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FM 21-26

BASIC FIELD MANUAL

ADVANCED MAP AND AERIAL PHOTOGRAPH
READING

(This manual “supersedes TM 21805, September 28, 1938.)

SECTION 1
GENERAL

B 1. Porrose—The purpose of this manual is to provide
a text on map and aerial photograph reading for training
of military personnel already familiar with basic elements
covered by FM 21-25 or who require more detailed instruc-
tion than is furnished by FM 21-25.

N 2. Scope—Sections I to VI, inclusive, cover an exposi-
tion of factors and methods employed in map reading. Sec-
tions VII to XI, inclusive, provide an extension of these
factors and methods into the related fleld of aerial photo-
graph reading. The large-scale aerial photograph, within
its characteristic limitations, is the logical complement of the
small-scale map. Knowledge of the characteristics of aerial
photographs and proficiency in the basic art of map reading
are prerequisites to proficiency in aerial photograph reading.

B 3. DEFINITION.—A map is a conventional representation
of a portion of the surface of the earth as a plane surface.
Since a spherical surface cannot be reproduced as a plane
with absolute accuracy, the representation is approximate
only, with characteristics dependent upon the projection
employed.

N 4. ProsecTION.—a. Shape of earth.—Theoretically, the
earth is an oblate spheroid in shape; a figure formed by ro-
tating an ellipse around its shorter axis. Because of the
continents and islands, the actual surface is slightly irregu-
lar. The distance from the center of the earth to a point at
sea level on the Equator is 3,963.3 statute miles and the dis-
tance from the center of the earth to either of the poles at
sea level is 3,950 statute miles. This difference is so slight
that the earth may be mentally pictured as a round ball
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4 BASIC FIELD MANUAL

or sphere which rotates on a line or axis pasiing through
its center. The imaginary intersections of this axis with
the surface of the earth are called the North and South
Poles. Circles on the earth’s surface, cut by imaginary
planes passing through the poles, are called meridians of
longitude (fig. 1). Circles cut by imaginary planes at righc
angles to the axis are callel parallels of latitude. The par-
allel midway between the poles is called the Equator and

F‘I_GURE 1.—Globe showing meridians and parallels.

divides the earth into the Northern and Southern
Hemispheres.

b. Latitude and longitude.—Latitude is expressed by the
number of degrees north or south of the Equator, the Equator
being 0° and the poles 90°. Points in the Northern Hem-
isphere have north latitude and in the Southern Hemisphere,
south Ilatitude. The meridian of longitude through the

2



MAP AND AERIAL PHOTOGRAPH READING 4

Greenwich 5bservatory, London, England, has been adopted
as 0°. Llongitude is measured east or west of the Greenwich
wieridian to 180°. All points in North and South America
h;"g west longitude. (See fig. 1.)

- c. Projection—A map is a representation of a portion
-of the earth’s swrface on a plane, and since the earth is a
spheroid whose surface is incapable of development as a
plane, it is obvious that a map cannot depict a portion of the
earth’s surface exactly. It is customary in constructing
maps to project the portion of the earth’s surface under
consideration to a surface which is capable of being devel-
oped into a plane. A system of developed lines designed
for the purpose of constructing a map on a plane surface
is called a projection. There have been many kinds of
projections devised, all of which may be classified either as
equal area, conformal, azimuthal, perspective, or some com-
promise between these. For further explanation of projec-
tion, see TM 5-230.

d. Mercator’s projection.—There are several projections
based upon a cylinder tangent to the earth along the Equator.
That invented by Mercator and known by his name has
the latitude scale distorted to equal the stretching in longi-
tude that takes place in developing the sphere upon the
cylinder. This distortion is zero at the Equator and infinite
at the poles. Due to the rapid distortion when nearing the
poles, Arctic land areas such as Greenland are greatly out of
proportion. Mercator’s projection is used in instrumental
navigation, and is the standard projection for hydrographic
charts (U, S. Navy), Navy air navigation charts, and Army
long distance air navigation charts of small scale.

e. Polyconic projection (fig. 2) —The system adopted for
the production of military maps is known as the polyconic
projection. On the polyconic projection each parallel of
latitude is the developed base of a right cone tangent to the
spheroid along that parallel of latitude. Each parallel there-
fore is a circle whose radius is an element of its tangent cone
and whose center is on the axis of the spheroid prolonged.
Therefore the radii of no two parallels of latitude, north or
south, can be the same. They actually vary between a point
at the pole to infinity at the Equator. The result is that
parallels of latitude on a polyconic projection are equally
spaced along the central meridian of the projection (map),
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4-5 BASIC FIELD MANUAL

but this spacing increases rapidly toward the east and west
edges. The north-south distortion consequent to this would
be prohibitive for military maps on wide projections. ¥
order .to avoid this, it is customary to lay out a separite
projection for the construction of each standard map sheet,
using the ¢entral meridian of the map as the central meridian
of the projection so that the error or distortion of the pro-
jection is limited to the width of a single sheet, in which it
is infinitesimal. From this description, it is clear that the.
characteristics of the polyconic projection are true distances
along its parallels of latitude, true distances along its central
meridian, and exaggerated distances along all other longi-
tude lines, increasing with the distance toward ‘the east and
west edges. Within a projection the size of the United States,
the distortion along the Pacific coast would be around 20
percent in a north-south direction.

J 5
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Ficure 2.—Development of polyconic projection.

M 5. CLASSIFICATION oF Maps.—a. General—AR 300-15 pre-
scribes the classification of maps and the specifications for
their preparation. Maps used in the theater of operations
will consist of those available at the outbreak of hostilities
and of those produced thereafter. These maps vary from
crude, small-scale planimetric maps to accurate, large-scale
topographic maps, and may include various special purpose
_ maps, such as road maps, railroad maps, aeronautical charts,
etc. Only in stabilized situations or in a few isolated areas
will large-scale maps suitable for tactical operations of small
units be found. i
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MAP AND AERIAL PHOTOGRAPH READING 5-6

b. Types—Military maps are classified generally accord-
ing to scale. The general types are—
« (1) Small—Maps of small scale varying from 1: 1,000,000
“tor 1: 7,000,000 are needed for general planning and for
strategical studies by the commanders of large units. Vari-

" ous types of geueral maps are employed for these purposes.

(2) Intermediate.—Maps of intermediate scale, normally
from 1: 200,000 to 1:500,000, are required for planning
.operations, including movements, concentration, and supply
. of troops. The “Strategic Map of the United States,”
1: 500,000, is designed for these uses. Maps of a scale of
about 1:250,000 are particularly applicable to movements
of armored forces and as maps of maneuver areas.

(3) Medium.—Maps of medium scale, normally from
1: 50,000 to 1: 125,000, are needed for strategical, tactical,
and administrative studies by units ranging in size from
the corps to the regiment. The United States Geological
Survey map, scale 1: 62,500, with wooded areas and road
classifications added, has been found suitable for these pur-
poses. This scale is used by the War Department for map
production in strategic areas. While not suitable for all pur-
poses, the scale of 1: 62,500 has been found to be the most
advantageous for recording topographic detail for future use.
During campaign, these maps may be used at this scale or
they may be enlarged or reduced according to existing areas.

(4) Large—Maps of large scale, normally not greater
than 1: 20,000, are intended for the tactical and technical
battle needs of the Field Artillery and of the Infantry.
The battle map or map substitute will be furnished for
these purposes.

¢. Reference—For a detailed classification of maps by
type, see FM 30-20.

B 6. TRAINING WITH Maps.—a. Varied use——Any project or
operation which involves coordination of movement and em-
ployment of groups of men and equipment requires use of
a map or map substitute. In peacetime, this may be a sketch
indicating a meeting place for a hunting party or an elabo-
rate map of a major railroad system. No organization, with
the exception of those involving transportation, utilizes maps
more than military forces; and if the variety of types of
maps is considered, even the above exception would not
apply.
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b. Military use.—All arms and services will have occasions
to use maps and map substitutes in their respective opera-
tions. Modern methods of transportation and warfare

demand rapid interpretation of maps by personnel of all’
units. Lack of time for study in the field necessitates

s

thorough aptitude in map and aerial photograph reading,’

and the consequent ability to obtain hastily a clear picture
of areas represented.
c. Aerial photographs.—Ability to read aerial photographs

is required of all military personnel. Usually the nearest thing.

to a large-scale map in any theater of operations will be aerial
photographs in some form. Aerial photographs made under
war conditions cannot be expected to depict clearly certain
obvious information that is shown in manuals for training
in use of aerial photographs. Lack of familiarity with aerial
photographs will leave a unit commander with little or no
knowledge of valuable information upon which he must make
his estimate of the situation.

d. Types of maps used in training.—Equipment used in
training should be identical with that used in combat.
Nevertheless many troop commanders have been extremely
reluctant to use anything except large-scale finished maps
in conducting operations. Many junior officers and men
become slaves to color maps and contour lines. Initial
operations may be with maps of scale 1:200,000 to 1:500,000,
or even road maps. The next map available will be some
form of photomap, probably a lithographic reproduction of
a controlled or uncontrolled mosaic. The large-scale map
can be expected only in stabilized situations or for limited
areas. The emphasis in training must be placed on such
maps, photomaps, or other air photographs as will be avail-
able in war. PFor map restrictions governing training
activities, see section IX, FM 30-20.

e. Training in use of maps.—Training in the use of maps
and aerial photographs should be planned to include both
classroom and field work. The amount of each type of
training depends upon the thoroughness contemplated and
the size of class. For a small group to receive instruction
in the most elementary map and aerial photograph reading,
the training should consist of practically all field work.
‘With larger classes and more advanced training, the propor-
tional amount of classroom work increases. In the class-
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MAP AND AERIAL PHOTOGRAPH READING 6-17

room, writteh texts may be used in conjunction with moving
pictures (TF-12) or film strips. Film strips with accompany-
ing scripts on map reading (film strip 5-1) and on aerial
photography (film strip 5-2) to be shown in 35-mm projectors
may be obtained through the corps area or through the Chief
Signal Officer, Washington, D. C. FM 21-6 should be con-
sulted to determine what other new publications and aids to
training have been prepared or revised in planning any
‘course of instruction.

B 7. CONVENTIONAL SIieNs.—Conventional signs must be
learned just as new words are learned. FM 21-30 or FM
21-25 should be consulted and the conventional signs asso-
ciated mentally with the objects which they represent.

a. Authorized symbols.—Data are shown on standard and
special maps as far as practicable by means of the conven-
tional symbols and type prescribed in FM 21-30. Explana-
tion of the meaning of special symbols should appear in
marginal notes.

b. Size of symbols.—In general, symbols resemble the ob-
jects which they represent and vary in size with the scale
of the map. On small-scale maps, comparatively few objects
can be represented and the symbols are reduced to their most
elementary form. As the scale is increased, more objects can
be represented and more of the symbols can be drawn to the
relative shape and size of the object represented.

c. Lettering (type) .—The relative size and importance of
the feature named are indicated by the size of the type and
by the use of capitals and of lower case letters with capital
initials. Vertical roman type indicates civil divisions; slant
roman type, natural water features; vertical gothic, natural
land features; and slant gothic, works of man. Lettering is
arranged to be read by the map user from a position at the
bottom of the map (south border) or from the right-hand side
(east border) since north is usually at the top of the map.

d. Color scheme—Certain maps may appear in five colors:

(1) Black for the works of man and for the grid.

(2) Brown for contours.

(3) Blue for water and water-covered swamps.

(4) Green for woods and other vegetation.

(5) Red to indicate road information.



8 BASIC FIELD MANUAL

B 8. MarcINAL INFORMATION.—Maps published by the Army
and by other Government agencies show along the margin
certain information which is of aid in filing the maps, in
interpreting them, and in determining their accuracy. e
‘data listed below are usually printed on the margins of all
such maps. (See FM 21-30.)

a. Geographic index number of the map and~the location
in the geographic index of the quadrangle shown on the map
sheet. Directions concerning the use of the geographic index
system are contained in AR 300-15.

b. Descriptive title, giving the name of the State or States
within which the area represented is located and the name of
the area or the map quadrangle.

c. Representative fraction of the map and three graphlca,l
scales, one in feet or yards, one in meters, and one in miles.
(Only one graphical scale is required on maps not intended
for lithographing.)

d. True meridian, magnetic meridian (and variation with
date and rate of change), and grid meridian.

e, An explanation of any symbol used which is not pre-
seribed in FM 21-30.

f. Contour interval, when contoured.

g. Name of organization which reproduced map.

h. Date of reproduction or revision.

i. Names of organizations executing the surveys and
topography upon which the map is based and date of their
execution. If the map has been compiled from other maps,
source of compilation is also shown.

j. Name of projection used.

k. Horizontal datum. (If no horizontal datum is given, the
latitude and longitude of at least one point shown on the map
and easily identified on the ground and the method of its
determination should be given.)

1. Vertical datum.

m. Zone and system of military grid. Assume continental
system if no reference to system is given.

n. If the area represented lies in the overlap of two grid
zones, a reference to the grid of the second zone.

0. Designations of the geographic grid lines. These may
be ticks only or both ticks and crosses.

p. Designations of military grid lines.

q. Names of adjoining map sheets.

8



MAP AND AERIAL PHOTOGRAPH READING 8-9

r. An index of adjoining map sheets.
s..Name designation.

_ Nore.—Frequently maps are prepared for temporary or local uses
afd are not intended to be included in any mapping system. Such
m}ps may be encountered by students at service schools or by those
pursuing extension courses. Much of the above listed marginal
information is not required on such maps and is therefore omitted.
This is true of the Gettysburg map used at the Command and
General Staff School, which bears a local grid system with its
projcction based on the town of Gettysburg.

/I 9. GOVERNMENT MAPPING AGENCIES—In addition to the
maps described in paragraph 5, which are published by the
War Department and by the United States Geological Survey
and which have been adopted as standard for use of the
military forces, maps are issued by various Government
agencies as follows:

a. Soil survey maps—These maps are published by the De-
partment of Agriculture on the scale of 1 inch equals 1 mile,
They show roads, drainage, towns, and, by symbols and colors,
the various classes of soils within the area.

b. Post route maps.—These maps are made by the Post
Office Department for the designation of postal routes and
are primarily for internal administration in that department.

c. Coast and Geodetic Survey charts—These charts are in-
tended for the use of navigators on the coast and are pub-
lished on various scales ranging from 1:5,000 to 1:40,000 for
harbor charts and from 1:80,000 to 1:100,000 for coast charts.
They show the depth of the water, aids to navigation, and a
narrow strip of topography from 1 to 5 miles in width along
the shores.

d. Lake survey charts—These charts are intended for the
use of navigators on the Great Lakes and adjacent waters and
are published on various scales ranging from 1:5,000 for small
harbors to 1:1,200,000 for the general chart of all the lakes.
The charts likewise show the depth of the water, aids to navi-
gation, and a narrow strip of topography from 1 to 5 miles in
width along the shores.

e. General Land Office maps.—Maps of this bureau are
comprised of the following: Township plots showing land
division and area of tracts; maps of States having public land
showing land survey lines and United States reservations;
general maps of the United States showing sources of obtain-
ing land, civil and public land boundaries, and progress of
land surveys.

9
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f. International Boundary Commission: United States and
Canada.—These maps cover a strip of territory from % te 2%
miles in width on each side of the boundary between the
United States and Canada, from the Arctic Ocean to Mount
St. Elias, from the Pacific Ocean to Lake Superior, and from
the head of the St. Lawrence River to the Atlantic Ocean.
From Mount St. Elias to Cape Muzon, the bourndary maps
include practically all the territory between the boundary
line and the Pacific Ocean. The scales used are: 1:6,000;
1:12,000, 1:24,000, 1:62,500, and 1:250,000, depending on the .
locality. The contour intervals range from 5 to 250 feet and
the maps are complete in cultural features and relief.

g. United States Forest Service maps.—The United States
Forest Service prepares maps of areas included within the
national forest boundaries and adjacent thereto. The maps
are compiled from all sources, governmental and private, sup-
plemented by United States Forest Service surveys. They
are intended primarily for administrative purposes in the
United States Forest Service. Besides the topography and
culture, they frequently carry detailed classification of vegeta-
tion. The publication scales are ¥, inch, % inch, and 1 inch
to the mile.

SectION II

DISTANCE

W 10. Lanear MEAsSURE—a. In different countries, various
units are used to measure distance. In England the mile is
used, in France the kilometer, in Russia the verst, etc. In
the United States, the English system of miles is generally
used although the metric system is sometimes employed. The
American military map reader should therefore be familiar
with both English and metric linear measure and be able
to express any distance in either unit.
b. The common units of English linear measure are— .

12 inches =1 foot

3 feet =1 yard

1,760 yards =1 mile

¢. The common units of metric linear measure are—
10 millimeters =1 centimeter
100 centimeters:=1 meter
1,000 meters=1 kilometer
10



MAP AND AERIAL PHOTOGRAPH READING 10-12

d. A distance expressed in English units can be changed
into metric units or, if it is expressed in metric units, it can

. be changed into English units by use of the following

s

relations:

1 meter=almost exactly 39.37 inches or 1.094 yards
1 kilometer=about .62 mile or 1,094 yards

Example 1: A distance on the ground measures 3,300
yards. How many meters does it measure? Solution:
3,300~+1.094=3,016 meters (approximately).

Ezxzample 2: A distance on the ground measures 2.5 kilo-
meters. How many miles does it measure? Solution:
2.5%.62=1.55 miles.

M 11. ScaLES OF Maps.—Every distance on a map must bear
a fixed relation to the corresponding distance on the ground.
This fixed relation is called the “scale.” Due to the fact
that the rise and fall of the ground cannot be shown on the
map except by conventional signs (contours and hachures),
distances are always measured and written as horizontal
distances except when otherwise stated. The vertical dis-
tance due to the rise and fall of the ground is called
“elevation.” For the conventional methods of indicating
scales, see FM 21-25.

M 12. MeTHODS OF DISTANCE MEASUREMENT.—G. Graphic
scale—The measurement of distance on a map by means of
the graphic scale is discussed in FM 21-25.

b. By use of map measurer (fig. 3) —The map measurer is
an instrument specially designed for quickly measuring dis-
tances or lines on a map. It consists of a dial case, handle,
and a small wheel or roller. A moving pointer indicates on
the dial the distance traveled by the wheel rolling along the
line to be measured. Unless the map measurer is graduated
to the particular scale of the map being used, it is necessary
to convert the units shown on the dial of the instrument
to the required units of ground distance. To measure dis-
tance with a map measurer, proceed as follows:

(1) Turn the small roller at, the side of the dial case
opposite the handle to set indicator of map measurer at
2€ro.

(2) Set the roller at one of the given points and, holding

11
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the handle vertical, roll along the line to be measured to
the second point.

(3) Under the pointer, read the distance on the divisions
on the dial corresponding to the RF of the map.

(4) When there is no scale corresponding to the RF of
the map, read the one marked 1: 10,000 and multiply by the’
denominator of the RF divided by 10,000.

(5) Some dials are divided to read the map distance in
inches or centimeters. In this case convert as directed in ¢
(4) and (5) below.

FIGURE 3.—Map measurer.

¢. By use of representative fraction and engineer’s scale.—
The measurement of distance by means of a linear scale neces-
sitates the conversion of the distance (in inches) on the map
to the desired units on the ground. On maps of standard
scales this is usually done by means of the representative
fraction. In order to facilitate the computations which are
involved, an engineer’s scale should be selected because such a
scale is subdivided in accordance with the decimal system.
The measurement of the distance between two points on a
map is made by proceeding as follows (fig. 4) :

(1) Select the edge of the engineer’s scale marked 10 (that
is, subdivided into tenths of an inch).

(2) Lay the edge on the two points and slide until the zero
coincides with one point.

(3) Read the distance on the scale in inches, tenths, and
hundredths opposite the other point. ]

(4) Multiply this distance by the denominator of the rep-
resentative fraction. This will give the number of inches on
the ground between the two points.

(5) To secure the distance in feet, yards, or miles, divide by
12 for feet, 36 for yards, or 63,360 for miles.

12
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1770y

1765[

FIGURE 4-—Measurement of distance on a map by means of an
engineer’s scale.

(6) When the denominator of the representative fraction
is the same as the number stamped on the middle of an edge
of the engineer’s scale, or is that number with additional
ciphers, the ground distance in inches may be read directly
on this edge of the scale, giving careful attention to correct
placing of the decimal point.

() To measure an irregular line such as a road or stream,
divide it into approximately straight sections. Measure each
as indicated above. The sum is the required distance.

Example: PFigure 4 shows a portion of a map to a scale of
1: 62,500. It is desired to find the distance on the ground
between MISSOURI MILL and the road junction at
TRIANGLE., Lay the edge of the engineer’s scale divided

13
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=2 O ol ’;B

FieUurE 5.—Relation between distances and areas on maps of different
scale. (Scales of maps shown above have been reduced in print-
ing.)

14
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into tenths of an inch along the two points. It may be
seen that the map distance is 3.07 inches. The distance on
the ground is 3.07 times 62,500 or 191,875 inches. This is
15,990 feet or 5,330 yards or 3.03 miles.

i 13. REraATION BETWEEN DISTANCES AND AREAS ON MAPS OF
DIFFERENT ScaLE.—Figure 5 shows at a reduced scale an
identical area of ground represented on maps of three dif-
ferefit scales; that is, 1:5,000, 1:10,000, and 1: 20,000.
A, B, C, and D are points on the ground. A’B’ on a map of
scale 1: 5,000 is just twice as long as AB on a map of scale
1:10,000. The area of the map A’'B’C’D’ at scale 1: 5,000
is just four times the size of the same area at scale 1: 10,000.
Conversely, A’’B’’ on a map of scale 1: 20,000 is just one-half
as long as AB on a map of scale 1: 10,000 and the area
A’B’’C’'D"” is one-fourth the size of ABCD. These rela-
tionships may be stated as follows:

a. Distances.—Distances on different maps vary directly as
the representative fractions of the maps and inversely as
the denominators of their respective fractions, thus (fig. 5):

1
AB _ RF 10,000__ 5,000
AB - RFFT 1 10,000
5,000

b. Areas.—Areas on different maps vary directly as the

squares of the representative fractions of the maps and in-

versely as the squares of the denominators of their respective
fractions, thus (fig. 5):

1
2

1 3
ABCD - (RF)’_(10,000> _ (5,000)3
A'B’C'D (RF)* 71 ¢ (@10,000)
( 5,000)
B 14. DETERMINATION OF SCALE OF MAP AND CONSTRUCTION OF
GraPHIC ScALE~—It is important that the user of a map be
able to determine the RF of a map when in the field and
readily construct a suitable graphic scale for use in the
event that the scale data are missing from the map. The
procedure is as follows:
a. Determination of scale—The scale of a map may. be
determined from known distance on the ground, or from
scaled distance on another map of known scale.

1
4

15
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(1) By measurement of distance between two points on
ground.—(a) Locate two objects on the ground which can be
identified on the map, such as bridges, houses, etc.

(b) Estimate, stride, or measure on the ground in some
manner, the distance between the selected points, and convert -
into inches. (The method of measuring should depend on
accuracy required, time available, etc.)

(¢) Measure in inches the distance on the map between
the two points selected.

(d) Determine the scale from the relation—

distance on map in inches

RF= {istance on ground In inches

This expression, when reduced to a fraction the numerator
of which Is unity, becomes
1
RF= 7 §istance on ground in inches)

distance on map in inches

Note~—Distances may be expressed in any unit of measurement
provided the same is used for both map and ground distances.
Example: Map distance between two points=3 inches;
ground distance between corresponding points=>5,208.3 yards.

1 1
= 75,208.3X 36 inches) 762,500
3 inches

(2) By measurement between two points on map of known
scale.—(a) Locate two objects on map of known scale which
can be identified on the map the scale of which is to be deter-
mined.

(b) Scale from both maps the distances between the points
in the same unit of measurement (inches).

(¢) Determine the scale of the map by one of the two
methods given below:

1, Convert distance on map of known scale to distance
on the ground, and solve asin (1) above.
2. Determine scale from the relation—

RF of the map distance on the map
RF of map of known scale = distance on the map of known scale

16
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Example: Distance between two points on the map of un-
known scale=8 inches. .
Distance between corresponding points on a map

of 1:20,000 scale=4 inches.

RF _8
1 4
. 0,000 .
8 1
; 47°20,000 20,000X(%> 10,000

It is seen from the above that the denominator of the RF of
the map (10,000) is obtained by multiplying the denominator
of the RF of the map of known scale (20,000) by the distance
measured on that map (4) and dividing by the distance meas-
ured on the map the scale of which is sought (8).

b. To construct scale (fig. 6) —(1) Suppose it is desired to
construct a graphic scale to read to 1,000 yards for use on a
map whose RF has been determined as 1:10,000. The pro-
cedure is as follows:

(@) 1,000 yards on the ground=36,000 inches. 36,000
inches at scale 1’1°’°°°=:i?)’,g%(())=3'6 inches on map. or since
1 inch on the map=10,000 inches on the ground, then 36,000
inches on the ground:-—::g:ggg=3.6 inches on the map.

(b) Lay off the line ab (fig. 6) =3.6 inches, using the engi-
neer’s scale.

(¢) Lay off at any acute angle the line ab’ representing 10
convenient equal divisions of the engineer’s scale. Draw the
line bb’ and through each division of the line ab’ draw lines
parallel to bb’, to cut the line ab, dividing it into 10 equal parts
of 100 yards each. Use the left division as the scale extension
and further subdivide it in a similar manner into five equal
parts of 20 yards each. Mark the graduation as shown in the
figure. Show the RP of the scale and the linear unit repre-
sented by it. '

(2) Another method not so accurate as the above but
simpler and quite satisfactory for practical purposes is to
compute the length of one 100-yard graduation (or any other’
suitable division) of the primary scale and then apply that as
many times as necessary along a line, as ab in figure 6. For
example, in the case of the map whose RF was determined as

17
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1:2,769, the length-of a 100-yard interval of the scale would
3,600

he 2, 769_1 3 inches, approximately. Point. off this distance

as many times as 100-yard graduations are required for the

primary scale, subdividing the left interval as the extension.

& 15. TIME-DISTANCE ScaLEs.—In solving tactical problems or
in planning military operations on maps, time-distance
scales frequently prove time-saving devices of great useful-
ness. A time-distance scale is a scale whose graduations axe

I o.¢ *—i
—~— <
N
4@ f’TT N NN AN \-b
LLLITL — 1 1

000'2345878900YD&
= 110,000
F1euRE 6.—Construction of graphic scale.

time intervals of distance to the scale of the map at a given
rate of movement (fig. 7). Suppose that a time-distance
scale graduated in hours and minutes of time at a given
marching rate, is desired for- use on a topographic map
1:62,500. To construct such a scale, the procedure is as
follows:

a. (1) In 1 hour, infantry marches 2% miles or 2% X
63,360—158,400 inches.

(2) 158,400 inches on the ground=158:400_

62,500 2.53 inches on

a map whose scale is 1:62,500.

(3) On g suitable strip of paper along a straight line ab
(fig. 1), lay off as many l-hour intervals of 2.53 inches each
as may be desired in the scale. Subdivide the left interval
on the scale extension into 1-minute, 5-minute (used in fig.
D, or 10-minute graduations, depending on the least reading
desired; mark the graduations appropriately. On the scale,
indicate the RF of the map to which the scale applies and the
marching rate to which constructed.

b. (1) In 1 hour, cavalry marches 5 miles or 5x63,360=
316,800 inches.

(2) 316,800 inches on the ground—%—:b?—:5 07 inches.
The construction of the scale is similar to that described and

illustrated in figure 7.
18
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Ficure 7—Time-distance scales.
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c. (1) In 1 hour, a motor column marches 30 miles or

30X 63,360—=1,900,800 inches.
1,900,800 .

(2) 1,900,800 inches on the groundz——eisoov=30.41 inches
on the map.
This shows why operations for units with such rates of
march would ordinarily be planned on smaller scale maps.
Hence the time-distance scale for a motor column is shown
in figure 7 for a 1:500,000 map, making a 1-hour march equal
3.80 inches on the map.

SecTioN ITI

DIRECTION, ORIENTATION, AND LOCATION

M 16. DirEcTION ANGLES.—Distance and direction may be
used to locate a point or object on the ground or on a map
with respect to an occupied or known point. The distance
may be measured, paced, or estimated, depending upon the
required degree of accuracy. For military purposes direction
is always expressed in terims of an angle from some fixed or
easily established base direction line.

K 17. UNITS OF ANGULAR MEASUREMENT.—The value of an
angle may be expressed in degrees, minutes, and seconds;
or in mils.

a. Degrees, minutes, and seconds.

A circle =360°
1° = 60 minutes.
1 minute= 60 seconds. -

b. Mils—A mil is the angle subtended by an arc of 1 unit
on a radius of 1,000 units or, in other words, an angle the
tangent of which is approximately 1/1,000. The arbitrary
value of the mil adopted by the United States Army is
1/6,400 of a circle.

¢. Conversion factors.

1°=117.8 mils approximately.
1 mil=0.056° approximately.
=3 minutes 22.2 seconds.
=0.056 X mils.
Mils=17.8 X degrees.

N 18. Base DirecTIONs.—The characteristics of the three
base directions are given in table I.

20
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8 19. DEcLINATION.—Declination is the difference in direction
between true north and either magnetic north or grid north.
Hence there are two declinations, magnetic declination and
grid declination or gisement.

a. Magnetic—Due to the difference in position between
the true and magnetic poles and the inequality of magnetic
distribution throughout the earth, there will always be, ex-
cept in very limited localities, an angle between true north .
and magnetic north. This angle is called the magnetic
declination. When the needle points east of true north, the

NORTH POLE
(True North)

©
0

EAST

A=

~Meridign—~ — 1. —

1
i
\
[
[-]
k]
-
k3
|
]
»
v
\
\
\

e e —=Merldign - — — 4 —

SOUTH
FIicURE 8.—Diagram illustrating reason for grid declination.

magnetic declination is east; when west of true north, the
magnetic declination is west. Lines joining points on the
surface of the earth where magnetic north and true north
are the same direction so that there is no magnetic declina-
tion are called agonic lines.

Lines joining points having the same declination are called
isogonic lines. The magnetic declination in the United
States varies from 25° east in the State of Washington
to 22° west in Maine. Isogonic lines run across the United
States in a general north and south direction but are very
irregular, in some instances doubling back on themselves

22
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(fig. 9. The magnetic declination at any one locality is
subject to change, the amount of which can be predicted
from past records. This change in some localities in the
United States is as much as 4 minutes annually. Magnetic
declination and annual magnetic change are shown on maps
of the United States published every 5 years by the Coast
and Geodetic Survey. Every standard map should show in
diagrammatic form the average relation of magnetic and
true north for the area of the sheet at a stated date; also
the annual magnetic change and whether increasing or
decreasing.

b. Grid—Grid declination is the fixed difference in direc-
tion between true north and grid north. Because of the fact
that the meridians converge to meet at the pole while all the
north-south grid lines (Y lines) of the same grid zone are
parallel to one another (see par. 34 for an explanation of
the military grid system), there is a deviation between true
north and grid north except along the central meridian of
the grid zone. This deviation is called grid declination or
gisement and reaches a maximum of 3° at the edge of the
grid zone. It is illustrated in figure 8 which shows a sketch
of the projection of the earth with abed representing the
area of a map on which the line op is the projection of the
central meridian of the grid zone. The north-south grid
lines are straight lines parallel to op. The projections of all
meridians other than op are curved converging lines which
deviate in direction from the direction of the north-south
grid lines. 'This deviation is designated as west grid declina-
tion for all points west of the central meridian, as at point m,
and as east grid declination for all points east of the central
meridian, as at point s. The declination is determined by
finding the angle that the Y-grid line makes with true north
at the point in question. Although the grid declination varies
at different points on a map, this variation on the tactical map
is so slight that the average grid declination for the area
may be used as the actual grid declination at any point on
the map sheet without introducing an appreciable error.
Every standard map should show in diagrammatic form the
average grid declination for the area represented by the map.
FIeUre 9.—Lines of equal magnetic declination and of equal annual

change in United States for 1935.
(For figure see back of manual.)
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H 20. DIRECTION OF ANGULAR MEASUREMENTS.—The charac-
teristics of the methods us