6-.- 

Flashing beacon light-. _ _ _ _ _ _ _  * Lighthouse- _ _  _ _ _  _ _  - - - _ _  -0 

Obstruction- . -. _ _ _ _ _ _  _ _ _  A 
(height In teet) 366 

Airport with rotating 
beacon and code light _ _ _ _ _ _ _ _  

Landmark beacon light-- ___._ ++ Prohibited area.-- _ _ _ _ _ _ _  
(wi th  directional erotector) ,--. 
Radio marker beacon. - -. 1 
h l h  frequency and identifying sinnab, 
Naval radio 
direction finder station-- --a RC (NAB) 

Marine radiobeacon----- 0 RBn (WPB) Transmission line.. ----T'-'-T- 

m 
1344---.1/ @ 'i 

p a r k e d  ,&x , 
High explosive area -_ /  

L n m a r k e d  $ 

Lines of equal 
magnetic variation ...--.,,-- l7"E 

Columbus to New York 

Weather 

ICleveland to New Yorh 55' I 
~ 2 7 0 ~  90'- -@* 

Radio Range 
Courses are magnetic 

V'rauas 12.-.\croiinutical data (miscellanc.ouh). 

is also equipped with a code light, red rays are added to the beacon 
symbol, and the Morse signal flashed by the code light is shown 
adjacent to the airport. 

A landmark beacon light, operated by a commercial establishment 
for advertising purposes as well as for the benefit of airmen, is 
indicated by a heavy red asterisk. An arrow in conjunction with 
this symbol indicates that the beacon is equipped with a stationary 
bearing projector pointing to the nearest airport. 

A mooring insst is indicated by a symbol suggesting a dirigible a t  
its moorings. 

A lighthouse is shown by a heavy red dot. 
Isolated obstructions are shown as indicated in 1 he figure, together 

with numerals indicating the hei ht of the obstruction above the 

the obstruction. 
ground, in feet. The center of t f e symbol marks the location of 
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Certain areas near naval proving grounds and test-firing ranges 
are prohibited to aircraft. These areas are indicated by prominent 
red ruling. 

There are other more limited areas where quantities of high ex- 
plosives are stored. Pilots are forbidden to fly over such areas, and 
they are marked on the chart as shown in fignre 12. 

Radio range stations are localized by a red circle-and-dot symbol, 
and the positions of the range courses are shown b a pink tint. 

and large red letters mark the A and N qnadrants of the system. 
'I'he method of flying the radio ranges will be treated in detail in a 
later section. 

Radio marker beacons are usually located at  an airport, and in 
these cases the airport is enclosed in a red circle. 

Naval radio direction finder stations are seldom used b aircraft 

symbol and the initials RC. 
Weather broadcast schedules, as well as the call letters and iden- 

tifying signals of the various radio stations, are shown in red, adja- 
cent to  the airports to which they apply. 

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

Compass rows (fig. 13), oriented to true north, are printed on 
the charts in red. I n  the absence of a protractor these roses may be 
used for the approximate measurement of courses and bearings. Be- 
cause 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 degrees of 
longitude away. Therefore, compass roses are printed at  intervals 
sufficiently close that courses may be measured with practical ac- 
curacy, and one is usually available no matter how the chart is 
folded. 

PROJECTION AND SCALES 

Magnetic compass courses toward the station are in c f  icated in red, 

today. However, these stations are indicated by a red circ 9 e-and-dot 

Both series of charts are bawd on the Lambert conformal pro- 
'ection, whirh affords many advantages for air navigation in the 
bnited States. I n  this projection, variations in scale are so small 
that distances can be measured as if the scale of the charts were 
constant. Therefore, in the borders of both series are conveniently 
graduated scales of statute miles by means of which distances may 
be scaled anywhere on the chart with a high degree of accuracy. 

I n  the margins af the sectional charts ( 1 :  500.000) are scales 
subdivided into minutes of latitude, and into minutes of longitude. 
These scales provide convenient means of plotting points when their 
geographic coordinates (latitude and longitude) are known, or of 
determining the geographic coordinates of points from their posi- 
tions on the charts. Their use will be discussed in a later section. 
I n  some instances, 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. 

2080°-35---2 
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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 a t  inter- 
vals of 15 minutes each way, and every fourth one, re resenting 
each who10 degree, has been subdivided into minutes. Xny point 
t o  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 dis- 
tance from the nearest meridian and parallel. 

F 

BIGURIO 13.--Compnss rose. 

Should a scale of nautical miles be desired, the scale of minutes 
of latitude, i. e., the subdivisions along the meridians, will serve, 
Since a minute of latitude is very nearly a nautical mile. 

NIGHT FLYING CHARTS 

To meet an ever-increasing need, the regional charts are also 
contemplated in a special edition, with a night flying chart rinted on 

of darkness has been eliminated from these charts, and there are 
shown only those features of interest in night flying: Major drain- 
age, principal cities, radio aids to navigation, obstructions, and bea- 
con lights and airports at which all-night operation of lighting 

the reverse side. All detail that is lost to view with t K e coming 
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facilities is assured. 
cator projection, a t  .a scale of 1 : 1,000,000 at  latitude 40". 
of plate 11.) 

The night flying charts are based on the Mer- 
(Sce back 

CROSS-COUNTRY FLYINGPILOTING 

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. I f  the pilot has a thorough knowledge of chart-reading, 
few instruments will be required other than reliable charts of the 
route to be flown. 

When flying between points on the same aeronautical charc, 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 i n  the air with reference to tlie 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 head winds; weather conditions alonq the route and at  the 
destination, as we11 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 directing the plane from place to 
place by reference to visible landmarks which can be identified on 
the chart. 

Directing a plane from one place to another solely by reference to 
visible land~riarks is known in this country as piloting. 

LANDMARKS 

The cultural features of the terrain constitute a most important 
class of lantlmarks. For example (plate I), compare tlie distinctive 
railroad pattern a t  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 incliitlled on tho 
sectional charts as an aid to  identifying ground position. Refer- 
ring again to plate I, note the stadium in 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 chininey south of 
Marion ; the gravel pit and " gravel pit lakes )' north of Marion ; the 
gravel pit soiithwest of Kenton; the race tracks u t  Bellefontaine, 
Urbana, and Hilliards; and the silver tank a t  St. Paris. 
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The topographic features are frequently of outstanding inipor- 
tance in steering a course. I n  flying from Winchester, Va., to Wash- 
ington, D. C., i t  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, E l  Capitan, Sugarloaf Mountain, and 
SO on. Such features may. be readily selected from the chart by those 
experienced in chart-reading and the interpretation of relief. 

STEERING A RANGE 

I n  order to keep on the desired course, i t  is a 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 landmarks is reached, another more distant object in line 
with them should be selected and a second range steered. 

To illustrate the use of ranges, suppose a flight is planned from the 
airport a t  McMinnville, Oreg., to Swim auxiliary field,. just south 
of Mount Hood (Portland sectional chart). After taking off, the 
plane is steered so that the southerly slope of Mount Hood is kept 
lined up with the U-bend of the Willaniette River, about 8 miles 
east of McMinnville. Soon after passing the river the race track 
north of Canby is seen, and the plane is headed so as to  keep the 
track slightly to the north of the direct line to  Mount Hood. Shortly 
before coming abreast of Canby, the course is checked by noting that 
the plane passes directly over the Department of Commerce beacon 
a t  Aurora. The power station south of EstacatXa and the lookout 
tower about 15 miles east of Estacada, in conjunction with the south- 
erly slope of Mount Hod,  furnish the next 2 ranges. 13y this time 
State highway no. 50 is seen, and its general trend is followed in 
to Swim field. 

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

For example (plate I ) ,  the route from Sprlngfield Airport to 
Marion Airport lies between and roughly parallel to the Erie Rail- 
road and State highway no. 4. Flying this route, when a plane was 
about opposite Marysville a compass heading of 39" was noted. 
Shortly afterward an area of thick fog was encountered unexpect- 
edly, but the compass heading of 35' was maintained; on running 
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out of the fog 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 i f ,  before taking off, 
the straight line on the chart is divided into 10- or 20-mile inter- 
vals. The cross-niarks 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. 

MARKING TIME INTERVALS 

An alternative method preferred by sonie 
of the leading pilots is to divide the straight 
line on the chart into time intervals, In- 
stead 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. Thcl first cross-mark 
would be made 15 miles from the starting 
point, but niarked 10 minutes; the second, 
a t  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 

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. 14) can usually be obtained from com- 
panies selling drafting instruments. This instrument affords the 
quickest and easiest nieans of dividing the route into equal time in- 
tervals while in flight and of determining the exact time when any 
point will be reached in flight. The instrument 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 niiles 
from an airport, and this railroad is identified and passed just 9 
minutes after taking off. The tooth of the spacing dividers iiiarked 
0 is placed 011 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 niinutes of flight, and the tooth 
marked 10 iridicatcs the point the plane will have reached at  the 
end of 10 minutes. In  other words, the distance between teeth num- 

expect to  reach the various points. 1~’iauim ll.-Spacing dividers. 
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bered 0 and 10 is the distance that will be niade good during each 
10 minutes of flight, rovided there is little change in speed or wind 
conditions. 
stepped off along the straight line on the chart, and by means of 
the intermediate teeth the exact minute when any prominent object 
will be reached can be noted. 

Some will prefer, no doubt, to  combine the two methods, dividing 
the straivht line on the chart into 10- or 20-mile intervals before 
taking 08, and noting on the chart while in flight, by means of the 
spacing dividers, the time for reaching the various landmarks along 
the way. 

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, a t  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 that will prove very useful 
in determining the Found 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 B 
railroad 15 miles distant was crossed in 9 minutes of flying time. 
Referring to the graph (fig. 38, p. SO), follow the horizontal line 
corresponding to  9 minutes arross 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 be- 
neath it may be read from the bottom of the graph the number of 
miles made good in 10 minutes. I n  the same way, the number of 
miles made good for each successivs 10-minute interval may be read 
from the bottom of the graph and plotted on the chart. Also, if 
a given landmark or airport is known to bo at  a certain distance, 
following the vertical line representing that distance up to  its inter- 
section with the correct ground speed line, and thence t o  the left 
border, will give the exact number of minutes required to reach the 
point in question. 

LONG FLIGHTS 

With t hp e dividers, 10-minute intervals can now be 

I n  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 t,he 
charts involved, and proceed as bcfore. 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 a t  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 a ar t  and on 
widely separated maps, i t  may prove more convenient R rst to draw 
on a smaller-scale chart of the United States a straight line between 
the two points, The points a t  which the straight line crosses the 
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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 tlie same procedure followed as before. Chart no. 
3060a of the Coast and Geodetic Survey (Aeronautical Planning 
Chart, United States) , niay 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 

Charts of both series will be found very convenient for  use in the 
air when properly folded. It is intended that the charts be folded 
once, back to  back, along the line AB (fig. 15), 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 inay be 
consulted merely by turning over the accordion folds. 

A II- 
FIGURIC 15 ~ Ihldinp the rlinrt for USP in flight 

If it  is desired to tnaltc a strip chart covering a certain route (ns 
the route CZ), fig. It , ) ,  fold tlie chart so as to lcave the route in the 
center of a stri ) 10 or 12 inches wide; then fold the strip in the 
accordion fold i 1 lustrated in figure 15. 
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RGURE 16.-K'oltling the chnrt a8 a xtrip. 

AIR NAVIGATION BY DEAD RECKONING 

THE ADVANTAGES OF DEAD RECKONING 

Cross-country flying by elementary methods of piloting is so sim- 
ple under conditions of good visibility that many pilots practice no 
other form of navigation. Piloting a plane by reference t o  visible 
landmarks is fundamental and must be combined with any other 
form of navigation that may be used; however, when a pilot is 
limited to flying by landmarks alone, he loses the saving in distance 
of the direct air route. The ability to navigate by more advanced 
methods is certain to result in greater operating efficiency and will 
give considerable mental satisfaction to the pilot as well. 

THE LAMBERT CONFORMAL PROJECTION 

The solntion of all problems of dead reckoning depends entirely 
upon the projection employed, and the Lambert conformal conic 
projection was chosen for both series of aeronautical charts. This 
projection was devised nearly 200 years ago, but it did not come into 
prominence until the World War, when it was adopted for the 
military maps of the Allied Forces because it afforded a maximum 
accuracy of distancw 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 Gcotletic 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 
thorough investigation had indicated that it afforded a remarkable 
ooml)ination of properties and advantages, among which are the 
following : 

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

2. It is unexwlled for scaling tlihtances in all directions in the United States 
3. Its directions, or :izimuthst, confomi very closely to directions on the 

4. It provides the best possible chart for piloting. 
earth, i. e., great-circle directions. 
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5. I t  affords n simple and satisfactory solution fur all problems of dead 

6. It affords the sirniblest possible means of practical great-circle navigation. 
7. I t  is unsurpassed fur all types of radio navigation. 
8. It i s  unusually suitable for celestial navigation and all problems requiring 

the plotting of positions. 

These conclusions have been reached as the result of many practi- 
cal tests by the United States Coast and Geodetic Survey, and anyone 
particularly interested may obtain further data by addressing the 
Director of this Bureau. 

I n  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 a t  the siipposed point 
of intersection of the meridians. Meridians and parallels intersect a t  
right angles and the angles formed by any two lines on the earth’s 
surf ace ar0 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. On a chart of the country as a whole, the maximum (total) 
scale error for nearly 90 percent of the area of the United States is 
within % of 1 percent-an error quite negligible in practice. 

reckoning, not excepting the rliuirib line. 

SMALL-SCALE CONTROL CHARTS 

Reference has been made already to the use of chart no. 3060a for 
laying out routes between widely separated points. A second chart 
which might be used for this purpose is 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, the following brief 
comparison states the special properties of each. 

Chart no. 3060a is on the same projection as the two series of aero- 
nautical charts and is at a scale of 1: 5,000,000, or about 80 miles 
to the inch. It affords a high degree of accuracy in the measure- 
ment of distances between widely separated points, and in the plot- 
ting of radio bearings. About 40 of the principal broadcasting 
stations and 160 of the country’s leading airports are shown in red, 
facilitating radio compass navigation and the plotting of routes be- 
tween principal airports. Courses also may be measured thereon, a1- 
though in general they should be measured on one of the larger- 
scale series, as recommended in a later section. 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 p i n t s .  

Chart no. 8074, being on the gnomonic projection, can have no 
constant scale, although it is approximately a t  the same scale as 
Chart no. 30GOa. It is not suitable for the measurement of courses, 
bearings, or distances, but any straight line on the gnomonic pro- 
jection represents a precise great-circle track, and the chart is there- 
fore very useful for an rxact determination of the great-circle route 
over long distances. The airports shown on Chart no. 3060:~ arc 
included on this chart also. The radio stations are omitted, however, 
since the gnomonic projection is not adapted to radio navigation. 
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There are two basic problems in navigation, one being essentially 
the reverse of the other. 

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

Case 11. 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 I 

They are : 

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 ; arid 
4. Find the compass heading from the cwinpass course by inakirig allowance 

Figure 28 provides a graphic definition of these terms. 
for the effect of wind. 

1. TO MEASURE THE TRUE COURSE 

I n  order to understand clearly problems involving directions, it 
is important to distinguish carefully between a course and a bearing 
(or azimuth). Figure 17 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 n is the course to be follow~d from A to B;  
Angle ?J i s  the course to be followed from B to A ;  
Angle 2 is the bearing, or azimuth, of B as measured at  the point A ;  
Angle 2' is the hearing, or azimuth, of A as  nieiisiired at the point B. 

FIGITMI l i . - ~ o u r s r a  and bmrirrgR. F I ( . I J U ~  18.-Course and track. 

It should be rioted, further, that on tho Lambert projection a 
course is always measured at  the meridian nearest halfway between 
the two points in question; a bearing (or nziniiith) is measured a t  
the meridian passing through the place at  which the bearing is 
determined (or to be determined) . I  

130th courses and bearings are measured clockwise from the north, 
from 0" up to 360". 

1 For theoretical precision. long courncs should 1)r niwsured with the mf'ritlian of middle 
longitude betwrrn the points ir i  qurstion, rather than the meridian nc,arest halfway. 
Thin applies only to very long clistancw, however, ant1 if4 nn unwnrrarlted rrfinomrnt, the 
maximum conrHe error from this cause bring too rrmnll 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, ancl wind) ; a bearing (or azimuth) is 
constantly changing as we progress along the route arid is different a t  
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). 

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

The terms " bearing " and " azimuth " are identical, but the former 
term is generally used in radio navigation, the latter in  celestial 
navigation. 

I f  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 
halfway (as the angle a, fig. 17), 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 18. However, 
when courses are measured as recommended in the followin para- 

plane does exactly track the straight line throughout its entire 
length. 

A 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 de- 
grees of longitude the true course may be measured with the mericl- 
ian nearest halfway, as described above and as illustrated in figure 
17, and the entire distance flown as one course. 

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

For example, figure 19 illustrates the method of determining the 
series of true courses to be flown between St. Louis and Minot. 
The distance is 802.7 d e s ,  and the difference of longitude is nearly 
12 degrees, which is too great to be flown satisfactorily in one course. 
The route is therefore divided into five sections crossing approxi- 
mately 2 degrees of longitude each, the two end mations bring 
slightly longer than the others. The true course to be flown through- 
oilt the total length of each section should be measured with the 
middle meridittn of that section, and the course should be changed 
in flight as the end of carh siicceeding section is reached. 

On the Lambert projection, for all practical purposes, a straight 
line is the great-circle route (shortest possible tlistance) between its 
extremities. The method just oiitliiied makes it possible to fly the 
great-circle route by a series of short courses (rhumb lines). 

graphs, the departure is so slight that i t  may be considered t gh at the 
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2. TO FIND THE MAGNETIC COURSE 

As explained above, the true course is measured with reference to 
the true meridian printed on the chart, or true north. However, 
rnagnetic compasses are commonly used in air navigation, and these 
instruments, of course,. refer all directions to magnetic north. I n  
most localities magnetic north does not coincide with true north, 
and the angular difference between them a t  any place is known in 
navigational circles as the magnetic variation of the place. It is 

102' 

called 

' I  

\ 
\ 

96" 

5. 

\ 
\ 

\ 
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westerly variation or easterly variation, according a,s mag- 
netic north lies to the west or to the east of true north. 

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

A magnetic coupe has no importance of its own to a pilot; i t  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 iriagnetic variation. 
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There is no other single item in the 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 misapplication 
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. 

Niinierous rhymes and jingles have been contrived to help navi- 
gators rerncniber this rule, but often the rhymes have proved inore 
confusing and harder to remember than the rille itself. It is be- 
lieved that if the pilot can fix in his mind the relation pictured in 
figure 20, there will never be any 

I n  figure 20, N represents the true 
geographic meridian, and angle 1 is 
the true course for the route shown. 

M represents the direction of mag- 
netic north in the vicinity of 0 and 
is west of truc north as indicated. 

Angle N O M  is the magnetic varia- 
ation, which is westerly. 

Obviously, when magnetic north 
lies to the west, of true north, the 
angle N O M  must be added to the truc 
course (angle 1) to obtain the mag- 
netic course (angle 2 ) ,  or the magnt.tlc 
direction of the route. 

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

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

Near Portland, Maine, the variation is about 20" west, resulting 
in the condition shown in figure 21. 

Near Portland, Oreg., the variation is about 2 2 O  east, as in 
figure 22. 

After dividing the route into sections of practical length and de- 
termining the series of true courses, as already outlined, the average 
miapetic 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 23 shows the conditions 
actually existing along the Canadian border between longitudes 90" 
and 96", a distance of 273 miles. The true course for the route from 
0 to C is 270" ; the ma netic course at  the point 0 is 268", while the 

magnetic course is flown for the entire distance, beginning at  0 the 
course is in error by about 4", and the plane will track the broken line 

question as to the proper applica- N 
tion of magnetic variation. M 

FIGURH1 20.--.\I;ignetic variation. 

mean magnetic course 4 or the route as a whole is 264". I f  this mean 



FIGURIO 21.-At Portland. Jlaine, magnetic variation is about 20" west, F I G C R ~  22.-At Portland, Orcg.. magnetic vari:ltion i8 about 22' east, 
and the magnetic compass reading is  20" greater than the true and the magnetic comuass reading is 22" less than the trur direction 
direction for any chosen course. f o r  any chosen course: 
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True course (measured from chart) 

135" -...........-.....................-.. ~~ .. 
203O.._._ .... ~-..~. ~~.~ .......... ~ - .  ... . . . . . 
340°. -. -. . . . . . . . . . . . . . . . . . ~. ~ ~. . ~. . . . . . . . . . 
355 O . . . . . -  ~~ ................ . .... ~ . ~ . .  ~ 

So..- ...-.. ~ ..... ~ ..... ~. . .~.~ ............ ~ 

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 a t  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. 

Mean magnetic variation Magnetic course 
(from chart) 

- 

17' W~ .....-.-.. . .. .... ~.~ 152". 
5" E . .  ~ .......... ~.--~~.~. .  258'. 
loo E.. . . . . -. . . . . . . . . . . . 330'. 
10'W .....--.......... ~~ .... 5' (=3G5°-3R00)1. 
10' E _..__._._ ~ . . . ~ . ~ . ~ ~ ~  355" (=5°+3FW"'100)1. 

1 When the true course to  be converted is near 0' ,360' may be addsd or subtracted as necessary in order 
to perform the required operations. 

3. TO FIND THE COMPASS COURSE 

Magnetic attrnctions in the plane itself-nietal parts, ignition sys- 
tem, electric lights, placing of tools or cargo, etc.-affect the compass 
so that it fails to indicate magnetic north correctly on most headings. 
The angular difference between magnetic north and the north indi- 
cation of the compass on any particular heading is known as the 
compass deviation for that heading. It is different, of course, for 
each compass, and even for each new location of a compass in the 
same airplane; i t  also differs in magnitude and direction as the air- 
plane is pointed on different headings. Like magnetic variation, 
deviation is known as 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 Conipass 
Heading, p. 28). It is simply another step in the process of finding 
the compass heading, and niay be defined further as the true course 
plus or minus magnetic variation and compass deviation. 

By proper adjustments, deviation on the various headings niay be 
greatly reduced, but a reduction of the deviation is less important 
than knowing exactly the amount of deviation on the respective head- 
ings. It is desirable to tabulate deviation for headings a t  intervals 
of loo or 15'. 
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For accurate navigation i t  may prove desirable to have more than 
one deviation card for each compass; for example, one recording 
deviation with the plane in flying position and motor running, a 
second for the same conditions but with navigation lights on, etc. 
This should not be necessary, however, if the compass is properly 
installed and compensated. 

Deviation is subject to change from time t o  time, for varying 
causes, and should 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. 

(a) (b) (C) (d) 
CC = TC + Var+Dev CC = TC +Var -Dev CC = TC - Var - Dev CC = TC - Var +Dev 

N = True North TC = True Course 

M = Magnetic North 
C = Compass North 

CC = Compass Course 

Var = Variation 
Dev= Deviation 

(a) = westerly variation, westerly deviation 

(b) = westerly variation, easterly deviation 

(C) = easterly variation, easterly deviation 

(d) = easterly variation, westerly deviation 

F I G U R ~ ~  Pd.-Applying variation and deviation to And the compass course. 

As with magnetic variation, it is obvious that if westerly deviation 

Figure 24 illustrates the conversion of the true Course for different 
is to be added, easterly deviation must be subtracted. 

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. I n  practice, however, the same term often is 
applied to the heading of the plane after due allowance has been made 
for wind. 



PRACTICAL AIR NAVIGATION 29 
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; th0 direction by compass 
in which the plane is pointed. 

Figure 28 provides a graphic definition of these terms. Already 
they have found limited acceptance in air navigation, and their 
general adoption is recommended. 

I n  order to make the necessary allowance for the effect of wind, 
and to find the compass heading from the com ass course, the action 
of the wind upon an aircraft must be full un x erstood. 

A free balloon is carried with the win B and at the same speed as 
the wind, just as a cork is carried on the surface of a stream. I n  
exactly the same way, an air lane in flight is subject to the full effect 

different direction under its own power. 
For example, a plane headed due east from A (fig. 25), flying at 

an air s eed of 100 m.p.h., should reach B (100 miles distant) in 
1 hour ; {ut, during the hour of flight the plane has also been subject 

of the wind, even though t K e plane may be moving in an entirely 

C 
FIOURB 25.-Wlnd drift. 

to the full effect of a wind of 20 m.p.h., from 315'. As indicated 
in the figure, it actual1 reaches C ,  the line AC representing the 

we may determine also the speed the plane has made over the ground 
in passing from A to  C, or 116 m.p.h. 

Air speed is the speed of the plane with reference to the air, and is 
the speed registered by the air speed indicator (when corrected for 
altitude and temperature). It is represented by the line AB in the 
figure. 

Ground speed is the speed made good over the ground, and is the 
resultant of the course and air speed of the plane and the direction 
and velocity of the wind. It is represented by the line AC in the 
fi  ure. AB is the compass heading, while AC is the track, or line 
o f flight. 

ilot followed a 

tions shown, the plane would pass well south of and beyond its 
objective, the angle BAC being known as the " drift angle." I n  order 
to avoid such an error, when the wind direction and velocity are 
known a pilot can determme graphically the number of degrees the 
plane must be headed into the wind (the " wind correction angle "), 

track followed b the p P ane over the ground. I f  the length of AC 
is measured by t x e same scale with which AB and BC were laid off 

Figure 25 illustrates what would happen if a 
compass course without regard for wind effect. 8 nder the condi- 

2080°-35--3 
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in order to make good the intended courSe and to reach the destina- 
tion with precision. The procedure is as follows: 

FIGWRB 26.-Correctlon to course and ground speed for wind. 

The true course from A to a distant point, D (fig. 26), is found to 
be 90°, or due east. From the point of departure, A, on any con- 
venient scale lay off AC to represent the direction and velocit of 

describe an arc meeting the intended track a t  0. Draw AC' parallel 
to CO, and Q'O parallel to Ab'. In  the figure it is now evident that 
AC'=CO=air s eed of plane; C'O=AC=wind direction and veloc- 

i7 o degrees the plane must be headed into the wind in order to track 
the line AD exactly. The angle may be measured with a protractor 
and applied to the compass course (obtained by correcting the true 
course of 90' for variation and deviation). 

A 0  is measured and found to represent 113 m.p.h., the ground 
speed dong the route; from the round speed the exact flying time 
between A and D can be obtainei? 

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 re- 
ports are true directions : in constructing the " triangle of velocities '' 
to obtain the wind correction and ground speed, the plane's heading 
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. 

the wind. From 0, with radius equal to the air speed of the p P ane, 

; and the ang P e C'AO is the wind correction angle, or the number 

(a) (b) (C) (d 1 
C H s C C -  W C H = C C + W  CH = CC + W c H = c c - w  

C Compass North 
CH = Compass Heading 
CC - Compass Coune 
W = Wind Correction Angle 

W Q U R ~ ~  27.-Combining compass course and wind correctlon to flnd the compnss heading. 
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Figure 27 illustrates the application of the allowance, or correc- 
tion, for wind effect under varying conditions. For any particular 
case it is believed that a rough sketch similar to one of those in the 
figure will remove any doubt the pilot may have as to whether the 
allowance for wind should be added or subtracted. 

By com aring the various parts of figure 27 we can formulate this 

from the left, subtract. This may k remembered more readily if we 
follow the form of our rule for applying variation and deviation, 
making this rule read, ADD WIND RIQHT-and, of course, we would 
not wish to add wrong! 

There are many methods of obtaining the wind correction and 
when the wind direction and velocity are known, but 

the ground grap sr ic method just outlined is the foundation on which all 
others are based, and is certain to find fre uent use. Among the 

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 velocitiesl corresponding to the air speed 
of any given plane. 

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

3. Qraphic solutions, in which lengthy tabulated corrections have been reduced 
to the form of simple graphs (see Appendix). 

general ru I; e: for wind from the ri ht, add the correction; for wind 

other types of solution commonly wed, R t e following may be 

N = True North (geographic meridian) 
M = Magnetic North 

C = Compass North 

angle NOM = Magnetic variation (westerly) 

angle MOC = Compass deviation (westerly) 
angle 1 8: true Course 

angle 2 = Magnetic Course 
angle's J Compass Course 
angle 4 = Compass Heading 

AB a Track (or Intended track) 
FIQURB 2 8 . 4 r a p h i c  deflnltion of terms used in dead reckonlng. 
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By way of summary, figure 28 affords a graphic definition of 
the terms commonly used in navigation by dead reckoning, Hnd of 
their inter-re1ation.l 

CASE I1 

I n  the preceding discussion only the first of the two cases has 
been considered, namely, determining from the chart, when plan- 
ning a fli h t  and before taking off, the distance and compass head- 
ing to be f! ollowed. 

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 necessnry 
if the course is properly determined before beginning the flight ; 
however, wide departures from the charted route are altogether pos- 
sible, intentionally or otherwise. I n  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. I n  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. I n  Case 11, 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. Eectify 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 TEE COMPASS HEADING FOR DEVIATION 

I f  we remember the rule laid down under Case I, that to convert a 
magnetic course to a compass course we ADD WESTERLY DEVIA- 

1 For utmost precision the correction for Compass deviation should be applied last 
af ter  the correction for ’wind has been applied a s  the deviation on the flnal headin; 
may diller somewhat from the deviation for ’the no-wind heading. For this reason 
 om recommend that  the four steps be taken up in  the  following order: 

1. Mpasure the t rue course. 
2. Correct for wind. 
3. Correct for variation. 
4. Corrert for deviation. 
flowever,-the three factors of t rue course variation and deviation a11 are known 

when working with the  chart, whlle the wind i’nformation’is usually the last to be known 
and must even be revised freauentlr while in flkht. The advantaae of belnn able to 
a D D h  a t  one time. ahile workihp with the chart. d i  corrections exce6t that  for-wind. i n  
m6sf caws outweighs the theoretical galn in precision that  might rbsult from applyinn 
deviation last. Also, If the compass is pro erly compensated the dllbrence in deviatiou 
between adjacent headings ordinarily shoult he 80 small as to  be negligible in  practice. 
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TIOB, it is evident that to rectify the compass heading we must 
reverse the process and subtract westerly deviation ; easterly devia- 
tion, of course, should be added. 

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 11, it 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 this we must ADD 
WESTERLY variation or deviation. For the second operation, per- 
formed in the air (infrequently), we simply reverse the procedure. 

(4 (b) (C) (4 
T C = T H +  D TC =TH-  D TC = TH - D 7C = TH + D 

N = True North 

7C = True Course 

TH = True Heading 

D = Drift Angle 

FIGURIP 29.-Combining the true hending and drift to 5nd t h e  track (true Courw made 
good). 

3. TO RECTIFY THE TRUE HEADING FOR WIND 

When the drift angle can be obtained, the true heading of the 
plane may be rectified for wind slmply by adding or subtracting 
the drift angle. 

Figure 29 illustrates the rectifying of the true heading for wind 
tinder varying conditions. By comparing the various parts of the 
figure, we see that here, again, we reverse the rule of Case I, and 
subtract the drift angle for wind from the ri ht. 

weather conditions, the true heading is rectified for wind by means 
of a triangle of velocities (see Example 4, page 45), using the wind 
direction and velocity as given in weather reports or as last known. 

When drift  observations are not possi f le because of adverse 

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 dealin with a course, not 
a bearing; if we are to avoid error it must be p P otted, not with the 
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meridian of the last known position, 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 30, A marks the last known position of a 
plane and the known data are as follows : 
Compass heading in flight 55" 
Ground speed (approx.) 
Elapsed time _________________________________________---___- 
Drift angle (wind from left) _______________-_________________  10" 
Compass deviation on compass heading of 55" 
Magnetic variation, average, from chart _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _  

110 m. p. h. 
1 hr. 20 min. 

3" W. 
7" E. 

Case I: Chart to compass heading: 
1. Measure the true course. 
2. ADD WEBTEBLY VARIATION. 
3, A D D  WESTERLY DENIATION. 
4. ADD WIND BIGHT, i. e,. add the 

Case 11: Compass heading to chart: 
1. Subtract westerly deviation. 
2. Subtract westerly variation. 
3. Subtract wind right, i. e., for 

wind from the right. 
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RADIO NAVIGATION 

I n  man respects, radio navi ation offers the simplest and easiest 

creasing, not only because of improved equipment and an increasing 
number of aids, but also because it continues to function in fog flying, 
when all other methods fail or become very uncertain. 

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 or computations of any 
sort are required. A radio bearing may be plotted directly and 
correctly on the chart. 

method o P position-finding in fight. Its importance is steadily in- 

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 31. 

Each radio ran e station marks four courses, or equisi nal zones 

in order that the courses may coincide with the established airways. 
The four courses from each station are obtained as follows : 

Into two diagonally opposite uadrants (fig. 32) the letter N (- .) 

the letter A (- -) is transmitted. Each quadrant sli htly overlaps 

overlap the two signals are heard with equal intensity, the dots and 
dashes of the two signals interlocking to produce a series of long 
dashes. Thus, a xilot will hear the series of long dashes while he is 

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 in conspicuous red 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. 

rocedure is followed in the 
designation of uadrants. The letter & is always assigned to the 

or if the center of an equisignal zone coincides with true north, the 
letter N is assigned to  the adjacent quadrant on the west. 

all range stations. The operation of the radio range system ot er 
wise will remain unchanged for the aural signals described above, 
but this slight change will permit also the use of the new visual indi- 
cators which enable the pilot to keep on course sim ly by fl ing so 

from the course, the movement of the pointer indicates the side to 
which he has moved. One of the p e a t  advantages of this system is 
that it relieves pilots from the strain of constant listening. The on- 
course (equisignal) zone is about 3" in width, depending largely 
upon the orientation of the courses, the receiving equipment used, and 

which are normal i3 y 90" apart, although this spacing is o f ten varied 

is transmitted in Morse code, an 2 into the remaining pair of quadrants 

the neighboring quadrants, and in the narrow wedge 'i ormed by the 

on course, if he eviates to  one side he will hear the dot-dash 
signal, and if he deviates to the other he will hear the dash-dot 

As an aid to orientation, a uniform 

quadrant throug 'fi which the true north line from the station passes; 

h a: 

as to keep the pointer of the indicator centered. If tEe pilot B eviates 

A t  an early date the letter Z (- *) will replace the letter N (- 



FIGERE 31.-The radio range system of the Department of Commerce. 
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the techni ue of the observer. Maximum sharpness of course is ob- 

The range signals are interrupted several times each minute for 
the transmission of the identifying signal of the station; with the 
change to I-A this will be changed to about once every 21/, minutes. 
This signal is alwa s transmitted first in the N pair of quadrants, 

quadrant, he will hear the dash-dot ( N )  signal, followed by the 
identifyin signal, but will not hear the dot-dash ( A )  signal, or 
the identi f ying signal which is transmitted into the A quadrants. 

I 
1 

tained wit x the receiving set tuned to the minimum practical volume. 

then in the A qua c r  rants. I f  a pilot is near the bisector of an N 

I 
I 

I f  he is on course, after the series of long dashes (the A and N sig- 
nals interlocked), he will hear the identifying signal transmitted 
into the N quadrants, immediately followed by the same signal 
transmitted into the A quadrants. ilot remains in 

the #quadrants will be heard with e ual intensity; when flying a 

strength. I f  a departure from the course oc- 
becomes noticeabl weaker than the 

two signals received is t e weaker, the pilot 

FIQURBI 32.-Typlcal radio range station. 

As long as a 
the e uisignal zone, the identifying signals from E 0th the A and 

therefore, some pi Y ots steer so as to keep these 

i 
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knows he is in an A quadrant; if the second signal is weaker, he is 
in an N quadrant. I n  either case, of course, he knows his position 
with reference to the equisignal zone. 

The range signals are also interrupted a t  scheduled intervals for 
brief weather reports of interest to those flying the airway on which 
the station is located. 

The radio range stations are usually located near a terminal air- 
port 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 ap- 
proach landings under conditions of low visibility. 

From the fore oing it is evident that the use of the radio range 

even for pilots with no previous training in this type of navigation. 
however, there are several factors which may prove confusing untii 
the principles involved are understood. 

First, it is obvious that as a plane passes over a radio range sta- 
tion there is an apparent reversal of the directions of the A and N 
uadrants. For example, a plane approachin the radio station of 

#quadrant on its left, but as soon as it has passed the station the 
N uadrant will be to the right and the A quadrant to  the left. 

?hen, when flying away from a radio range station it is important 
to check the magnetic course being made ood the compass heading 
plus or minus deviation and wind effectf at  irequent intervals, as 
multiple courses have been found to exist in some cases-particularly 
in mountainous country. By checking the magnetic course bein 
made good against the magnetic direction of the ranee course printe 
on the chart, pilots can lessen the dan er of following one of these 

importance when flying toward the station, since even a false range 
course would serve perfectly as a homing device; however, in thls 
case it should be remembered that such a course may lead over ter- 
rain that is dan erous because of high mountain peaks. 

identification. For the solution of this problem an accurate aeronau- 
tical 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 
ma netic directions of the courses. 

Ifow let  us suppose that flyin under conditions of poor visibility, 
a pilot finds himself off the ra&o range course and receiving an A 
signal. From the identification signal he knows that he is listening 
to the station shown in figure 33, but does not know whether he is 
in the northeast or the southwest quadrant of that station. 

To determine in which of the two quadrants he is flying, the 
procedure is as follows: 

Fly a course at right angles to the bisector of the quadrants in- 
volved-in this case, either toward the northwest or toward the 
southeast. Suppose that the northwest heading is chosen: the route 
of the plane will be as indicated by m1 or m2. 

Continue at right angles to the bisector (which may be either 
m1 or m2) ,  until the on-course signals are heard, then make a 90° 
turn to the right. 

system is basical P y quite simple, and should present little difficulty 

&ure 32 from the west will have the A qua if rant on its right, the 

3 
false courses away from the establishe c f  airway. This item is of less 

The most di f?? cult problem that may arise is that of quadrant 
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If  the ilot finds himself in the quadrant he has just left, i. e., if 
he againiears the A signal, he knows he h w  intercepted the north- 
erly course from the station (route ml), and makes a 90" turn to 
the left until the on-course signals are heard a ain. He then follows 

the station, where he continues on the proper course toward his 
destination. 

the range course awa from the station until P e is able to check his 
compass heading, ma z es a 180" turn, and follows the course back to 

Fxoualo 83.-Quadrant identification, radio range system. 

I f ,  after making his 90" turn to the right, the pilot finds himself 
in an N quadrant, he knows he has intercepted the westerly course 
of the station (route ma) ,  makes another 90' turn to the ri ht  until 

follows the course in to the station. 
I f  the pilot chooses the southeaster1 heading insbad of the north- 

lined a l ove, as shown by the routes n' and n2 in the figure. 
Another very similar-and perhaps sim ler-method is as follows : 
Fly a course a t  right angles to the tisector of the quadrants 

whose signals are heard until the on-course signals are received. 

he picks up the course again, then checks his compass hea f ing and 

wester1 , the procedure will still be i d entical with the two cases out- 
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Identif the radio ran e course intercepted by making a 90" turn 

A turn of approximately 270" to the left then brings the plane 
back to the range course and headed in the general direction of the 
station; the compass heading is checked, and the course followed 
in to the station. 

Still other methods of quadrant identification are used and advo- 
cated by various pilots, but all are essentially the same as those just 
described. 

With the visual indicators of the radio compass type, quadrant 
identification generally is unnecessary, since the pilot may deter- 
mine the direction of the station and fly directly to it, setting a 
new course from that point toward his destination. Errors of 180" 
are possible, but any doubt as to whether the plane is flyinal toward 
or away from the station may be removed by flying for a Few min- 
utes a t  right angles to the original course, and noting the change 
in bearing of the station. 

For example, 
in order to prevent meeting aircraft flying in the opposite direction, 
it is important that pilots fl to the right of the radio range courses. 

also have arranged to fly their craft at  definite altitudes. 
Due to the effect of wind, as well as irregularities in steering, it 

seldom is possible to hold steadily to the course marked out by the 
range. Instead, if the pilot is slight1 to the right of the range he 

then a few degrees to the right until the off-course signals again 
Ijredominate, 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 alon the courses marked out by the radio ranges, 

ters, emitting a distinctive signal on the same frequency as that 
of the range on which they are located, and serving to inform the 
pilot of his progress along the route. When located at  the jnter- 
section, or junction, of courses from two radio range stations, marker 
beacons operate on the frequencies 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 
before him. 

All radio marker beacons are equipped for  two-way voice com- 
munication, and are prepared to furnish weather reports and other 
emergency information, or to report the passage of a plane, on 
request. 

THE RADIO COMPASS 

The visual indicators of the radio compass type referred to, when 
$used with charts on the Lambert projection, are as useful for direc- 
tion finding and position determination off the airways as on the radio 
range system itself. By their use pilots are enabled to tune in the 
programs and broadcasts of any station whose position is known- 
commercial or governmentand fly direct1 to the station selected, 

to the rig 3: t and noting t i e  signals heard, as in the first method. 

- 

Obviously, certain other rules are essential also. 

As an added safeguard, pi 9 ots of the various transport companies 

heads a few degrees to the left until t K e on-course signals are heard, 

there are also radio mar E er beacons. These are low power transmit- 

merely by heading the plane so as to keep t Tl e pointer of the indica- 
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tor centered. A straight line drawn on the (Lambert) chart from 
any given position 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 t o  determine his position rather than to 
fly to the station, he may obtain the true bearing d the station and 
plot 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 
:murate that no computations nor corrections for distortion are 
required. 

The sim licity of the method is illustrated in figure 34. A pilot 

station RS. From the meridian nearest the approximate position, 
P, the observed bearing is measured and the line PR drawn; a line 
from the radio station parallel to  PR makes the same angle with the 
meridian near P, and is a radio line of position, a t  some point on 
which the aircraft is located. 

flying in t g 0 vlcinity of P measures the bearing, X ,  of the radio 

FIOUBB 34.-Iladio compass navigation (radio bearings). 

I n  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. I n  this case, the bearing is plotted with the 
meridian nearest RC, and the intersection of the two lines of posi- 
tion, F, fixes the location of the plane. 

RADIO AND THE CORRECTION FOR WIND 

I n  this problem, as in all other problems of air navigation, wind 
is the principal complicating factor. Even though the pilot heads 
his plane directly for the radio station RS, under the effect of strong 
cross winds the plane, will follow the round-about broken line of 
figure 35, instead of the direct route. 

This can be overcome by checking the position of the plane at  
frequent intervals and noting whether the successive positions in- 
dicate a departure from the intended track. The amount and direc- 
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tion of the departure provide the means of determining the direc- 
tion and velocity of'the wind from which, in accordance with rules 
already given, the necessary correction to the heading of the plane 
can be found. 

FIGUBE 35.-The radio compass and wind effect. 

PRACTICAL EXAMPLES 

If ,  for any of the methods of air navigation described herein, the 
procedure seems complicated or in an way involved, it is only be- 

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 satidaction and safet of the 
pilot make it well worth while. With this in mind, the P ollowing 
practical exam les are offered. 

Example 1.- 8 tarting 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 40". 
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. practical route, with two intermediate airports 
and an 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 

cause of the difficulty of finding wor 1 s as simple as the operations 
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two points, as illustrated in figure 17. By inspection i t  is seen that 
the meridian of 81'30' is nearest half-way. 

219' true course, measured with meridian of 81'30'. +x westerly magnetic variation (average). 
222" magnetic course, +x westerly deviation on this heading (from deviation card). 
224" compass course. 

The wind from 40°, in this case, is directly behind the plane; hence 
there will be no correction to the course for wind, and the compass 
course (the true course plus or minus variation and deviation) is also 
the compass heading (the compass course plus or minus the correction 
for wind effect). 

With a tail wind of 15 m.p.h., the ground speed of the plane he- 
comes 105 m.p.h. The total distance of 151 miles will be covered in 
151 
-X 60 minutes, or a little more than 1 hour 26 minutes, making 105 
the time of arrival 11 : 26 a.m. 

This is checked in flight b noting that the town of Woodsfield, 

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 
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. 

B y  means of the spacing dividers the exact time when the plane 
should pass Marietta, Parkemburg, 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 headin 

Attention should e 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 rid e, 
and at the end of a railroad. Note also the race tracks at  Woo%- 
field, Marietta, Parkersburg and Gallipolis; the two bridges a t  
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 fli ht  is to be made from Pittsburgh-Allegheny 

For this flight either the Cleveland and Chicago sectional charts, 

34 miles southwest of Scott 5 ield, is passed in about 19.5 minutes 

tin flight* 

County Airport to  C a anute Field, Rantoul, Ill. 

or regional chart 9M may be used. 
fast, dead reckoning (rather than piloting) will be 
the drainage pattern and larger cities will furnish 

I n  this case the 

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. 
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Meridiannearesthalfway ..... ~ . .  .~~~~ .~ 
True course .............. ~ ~ ~ ~ . . . ~ . . ~. 

Variation. ..~.~. .... ~~ .... ~~.~ . . . ~ 

Magnetic course. -. ~ ~. . . ~. ~ ~~ ~ ~ ~ . .~ ~ 

Deviation.-. ..~. ~.~~~~ ~~. . ~ ~ ~ . .  . . ~ ~  ~ . .  
Compass course- ~ ~. ~. . . . . . . ~ ~ ~. . ~ ~ . . ~ 

Windl .-..... ~ ......... ~~~~~~~~~ ... 
Compw heading.. . ~. ~. ~. . . . . . . . . . . . . . 
Length _____.... ~~~ ..... . . ~ . . . ~ ~ ~ . . . ~ ~ . ~  .~ 
Distance from Pittshurgh. ~ ~ ~ ~ . ~ . ~ .  . . . . .. . 
Time from Pittsburgh.. . . .. . . . ~. .. .-.... . . 

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: 
Pittsburgh-Mount Vernon, Ohio. 
Mount Vernon-Portland, Ind. 
Portland-Chanute Field. 

he data for each section are tabulated as follows: 

1 ( a )  1 ( b )  1 (c) 

81"15'..-. .~~ 83'4,5'-.~--...-- . 
2 7 1 O . -  ... .. . .~~ !Z70°.. ~... ~~~. . . ... . 
+4'- ~~. .. ~. . .. + 2 O .  ~ .. . ~ .  ... . .. .. .. 
275O.. ~. ~. ~ ~ ~ ~~ 272'. ~ ~. . .. .. . . . . . . . . 
+lo . .  ~. . . . . ~ ~ ~  +lo. ~ ~ ~ ~ . . ~  ..... ..- 
276'. ~ ~ ~. . . . . . 273O. ~ ~ ~. ~. ~. . . . . . . . 
7'...---- .... -7" -.......-....... 

289'. . . . . . ~~. ~ 266'. . . ~ ~ ~ ~ ~. . . ~. .. . . 
136 miles. ~.~..  132 miles ...- ..... ~. 
136  miles^ . .~ 268 miles. ~ ~ ~. . . . . 
48  minutes^ 1 hour, 35 minutes. 

- 

86'30'. 
2880. 
- 10. 
2670. 
+1". 
2680. - 70 . .  
2610. 
1136 miles. 
434 miles. 

2 hours,34minutes. 

1 With the known data  of t rue course and nir R P W ~  of plane. and direction and 
velocity of wind, 5 trim le of velocities is confitrurted for each section of the  route. 
Figure 36 shows the  solufion for the  flrst section. In  each case the  correction t o  the 
courRe IX determined a8 7" and s h o e  the wind is from t h e  left the  oorredion must he 
subtracted: the ground spekd is 169 m.p.h. 

Frmmm 36.--Graphic determination of wind corrertion a n d  ground %peed. 

Example 3.-A flight is proposed from Pittsburgh-Allegheny 

Required : The distance and compass headings. 
The cruising speed of the plane in this rase is relatively low, and 

the flight will be chiefly for pleasure. Navigation will consist in 
large measure of piloting, and the sectional charts will therefore be 
used. 

Since the Lambert projection affords R 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 series of 
straight lines, on a small-scale control chart, such as C. & G. 9. chart 
no, 3060a or 3074 (see p. 21). The points a t  which the straight line 

Airport .to North Platte Airport, Nebr. 
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crosses meridians and parallels on the small-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 rocedure, we find that the straight line between the 
two airports on c K art 3074 crosses longitude 84" (the western limit 
of the Cleveland sectional chart), a t  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 thcrefore 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. 

I n  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 totalled, 
of course, to obtain the distance for the entire route. 

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 n1.p.h. Coin- 
pass deviation on this heading is 3" east; average magnetic varia- 
tion in this vicinity as noted on the chart, 6" west; wind as re- 
ported at  Burgess Field, 30 m. .h., from 315'. (Cleveland sec- 

Required: The track of the plane (the " course made rood ") , and 
the dead reckoning position of the plane at  tlie eiik of the 40 
minutes. 

tional chart, or regional chart 9 8. ) 

55" ('ompass Hetitling. 

58" RIagntitir Hetitling. 

62" True Heading. 

+3" easterly devitition ( to  rtvtif) ,  ritlt l  easterly tkviation). 

-6" westerly varititiori (to rectify, subtract westerly rciriation) . 
- 
- 

Because of poor visibility it was impossible to obtain drift, ob- 
servations, and therefore the true headiii must be rectified for wind 

Burgess Field. 
From 0 (fig. 37) lay off OA on the true heading of 52" and eqiial 

to the air speed of 120 m.p.h.; from A lay off ,4W to  represent 
the direction (from 315' true) and velocity (30 n1.p.h.) of the 
wind. Draw OW, which represents the track of the plane over the 
p o u n d ,  and also the ground speed. OW is measured and found to 
be 127 m.p.h., and the angle A 0  W (the drift angle) is found to be 14". 

by means of a triangle of velocities, f rom the data obtaiiied at 

62" True Hending (see above). 

66" True Course (track). 
+14" drift (to rectify, add for wind from left) .  - 
2080°-35-4 
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I n  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 
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 a true course of 66", it is 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 par- 
allel thereto is drawn from Bur ess Field. This final line repre- 
sents the track of the plane, a n f  a point along this line 85 miles 
from Burgess Field is the dead reckoning position of the plane. 

I 
FIQURE 37.--Cmphic determlnrtion of trnrk and ground #peed. 

Example 5 . W h i l e  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 
determined as 294". See chart 9M. 

Required : The position of the plane. 
I n  this case we are working with a bearing, not a course, and 

the angle must be plotted with the meridian nearest which it was 
determined ; no correction for distortion is necessary when using the 
Lambert pro'ection. The pilot supposed himself to be somewhere 
near Mount t ernon; consequently, the bearing was plotted with the 
meridian of 82'30', a t  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 line. The intersection of t h e  
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. 
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Example &-In the preceding example, if the Goshen radio sta- 
tion had been equipped with tlie necessary apparatus (as are the 
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 a t  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.-In " Notices to Airmen " there is re orted the erec- 
tion of a high radio tower which is considered an o struction 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 sec- 
tional chart (plate 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 e ual to 19 minutes of latitude and draw a 

the latitude of the radio station. 
I n  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 &ation (83'30' + 14' = 83"44'), and its 
intersection with the line representing the latitude is the position of 
the tower. 

I n  practice it should not be necessary to measure the 14 minutes 
along both parallels. Instead, having drawn the line re resenting 
the latitude of the station, the 14 minutes may be laid off along it, 
jf the value of. this measurement has been scaled a t  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 &-After an extended period of flying above fog, it is 
desired to check the position of a plane b celestial observations. 
The method employed is worked from the Cil ead reckoning position, 
and the latitude and longitude of this position are therefore required. 

On the regional charts (plate 11) the meridians and parallels 
corresponding tor 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 subdivided parallel and read the longitude, while straight 
line east-and-west permits reading the latitude from the nearest sub- 
divided meridian. The sliEht curvature of the parallel within the 
limits of 1" is entirely negligible for all practical purposes. 

Example 9.-A pilot flying "over the top" by dead reckoning, 
believed his position to  be about latitude 40"30', longitude 83O30', 
when he was able to obtain an altitude of the sun. 

straight line through t 1 e points so obtained. This line represents 
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Having solved the " astronomical triangle " by any chosen method, 
the pilot has these data : 

Azimuth (bearing) of the body _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  - ~ _ _  236" 
Observed altitude________---_----_-_---_-_----_-_-_--_-._ 42'34' 
Computed altitude _ _ _ _ _ _ _ - _ _ - - _ _ _ _ _ _ - - - - - -  ~ - _ _ _ _ _ _ - _ _ _ - _  4'2"20' 

Altitude difference ________________________________  14' 

The azimuth, or bearing, of the bod is laid off from the dead 

utes is equal to 14 minutes of latitude; therefore, a distance equal to 
14 minutes of latitude is measured on any convenient meridian and 
laid off along the bearing, toward the body (since the observed al- 
titude is greater than the computed altitude). A line drawn at  
right angles to the bearing through the point so obtained, passing 
through Indian Lake and the northeast corner of Bellefontaine, is 
the required line of osition. 

by observing the mvon (if visible by daylight), or the intersection 
of lines of positions from two stars at night, fixes the location of the 
plane. 

Additional examples, involving time-speed-distance relations, and 
simpler methods of correcting for the effect of wind, are included in 
the Appendix which follows. 

reckoning position of the plane. The a 9 titude difference of 14 min- 

The intersection o P the line of position with a second line obtained 



APPENDIX 

I n  the preceding examples all problems rtainin to wind effect 

This principle is essential to a clear understanding of the elements 
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 problems involving the effect of wind, or 
time-speed-distance relations. 

I n  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. 

have been solved graphically, by means o I ? . ?  a t r iange of velocities. 

TIME-SPEED-DISTANCE PROBLEMS 

[Ser flg. 38.1 

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 s eed being made goodZ 

corresponding to 6 miles u to its intersection with the horizontal 

section, 120 m. .h., is the ground s eed required. 

will be required to reach a town 95 miles distant ? 
Using the outer scales (see note on graph), follow the vertical line 

corresponding to 95 miles u to its intersection with the ground speed 

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 
speed line for 150 m.p.h., and beneath this point read 35 mi es, the 
distance to be made ood for each 10 minutes of flight. 

Example 4.-A fligft 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 cor- 
responding to 850 miles (85 miles) up to its intersection with the 
ground speed line for 140 m.p.h., then across to  read the time inter- 
val of 365 minutes (36.5), or 6 hours 5 minutes, which is the time 
required. 

Using the inner sca 7 es (see note on graph), follow the vertical line 

line for 3 minutes. The cp iagonal line passing through the inter- 

Example 2.-%ith a ground spee i of 120 m.p.h., how many minutes 

line for 120 m.p.h., then P ollow the horizontal line across to read 

Fd 
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FINDING WIND CORRECTIONS TO COURSE AND GROUND SPEED 
[See 5gs. 39 and 40.1 

I n  order to make these graphs useful for planes of all cruising 
speeds, it was necessary to compute them for wind velocities and 
ground speeds based on percent of air speed. 

To adapt them for  use with your plane, in "Line X "  of both 
figures write under each percentage velocity the indicated percent of 
the cruising speed of your plane. That is, if your plane cruises a t  120 
m.p.h., under the figure 10 write 10 percent of 120, or 12; under 20 
write 20 percent of 120, or 24, etc. Similarly, in the boxes marked 
b' Y ", of figure 40, write the ground speeds corresponding to  the in- 
dicatud percent. If your plane cruises at 120 m.p.h., the 95-percent 
curve would be marked 95 percent of 120, or 114, and so on. 

All examples of the nse of these graphs are based on cruising 
speeds of 100 ni.p.h., since only the percentage velocities appear on 
the graphs as printed, and in this case they may be read as miles per 
hour. The graph must be adaptecf to  the cruising speed of your 
plane as outlined above, but otherwise the procedure is identical in 
all cases. 

The " angle between wind and true course " is reckoned from dead 
ahead, i. e., looking toward the destination, from 0" to  180" on 
either side. 

Example 1.-The cruising speed of plane is 100 1n.p.h. ; true course, 
85" ; wind, 27 m.p.h., from 45". Find the correction to  the course for 
wind, and the ground s p e d  that will be niade good aloiig the 
corrected course. 

40". I n  figure 39, follow the (interpolated) vertical line correspund- 
ing to a wind velocity of 27 m.p.h. down to its intersection with the 
horizontal line for 40" wind angle and find the curve for the correc- 
tion to the course, which is 10". Since the mind is from the left, 10" 
must be subtracted from the true course. Following the same pro- 
cedure in figure 40, the ground speed of 78 m.p.h. is found by inter- 
polation between the curves for 75 and 80 m.p.h. This is the ground 
s p e d  that will be made good along the corrected course. 

Example 2.--The cruising speed of plane is 100 m.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 
corrected course. 

The angle between the wind and the true course is 120'. I f  this 
factor is not entirely clear at any time, a crude sketch similar to 
figure 41 will guard against errors. 

I n  figure 39, follow the vertical line for 32 m.p.h. down to its 
intersection with the horizontal line for 120" and read the correction 
to the course, which is 16". Since the wind is from the right, this 
correction must be added to the true course. 

Following the sanie procedure in figure 40, the ground speed of 
112 1n.p.h. is interpolated between the curves for 110 and 115 n1.p.h. 

The angle between the wind and the true course is 85'-45" 7 01' 
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F ~ ~ ~ I J R R  :%%-Graph for finding the wind', correctizn angle. 

the indicated percent oP the cruising speed of your plane. 

Important: To adapt this 
the wind velocities corresponding to raph for use with your plane, write in Line X 

Bee p. 51. 
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WIND VELOCITY - IN PERCENT OF AIR S P E E D  X 10 20 30 40 

FIQURIP 40.--Qraph for flnding the corrected ground ,!peed. Important: To adapt this 
graph for use with your plans (1) write In “Line X the wind velocities correspondin!$ 
to the indicated larccint of tde cruising.spwd of your plane; ( 2 )  write in “Boxes Y 
the ground speeds corresponding to the Indicnted percent of the cruising speed of your 
plane. See p. 51. 
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T C  
270" 

FIGURE; 4L-D~termining the wind angle. 

RECTIFYING THE COURSE AND GROUND SPEED FOR THE EFFECT 
OF WIND 

[See fig. 42 1 

I n  effect, this graph contains all possible combinations of the tri- 
angle 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 a t  10" 
intervals, and concentric red circles are drawn at  &mile distances 
from the center for reading wind velocities. 

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 
5 miles apart and provide a convenient scale fo r  reading ground 
speeds. 

Figures 39 and 40 are for use in dead reckoning, case I (p. 22) ; 
this graph is for use in case I1 (p. 32). 

As in figures 39 and 40, wind velocities and ground speeds indi- 
cated in this figure are in percent of air speed. To adapt i t  for use 
with your plane write in "Line X "  the indicated percent of the 
cruising speed 02 your plane; in each red " Box Y " write the wind 
velocity for the indicated percent of the cruising speed. 

I n  this case, also, a cruising speed of 100 m.p.h. will be used in 
the examples to permit reading the percentage velocities in miles 
per hour. However, when atlapted as suggested above, it is equally 
suitable for use with any cruisin 

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. 

lane and 135O 
from the plane's head. Following the (interpolate C Y  ) red line for 

Example 1.-A pilot flying in P og speed* a t  100 m.p.h. on a true heading of 

It is seen that the wind is from the right of the 
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135" from the center to its intersection with the circle for 20 m.p.h., 
it is seen that the ground speed is 115 m.p.h. and the drift angle is 7" 
to the left. 2iOo-7"=263", which is the track, or true course, 
desired. 

Example 2.-A pilot flying over broken clouds a t  a cruising speed of 
100 m.p.h. and on a true heading of '30" was able to determine a drift  
angle of 12" to the riplit; at  the same time he noted that smoke from 
a chimney was practically a t  right angles to his heading. Find the 
wind direction and velocity, the track, and the ground speed. 

Following the red line a t  right angles to the center line out to its 
intersection with the black line representing a 12" drift  to the right, 
we find a wind velocity of 21 n1.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 12" must be 
added : 90" f 12" = 102"' the track made good. The ground speed of 
102 n1.p.h. is also read from the graph. 

Example 3.-A plane cruisin a t  a speed of 100 m.p.h. is headed true 

right and a ground speed of 113 m.p.h. are observed. Find the wind 
direction and velocity. 

Follow the black drift line marked 10" (to the right of 0") out to 
its intersection with the (interpolated) black ground s p e d  arc repre- 
senting 113 n1.p.h. The position of this intersection between the red 
circles for 20 and 25 m.p.h. indicates the velocity of the wind, which 
is 23 m.p.h., antl the nearcst 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. 

The usual method of obtaining wind direction and velocity in 
flight consists of steering the plane on two different compass heatl- 
ings and noting the drift angle on each; with these data a "wind 
rwe " is plotted, and the wind direction and velocity are scaled. This 
new method, using the graph shown in figure 42, affords these data 
from one observation. 

FINDING WIND CORRECTION TO COURSE AND GROUND SPEED IN 
FLIGHT FROM ONE OBSERVATION WITH A DRIFT INDICATOR 

[See fig. 43.1 

Figures 39 and 40 are intended largely for determining the correc- 
tions to  course and ground speed before beginning a flight, from 
predicted wind velocities and directions. Their use is subject to the 
disadvantage that winds vary with time, place, and altitude, antl 
the conditions actually experienced in flight may differ appreciably 
from the conditions predicted. 

Figure 42 is of use chiefly for finding the track and ground speed 
or for finding the wind direction and velocity while in flight. 

By the use of figure 43 the pilot is no longer concerned with wind 
direction and velocity, provided visibility permits the use of a drift 
indicator. From one observation he may rend directly from the 
graph the correction to the course for wind and the ground speed 
that will be made gmd along the corrected coiirse. 

One of the chief advantages of this method is that corrections are 
based on conditions experienced a t  the moment, not on predicted 

north, and, by means of a dri P t indicator, a drift angle of 10" to the 
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conditions. I n  addition, if a t  any time during flight it is believed 
that wind conditions have materially changed, the corrections may be 
quickly checked or redetermined simply by heading the plane once 
more on the original (no-wind) compass course, noting the new drift 
angle and ground speed and reading the corrections directly from 
the graph. 

I n  this graph the observed ground speed and the corrected ground 
speed are both in ercent of air speed. To adapt it for use with your 
plane, write in " Eolumn X " and in " Boxes Y " the indicated per- 
cent of the cruising speed of your plane. 

Example 1.-A plane having a cruising speed of 100 m.p.h. is headed 
on the no-wind compass course, when a drift angle of 8" to  the right 
and a ground speed of 123 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 corrected course. 

Follow the vertical line corresponding to an 8" drift angle down 
to its intersection with the horizontal line for 123 m.p.h. ground 
speed and read, from the nearest red curve, lo", the correction to the 
course for wind; the nearest black curve, 120 m.p.h., indicates the 
ground speed along the corrected course. Since the drift is t o  the 
right, the wind is from the left, and the 10" must be subtractecl 
from the compass course. 

DRIFT DETERMINATION WITHOUT A DRIFT INDICATOR 
[See fig. 44.1 

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 
the tabulated error is applied to the compass heading t e 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 44 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. 

I n  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 38 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 corrected 
course can be obtained at a glance from figure 43. Or if wind direc- 
tion and velocity are required, these may be obtained from figure 42 
with the same data. 

Example 1.-In fl ing from Cedar Lawn Airport, near Kenton, 
Ohio, to Springfielc 3 Alrport (plate I ) ,  on a true heading of 189" 
and a t  a cruising speed of 100 m.p.h., a pilot passes directly over the 
town of Rushsylvania just five minutes after taking off. Knowing 
that this town is west of his intended track, he wlshes to find the 

Pen case, if 
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correction to be made to  his course, and the ground speed that will 
be made good along the corrected course. 

From the chart he finds that Rushsylvania is 10.5 miles from Cedar 
Lawn Airport and 2 miles west of the intended track. H e  notes, 
from figure 44, that this corresponds to  a drift angle of ll", and 
from figure 38, that  the ground speed is 126 m.p.h. Referring to 
figure 43 with these data he reads the correction to  his course as 
14O, and the ground speed that will be made good along the cor- 
rected course as 120.5 m.p.h. Since the wind is from the left, the 
correction of 14" must be subtracted from the heading : 189" - 14" = 
175", the true heading to be steered. 

I f  he should wish to know the direction and velocity of the wind, 
he may enter figure 42 with a drift angle of 11" to  the right and a 
ground speed of 126 m.p.h., and read the wind velocity as 34 m.p.h., 
and the wind direction as 135" from the heading of the plane, or 
189" - 135" = 54" true. 

CONVENIENT ABBREVIATIONS 

I n  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. 

AP=Airport. 
AS = Air speed. 
Bn = Beacon. 
CC=Compass course. 
CH =Compass heading. 

Dev = Deviation, Compass. 
GS= Ground speed. 

MC= Magnetic course. 
MH = Magnetic heading. 
mph= Miles per hour. 

D = Drift angle. 

O=Origin, or starting point. 

RA= Radio range station. 
RBn = Marine radiobeacon. 

RC= Radio compass (naval radio 

RM = Radio marker beacon. 
Rs= Radio station. 
SP=Seaplane port. 
TC=True course. 
TH = True heading. 
Var = Variation. 

direction finder station). 

W= Wind (direction and velocity). 
Z = Azimuth or bearing. 
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PRICE LIST OF AERONAUTICAL CHARTS 

All aeronautical charts of the Department of Coninierce may be ordered from 
the Director, Coast and Geodetic Survey, Washington, D. C., or from the field 
stations of the Bureau a t  the following places: 

808 Customhouse, Boston, Mms. 
741 Customhouse, New York, N. Y. 
423 Canal Street, New Orleans, La. 
510 Customhoiiw, San Francisco, Calif. 
601 Federal Ofice 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,OOO,OOO) : Day flying, 75 cents : day and 

night flying, $1.20. 
3060a, Aeronautical planning chart, United States, Lambert projection 

(1 : 5.000.000) : shows Drincinal airDorts and broadcasting stations, 
60 cents. 

principal airports, 50 cents. 
3074, Great-circle chiirt, United States, Gnomonic projection ; shows 

Sectional aeronautical charts, 20 or more, 25 cents each. 
Regional aeronautical charts: Day flying, 10 or more, 50 cents eech; day 

For  quantities in one shipment t o  one address, prices are as follows: 

and night flying, 10 or more, 75 cents each. 

PUBLICATIONS OF THE BUREAU OF AIR COMMERCE 

The Air Commerce Bulletin, issued monthly, publishes information of general 
nnd speciflc interest to the aircraft industry, tiirrnen, and the public. 

The Bureau of Air Conirnerce also issues Aeronautics Hulletins, technical and 
nontechnical in character : Airway Bulletins, embracing descriptions of airports 
iind landing 5elds and similar information ; and other pul)licantions, covering 
reports of committees and conferences. 

Requests for these putilications di(iu1d be addressed to the  Bureau of Air Com- 
merce of the Department of Commerce. 
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regional charts _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 
sectional charts _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 

geogra hic (latitude and longi- 
tudey _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _  13.14 

Scales : 

graphic _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ' 13 
nautical miles _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _  14 
statute milea _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  13 

Sectional charts _ _ _ _ _ _ _ _ _ _ _ _ _ _  2.3.13.44 
Small-scale charts _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  18,21 
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comparison with course _ _ _ _ _ _ _ _ _ _  22,23 
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plotting on the chart _ _ _ _ _ _ _ _ _ _ _ -  32-34 
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eflect _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  17.2f3-31, 
y p h i c  solution ____-___--  29, 30, 
n radio navigation - - - _ _ _ _ _ _ _ - _ _  
true directions given in weather 
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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 mag use 
the form given below, checking the lists covering the sub- 
jects in which you are interested. 

(Date) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
DIRECTOR, U. S. COAST AND GEODETIC SURWY, 

Washington, D. C.  
DEAR 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 : 

0 109 Astronomical work. 
109-A. Baselines. 
109-B. Coast Pilots. 
1 0 9 4 .  Currents. 

0 109-D. Geodesy. 
109-E. Gravity. 
109-F. Hydrography. 
1 0 9 4 .  Leveling. 
109-33. Nautical charts. 
109-1. Oceanography. 
109-J. Traverse. 
109-K. Seismolo . 
109-M. Tides. 
109-N. Topography. 
109-0. Triangulation. 
109-P. Cartography. 
109-R. Aeronautical charts. 

109-L. Terrestria .Y mqnetism. 

(Name) _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  - _ _  _ _ _ _ _ _ _ _ _ _  
(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 depositories, where all publica- 
tions printed by the Government for public distribution may 
be consulted. 

63 
0 


