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INTRODUCTION

Mankind lacks that sixth sense which
seems to guide sea birds across thousands of
miles of trackless ocean. Centuries of study
have produced the great science of marine
navigation, which enables mariners to over-
come thizs handieap. But with the advent of
air travel, new needs arose., The mariner,
operating at limited speeds over compara-
tively limited areas, solves his navigation
problem leisurely and with extreme accuracy.
The airman, operating at high speeds and
over vast areas, must solve his navigation
problem very rapidly and with considerable
accuracy. While it has gained much from
marine navigation, aerial navigation rapidly
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is taking shape as a distinet body of knowl-
edge designed to meet the peculiar needs of
air travel.

Many people have the impréession that
aerial navigation is an elaborate and for-
midable science, difficult to master. Actually,
it is a clear-cut, logical, scientific art. It is
true that the navigator must learn to do a
number of things guickly and exactly, and
that he must be thoroughly familiar with
cettain concepts not ordinarily encountered.
But the operations and the concepts are log-
ical and are easy to remember. Aerial navi-
gation is not an abstruse subject derived
from obscure reasoning based on complex



theorems. It is a sensible, practical applica-
tion of simple scientific principles to the task
of directing aireraft through the unmarked
skyways.

An saerial navigator directs an aireraft
from place to place over the surface of the
earth, an art called aerial novigation. It pre-
sents a three-fold problem: (1) determining
course, that is, determining the direction
from departure point (starting place) to des-
tination, (2) keeping station, that is, know-
ing as accurately s possible where the air-
eraft is at all times, and (3) ecorracting
course, that is, finding the correction neces-.
sary to maintein (to stay on) a desir
course, or finding at any time the course
from wherever the aircraft may be to wher-
ever it may be desired to take it

Determining conurae consists of locating on
a chart (map) and of measuring the direc-
tion between departure point and destina-
tion. Keeping station consists (1) of deter-
mining where the aircraft is at any time,
either by positively locating it (as by looking
at the ground) or by figuring where it must
be by figuring the distance and direction
flown from a known position, and (2) of pre-
dicting where the aireraft will be at any
given time by figuring the distance and direc:
tion it will have flown at that time from a
known position. The clock time (time of day)
at which an aircraft is thus figured to reach
any given point is called the Estimated Time
of Arrival (ETA) for that point,

Correcting course consists of finding and
applying the corrections necessary (1) to
maintain a desired course, (2) to go into
destination, or (3) to go into an alternate

{some other) destination. Corrections are
made on the basis of information gained (1)
by reading the navigation instruments in the
aireraft, (2) by looking at the ground, (3)
by making radio observations, and (4) by
making celestial observations (observations
of heavenly bodies).

The basis for solving the three-fold prob-
lem of navigation is dead-reckoning. Dead-
reckoning is the art of determining. approxi-
mately, where the aireraft is or where it will
be at a given time by figuring (reckoning)
where it must be at that time because of the
distance and direction flown from a known
position. Bagie dead-reckoning (no-instru-
ment navigation) figures distance and direc-
tion flown without using navigation instru-
ments. Precigion dead-reckoning (instrument
navigation) makes full use of navigation
instruments.

The most skillful dead-reckoning can pro-
duee only & reckoned position which must be
checked to be sure of an aefual position.
Dead-reckoning may be checked by three
methods: (1) map-reading, (2) radio obser-
vations, and () eelestial obzservations, Map-
reading, that is, recognizing on the ground
objects that are represented on the chart,
provides an eraef position and thus checks
dead-reckoning. Radio and celestial observa-
tions properly made and interpreted provide
4 position accurate enough to compare with
and to supplement dead-reckoning.

Dead-reckoning, either basic or precision
or both, musgt be done at all times, Tt must be
cheeked and supplemented econgtantly by
map-reading, radio, and celestial observa-
tions.



Basic Dead-Reckoning
OVERVIEW

I. BASIC IDEAS IN DEAD-RECKONING

A. The earth
1. Shope of the earth
2. Rotation of the earth about its axis
J. locotion of the poles ot the ends of the axis
B. The coordinate system of |ocaling points on the earnh
1. The equatot and the prime meridian
2. Angular measurement
3. Latitude and longitude
4, The coordinates of o point on the earth
C. Direction on the earih
. Morth, the reference for measuring direction
2. Depariure point, destination, and course

3. Meosuremen! of course
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P, Linear distance on the earth
1. Moutical mile. statule mile. ond kilomefer

2. Conversion of units of linear measurement

TOOLS USED IN BASIC DEAD-RECKONING

A, Llamber! conformal char

1. The-problem of distortion

2. Chorocleristics ond desirable quolities of the Lamben conformal chart
B. Map-reading

|. Scale and dale af chaort

2. Mop symbols
C. Plotting on the Lambert confoarmal chart

1. Use of the plotter ond dividers

2. Location of points

3. Plotting ond measuring courses

D. Time-apeed-distance preblems: arithmetic, computer, and toble solutions

BASIC DEAD-RECKONING TECHNIQUES

A. Pre-fight preparation

1. Chart work

2. Selection of recognition- end check-paints
BE. Determination of groundipeed (G35)
C. Croleulotions of estimoted time of orrival (ETA,

D. Correction for off-course

BASIC DEAD-RECKOMING PROCEDURE

A. Pre-flight procedurs
1. Preparation of chorts
2. Selection of 1ecognition- ond check-points
3. Log of pre-flight informalion

B. Procedure ol toke-off
| Check fime oand position
2. Log procedure ot loke-off

. Beeping station

. Procedure al check-noints

C
D
E. Procedure lo correct for off-coune
F. Procedure ol destination

G

. Close-oul procedure




Throughout the years, men have advanced
many explanations of the beginning or origin
of the earth. The theory most widely accepted
at the present is that the earth was once a
part of the sun. Due to some kind of disturb-
ance, a part of the sun was thrown off and
out into space. The thrown-off part was first
a great, spinning ball of fire which gradually
cooled. As it cooled, it formed an outer crust
which has supported, first, vegetable, then
animal, and, finally, human life. This cooled
ball, still spinning, is the earth.
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The earth, spinning in space, is spinning
around an imaginary line within itself ealled
its axis. The points on the surface of the
earth at the ends of the axis are called poles,
one being called the north pole and the other,
the south pole,

While the earth has been compared to a
ball, it iz not a perfect ball or sphere. A per-
fect sphere is a body whose surface is every-
where the same distance from a point within
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ALL POINTS ON
A SPHERE ARE
THE SAME DISTANCE
FROM ITS CENTER

the body ealled the eenter. In other words, a

" perfect sphere is perfectly round, like the

classroom globe. The earth is not perfectly
round; it is slightly fattened at the poles
and slightly bulged around the middle. The
amount of this imperfection ean be judged
when it is realized that the shortest distance
through the earth, from pole to pole, is 7,900
miles, and the longest distance, through the
bulge at the middle, is 7.927 miles, & differ-

ence of only 27 miles. For all practical pur-
poses, including navigation, therefore, the
earth is considered to be a perfect sphere.

HERE

PERFECT
SPHERE
EARTH
BULGED
HERE

Man st first was very limited as to the dis-
tance he could travel on the earth and found
his way round his limited world by land-
marks or known positions. As methods of
travel developed and as trading and com-
merce increased, it became necessary to have
more accurate ways of locating points on the
surface of the earth.
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A very accurate system of locating points
on the surface of the earth has been devised
and is quite universally used. It is called the
coordinate system and is not difficult to
understand. The steps following will show,
simply, how the system is set up and how it
is used.

The first step is to take a slated globe and
draw a circle around the very middle (half-
way between the north pole and the south
pole). This is the largest circle that can be
drawn on the globe and is called, therefore,
a great circle. The term, great circle, may
be defined as the largest cirele it is possible
to draw on the surface of a sphere. This par-
ticular great circle, drawn half-way between
the poles, is called the equator,

Notice here two things that mathemati-
cians have found out about great circles:

First, if a sphere, such as the earth, is
sliced in two along any great circle, the
sphere is cut exactly in half; therefore, the
knife passes exactly through the center of
the sphere. Second, the shortest distance
between any two points on a sphere is meas-
ured on a great cirele which includes the two
points, These two facts are important and
should be kept in mind.

The second step is to draw a straight line
from the north pole through Greenwich,
England, which has been selected arbitrarily
as the starting point, and to extend the line
through the equator to the south pole. Sucl
a straight line, drawn from pole to pole
is called & meridion and is half a great cir-
cle. This particular meridian, which passes
through the reference point of Greenwich
England, is called the prime meridian.
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When dealing with circles, some very im-
portant facts must be learned. Examination
of the diagram above shows three cireles
having the same center and each divided by
the various straight lines into eight equal
slices. Any cirele, of course, could be divided
into any number of equal slices in the same
manner. Further examination of the dia-
gram reveals that the line FG is much longer,
in fact, is three times as long ns the line BC,
Yet, the line BC represents Ly of the inner
cirele and the line FG represents 1y of the
outer circle. Note thut the distunce between
lines AF and AG would be even smuller than
BC on u cirele smaller than the inner eirele
now drawn around A, and larger than FG on
a cirele larger than the cirele now drawn
around A. But that distance, large or small,
always would represent Ly of a cirele around
A. Thus is seen the difference between lnoar
meagirement (the actusl length of the lines
BC, DE, FG, ete.) nnd anguler measwrement
(the fraction or part of a circle which the
lines represent). This is a very important
difference which must be kept in mind.

When a circle, however lorge or small, is
divided into 360 equal slices, each slice is
called a degree. For finer measurement, each
degres may be divided into 60 equal slices,
each of which is called a minite: and sach
minute may be divided Into 60 equal slices,

each of which Is called a seeond. Thus a
degree is 1/360 part of a eircle; one minute
Iz 1/60 part of a degree or 1/21,600 part of
a eircle, and a second i 1/60 part of a min-
ute, 1/3,600 part of a degree, or 1/1,296,000
part of a eirele.

The third step in setting up the coordinate
system is to divide the equator into 360 equal
parts, beginning at the intersection of the
equator and the prime meridian. The degrees
on the equator then are numbered, 1 West,
2 West, ete., if they are on one's left as he
stands on the prime meridian facing the
north pole, and 1 East, 2 East, ete., if they
are on his right. Observe that 180 W and 180
E are the same meridian, called, simply, the
180th meridian. There can be no number 181
or larger.
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From the north pole draw or imagine
meridians through each degree marked off
on the equator, extending them to the south
pole. Any number of meridians may be
drawn in this manner, each of them being
half a great circle.

FRIME
MERIDIAMN

The next step is to divide the prime merid-
ian, which is half a great circle, into 180
equal parts or degrees. It is observed that
from the equator to either pole is 14 of a cir-
¢le or 90°

Therefore, the degrees are numbered from
the equator, 1 N to 90 N if toward the north
pole, or 1 5 to 90 5 if toward the south pole.
Now it is possiole to draw a line around the
globe parallel to the equator through the
point on the prime meridian marked 25°N or
through any other point on the prime merid-
ian. These lines are observed to be circles, but
they are not us large as the equator. Hence,

they are not great circles, but are called
small eireles, which, by definition, are cir-
cles less than great circles on the surface of
a sphere, The small eirveles alrendy drawn
are ealled poarallels of lotitwde, and are num-
bered N or S in the same manner as the
degrees on the prime meridian were num-
bered, Hence, the cirele drawn through the
point 26"N on the prime meridian, is num-
bered 25°N, etc. Any number of parallels of
latitude may be drawn, each of them parallel
to the equator and each of them a small
circle.

i L"!‘

THE B0® CIRCLE IS

DRAW LINE
PARALLEL TO

. THE EQUATOR
THRU THE 25°
MARE

Remember now that degrees may be di-
vided into minutes and seconds, that a paral-
lel of latitude may be drawn parallel to the
equator through any degree, minute, or sec-
ond of the prime meridian, and that 8 merid-
inn may be deawn from pole to pole through
any degree, minute, or second on the equa-
tor. Now any point on the earth’s surface
may be located by:

1. Finding the number of the parellel of
latitude that puasses through the point, e. g.,
30 20"N.

2. Finding the number of the meridian
that passes through the point, e. ., 987 30°W.

That point is referred to, then, by saving
20°20°N-90"30'W.




Angular distance (distance measured in
terms of degrees, or fractional parts of & cir-
cle) north or south from the equator is called
latitude, and generally is referred to by the
abbreviation, Lat. or La. The angular dis-
tance east or west from the prime meridian
is called longitude and is referred to by the
abbreviation, Long. or Lo. In locating a
point, latitude is given first; e. g., Lat. 30"
20°'N-Long. 96°30'W, or simply 30"20°N-96*
20°'W. These figures are called the coordi-
nates of the point.

STARTING LINE
FOR LONGITUDE

TO LOCATE A
HOUSE IN THE CITY YOU
MUST KNOW TS ADDRESS

SO IT IS WITH LOCATING A POINT
O THE EARTH. THIS ADDRESS |5
CALLED THE COORDINATES

J0°20°N
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Note that positions equally distant north
from the equator will be on the same parallel
of latitude, regardless of their east-west loca-
tion. For instance, a point 46°N of the equa-
tor in the western hemisphere is on the 45th
parallel narth, and a point 45°N of the equa-
tor in the eastern hemisphere lies on the
same 45th parallel north. Points the same
number of degrees east of the prime merid-
ian will be on the same meridian, and points
the same number of degrees west from the
prime meridian will be on the same merid-
ian, regardless of the north or south posi-
tion in either case.

Consideration is given now to a method of
determining and referring to direction on
the surface of the earth. Consider any point
on the earth such as point M. Through that
point will pass a parallel (WE) whose num-
ber may be determined, such as 32°30°N, and
a meridian (NS), such as 96°20°'W. Thus

N J/ |

NUMBER CIRCLE CLOCKWISE
FROM MNORTH



point M is located by saying 32°30°N-96"
20" W. Around point M imagine a circle, such
as is drawn in the figure, This cirele is
divided into 260 equal parts or degrees, and
perhaps further divided into minutes and
seconds. These divisions begin with 07 at the
north and move clockwise (as the hands of a
elock move) through 360°. Thus 14 around
the cirele from north, at the point usually
called east, is 90°; 14 around, at the south,
is 180"; % around, or at the west, is 270°;

and all the way around, back to the north
again, is 360", Thus north is either 360° or
0°, but it is referred to usually as 0°. The
direction from M to another point, Q, is
described by telling the number of degrees
on the circle between 0° or north and a line
joining M and Q, such as the dotted line MQ,
counting clockwise from north. Therefore,
the direction of Q from M is 25°. Likewise,
the direction of points S from H is 100",
point P from M is 260",

COUNT FROM

)

AW 0 vy e

In navigation terms, point M is usually
referred to as the departure point, and the
other point, Q. 8, or P, as the destination,
The direction, expressed in degrees, is called
the course,

11



Having now a system of location, latitude
and longitude, anid a system of direction ex-
pressed in degress, the navigator needs o
ayvatem of linear messurement. Remember
that the eguntor was divided into 360° and
that each degree may be divided into 60 min-
utes, making 460 x 60, or 21,600 minutes on
the entire equator, which is the entire dis-
tance around the earth, east and west, Like-
wise, any pair of meridians comprising a
great cirele may be divided into 21.600 min-
utes which is the entire distance around the
earth, north and south. Now, if the earth is
considersd a perfect sphere, the distance
around the earth east and west and the dis-

tance arcund north and south are the sume.
Amnd oneg minute on lhe equutor or on i
meridian or on anv other grent cirele on the
enrth would mensire off 121 800th part of
the distance nround the earth.

The distance represented by one minute of
latitude or one minute of longitude at the
equslor, or one minute of any great circle,
1/21.600th purt of the distance around the
world, is called a wowtical mile, and is the
unit of linear mensure generally used in nav-
igation. How long is n nantical mile in terms
of the more familiar units of feet or of ordi-
nary miles, hereafter called stafute miles?
A nautical mile is 6,080 feet. Since a statute
LY
5280
or 1.15 statute miles. Or another way of say-
ing it, is that a statute mile of 5,280 feet is
5280
LT
miles inte nautieal miles, divide by 1.15; to
change nautical miles into statute miles, mul-
tiply by 1.15.

mile is 5,280 feel, a nautical mile is

or BT nautical miles. To change statute



In the previous discussion, a method of
locating positions on the earth's surface by
giving the latitude and longitude (or the
coordinates) of the point was presented,
Since the earth is a sphere, it would be desip-
able to use a representation of the earth’s
surface on a sphere if that sphere could be

MUCH TOO LARGE TO
USE IN FLIGHT

made large enough to be practienl, However,
when a spherical representation of the enrth
is large enough to be usable for navigation
purposes, the representation s muech too
large and bulky to be used in a plane. Experi-
ence has shown that some method of repre-
senting the earth's surface on a flat surface
is necessary for use in navigation. Such a
representation is a mop or ehort and, in nav-
igation, the terms wap and chart mean the
same thing.

CALL THIS EITHER

When one tries to represent u portion of
a sphere (which has three dimensions;:
width, length, and thickness) on a flat sur-
face (which has enly two dimensions: width
and length), considerable difficulty is encoun-
tered, chief of which is distartion. The cause
of distortion may be illustrated by trying to
press halfl a grapefruit peel flnt. As it flat-
tens. it splits ut the edges and tends to eronse
in the center. This splitting and ecreasing
represents exactly what would happen if one
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were to take a part of the earth's surface

and try to flatten it out on a flat surface.

Charts are constructed so that there are no -
breaks or blank spaces. Therefore, certain
portions of the area represented by the chart
have to be spread out in order to have the
area represented cover the chart completely.
This spreading out of areas so as to cover
the chart is distortion. The amount of distor-
tion on a chart depends upon the method of
construction (the method of projection) of
the chart. Charts are constructed by chart-
makers, chiefly by the use of mathematical
ritles and formulas. This complicuted con-
struetion is of small concern to navigators
and will be considered very little in this
course.

“PEEL" THE EARTH — A A A
IT LOOKS LIKE THIS

Of major importance, however, are the
distinguishing features and the use to which
each chart or map is best suited. Each type
of chart has its own advantages and dis-
advantages, depending upon the method of
its construction. Each type of chart, there-
fore, is suited to certain uses and unsuited
OUS MAPS ARE SUITABLE to others. Several types of charts will be
VARIOUS USES studied during the course and the advan-
tages, disadvantages, and uses of each will
be pointed out.
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The chart to be considered specifically at
this time is the Aeronautical Sectional chart,
a topographical chart on the Lambert Con-
formal Projection. Secure such a chart and
examine it to see what can be found out about
it. At first glance, it appegrs that the merid-
ians are parallel straight lines and that the
parallels of latitude are also parallel straight
lines. The reason for this is that this chart
is on a very large scale and a slight conver-
gence (coming together) or curvature (curv-
ing) of lines may not be noticed without close
examination. Comparison of the left-hand
border line of the chart, which is straight
up and down, with the first meridian on the
left side of the chart reveals that the merid-
ian is not straight up and down, but leans
toward the center of the chart. Examination
of the right edge of the chart and the firat
meridian on the right reveals that the right
hand meridian also leans toward the center
of the chart. This leads to the conclusion
that the meridians are converging toward a
point outside the chart toward the north, If
dividers are spaced from one meridian to
another at the bottom of the chart and moved
slowly toward the north, it will be seen that
any pair of meridians are closer together at
the top of the chart than at the bottom.
Therefore, it may be written as one descrip-
tive fact about the Lambert Conformal
chart:

1. The meridians are represented as non-
parallel straight lines converging toward a
commaon point in the direction of the pole.

MERIDIANS LEAN TOWARD

Next, examine the parallels of latitude.
First, space a pair of dividers across any two
parallels of latitude. Move the dividers along
the lines and observe that the lines are every-
where the same distance apart, that is, they
are parallel. Are the lines curved or straight?

PARALLELS ARE \
" SAME DISTANCE —
APART ALL OVER
CHART

PARALLELS
CURVED

Look at the bottom border-line of the chart
and compare it with the first parallel of lati-
tude shown. Look also at the top border-line
and the top parallel. It appears that the par-
allels curve. Check by applying a straight
edge to several parallels. They all curve
away from the pole. Since the lines curve,
they must be parts of circles. Since the lines
are parallel curves, they may be assumed to
be parts of circles having the same center
(concentrie circles). Since the center of these
circles seems to be toward the pole and gince
the intersection of the meridians seems to
be toward the pole also, it may be that the
center of the concentric circles and the inter-
section of the converging lines are at the
same point. Chart-makers state that this con-
clusion is true; therefore, a second deserip-
tive fact may be listed:

2. The parallels of latitude are represented
as equally spaced, parallel, curved lines, the
curves being portions of concentric circles

15



CIRCLES HAVE SAME
CENTER

E MERIDIANS COMVERGE
1 TOWARD THIS CENTER

whose centers are at the point of the inter-
section of the meridians,

To extend all the lines found on a Lambert
Conformal chart would rvesult in a figure
somewhat like the figure above, The see-
tion ABCD represents the chart, The merid-
imns, extended. would intersect at point P,
Point P 15 found also to be the center of the
equully spuced concentrie circles, which rep-
resent parallels of lutitude.

What, now, are the advantiges Tor naviga-
tion purposes offered by the Lambert Con-
formul charta? In the diseussion on the
earth’s surface, it was pointed out that the
shortest distance between two paints on the
earth's surface is along a portion of a great
circle joining the two points, Navigation
frequently is concerned with routes which
should cover the shortest distance between
two points (great circle routes). Hence, it
is desirable that a great cirele route be rep-
resented by a straight line on the naviga-
tor's chart.

LAMBERT CONFORMAL

GREAT CIRCLE *\;L J
APPROXIMATES ‘ -
STRAIGHT LINE - .
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In the discussion on the earth’s surface, it
was pointed out that all meridians are great
cireles, It has been noted in the examination
of the Lambert Conformal chart that all the
meridians are strajght lines. Might not all
great circles be .represented as straight
lines” Sueh an assumption i3 approximately
true, so it may be written as an advantage of
Lambert Conformal charts:

1. A great circle is approximately a
straight line on Lambert Conformal charts.

The desirability of a constant distance
scale is apparent. It is much easier to meas-
ure distances on a chart if the scale is the
same all over the chart. In the discussion of
the earth's surface, it was pointed out that
one nautical mile is the distance represented
by one minute of latitude. Examination of
the Lambert Conformal chart reveals that

the curved lines representing latitude are
equally spaced. This means that a minute of
latitude is the same length anywhere on the
chart. Since a minute of latitude is a nau-
tical mile, n nautical mile is represented by
the same distance anyvwhere on the chart.
The distance scale, then, is the same any-
where on the chart, or is, in other words, con-
stant. Therefore, it may be written as a
second advantage of Lambert Conformal
charts:

2. The distance scales on Lambert Con-
formal charts are constant scales.



Positions on the earth's surface, repre-
sented by giving their coordinates, should be
easy for the navigator to plot. Such plotting
is most easilv done on a chart which has a
perfect grid spsfem (straight lines intersect-
ing at right angles) for representing latitude
and longitude.

GRID LAMBERT

EASIER TO PLOT
OM PERFECT GRID

BUT EASY TO PLOT
OM LAMBERT

The Lambert Conformal chart, with its
converging meridians and its eurving paral-
lels of latitude, does not have such a perfect
grid system. While positions are easily plot-
ted on a large scale Lambert Conformal
chart, they are only fairly easily plotted on
charts of smualler seale. But, for pructical
purposes, it should be written as a third ad-
vantage of the Lambert Conformaul ehart:

3. Positions are easily plotted on Lam-
bert Conformal charts.

Arens should retain the same shape, char-
acteristic appearance, and proportionate size
on the navigator's chart that they have on
the earth’s surface. Experience in the air
will verify the chart-makers’ statement that

Lambert Conformal charts meet this require-
ment. This means that distortion is slight, so
slight in fact a= to be negligible. Therefore,
it may be listed:

4. Aress retain the shape, characteristic
appearance, and proportionate size on Lam-
bert Conformal charts that they have on the
earth’s surface; distortion is negligible.

AMGLES OM EARTH'S
SURFACE REMAIN SAME
OM CHART

Angles on the earth’s surface should be
shown as the same angle on the chart. Mathe-
muaticians have found that this requirement
is met by Lambert Conformal charts; there-
fore, it may be listed:

5. Angles on the earth’s surface are
shown as the same angles on Lambert Con-
formal charts.

Students of navigation and navigators in
the Air Forees will encounter quite fre-
quently four series of Lambert Conformal
charts. These may be listed, with some infor-
mation about them, so that they may be rec-
ngnized when they are encountered,

MNAME MUMBER IM SERIES CHIEF USE
Sectional 87 for U.5. Map-reading
Regional 17 for U.S. Planning longer
fiights
Radio Direction
Finding &for U5, Radie
(R.D.F.) Chart
Asranoutical 1 for U.5. Planning langer
Planning Chart Rights
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YOU MUST
KNOW ALPHABET-
TO READ MAP
YOU MUST

KMOW SYMBOLS

In the discussion of the Lambert Confor-
mal chart, it was pointed out that a map
or & chart is & representation of a portion
of the earth's surface on a flat surface. It
was pointed out also that among the charts
used by navigators in the Air Forces is the
Sectional Aeronautieal chart, a Lambert
Conformal chart. This chart, in common
with other charts, is u small scale represen-
tation of a portion of the surface of the earth
and of whatever may be on it. The chart pre-
sents to the trained eye a description of the
charted region, picturing the landmarks and
presenting other information which has been
found to be of value to airerew members.

But in order to gain the information con-
tained on the chart, the navigator must be

trained to read the chart, that is, to recog-
nize and to interpret the symbols found on
the chart and from them to recognize the
portion of the earth represented by the chart
when he sees it, He also must be able to look
at a portion of the earth’s surface, to visual-
ize the appearance of that portion on a chart,
and to locate that portion of the earth's sur-
face on a chart. He must be able, in other
words, to go from the chart to the earth or
from the earth to the chart. He then is able
to locate the position of his ship at any time
he can see the ground, provided he has a
chart of the region.

Realizing the importance of charts to avia-
tion, Congress, in the Air Commerce Act of
1928, provided for the publication of aviation
maps necessary for safety in flying. At that




time there were no suitable charts available
which covered the country as a whole. A new
type of map, especially designed to meet
the needs of a new industry, was urgently
required.

In order to satisfy the most immediate and
pressing demands, strip charts of the prin-
cipal airways were published. It was realized
aoon, however, that strip maps could not
meet the need and in 1930 the first edition
of the Sectional Aeronautical charts was
published. Although very favorably received,
these first charts were little more than topo-
graphical charts, showing the charuacteris-
ties of the terrain. With the development of
more advanced methods of navigation, fea-
tures of the charts onee thought essential
were replaced by features found to be of
more importance. Changing conditions of
flight, such as higher speed, longer flights,
and higher altitude, are almost cértain to
result in revised methods in navigation
which will neceasitate further changes in the
charts,

No charts, then, can be considered finished
pieces of work. Changes are made constantly
over the sections of the earth covered by the
charts, necessitating constant revision. Roads
are changed, new roads are built, towns
spring up. Changes often come about so rap-
idly that a navigator using an out-of-date
chart may become lost. For that reason, there
is printed in red in the lower left-hand cor-
ner of each seetional chart the date of the
chart followed by a note of warning:

Consult ""Weekly Notices to Airmen"' at your

lecal airport for changes occurring in oero-

nautical information on this chart after—
(Date]

ALWAYS USE
LATEST MAPS

MNOTE DATE
OF PUBLICATION

Of major importance in the use of any
chart is a consideration of the scale of the
chart. The scale of a chart is the proportion
to which it is drawn. On the Sectional chart,
one inch on the chart represents 500,000
{half million) inches on the earth's surface.
The Sectional chart has, therefore, a scale of
1 : 500,000, and this fact is noted on the
upper right-hand corner of each Sectional by
the note, Scale 1 : 500,000, Other charts em-
ploy other scales, such as 1 : 250,000 or
1 : 1,000,000, Another way of expressing the
scale of a chart is to give only the distance
on the chart which represents one statute
mile on the earth’s surface. Quarter-inch
scale, for instance, means that one quarter-
inch on the chart represents one statute mile
on the earth's surface. Charts often are re-
ferred to by scale rather than by name. The
British, for example, generally refer to the
Sectional charts as “half million” charts or

to certain other charts as “quarter-inch”
charts, The scale of any chart should be kept
in mind when using the chart.

Mention has been made of reading the
chart. Reading the chart is made possible by
a system of symbols called map symbols,
These symbols resemble, but do not picture
the objects represented. Usually they are
exaggerated in size so as to be clearly visible
on the chart. Many objects on the ground
which are not represented on the chart will
be visible to the navigator at average flight
altitude. It would clutter up the chart too
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much to try to represent every obiect on the
chart; so only the objects found to be the
mast useful to the navigator are represented.

The navigator will find. too, that manv
objects represented rather prominently on
the chart will be barely visible from the air.
This is especially true of radio stations, for
instance. Such ohjects are important to the
navigator for reasons other than their visi-
bility. For example, the navigator can tell
direction by means of a radio station and
his radio equipment; therefore, it is ex-
tremely important that he know where the
station is located,

BODIES OF WATER ARE
IMPORTANT

OCEAN

[S=TR LRV
LR T
i b V8

L PERMAMENT
LAKE
INTERMITTENT
LAKE

P, LAKE

MARSH

ey b

—
RIVER

Bodies of water are, to the navigator, the
most important of the visible objects., They
are clearly visible by day and are generally
visible by night. They change as little as any
aother group of objects. Therefore, the sym-
bols for water features are of prime impor-
tance.
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Notice that the water feature symbols are
in blue. The ocean is of great importance
and the coast line is accurately represented.
Lakes are represented rather accurately as
to size and shape. Permanent lakes are rep-
resented by solid blue; intermittent Inkes by
diagonal blue lines enclosed by a broken line
outline of the shape of the lake at its high-
water mark. Dry lakes are represented by a
broken line outline of the original shape of
the lake, filled in with brown dots.

Large rivers are represented by double
blue lines shaded between in light blue, fol-
lowing closely the actual course of the river.

CULTURAL (MAN-MADE) FEATURES

VILLAGE TOWN
s [Prape—
::.

CITY v 50mm:
Sad ey L)
WPl OF 1Crwes

—

U. 5 HIGHWAY

IL
SINGLE TRACK
RAILROAD

ﬁ

e

PROMIMEMNT
HIGHW AY

2 OR MORE TRACK
RAILROAD

HIGHWAY TROLLEY LINES

UNIMPROVED ROAD

Streams are represented by single solid blue
lines if they are permanent streams: by
broken blue lines if they are intermittent
streams. Marshes are represented by sym-
bols of small tufts of grass on scattered short
horizontal lines, aJl in blue.

Cultural or man-made features also are



highly important. Of the cultural features,
towns and cities are of first importance. Vil-
lages of less than 1,000 population arve rep-
resented by small blaek circles: towns he-
tween 1,000 and 5000 by small vellow
squares bordered in brown, Cities of over
5,000 population wre represented by a brown-
bordered, yellow figure outlining the shape
of the city.

Highways and roads are represented in
purple. Designated U, 5. highways are de-
noted by a heavy purple line with a shield
containing the number of the hichway oveur-
ring at intervals, Other prominent highways
are represented by the heavy purple line only
and less prominent highwayvs or roads, by
light or thin purple lines.

Single track railroads are represented by
heavy black lines with a short eross-tie
mark every five statute miles. Double and
multi-track railronds are represented by
lines with double eross-tie marks every five
statute miles. Abandoned railroads are rep-
resented by broken black lines with eross-tie
markings. Trolleys are represented in the

MISCELLANEQUS CULTURAL
FEATURES

L= -'ln-m-uu-rn

AND TANKS

same manner as are railronds except that the
cross-tie marks are only 2y statute miles
apart.

A group of miscellaneous cultural features
algo are often encountered, They are all in
black except those which present a menace
to aerial travel, which are in red.

The more prominent transmission lines
ure dangerous to air trallic: therefore, they
are shown in red as o thin line broken by
T's. The raee track symbul 8 the typieal race
track oval in hlack. Pipelines, important

RELIEF FEATURES

“
I
] as am - -

GRADIENTS OF ELEVATION
TERRAIN LEVELS
PEAK cuimem WATER LEVEL
LINE

because of the right-of-way scars usually vis-
ible, are shown us thin lines with the word,
“pipeline”, written under them at intervals.
Derricks and oil storage tanks are repre-
sented by typical symbols covering approxi-
mately the prea covered by the derricks or
tanks, but not representing the number,
Coast guard stations are shown as small,
black, bont-like figures and the letters C. G,
followed by the number of the station. Look-
out towers are represented by a small black
trinngle encireled by o black cirele; forest
ranger stations, by a small station-but with
pennant atop. Also on the Sectional will be
noted many descriptive notes, describing
and pointing out landmarks. Water tunks,
churches, ete., are pointed out In this man-
ner.

Certain reliel features are shown on the
Sectional chart. The elevation of the section
covered by the chart is denoted by a svstem
of coloring, ranging from medium green,
which denotes elevation between sea-level
and 1,000 feet, through nine shades or colors
to dark tan, representing elevations above
9,000 feet. Light brown contour lines joining
points of equal elevation serve as border
linex between the various colors. Prominent
vlevations or peaks are denoted by short,
radiating +(hachured) brown lines, usoally
with the elevation denoted by figures. Black
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dotted lines drawn off the shore line indicate
three-foot water depth. On later charts this
line will denote ten-foot water depth,

AERONAUTICAL FEATURES

Certain features of peculiar importance to
aeronautical navigation are shown in red on
the Sectional. Afrports, lights and beacons,
radio stations, civil airways, and miscella-
neous features are thus indicated,

Military airports, Army, Navy, or Marine
Corps, are represented by two concentric eir-
cles. Commercial or municipal airports are
indicated by a single circle bounded by eight
small squares. C. A. A. intermediate fields
are shown as single circles bounded by four

LIGHTS AND BEACONS
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small squares; marked auxiliary fields, by a
red eross. The name of each airport is noted
nearby and the altitude is indicated by slant-
ing red numerals. Seaplane bases with com-
plete facilities are represented by an anchor
enclosed in a circle; seaplane anchorages
with refueling and limited facilities, by the
anchor only. Protected anchorage with no
facilities is denoted by one side or one half
of an anchor. A mooring mast is indicated
by a small symbol representing a dirigible
moored at mast, The letters LF denote light-
ing facilities.

Lights and beacons are of prime impor-
tance to navigators on night flights and for
that reason such features are prominently
shown in red on the chart. The Marine nav-
igational light is shown as a solid dot. The
flashing beacon (stationary) is denoted by a
solid red star; short radiating lines are
added to the solid star when the beacon has
flashing code lights. The rotating beacon is

RADIO SYMBOLS

RADIO RANGE STATION



represented by a red star with a white circle
in the center. Red arrows pointing up and
down the course are added when the rotating
beacon has course lights, and short radiating
lines are added when the rotating beacon has
flashing code lights. In summary, the solid
star represents a stationary beacon; the star
with the white circle in the center, a rotat-
ing beacon. Short radiating lines represent
flashing code lights and red arrows represent
course lights. There may be several combina-
tions of these symbols.

As has been indicated heretofore, radio
stations are of great importance to the nav-
igator. All radio symbols are in red. The
commercial station is represented by a small
red eirele with a dot in the center followed
by the letters RS. Nearby is an eight-sided
box in which is written the call letters and
the frequency of the station. The radio range
stations (the beam stations) are represented
by the circle and dot with the beams repre-
sented by widening lines radiating from the
station in the directions in which the beams
actually extend. In a box nearby is listed the
name, the call letters, and the frequency of
the station together with other pertinent
information.

The radio direction finder station (the
RDF satation) is represented by the ecircle
and dot followed by the letters RC. The fre-
quency of the station and the call letters are
in a six-sided box nearby. The Marine radio
beacon is denoted by the circle and dot fol-
lowed by the letters R Bn, with the frequency
and identification signal listed in a six-sided
box nearby.

The radio marker beacon is represented by
a solid red dot or circle of considerabie size.
The frequency and identification are listed
in a box adjoining the cirele. The fan marker
beacon is denoted by a symbol somewhat like
a long, narrow football. All these stationa
and their functions will be described fully in
the sections on radio navigation.

Of importance to navigators are certain
air lanes over the country which have been
designated by a color and a number. For
example, the airway over the city of San
Antonio is Amber Airway No. 4. These air-
ways are represented on the chart by two
heavy red lines twenty statute miles apart
if air traffic on the airway is restricted or
controlled, or by two pairg of light red lines
twenty statute miles apart if the traffic is
not eontrolled.

There are several miscellaneous symbols
representing other features of peculiar im-
portance to aerial navigation.

An obstruction is marked by a red in-
verted V and a numeral representing the
height of the obstruction. A restricted area,
over which a plane must maintain a certain
minimum altitude, is outlined by short diag-
onal red lines, and a note, giving the min-
imum altitude to maintain, is nearby. An air-
space reservation, an area over which flight
is forbidden, is represented by red diagonal
lines across the entire area. Unmarked explo-
sive areas are designated by the symbol of a
flame on a ecircle. Isogonic lines, lines of
equal magnetic variation, are represented by
broken lines; a numeral representing the
amount of the variation appears at intervals.

MISCELLANEOUS SYMBOLS

#
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The student of navigation is confronted
with many new and unfamilinr ideas and
materials. Among those slready introduced

is the Lambert Conformal or sectional chart

used by the navigator. It was mentioned at
the time of presentation that the navigator
was primarily interested in location, direc-
tion, and distance.

In solving the problems of location, direc-
tion, and distance, the student will have occa-
sion to do plotting (drawing) on his chart.
In the course of this plotting, he will use
two or three plotting instriements (drawing
instrumente),

Most important and most used of the plot-
ting instruments is the plotter:; often ealled
the Weem's Plotter, the Aireraft Plotter, the
Department of Commerce Plotter, or the
Mark II Plotter. By whatever name it is
culled, it is o very useful instrument in the
hands of a navigator. The plotter is designed
especially for use with aeronautical charts
and can replace the protractor, dividers, and
purallel rules. However, time can be saved
by using both plotter and dividers.

The ruler portion of the plotter is covered
with various seales. The outer and vertical
acalea correspond to statute miles on regional
charts. The inner scales correspond to stat-
ute miles on sectional charts. The straight
edge is used as a ruler for drawing course

THE PLOTTER

lines. The semicircular portion is designed
for measuring courses according to the direc-
tion of flight as indicated by the two arrows.
It is graduated to facilitate reading to one-
half degree. The plotter should never be used
as a protractor, =ince much time would be
lost.
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A word needs to be said about the very
common instrument, the dividers. Dividers
are to be osed with one hand only. 1f they
are too stifl to operate with one hand, the
tension stud, noted in the drawing, must be

LOOQSEN STUD

adjusted. The drawing shows the correct
position of the thumb and fingers. The thumb
and hand must be kept out of the line of
vision so that the points alwayvs are clearly
visible. When the dividers are opened or
clogsed, one blade is kept pressed agninst the
palm of the hand by the third and little fin-
gors and the other blade s moved by the
middle and index fingers, Avoid wsing hoth
hands to operate the dividers.

Various tvpes of transparent trinngles
miay be used in navigation plotting. The two
most usually encountersd are the 30 -60"-940"
triangle and the 45 45 -90" triangle.

In addition to the plotter, the dividers, and
the triangles, several well-sharpened, soft-
lead pencils and a very soft rubber or art-
gum eraser will be needed. Hard-lead pencila




are to be avoided as well as ardinary rubber
erasers, Hard-lead pencils make dim, hard-
to-see . lines that are dilficult to erase. and
ordinary erasers destroy charts when used
on them,

One of the simplest plotting problems
encountered in navigation is plotting posi-
tions, The straight edge of a plotter and the
dividers are used to plot positions on the
Lambert Conformal chart. Examination of
the chart reveals that minutes are marked
off for the measurement of latitude and lon-
gitude on the 30° lines between each pair of
evenly numbered lines on the chart

For instance, the 92°30°W meridian, mid-
wity between the 92 W oand the 93 W merid-
ians, is marked off into minutes of latitude

ALONG PLOTTER
SET ON MERIDIAN
THRU POINT

ana the 20°30°'N parullel, midway between
29°M and 30°N, is marked into minutes of
longitude. It is required to loeate a point
whose coordinates are 20 37°'N-92 46'W.
Find on the parallels marked 29 30'N and
30°30°N (or the top parallel on the chart),
the point 92°46'W. This will be 16’ to the
left of the meridiun marked 92°30'W, Meas-
ure, on any meridiann (probably the one
marked 92 30'W) with the dividers a dis-
tance of T'. Then pluce the stralght edge of
the plotter across the points 92°46°W on the
two parallels. Then any point on the straight
edge I3 92°46"W. To locate the point 29 37'N,
92 46'W, it is necessary to locate along the
stralght edge the point 29°87'N. This is
done by measuring from the parallel marked
29 °30°N with the dividers up the straight
edge the distance of 7' previously measured.

Always draw in or indicate longitude with
the straight edge of the plotter and measure
latitude with the dividers. Never reverse the
procedure. The straight edge should always
be in a North-South pasition.

To read (or pick off) the coordinates of a
given point, the procedure is about the same.
Place the straight edge In &4 North-South
position through the point whose coordinates
are being sought, and through two paral-
lels on which the minutes of longitude are
marked. Shift the struight edge until the
same reading iz obtained on both parallels
when the straight edge is exaclly on the
point. This reading represents the longitude
of the point; e. g, 92 47T'W. Then from a
convenient parallel; e g., 29"00'N, measure
ip wlong the straight edge with the dividers
to the point, Then measure this distance in
minutes along the nearest meridian which is
divided into minutes; e. ., 92°30'W. Add the
number of minutes measured on the divid-
ers; e. @, 16°, to the number of the parallel
from which the measurement was taken by
the dividers; e g.. 20 N, giving the latitude
of the position; e. g., 20°16°N. The eoordi-
nates of the position thus obtained, then, are
20716 N-92°47T'W. Again it is cautioned to
use the straight edge only in the North-South
position,

In order to measure a course for flight of
S nm, or less, the following steps should
be observed : '

LTl o

‘500 MILES MEASURE S
COURSE AT THE ;

MID-MERIDIAN

1. Locate departure and destination on
the sectional and connect them with &
straight line.
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2. Select the mid-course meridian, the
meridian nearest the middle of the course
line.

3. Place a pair of dividers anywhere on
the course line near the mid-course meridian.

4. Place the bottom edge of the plotter on
the dividers. This facilitates lining up the
plotter with the course line.

5. Slide the plotter along until the center
hole is over the mid-course meridian.

6. Keeping in mind the direction of flight,
read true course from the correct semicircle,
A simple rule is to read courses on the semi-
gircular scale adjacent to the arrow that
points in the direction of flight.

For flights of more than 500 NM., draw in
the straight line joining departure and des-
tination, divide the flight into parts (legs),
each covering 4" or 5° of longitude, measure
the coursge for each leg at the mid-meridian
as directed above, and fly the flight one leg
at a time, that is, changing course at the end
of each leg. When this procedure is followed,
the path of the plane differs very little from
the straight-line course, and the difference
may be ignored.

|

DIVIDE FLIGHTS MORE THAN 500 MILES INTO LEGS
AND MEASURE EACH AT ITS MID-MERIDIAN

Ocecasionally course lines approach 0° or
180" ; therefore, a special technigue has been
devised to facilitate measurement of these
angles. The diagram below represents a Lam-
bert Conformal chart on which departure,
destination, and course have been plotted.
The course line is so nearly parallel to the
meridians that it is impractical to extend it
until it crosses a meridian before measuring;
therefore, a special method must be em-
ployed.
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The plotter is placed over the course in
such a way that the center hole is over the
course line and the upper edge coincides with
the intersections of a parallel of latitude and
the meridians on either side of the course.
These intersections on the chart are named
"A" or “B.” An imaginary meridian can now
be visualized on the chart by extending the
90° angle mark and the angle the course line
makes with this imaginary meridian can be

AX

DEPR

VISUALIZE 90° MARK

AS MERIDIAN; THE

SMALL ANGLE X IS
g EASILY DETERMINED

DEST.
IMAGINARY
MERIDIAN
FCOURSE 15\ % |

OM THIS SIDE IF COURSE IS

SUBTRACT X ON THIS SIDE

FROM 360° ADD X TO 0®
OR 180°

measured (angle X). Knowing this angle
and the direction of flight, the true course
can be found. For example, suppose angle X
amounted to 5° and the direction of flight was
southeasterly. Then the true course would be
180° minus 5° or 176°. By using. the rule
“right is plus and left is minus" the pro-
cedure may be somewhat simplified. If the
course line is to the right of 90" on the plot-
ter, angle X is added to 180" or 0° depend-

ing on whether the aircraft is going North
or South. If the course line is to the left of
90" on the plotter, angle X is subtracted
from 180° or 360°.
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Some of the most common errors encoun-
tered in the manipulation of the plotter are:

1. Attempting to read a true course after
placing the plotter along the course line in
such a4 way that the semicircular part is
lower than the bottom edge. Remember to
keep the plotter on top of the course line.

2. Using the plotter as a protractor by
placing the center over the course line rather
than over a meridian. This procedure wastes
time and results in numerous errors,

3. Failing to visualize direction of flight
before reading the course angle., Constant
reference to the arrows on the plotter will
eliminate this error,

At various times it will be desired to plot
a given course from a known position. In
this case simply place a pencil point on the
known position and slide the plotter back
and forth across it until the center is on a
meridian. Then from the desired course-
angle marked on the semicircle, draw in the
course line by moving the pencil along the
lower edge of the plotter. It should be re-
membered that the meridian used must inter-
sect approximately at the midpoint of the
course line for accurate results; however, in
this case rough estimation must suffice.

In measuring a course between two points
it is well to remember a simple diagram.
Around departure point (DP), imagine a
circle, divided into four equal parts, begin-
ning at North or 0°,

The first quarter (or quadrant) would be

LESS THAN LESS THAN
340 I NORTH If;

i

90

; -]
tzssm:&“/ 180 LESS THAM

270 180

the 0°-90° quadrant; the second, 90°-180°;
the third, 180°-2707: the fourth, 270"-0°, If
the course line is in the first quadrant, the
course angle cannot exceed 90°. If it is in the
second quadrant, the angle must be between
90" and 180°. If the course line is in the third
quadrant, the angle must be hetween 180°
and 270 Or if the course line is in the
fourth quadrant, the course angle must be
between 2707 and 360° or 0°. Remembering
this disgram, a person can glance at a course
line, determine which quadrant it is in, and
estimate the approximate course angle. This
procedure will do much toward eliminating
large mistakes in measuring the course,
especially the mistake of 180" which results
from reading the wrong scale on the plotter,

The problems of location and direction
have been solved; therefore, distance must
now be considered. The navigator iz pri-
marily concerned with nuutical miles; hence
sectional charts are graduated along merid-
fans with this scale, If the distance between
two points is desired, simply span the dis-
tance with a pair of dividers and use any
convenient meridian which has the grad-
uated seale to convert the distance into nau-
tical miles.

Usually the length of the course lines to be
measured will be greater than one span of

. the dividers. In such cases span a convenjent

distance, usually thirty nautical miles, with
the dividers and step off the distance along
the course, The remaining distance may be
measured by adjusting the dividers and com-
paring with the seale. Thus, by multiplying
the span distance by the number of steps and
adding the remaining distance, the length of
any course line can quickly and accurately be
determined.

In the cramped quarters of the aircraft
the use of dividers may at times be ncon-
venient, Under these circumstances time may
be saved by using the plotter. Distance may
be measured by using the bottom seale as a
ruler. For short distances the vertical scales
at each end of the plotter may be used profit-
ably, However, it must be remembered that
the use of dividers for measuring distances
is more accurate; therefore. constant prac-
tice to insure proper and speedy use of this
instrument will reward the industrious nav-
igator.
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TAKE A CONVEMNIENT
SPAN OF DISTAMNCE

AND
MEASURE REMAINING
DISTANCE SEPARATELY

Spme common mistukes which are made
by the novice when learning to use dividers
nre;

1. Attempting to use both hamds to
manipulate the dividers. Dividers should be
so adjusted that they can be opernted with
one hand. This leaves the other hand free Tor
CIMergency us.

2 Leaving dividers open on the desk in
an iveraft. Dividers should be elosed and
returned to a specinl pocket of the fight
folder after use in order to avoid loss or
injury.

4. Measuring distance along o purallel of
latitude instead of 4 meridian,

4. Incorrectly counting the number of
steps taken when mensuring a long course,
and failure to add the remiining distance
after the lust step.

5. Punching holes in sectional charts and
thereby destroving property and causing
inwecuracies, Dividers have sharp points for
accurate measurement, not for punching
hiiles.

Al various times it will become necessary
to parallel & line, This can be done by using
the plotter or by using a combination of the
plotter and the triangle.

To parallel a line with the plotter, align the
parallel lines of the plotter with the original
Hne, wnd at the desived distanes from it mark
# line along the straight edge. Or pluce cen-
ter and 90 point of the plotter along the
original line and then make dots on scales
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[ SLIDE TRIANGLE
O POSITION WHERE
PARALLEL 15 NEEDED

of both edges of plotter at the desived dis-
tance from the original line and draw the
required parallel line through the two dots.

The most rapid and adaptable method for
paralleling a line is accomplished by using
both plotter and triangle. Align the hypot-
enuse of the trinngle with the line to be par-
alleled. Place the straight edge of the plotter
snugly along either of the other sides, then
slip the triangle along the straight edge until
the hypotenuse coincides with the position of
the desired line and draw line,



Before further progress can be made in
the study of navigation, it is necessary to get
i chear understanding of time. speed, and
distance. These terms are generally under-
stood and the problems involving them re-
guire only elementary arithmetic for their
solution.

Because of the vase with which they may
be solved, there mayv be g tendeney to con-
sider these problems lightly., Such an atti-
tude i5 very unwize. Problems of time, speed,
and distance, although easily solved, are very
important in navigation. A first class naviga-
tor must be able to solve them with great
gceuracy and reapidity. If 4 navigator ean
estimate within a few minutex the time of
his arrival in the vieinity of o point, it will
greatly facilitate his locating that point.
Navigators have become completely lost be-
cause they were attemptling to find points
that were behind or ahead of the airplane.

£TA

The units of time with which the naviga-
tor works are the hour, minute and second
with which he is already familiar. The unit
of distance with which he usually works is

the nautical mile, which was explained in the
discussion on the earth’s surface as being
the distunee representod by one minute of
latitude or 6,080 feet, In some cuses, how-
ever, it will be necessary for the navigator
to work with the statute mile (5,280 feet),
or, when using forcien charts, he muy work
with the kilometer (3,281 feet) .

Sinee the navigator may be required to
work with three units of distance, the nau-
tical mile, the statute mite. and the kilome-
ter, he must be well sequainted with each
of the units and must be able to convert, or
to express any one of them In terms of the
others. A previous discussion pointed out
that in order 1o convert nautical miles into
statute miles, multiply by 1,15. For instance,
10 nautical miles equals 10 x 1.15 or 11.5
statute miles, In the same discussion it was
pointed out that in order to convert statute
miles into nuuticnl miles, divide by 1.15.
Henee, 11.5 statute miles equal 11.5 divided
by 1.15 nautieanl miles, or 10 nuuatieal miles,
These facts are true becuuse a nautieanl mile
of 6,080 feet ix 1.15 times us long as a stat-
ute mile of 5,280 {eet.

Since u nautical mile i# 6,080 feet and a
kilometer is only 3,281 feet, a nautical mile
is 6,080 divided by 3,281 or 1.85 times as
long as a kilometer. Therefore, to convert
nautical miles to kilometers, multiply hy
1.85. For instance 10 nautical miles equals
10 x 1.856 or 185 kilometers, To convert
kilometers to nautical miles, divide by 1.85,
18.5 kilometers equals 18.56 divided by 1.85
or 10 nautical miles,
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Fortunately, it is not necessary, usually,
for the navigator to figure out these conver-
sions, since he may find them on his com-
puter almost automatically. However, he
must know and remember how to figure them
go that he may not be handicapped unduly
when he hns no computer.

Note the solid or metal side of the com-
puter, This side of the computer is going
to be used constantly; become thoroughly
familiar with it. Note that there is a station-
ary scale and a revolving seale. At the top
of the stationary scale is a “10" within a
black block. Revolve the inner scale until the
same kind of a block 10 is exactly under the
one on the outer ring. Examination of the
two scales from this position shows that they
are exactly alike. Pay no attention at the
present to anything except these two scales.
The others will give trouble enough a little
later. Notice that the division marks may be
Ly unit, as between 30 and 35; 1 unit, as
between 10 and 11; or 2 units, as between
15 and 16. When using the computer, the stu-
dent must exercise extreme care to read the
scales correctly.

g
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If the student will refer to the figure 70
on the outer scale, he will see near it an
arrow pointing to the 66 division mark and
another to the 76, joined together by a line
across the top. Near the arrow pointing to
66 is the abbreviation, “Naut.” and near the
76. “Stat.” These abbreviations stand for
nautical miles and statute miles. Further to
the right on the stationary scale, at 122, is
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another arrow with the abbreviation, *Km.
standing for kilometer, written across the
top.

WA

These three positions are thus marked on
the computer because the computer scales are
s0 constructed that when a number on the
inner scale representing nautical miles is
placed under the arrow with “"Naut." above
it, the number of statute miles in that num-
ber of nautieal miles is read on the inner dial
under the arrow with “Stat.” across the top,
and the number of kilometers is read under
the arrow marked “Km."” For proof of these
statements, place the 10, representing 10
nautical miles, under the “Naut.”" arrow. The
gtudent already has seen that 10 nautical
miles equals 11.5 statute miles or 185 kil-
ometers. If the computer is correct, these
figures should be under the proper arrows.
Examination reveals, under the "“Stat.”
arrow, the division mark half-way between
11 and 12, or 11.5 and, under the "Km."
arrow, the mark half-way between 18 and
19, or 18.5. Thus it is seen that the computer
gets the correct answer. It is seen, too, that
when a number representing statute miles
is placed under the “Stat.” arrow, as 11.5
now is under the arrow, the number’s equiva-
lent in nautical miles is read under the
“Naut.” arrow and in kilometers is read
under the “Km."” arrow, that is, the equiva-
lent in statute and nautical miles iz read at
the respective arrows. Thus, the computer
will convert from one unit of distance to an-
other accurately and rapidly.



Speed is expressed as units of distance per
unit of time. The unit of time usually em-
ployed is the hour; the unit of distance may

be either the nautical mile, the statute mile,
or the kilometer. The phrase “nautical mile
per hour” is the invariable expressed by the
term, “knot.” To speak of “knots per hour"
i8 incorrect; the term, “knots" includes the
“per hour” meaning. Other terms employed
include “statute miles per hour" or more
simply, “miles per hour" and “kilometers per
hour."

Speed, a8 has been pointed out, is ex.
pressed as units of distance per unit of time.
Since speed, then, is the result of a combina-
tion of time and distance, there must be some
definite relation between time, speed and
distance, Three very important relations are
presented at the bottom of the page.

If any two of the three factors are known,
the third or unknown factor may be found.

If the speed is 150 knots, the time 214
hours, the distance unknown, the distance

may be found by multiplying speed by time,
150 x 2%, or 375 nautical miles. If the dis-
tance is 150 statute miles and the time is 114
hours, the speed is 150 divided by 145 or 100
miles per hour. If the distance is 200 kilome-
ters and the speed is 150 kilometers per hour,
the time is 144 hours.

These problems may be worked on the
computer. Since problems of time, speed and
distance are problems involving three and
only three factors. the three factors must be
located for every problem of this type. These
problems are worked on the metal side of the
computer which was discussed to some extent
earlier. Distance is always loeated on the
outer (stationary) scale, regardless of the
unit of distance used.

DISTAMNCE
OM OUTER
SCALE
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Time, in minutes, is located on the inner
{revolving) scale. Once located, the point on
the inner scale representing time in minutes
is placed directly under the point on the
outer seale representing distance. Speed is
thén read on the outer scale at the end of the
black pointer on the revolving scale. This
speed will be in the same units of distance
per hour as was first set up on the outer
wenle. Following this procedure, any problem
in time, speed, and distance can be worked
through very accurately and rupidly. The
two known factors are set up in their proper
place und the third, then, is automatically
shown. Remember that time and distance are
always together, time on the inner and dis-
tance on the outer scale. Speed is always
apposite the black pointer.

For purposes of illustration, some prob-
lems will be set up on the computer at this
time, Given n distance of 20 miles and a time
of 8 minutes, find the speed. The point 20 is
loeated on the outer scale. The inner scale
is rotated until the point 8 is exactly under
the point 20. Opposite the black pointer is
read 15, which represents the speed. But
common sense dictates that 20 miles in 8
minutes is much faster than 15 miles per
hour. The answer to the difficulty is to multi-
ply the 15 by 10: the speed, then, is 1560 mph.

Given a distance of 41 miles and a time of
15 minutes, find the speed. Place 15 on the
inner dial under 41 on the outer dial; read
the speed, 164 mph, opposite the arrow.

Given a speed of 156, a distance of 200
miles, find the time. Set the black arrow
opposite 156, locate 200 (20) on the outer
scale, and read time in minutes, 77, or 1
hour, 17 minutes (1:17) from the inner scale
directly under the 20,

DISTANCE

SPEED

32

Given a speed of 216 mph and a time of 10
minutes, find the distance. Rotate the black
arrow until it is opposite 216. Locate 10 min-
utes on the inner scule, read distance (36
miles) on the outer scale opposite the 10,

In all these problems, speed must be on
the outer scale opposite the black arrow, dis-
tance iz on the outer scale, time in minutes
is on the inner scale, directly under distance.
A great many of these time-speed-distance
problems should be worked in order to de-
velop both apeed and aceuracy.

In addition to the arithmetical and com-
puter solutions of time-speed-distance prob-
lems, it may be necessary at times to use
Time-Speed-Distance Tables, which are time-
speed-distance problems worked out and
printed in table form. Such a table is Table
V1I, “Speed-Time-Distance Table,” page 182,
TM 1-208, Air Navigation Tables.

It will be noted that acroas the top of the
table is a number of blocka titled “Speed”.
Down the left side of the table is a column
headed “Time in Minutes” and the remainder

BLACK ARROW
of the page is filled with eolumns lining up
with the speed blocks and headed “Distance".
On the top of page 183 is a similar table ex-
cept that the time is in hours. Following on
page 183 and 184 are two tables employing

higher speeds for the minutes and hours
table,




The use of these tables is simple. For ex-
ample, how far will a plane go in 17 minutes
at 120 knots? Look down the “Time in Min-
utes” column to 17; then follow across to
the right to the “Distance” column that has
the 120 “Speed” block above it. There is
found 34, which is the answer to the prob-
lem. As another example, what speed is a
plane making when it flies 46 NM in 21 min-
utes? Look down “Time in Minutes” column

DISTAMCE BY

Tl 208

to 21; then look to the right for 46 in the
“Distance” column and look in the “Speed”
block above the "Distance™ column for the
speed, 130 knots, in this case. In this prob-
lem, if the distance had been 44 NM, it
would not have appeared in any “Distance”
column, but would have been half-way be-
tween 42 and 46, both of which are shown.

If the distance were half-way between 42
and 46 the speed would be half-way between
the speeds shown at the top of the 42 and 46
columns or half-way between 120 and 130,
which is 125 kts,

The third example: how long will it take a
plane to fly 72 miles at 140 miles per hour?
Look down the column headed 140 until 72
ia found ; then look left to the “Time in Min-
utes” column for the answer, 31 minutes. In
this problem if the distance had been 73, the
time would be 3114 minutes, or 31= 20~ All
these tables are used in the same manner
and are not at all difficult to use or to under-
stund,
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The preceding discussions have treated,
among other things, the earth’s surface, the
Lambert eonformal chart, and map reading.
It is possible now, with the background of
information gained in the preceding discus-
sions, to consider no-instrument navigation
or basic dead-reckoning, the oldest and one
of the most important methods of naviga-
tion. Basic dead-reckoning must be checked ;
the simplest check is map-reading (visual
reference to objects on the ground) or, in
other words, looking at objects on the
ground. Basic dead-reckoning, properly
checked, may be used by itself or it may be
used in connection with precision dead-reck-
oning. Every navigator must be able to do
skillful and accurate basic dead-reckoning.

BASIC DEAD - RECKONING
IS SIMPLEST AND OLDEST METHOD OF NAVIGATION

Basic dead-reckoning checked by map-
reading, is the oldest, the simplest, and the
easiest method of navigation, and when con-
ditions permit its use, one of the surest.
However, conditions of modern flight often
make it impossible to do map-reading ; there-
fore, it must be supplemented by other nav-
igation techniquesa. Basic dead-reckoning was
employed on a large scale first, possibly, by
the Phoenicians on their early voyages
around the Mediterranean Sea.

Motorists use a sort of basic dead-reckon-
ing constantly over both known and un-
known territory. Even in going from quar-
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ters to town a motorist proceeds along a cer-
tain course (street) to a certain point which
he recognizes by landmarks, turns onto an-
other course, and repeats the procedure,
arriving at destination in a few minutes.
When a motorist takes a trip of some
length, he employs basic dead-reckoning to a
great extent. From the filling station he gets
his road-map (chart), locates his departure
point and destination, calculates the distance,
considers the possible routes and selects a

THE MOTORIST USES

BASIC DEAD . RECKONING ,! .

route suitable for the trip, and notes the
points on the route that he is to pass through.
When he is ready to begin his journey, the
motorist will find his highway (course), pro-
ceed along the course to a certain town, turn
onto another course, and repeat the pro-
cedure, finally arriving at destination.

During a motorist’s journey he is assisted
by sign posts, highway signs, and various
other aids furnished to travelers. He can be
certain of the name of a town along his
route, because he will see the name on vari-
ous sign posts, both before and as he reaches
the town. He can keep track of his journey
on his road-map and be fairly certain of his
position at any time.

A navigator will proceed in exactly the
manner described above. He will encounter
many more difficulties than does the motor-
ist, however, The navigator must make his
own road-map on his chart before he begins
his flight. He must be able to recognize points
from the information on his chart; the names
and distances are not printed on aerial sign-
posts. The navigator must refer constantly
both to his chart and to the ground. He must
be alert.



The navigator must make considerable
preparation before his flight begins. He must
locate his departure point and his destina-
tion. He must draw in and measure the
course line joining the two points. For a
short flight between points on a single sec-
tional, this is simple. For long flights, cover-
ing two or more sectionals, it is best to draw
in and measure the course line on a smaller
scale map such as a regional chart, ascertain
the coordinates of points on the course that
fall near the edges of the various sectionals
covered, locate these points on the various
sectionals, and draw in the course on each
separate sectional. The course line should be

drawn in with a soft-lead pencil so that it
will be plainly visible, even in poor light. The
route then should be divided into 10-mile legs
and the distance from departure to each divi-
sion mark should be plainly marked. This
procedure eliminates most of the work of
measuring distance when the flight is under

DRAW IM COURSE LINE
WITH A SOFT PENCIL.
DIVIDE COURSE INTO
10- MILE LEGS

Having drawn in and measured the course,
the navigator must study his chart very
thoroughly so us to know as well as possible
what to look for in the territory on and
adjacent to the course. Since he may not be
able to follow his course exactly, he must be
aequainted with the territory for a consider-
able distance on either side of the course,

After becoming acquainted with the terri-
tory which the flight is to cover, the naviga-
tor will give particular attention to a num-
ber of recognition points which will serve as
checking stations on the flight. The selection
of these points is of great importance and
will be discussed at some length in a moment.

Having finished his work on the chart, the
navigator will fold and arrange his chart or
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charts so as to be able to turn the folds like
the pages in a book. In this way, his charts
will remnin neat and accessible and will not
become misplaced, disarranged, or difficult

FOLD MAP AMD TURN
FOLDS LIKE PAGES IN A BOOK

Mention has been made of the importance
of the selection of proper and usable recog-
nition points, Several suggestions may be in
order because the ground ix not going to look
like the chart.

1. Much more is viasible on the ground
than on the sectional.

2. Many features prominent on the sec-
tional are barely visible on the ground—
radio stations, for example.
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8. Water features are prominent both on
the sectional and on the ground.

4. Highways and roads are prominent on
the ground; railroads are relatively difficult
to see.

5. Highways may be distinguished from
railroads because they turn more often and
more abruptly, and have roadside parks and
the like.

6. Towns and villages must be recognized
by their relation to other features; they, in
themselves, are seldom distinguishable, one
from the other.

7. There may be minor differencea be-
tween the sectional and the ground.

On the basis of the contrast of what is
seen from the air and what is seen on the
sectional, several suggestions for the selec-
tion of recognition points are in order.

1. Look for water features first.

2. Look for cities and towns, highways,
and railroads, noting the relation of each to
the other.

3. Look for other distinguishable fea-
tures, especially for water towers, promi-
nent buildings, ete,

4. Look always for features that may be
positively identified and that are the least
likely to have been changed.

With these facts in mind, the student
should select recognition points for at least
one and preferably several flights as a sort
of exercise. Arguments for and against the
selection of any one point should be carefully
weighed and considered. Why would the fol-
lowing points be good recognition points for
a Kelly Field-Houston Airport flight?

1. Intersection of four roads before the
Village of St. Hedwig.

2. Town of Seguin, with the dam, to the
left of the course; crossing of long north-
south stretch of highway.

8. The Village of Monthalia, noting water
features and two dams.




4. The city of Gonzales.

B. The ecity of Eagle Lake.

6. Richmond and Rosenburg in relation to
position on course.

T. The prison farm and Sugarland.

8. Houston Airport.

Having prepared his chart and having
selected his recognition points, the navigator
has eompleted his pre-flight preparation and
is ready for the flight. Upon taking his seat
in the plane, the navigator should open the
chart as if it were a book, exposing only the
section showing the early stages of the flight.
As the flight continues, he will turn the folds
of the chart like pages in a book, keeping
only & small portion exposed. It is well to
place the chart, once the flight is underway,
in such a position that north on the chart is
toward true north. The chart then will
appear very much as the territory over
which the flight is taking place. Objects on
the ground to the left of the course will be
found on the chart to the left of the course
and so on.

The navigator will be able to judge his
distance on course by checking the time as
he passes or comies abeam of the various rec-
ognition points, He can judge whether or not
he is on course or how much he is off course
by checking the position of the plane with
relation to points along or to either side of

the course. These and many other matters
of this nature will be considered later in this
discussion. For the present, the prime eau-
tion to a navigator doing basic dead-reckon-
ing is “Keep Alert!”

At this point, three new factors must be
considered, namely, groundspeed (GS), esti-
mated time of arrival (ETA), and correction
for off-course. Groundspeed is the speed
which the plane makes with relation to the
ground. Estimated time of arrival (ETA) is
the time at which the navigator estimates he
will arrive at & certain point. Correction for
off-course is a change made in the heading
(pointing) of the plane to take care of the
plane's having gotten off the course in some
way.

It has been suggested that the navigator
might check his distance and position on
course by basic dead-reckoning. This point
becomes significant now. In the selection of
the recognition points, the navigator will
select certain of the best of these points to
use for check-points. The check-points are
very important, since at these points the nav-
igator will make several checks and ealcula-
tions upon which the success of the mission
may depend. Because of their importance,
the check-points should be very carefully
selected. They should be not less than forty
miles apart and must be easily recognized.

ORIENT MAP BY ALIGNING COURSE
LIME STRAIGHT AHEAD




The first check a navigator makes upon
coming over or abeam a check-point is on his
time. In order to be of much use, this check
must be very accurate. To insure accuracy,
time should be checked when the aireraft is
exactly over or abeam of the center of the
check-point. Good navigators make a prac-
tice of sighting along the leading edge of
the wing to the center of the check-point to
determine when they are abeam. This is a
good practice for the student to adopt.

The second check a navigator makes at a
check-point is on the position of the aircraft
in relation to the check-point. The aireraft
may be over or to either gide of the point. If
to either side of the point, left or right, this
fact is noted, and the distance left or right is
calculated. The position of the aircraft can
be judged and the position plotted on the
chart. After its actual position is plotted, the
actusl position of the aircraft with relation
to the course can be noted and, thus, it may
be determined if, or how much, the plane is
off-course, and when and how much to cor-
rect for off-course.

What use does the navigator make of the
information gathered at the check-point?
For one thing, he may calculate his ground
speed, He has checked carefully the time of
departure and the time he comes abeam of
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AT THE CHECK-POINT, MOTE
TIME AND DISTANCE FROM
CHECK-POINT TO COMPUTE
GROUNDSPEED AND DISTANCE
OFF COURSE

the first check-point, forty miles or more
away. From these two checked times he can
determine the time it took for him to go the
distance between the two points (departure
point and check-point No. 1). This distance
he can measure on his chart. So he has a
time-speed-distanece problem in which he
knows time and distance and wants to find
speed. He may solve this problem by formula
or on his computer. He repeats this process
at every check-point, that is, every forty
miles or so, and thus keeps a constant check
on his groundspeed between check-points.

Knowing his groundspeed, the navigator
is able to calculate his ETA either to the next
check-point or to destination. An accurate
ETA is a great help to a navigator; an in-
accurate ETA is a trap. An accurate ETA
caleulated as far in advance as possible en-
ables the navigator to know when he may
expect to sight *his next check-point or his
destination. Especially in unfavorable
weather, when it is difficult to see recognition
points along the way, this knowledge is of
great value. He may be able to eatch only a
glimpse of the point through a rift in the
undercast. If he i8 looking intently in the
right direction at the correct time he will
get this glimpse ; otherwise, he may miss see-
ing the point altogether,



Figuring an ETA is another simple time-
speed-distance problem. The navigator has
found his groundspeed; he can measure on
his chart the distance to the next check-point
or to destination. The problem, then, is one
in which speed and distance are known, and
it is required to find the time. The problem
may be solved by formula or by the compu-
ter. When the time is found, it may be added
to the clock time at which the plane was
abeam the preceding check-point and the
clock time of arrival at the next check-point
or at destination is found.

« The navigator has checked the position of

the aircraft with relation to the check-point
and thus has been able to plot his position
with relation to the course. This he has done
in order to be able to hand the pilot a correc-
tion for off-course, which is known as cor-
recting for off-course or off-course correc-
tion.

The procedure for correcting for off-course
may be explained by illustrating a case. This
is a greatly exaggerated case, but it will en-
able the student to understand the procedure,

A navigator departed from point A, going
to point B, 110 miles away. Upon reaching
check-point M, 50 nautical miles from A, the
navigator finds that instead of being over
point M, he is a distance which he estimates
to be 10 nautical miles to the right of the
position, at point X, and so is 10 miles off-
course to the right. If he stays on the course
which he is now flying, the navigator will go
in the direction of the broken line XP and
will not arrive at destination B, It seems evi-
dent that the course must be changed or cor-
rected. This correction may be figured by
table or on the computer,

To figure the correction by the table, the
navigator refers to Table VI, “Off-Course
Correction Table,” page 181, TM 1-208, Air
Navigation Tables, Notice that down the left
side of the table is a column headed “Miles
Flown”. Across the top of the table is a
series of boxes headed “Miles Off-Course”,
with columns for distances of from 1 to 50
miles. The navigator, in the problem under
consideration, having flown 50 miles and be-
ing 10 miles off-course, looks down the “Miles
Flown" column to the 50 line. This line he
follows across the page until he reaches the
column under the box with the 10 in it, where
he reads 12°. He notes that at the top of
these columns is a line “Compass Correction
to Parallel Track Course."” This means that
if the navigator corrects his course AXP by
12°, he will parallel his intended course
AMB. Such a course is represented by the
line XN. It may be seen that this course, par-
allel to the intended course AMB, will not
reach destination. Further.correction must
be made.

To make the further correction necessary
to arrive at destination B, the navigator
measures on the intended course line AB the
distance vet to be flown, MB. This distance
he finds to be 80 miles. The distance off-
course is still 10 miles. The navigator again
refers to Table VI, looking down the “Miles
Flown" column until he reaches the 60 line,
which he follows across the page until he
reaches the column headed 10, where he
reads 10°. This means that he must make a
further correction of 10" in order to reach

.....
-
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FIND OFF-COURSE
CORRECTION IN TMI-208
OR ON COMPUTER
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destination B. Therefore, since he must make
n correction of 12° to parallel the intended
course and a further correction of 10° to
reach destination B, he must make a corree-
tion of 12° plus 10° or a total of 22° in order
to reach destination. Now the question is, in
which direction must he make the correc-
tion, to the right or to the left? Referring
to his charts, the navigator remembers that
he now is on course AXP. If he makes the
correction to the right he will be heading in
the direction of R along the course XR,
which obviously is not toward destination B.
Therefore, he must make the correction to
the Jeft and follow along the line XB.

To figure the correction on the computer,
the navigator must:

1. Place the card-board slide in his com-
puter so that the square grid is under the
transparent disk. This transparent disk may
be in any position, but ot must not be moved
during the solution of the problem,

2. From the genter circle, draw a line at
right angle to the center line, and sinee the
plane is off-course to the right, draw the line

to the right. The length of the line will rep-
resent the distance off-course, each square
on the grid representing two miles. For this
problem, therefore, the plane being 10 nau-
tical miles off-course to the right, the line will
cover five spaces to the right of the center
line.

3. Turn the card over and place the dis-
tance from departure, in this problem 50
NM, under the center circle.
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4. Read the number of degrees necessary
to parallel course at the end of the line
drawn, in this problem approximately 12°,

5. Place distance to destination, in this
problem 60 NM, under the center circle and
read degrees necessary to correct into des-
tination, in this problem approximately 10°.

6. Add the two corrections, 12% to par-
allel plus 10° to converge, to get 22" total
correction. Since the aircraft is off-course to
the right, this correction must be made to the
left. The total off-course correction is 22°
left.

Having determined the amount and direc-
tion of the correction and having rounded off
the correction to the nearest whole degree,
the navigator is ready to hand the correction
up to the pilot or to hand up the correction.
This he does by writing on a piece of paper
{(a chit), “Correct course 22° left," and
handing it up to the pilot or by calling on the
interphone “Navigator to pilot—correct 22°
left.” Thus the navigator proceeds in correct-
ing for distance off-course,

DRAW LINE FIVE SQUARES TO THE RIGHT

. TURN CARD OVER. SET UP DISTANCE FROM
DEPARTURE AMD READ CORRECTION TO
PARALLEL COURSE

. SET UP DISTAMCE TO DESTINATION
AND READ CORRECTION INTO
DESTINATION, ADD BOTH
CORRECTIONS TO OBTAIN TOTAL
OFF-COURSE CORRECTION




In order that the student may understand
what a navigator does on a basic dead-reck-
oning mission and how the navigator com-
pletes the log sheet, he will imagine that he
is accompanying and observing the naviga-
tor on & basic dead-reckoning flight from
Love Field, Dallas, to the Big Spring Air-
port. The importance of the navigator's log
sheet can hardly be over-emphasized ; it may
be judged from the fact that the log (as the
log sheet is called) is admissable in a mili-
tary court as evidence concerning the flight.
It should be kept carefully at all times.

The sctual form of the log sheet changes
from time to time. In this discussion, there-

fore, general log procedure will be illustrated
by working through the problem and record-
ing the data on a simple log blank. The stu-

dent will have to study any log sheet he
comes in contact with and see how, exactly,
to enter the various items.

The data (facts) of the Love FField-Big
Spring Airport flight is as follows:

This is a flight from Love Field (35°52"'N-
92°42'W) to Big Spring Airport (32°14'N-
101°31°'W). A current date is to be used. The
type and number of the aircraft is B-25, N-
64, A. C. No. 41-21192. It is a basic dead-
reckoning mission. J. Doe, 1st Lt, A. C,, is
the pilot. The student’'s name is entered as
navigator. The following flight data is to be
used :

Proposed flight altitude, 6,000

Altimeter setting, 30.24

1015, engines started

1025, take-off

1030, at flight altitude, 6,000, over Love
Field

1049, 5 miles left of Weatherford

1108, 2 miles right of Ranger; caleculate posi-
tion with reference to course and correct for
off-course

1129, 2 miles left of Abilene

1153, 4 miles left of Colorado

1207, over Big Spring
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Before the flight begins, the navigator
should check his plotting equipment to be
sure he has all the equipment he needs. He
should not negleet to have zeveral well sharp-
ened pencils!

The first step is the preparation of the
chart. Both Love Field and Big Spring Air-
port are on the Dallas Sectional, so the nav-
igator uses only one chart.

The navigator locates departure point
{Love Field) and destination (Big Spring
Airport) and draws a straight line between
them. This line represents the course, or the
line desired to be flown, With the plotter,
following the procedure already outlined to
the student, the navigator measures the
direction of the course at the mid-meridian
and finds it to be 261. He notes that the vari-
ation about the middle of the flight is 10E.
He measures the distance between departure
and destination, finding it to be 238 nautical
miles. Then he marks off the course into 10-
mile legs. The navigator then selects & num-
ber of recognition points along and adjacent
to the course line and of these points selects
four check-points. Because they are good-
sized towns, easily recognized and not likely
to have been changed much, and because they
are more than 40 miles apart, the navigator
chooses for his check-points the towns of
Weatherford, Ranger, Abilene, and Colorado.
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This completes his work on the chart; there-
fore, he folds it properly and turns his atten-
tion to the log sheet.

The heading of the log sheet and a few
other items the navigator ean fill in before
the flight actually is underway; to these he
gives his attention. At this time he probably
is in or about the aircraft, waiting to take
off. On the line after the word “Departure"
he enters the name and the coordinates of the
departure point — Love Field (32°52'N-96"
42'W), and after “Destination,” the name
and coordinates of the destination — Big
Spring Airport (32°14'N-101"31'W). After
the word ‘Date” he enters the current date
and after “Pilot,” the name, initials, rank,
and branch of service of the pilot—Doe, I.
B., 1st Lt., A. C. On the line after the words
“Airplane Type and No.” he enters the type,
number, and Air Corps serial number of the
aircraft — B-25, N-564, AC No. 41-21192,
After "Navigator” he enters his own name,
initials, rank, and branch of service as it
usually is written. The number and type of
mission he enters after the word "Mission"
—No. 2, Basic Dead-reckoning.

On the first four lines in the “Remarks"
column he enters the following:

First Line: Altimeter Setting—30.24

Second Line: Proposed Flight Altitude—
8,000"

Third Line: Time of Engine Start—1015
Fourth Line: Time of Take-off —1025



Most of the information entered so far the
navigator has been able to get for himself.
He may have had to ask the erew chief when
the engines were started, or the pilot what
the proposed flight altitude is. The pilot gets
the altimeter setting from the control tower
by radio and will give it to the navigator.
The navigator must have all of this informa-
tion and he will ask someone if he cannot find
out the information for himself.

By this time the aireraft probably has
taken off and is elimbing to reach flight alti-
tude, The navigator earefully notes the time
of take-off and proceeds to fill in the first line
of the body of the log sheet. In the position
column he will note the position of the plane
with relation to the departure point when
departure point is reached, entering the
name but not the coordinates of the point
and in the time column he will enter the
time. The true course, as measured on the
Sectional, he enters in the true course ecol-
umn — 261. On basic dead-reckoning mis-

gions, the navigator does not consider infor-
miution vsually entered in the “Drift Corr."
column, so he marks through it. In the “True
Head." column he enters the same number
entered under “True Course”—261. Under
the eolumn headed “Var." he enters 10 [,
the variation noted earlier on the chart.
Since the variation is E, he subtracts 10
from the true heading and enters the result,
2561, in the column headed "Mag. Head.”” The
two following columns are not used in basie
dead-reckoning. He will give the pilot the
magnetic heading (251) before departure
point is reached. When departure point is
reached he enters over Love Field in the
position column and the time, 1030, in the
time column.

The navigator gives attention next to the
double column headed “"Run.” In this column
the navigator usually enters the distance run
and the time taken to run the distunce. Since,
when the aireraft is over departure point, no
distance has been run on course, the naviga-
tor marks across these columns. In the eol-
umn headed “GS" (Groundspeed) the nav-
igator usually enters the groundspeed., but
when no distance has been run, no ground-
speed can be determined, therefore the nav-
igator marks acrosas this column, The next
column is a double eolumn headed *To Run”
and includes a column for recording distance
remaining to be run and the estimated time
to run this distance. In the distance to be run
column, the navigator now enters the total
distance to be run, which has been deter-
mined from the Sectional—238. Since no
groundspeed has been calculated, no time can
be entered in the time column. The next two
columns are ETA columns, the first, headed
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“ETA," refers to ETA to next check-point
and the second, headed “"ETA to Destination™
refers to ETA to final destination. The nav-
igator now marks across both these columns,
since no ETA can be calculated without a
ground speed,

The navigator next enters the altitude—
8,000°, in the altitude column. The student
will have had considerable instruction in alti-
tude before actoally going on a basic dead-
reckoning mission; therefore, he need not

worry about this matter at present. The nav-
igator makes his next entry in the remarks
column, writing here the plane's position
with relation to the course—on course over
departure point at flight altitude.

The navigator presently notes that he is
approaching Weatherford, his first check-

point. He notes carefully the relative posi-
tions of the town and the aircraft and when
the aireraft is abeam the center of the town
he checks his time and the position of the
plane. The position of the aircraft—5 miles
left of Weatherford—he enters in the posi-
tion column, and the time—1049—in the time
column. He moves to the right on the page
along the second line to the run columns. In
the distance run colomn, he enters the dis-
tance from Love Fieud to the position abeam
Weatherford, measured along the course line
on the Sectional—48 miles, and in the time
column, the time it has taken to run from
Love Field to the point abeam Weatherford
—19 minutes. Using these figures, he works
& time-speed-distance problem (knowing the
distance, 48, and the time, 19: to find the
spead) on the computer and finds the speed
to be 152 knots, which figure he enters in the
groundspeed column.

Passing to the “To Run” columns, the nav-
igator draws a diagonal line from lower left
to upper right across both the spaces, mak-
ing places for four entries in these columns.
He measures the distance from the position
abeam Weatherford to a position abeam the
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next check-point, Ranger — 47 miles, and
writes it in above the diagonal line he has
just drawn in the distance to run eolumn. He
then ecaleulates on the computer the time nec-
essary to run thizs 47 miles at the ground-
speed of 152 knots and finds it to be 1814
minutes, which figure he enters above the
diagonal line in the time to run column. He
adds this 1814 minutes to the time noted
when he was abeam Weatherford—1049, and
finds that he should arrive at a point abeam
Ranger at 110744, which time he enters in
the ETA column. He then turns his attention
to filling out the spaces under the diagonal
lines drawn in the “To Run” eolumns. First
he takes the distance run on course betwean
Love Field and Weatherford—48 miles, and
subtracts it from the total distance to be run
—238, and gets the distance remaining to be
run—190 miles. This figure he enters under
the diagonal line in the “Distance to Run"
column. He then calculates, on the computer,
the time required to run 190 miles at 152
knots, which he finds to be one hour and
fifteen minutes, which time he enters below
the diagonal line in the time to run column,
This time he also adds to the time he was
abeam Weatherford — 1049, and gets the
time he should be at destination — 1204,
which he enters in the "ETA to Dest." col-
umn.

The navigator passes now to the altitude
column and makes a check mark (/) indi-
cating that the altitude is still 6,000°. He
then plots, on his chart, a position abeam of

Weatherford and 5 miles to the left of it,

which he finds to be 4 miles left of the course,
s0 he enters this note—*"4 miles left of
course''—in the remarks column.

Having completed the log sheet reguire-
ments for the first check-point, the navigator
turns his attention to picking up recognition
points and looking out for the second check-
point, Ranger. He knows that he should be
abeam of Ranger about 1107%:; a few min-
utes before that time, he begins to look for
the town. Sighting the town, the navigator
checks carefully the time and position as he
did at the first check-point and enters the
information on the third line of the log sheet,
following the same procedure as he followed
in the case of the first check-point. The posi-
tion—2 miles right of Ranger—he enters in
the position column and the time—1108—in
the time column.

He passes along the third line to the "Run”
columns and draws diagonal lines across the
columns as he previously has done with other
columns. Above the diagonal line in the "Dis-
tance Run" column he enters the distance
between the check-points—4T7 miles—and the
time it took to fly the distance between the
check-points—19 minutes. Using these fig-
ures, 47 miles and 19 minutes, the navigator
calculntes a groundspeed — 14814 knots —
which he enters in the groundspeed column.
To complete the distance run columns, the
navigator adds the distance run on this leg
— 47 miles — to the total distance traveled
before the beginning of the leg—48 miles—

to find the total distance run from departure
point — 95 miles — which figures he enters
below the line in the distance run column.
The navigator finds the total time elapsed
from departure to the time abeam Ranger—
38 minutes—and enters it below the line in
the time run column. Having completed the
run and groundspeed columns, the naviga-
tor fills in the distance run, time to run and
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ETA to the next check-point—Abilene—and
the total distance to run, total time to run,
and ETA to Dest., Big Spring Airport, in
the same way that he filled in that part of
the log on line two. He checks his altitude
in the altitode column.

The navigator plots the position 2 miles
left of Ranger on his chart and notes that
it is 8 miles left of the course, This informa-
tion he notes in the remarks column. Noting
that he was off course 4 miles left at the first
check-point (Weatherford) and 8 miles left
at the second check-point (Ranger), the nav-
igator decides to correct for off-course, fol-
lowing the procedure outlined in the previ-
ous discussion. He knows that he has flown
95 miles, that he has 143 miles vet to fly, and
that he is 8 miles off-course. Referring to
Table VI, page 181, TM 1-208, the navigator
finds that no 95 line is shown, so he uses the
90 line. Following that line to the 8 mile cal-
umn, he finds that he must correct 5° to par-
allel the intended course. But he wants to do
more than parallel the intended course; he
wants to go into destination. Therefore, he
enters the table again at the 140 line and in
the B mile eolumn he finds 8°. This 3" he
udds to the 5° already found, making 8°. He
could have figured this correction on his com-
puter if he had desired. Reference to his
chart convinces the navigator that this cor-
rection should be made to the right; there-
fore, he writes on a chit, “Correct course 8°
right,” and hands it up to the pilot. These
same words he writes in his log sheet, in the

space on line three of the remarks column.

At Abilene and at Colorado the navigator
makes observations and calculations of the
same kind and in the same manner as at
Ranger, except that it is not necessary to cor-
rect for off-course again. The information is
recorded in the same manner as has been
noted already.

At 1207 the navigator comes over the Big
Spring Airport. This information he notes in
the position and time columns. He notes the
course—261°—in the true course column. He
makes the entries in the run columns in the
same manner that he has been making them
in the other lines. He ealculates a ground-
speed at this point, using the total distance
—288—and the total time run—1:37. This
groundspeed he finds to be 146 and he enters
it in the groundspeed column. Since there is
no distance remaining to be rum, he marks
across the “To Run,” “ETA,"” and “ETA to
Dest." columns. He writes the altitude —
6,000'—in the altitude column. In the re-
marks column he writes the position of the
plane with relation to the course and how
mueh the time of arrival over or abeam of
Big Spring Airport varies from the last ETA
to Dest. Having done these things, the nav-
igator “closes out” the log by drawing two
heavy lines, close together, across the page,
just under the last entry. Closing out the
log completes the navigator's work for the
flight.







Precision Dead-Reckoning
OVERVIEW
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I. BASIC IDEAS AND TOOLS OF PRECISION DEAD-RECKONING

A,

Headings (horizontal position)

|. Basic ideas: direction, longitudinal axis, headings

2. The compass and the measurement of heading

3. Type of headings [true, mognetic, and compass] and their relationships
Altitude [vertical positian)

1. The idea of altitude

2. Types of acltitude [irve, obsolule, pressure)

J. The altimeter and the iteps in the measurement of altitude

Airspeed and groundspeed

1. The ideas of airspeed ond groundipeed

2. Instruments ond steps in the measurement of cinpeed

. The effect of the wind

1. Basic ideas: course, trock, drift, wind velocity

2. The driftmeler and the measurement of drift



Il. CHARTS FOR PRECISION DEAD-RECKONING

A,

The Mercator plotting sheet
1. Construction ond limitations of the Mercator
2. Use of plotting instruments on the Mercator

The Lambert conformal and other charts for precision dead-reckoning

Iil. GENERAL TECHNIQUES EMPLOYED IN PRECISION DEAD-RECKONING

A

Vector solutions
1. General principles of vector solutions
2, Trioangle of velocities, o speciolized vector problem
a. Composition of a triangle of velocities
b. Solution of a iriangle of velocities, graphic and computer

Keeping up with altitude

. Keeping up with heading, oirspeed, and air position [keeping the airpiol]
. Keeping up with the effect of the wind

1. Finding the wind: multiple drift, double drift

2. Using the wind

Keeping up with track, groundspeed, and ground position (keeping the ground plot)
Using the airplot and the ground plot for ETA's, elc.

IV. PRECISION DEAD-RECKONING PROCEDURE

A,
B.

Chart work: oirplot, ground plot, combinations
The log

V. SPECIALIZED TECHNIQUES IN PRECISION DEAD-RECKONING

AL

I Q" moon e

Determination of Instrument and Instollation error
1. Driftmeter alignmem
2. Airspeed meter caolibration

3. Compass swinging and compensation

. Groundspeed by timing
. Controlled groundspeed

. Fuel consumption charhs

Great circle routes
Patrol ond search

. Interception
. Rodius of action lo same or alternate base
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