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CHAPTER 1 

INTRODUCTION 

1-1. Purpose 

This manual provides information and guidance 
for personnel who are engaged in the use of maps, 
aerial photographs, and related materials.

• 
1-2. Scope 

a. This manual contains information relating to• the purpose and use of various types of maps, aerial 
photographs, photomosaics, photomaps, and picto­
maps. Included are such subjects as marginal data, 
grids, map scales, land navigation, terrain forms and 
contours, field sketching, special purpose overlays, 
and standards of map accuracy. Appended to the 
manual is a list of related reference texts and tables 
of measure with conversion factors. The preparation 
of maps is not within the scope of this manual. The 
material contained herein is applicable without modi­
fication to both nuclear and nonnuclear warfare. 

b. Users of this manual are encouraged to submit 
changes or comments to improve the manual. Com­
ments should be keyed to the specific page, para­
graph, and line of the text for which a change is 
recommended. Reasons should be provided for each 
comment to insure understanding and complete 
evaluation. Comments should be forwarded direct 
to the Commandant, U. S. Army Engineer School, 
Fort Belvoir, Va., 22060. 

1-3. Related Publications 
• Reference is made in particular to FM 21-30 and 

FM 21-31 for a more complete knowledge of the 
symbols used on and with maps and overlays. At­
tention is also called to other references listed in 
Appendix A. 

1-4. What Is a Map? 

A topographic map is a mathematically determined 
p~entation of a portion of the earth's surface 
systematically plotted to scale upon a plane surface. 
Manmade and natural features are depicted by sym-

bols, lines, colors, and fonns. The ideal situation in 
compilation would be realized if every feature on 
the portion of the earth being mapped could be 
shown in true shape, orientation and proportion, 
with legibility retained. Obviously, such represen­
tation is impossible. This is evident when one con­
siders that on a graphic at the scale of 1 : 250,000 
all appropriate information contained within a square 
mile of the earth's surface must be condensed into a 
small area approximately .25 by .25 inch. An attempt 
to plot each feature true to scale would result in a 
product difficult, if not impossible, to read, for many 
items would be delineated so minutely as to defy 
recognition even with the aid of a magnifying glass. 
To be understandable, features must be indicated 
by conventional signs and symbols. For legibility 
many of these necessarily must be exaggerated in 
size, often far beyond the actual ground limits of 
the features represented. On a 1: 250,000 scale map, 
the prescribed symbol for a landmark building covers 
an area equivalent to approximately 500 feet square 
on the ground; a road symbol is equivalent to a 
road approximately 520 feet wide on the ground; 
the symbol for a single track railroad (the width of 
a cross-tie) is equivalent to a railroad cross-tie ap­
proximately 1000 feet wide on the ground. The 
portrayal of many other features requires similar 
exaggeration, making it impossible to show every 
existing item. Therefore, both the selection of fea­
tures to be shown a.s well as their portrayal are in 
accord with the guidance established by the De­
partment of Defense. 

1-5. Why Are Maps Important? 

A map provides comprehensive .infor~ation on 
the existence and location of, and the distances 
between, ground features such a.s populated places, 
routes of travel and communication, and extent of 
vegetation cover. It also indicates variations in land 
forms and heights of natural features. With our 
military forces dispersed throughout the world, it 
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has become increasingly necessary to rely on maps 
to supply information to our combat elements and 
to resolve logistical supply problems caused by oper­
ations far from our own shores. Troops and vast 
amounts of materials must be transported, stored, 
and phased into an operation at the proper time 
and place. By necessity, much of this planning must 
be done with maps. It is readily apparent that a 
major requirement for any operation is an adequate 
supply of maps. Equally apparent is the fact that 
the finest maps made are worthless unless the map 
user knows how to read them. 

1-6. Care of Maps 
a. One of the first considerations in the care of 

maps is the proper folding of the .map. Figures 1-1 
•and 1-2 show ways of folding maps to make them 
small enough to be carried easily and still be avail­
able for use without having to unfold them entirely. 
After a map has been folded it should be pasted in 
a folder for protection. Apply adhesive to the back 
of the segments corresponding to A, F, L, and Q 
(fig. 1-2). It is suggested that before attempting to 
cut and fold a map in the manner illustrated in 
figure 1-2, a practice cut and fold be made with a 
piece of practice paper. 

b. Most maps are printed on paper and require 
protection from water, mud, and tearing. Whenever 
possible, a map should be carried in a waterproof 
packet, in a pocket, under an outer garment, or other 
places where it is handy for use but still protected. 

c. Care must ·also be exercised when using the 
map as it may have to last a long time. If it becomes 

CD 

Figure 1-1. Two methods of folding a map. 

• 
Figure 1-f. How to slit and fold a map for special uses. 

• 
necessary to mark a map, use light lines so that they 
may be erased easily without smearing or smudging, 
or leaving marks that may later cause 'confusion. 
If the margins of the map must be trimmed for any 
reason, it is essential to note carefully any marginal 
information which may be needed later, such as 
grid data, magnetic declination data or overlapping 
grid values and ticks. 

1-7. Procurement of Maps 

a. All military units are authorized an allowance 
of maps. FM 101-10-1 provides tables of initial 
allowance; however, local conditions may change 
some of these allowances. Map requisitions and dis­
tribution follow Engineer Intelligence channels 
through corps. In the division, however, maps are a 
responsibility of the division support command. 
Figure 1-3 shows the normal flow of map requisition 
and shipment. 

b. To order a map, it is necessary to use only the 
stock number, which identifies each individual map. 
See paragraph 2-lb(21) for a discussion of the compo­ .. 
sition of the stock number. 

c. The stock number of each map is indicated in 
its lower margin. Stock numbers are also listed in 
map catalogs that are available at division and • 
higher levels and occasionally in smaller units. The 
U.S. Army Map Supply Systems Catalogs, which 
cover maps of the world, are produced by Anny 
Map Service, but within a theater of operations, a 
catalog of theater maps may be prescribed for use. 
A map catalog consists of small scale maps upon 
which the outlines of the individual map sheets of a 
series have been delineated. 

d. Another document that is an aid to the map 
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user is the gazetteer. A gazetteer lisui all the names 
appearing on a map series of a geographical area, a 
designation that identifies what is located at that 
place name, a grid reference, a sheet number of the 
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map upon which the name appeared, and the latitude 
and longitude of the named feature. Gazetteers are 
prepared for maps of foreign areas only. Figure 1-4 
shows a page from a gazetteer. 
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1-1. Security of Maps marked upon it. MAPS MUST NOT FALL INTO 

a. All maps, classified or unclassified, require spe­
UNAUTHORIZED HANDS! 

b. If a map is no longer needed, it must be turned • 
cial handling. If a map falls into unauthorized hands, in to proper authority. If a map is in danger of 
it could eagily endanger a military operation by being captured, it must be destroyed. The best 
furnishing an indication of our plans or areas of method of destruction is by burning and scattering 
interest to the enemy. Even more important would 
be a map upon which the movements or positions 

the ashes. If burning is impracticable, the map can 
be torn into small pieces and scattered over a wide 

of our troops had been marked. It is possible even area. 
though the markings on a map have been erased to c. Maps of some areas of the world are subject to 
determine some of the information that had been THIRD PARTY LIMITATIONS and require spe-
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cial handling. These are agreements which permit 
the United States to make and use maps of another 
country provided that these maps are not released 
to any third party without prior consent of the 
country concerned. 

d. Some maps may be classified and must be 
handled and cared for in accordance with AR 380-5 
and, if applicable, other local security directives. 

1-9. Categories and Uses of Military Maps 

The term "military maps" as used in this manual 
refers to maps prepared by the Department of the 
Army for use by the Department of Defense. Mili­
tary maps are categorized by scale and type.• 

a. Scale. The scale is expressed as a fraction and 
gives the ratio of map distance to ground distance. 
The terms "small scale," "medium scale," and "large • 
scale" may be confusing when read in conjunction 
with the numbers. However, if the number is viewed 
as a fraction, it quickly becomes apparent that 
1: 600,000 of something is smaller than 1: 75,000 of 
the same thing. Hence, the larger the number after 
1: , the smaller the scale of the map. Appendix D 
illustrates the differences in the extent of coverage 
and the detail shown on maps of different scales 
and types covering the same area. 

(l) Small scale. Maps at scales of 1: 600,000 
and smaller are used for general planning and for 
strategical studies at the high echelons. The standard 
small scale is 1: 1,000,000. 

(2) Medium scale. Maps at scales larger than 
1: 600,000 but smaller than 1: 75,000 are used for 
planning operations, including the movement and 
concentration of troops and supplies. The standard 
medium scale is 1 : 250,000. 

(3) Large scale. Maps at scales of 1: 75,000 and 
larger are used to meet the tactical, technical, and 
administrative needs of field units. The standard 
large scale is 1 : 50,000. 

" b. Types (Refer to Appendixes D and E for ex­
amples). 

(1) Planimetric map. A map which presents• only the horizontal positions for the features repre­
sented. It is distinguished from a topographic map 
by the omission of relief in a measurable form. 

(2) Topographic map (fig. E-a). A map which 
portrays terrain and landforms in a measurable form, 
as well as the horizontal positions of the features 
represented. The vertical positions, or relief, are 
normally represented by contours. On maps showing 
relief, the elevations and contours are measured from 
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a specified vertical datum plane, usually mean sea 
level. 

(3) Plastic relief map (fig. Frl). A topographic 
map preprinted on plastic material and formed by 
heat and vacuum over a reproductive positive mold, 
thus giving the same information as contained on a 
topographic map in a three dimensional form so 
that the user can readily see variation in elevation. 

(4) Photomap (fig. Fr4). A reproduction of an 
aerial photograph or a photomosaic made from a 
series of aerial photographs upon which grid lines, 
marginal data, place names, route numbers, .im­
portant elevations, boundaries, approximate scale 
and approximate direction have been added (para 
9-2). 

(5) Jointoperati ons graphics (figs. Fr5 and E-6). 
A series of 1 : 250,000 scale military maps designed 
for joint ground and air operations. The maps are 
published in a ground and an air edition. The topo­
graphic information ·is identical on both the ground 
and air version of the same map sheet. The ground 
series shows elevations and contours in meters while 
the air series shows the same elevations and contours 
in feet. Both series emphasize the air landing fa­
cilities but the air series has additional symbols to 
identify aids and obstructions to air navigation. 
(See appendix C for additional information.) . 

(6) Pictomap (fig. Fr2). PICTOMAP is the 
acronym for Photographic Image Conversion by 
Tonal Masking Procedures. It is a map on which 
the photographic imagery of a standard photomap 
has been converted into interpretable colors and 
symbols (para 9-3). 

(7) Plastic relief photomap. A photomap made 
on plastic in the same manner as a topographic 
plastic relief map. 

(8) Photomosaic. An assembly of aerial photo­
graphs which is commonly called a mosaic in topo­
graphic usage. Mosaics are useful when time does 
not permit the compilation of a more accurate map. 
The accuracy of a mosaic depends on the method 
employed in its preparation and may vary from 
simply a good pictorial effect of the ground to that 
of a planimetric map. 

(9) Military city map (fig. D-1). A topographic 
map, usually 1: 12,500 scale, of a city, delineating 
streets and showing street names, important build­
ings, and other urban elements of military im­
portance which are compatible with the scale of 
the map. The scales of military city maps can vary 
from i : 25,000 to 1: 5,000, depending on the im-
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portance and size of the city, density of detail, and 
available intelligence information. 

(10) Special maps. Maps for special purposes 
such as trafficability, communications and assault 
maps. These are usually overprinted maps of scales 
smaller than 1: 100,000 but larger than 1: 1,000,000 
(para 1-11). Other types of special maps are those 
made from organosol or materials other than paper, 
to meet the requirements of special climatic con­
ditions. 

(11) Terrain model. A scale model of the terrain 
showing land-forms, and in large scale models, in­
dustrial and cultural shapes. It is designed to providli 
a means for visualizing the terrain for planning or 
indoct.rination purposes, and for briefing on assault 
landings. 

1-10. Foreign Maps 

It may be necessary to use maps that have been 
compiled by nations other than our own. When this 
happens, and when time permits, the marginal infor­
mation and grids are changed to conform to our 
standards. The scales may differ from U.S. maps, 
but they do express the ratio of map distance to 
ground distance and can be used in the same. way. 
The legend must be used since the map symbols 
almost always differ from ours. Because the accuracy 
of foreign maps varies considerably, they are usually 
evaluated in regard to established accuracy stand­
ards before they are issued to our troops. TM 5-248 
gives detailed information pertaining to foreign made 
maps. 

1-11 . Special Purpose Maps 

A special purpose map is one that has been de­
signed or modified to give information not covered 
on a standard map or to elaborate on the standard 
map data. Special purpose maps are usually in the 
form of an overprint. An overprint is a map or 
chart upon which, in addition to the usual infor­
mation, data of special importance and use have 
been printed or stamped. The wide range of subjects 
that could be cov~red under the heading of special 
purpose maps prohibits, within the scope of this 
manual, more than a brief mention of a few of the 
more important ones. The special purpose maps or 
overprints may be in the form of individual sheets 
or many of them may be combined and bound into 
a study of an area. A few of the subjects covered 

are--
a. Land forms. 
b. Drainage characteristics. 
c. Vegetation. 
d. Climate. 
e. Coast and landing beaches. 
/. Roads and bridges. 
g. Railroads. 
h. Airfields. 
i. Urban areas. 
j. Electric power. 
k. Fuels. 
l. Surface water resources. 
m. Ground water resources. • 
n. Natural construction materials. 
o. Crosscountry movement. 
p. Suitability for airfield construction. • 
q. Airborne operations. 

1-12. Map Standards of Accuracy 
a. General. Military maps normally are prepared 

in accordance with National Standard MapAccuracy 
requirements and a note indicating this is included 
in the credit note. However, when source materials 
or other factors do not permit the meeting of these 
standards, maps oi less accuracy may be prepared. 
The following is extracted from AR 117-5. 

b. National Standard Map Accuracy Requirements. 
(1) Horizontal accuracy. For maps at publication 

scales smaller than 1: 20,000, 90 percent of all well­
defined features, with the exception of those un­
avoidably displaced by exaggerated symbolization, 
are located within two one-hundredths of an inch 
(.02 in.), at publication scale, of their geographic 
positions as referred to the map projection. 

(2) Vertical accuracy. Ninety percent of all con­
tours and elevations interpolated from contours are 
accurate within one-half of the basic contour interval. 
Discrepancies in the accuracy of contours and ele­ •vations beyond this tolerance may be decreased by 
assuming a horizontal displacement within the toler­
ance specified above. •c. Military City Maps. 

(1) Horizontal and vertical accuracies are com­
mensurate with those required for 1 : 50,000 scale 
topographic maps. 

(2) The horizontal tolerance for well-defined 
features is 83 feet (25.3 meters) ground distance for 
Class A maps and 166 feet (50.6 meters) ground 
distance for Class B maps (e below). At the scales 
used for city maps, these ground distances are 
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equiv~ent to the following map distances: 

Cla... B 

1:5,000 .20 inch (5.0 mm) .40 inch (10.0 mm) 
I: 10,000 .IO inch (2.5 mm) .20 inch (5.0 mm) 
I: 12,500 .08 inch (2.0 mm) .16 inch (4.0 mm) 

d. Photomaps. The detail match between adjoining 
photographs is not in error by more than two one­
hundredths of an inch (.02 in.) at publication sea.le 
where the variation in ground elevation does not 
exceed 1/25 of the flight altitude. Position errors do 
not exceed seventy-five one-thousandths of an inch 
(0.075 in.) at publication sea.le. Tie-in between sheets • 
has the same tolerance as the match between ad­
joining photographs. These standards are a. guide 

• and generally cannot be met under wartime con­
ditions. Accuracy requirements are determined spe­
cifically for ea.ch project. 

e. Map Evaluation Criteria. The general criteria 
used in the evaluation of topographic maps are 
based upon accuracy of position, and the currency 
and presentation of map content, and are expressed 

• 
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either by letter-numeral categories or by adjectives. 
These a.re as follows: 

(l) Class A-1 (excellent, adequat,e). Maps which 
meet National Map Accuracy Standards, with up­
to-date content, standard grid and military scale, 
and romanized names. 

(2) Class A-! (good, adequat,e). Maps which 
meet the same standards of accuracy as Class A-1, 
but which do not meet one or more of the standards 
for currency or presentation. 

(3) Class B-1 (good, usable). Maps which do 
not meet accuracy requirements for Class A-1, but 
which meet a horizontal accuracy tolerance of .04 
inch and a vertical accuracy tolerance of one contour· 
interval, and which do meet the standards for cur­
rency and presentation. 

(4) Class B-2 (fair, usable). Maps which meet 
the same standards of accuracy as Class B-1, but 
do not meet the standards for currency and presen­
tation. 

(5) Class C (poor, inadequate). Maps which fail 
to meet the standards of accuracy, currency, or 
presentation for either Class A or B . 
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2-1 . Marginal Information 

a. Before placing into use any piece of equipment, 
an intelligent operator always reads the manu­
facturer's book of instruction. This is also true with 
maps. The instructions are placed around the outer 
edges of the map and are known as marginal infor­
mation. All maps are not the same so it becomes 
necessary, every time a different map is used, to 
examine the marginal information carefully. 

b. Figure E-3 is a folded, large scale (I: 50,000), 
topographic map. The circled numbers indicate the 
items of marginal information with which the map 
user must be familiar. These circled numbers corre­
spond to the item numbers listed and described 
below. 

(1) Sheet name. The sheet name is found in two 
places; the center of the upper margin and the right 
side of the lower margin. GeneraJly, a map is named 
after its outstanding cultural/or' geographic feature. 
Whenever possible the name\ of the largest city on 
the map is used. ( 

(2) Sheet number. The s~eet number is found in 
the upper right margin and is used as a reference 
number for that map sheet. For maps at 1: 100,000 
scale and larger, sheet, numbers are ba.sed on an 
arbitrary system which makes possible the ready 
orientation of maps at scales of 1: 100,000, 1: 50,000 
and 1:25,000 (fig. 2.:..1 and 2-2). 

(3) Series name and scale. The map series name 
is found in the upper left margin. A map series 
usually comprises a group of similar maps at the 
same scale and on the same sheet lines or format 
designed to cover a particular geographic area. It 
may also be a group of maps to serve a common 
purpose, such as the military city maps. The name 
given a series is that of the most prominent area. 
The scale note is a representative fraction which 
gives the ratio of a map distance to the corresponding 
distance on the earth's surface. For example, the 
scale note 1: 50,000 indicates that one unit of measure 
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CHAPTER 2 

MARGINAL INFORMATION AND SYMBOLS 

-
706A 716' 726A6 4 

71637063 7263696363 

6962 7062 7162 726262 

69 70 71 7 2 

Figure 1-1. Basic development of the sheet number for 
1 : J()(),OOQ Beale mapa. 

on the map equals 50,000 units of the same measure 
on the ground. 

(4) Series number. The series number appears 
in the upper right margin and the lower left margin. 
It is a comprehensive reference expressed either as a 
four digit numeral (e.g., 1125), or as a letter, followed 
by a three or four digit numeral (e.g., M661; T7110). 

(5) Edition number. The edition number is found 
in the upper margin and in the lower left margin. 
It represents the age of the map in relation to other 
editions of the same map and the agency responsible 
for its production. The latest edition will have the 
highest number. EDITION 3-AMS indicates the 
third edition prepared by Army Map Service. Edition 
numbers run consecutively; a map bearing a higher 
edition number is assumed to contain more recent 
information than the same map bearing a lower 
edition number. Advancement of the edition number 
constitutes authority to rescind or supersede the 
previous edition. 

(6) Bar scales. The bar scales are located in the 
center of the lower margin. They are rulers used to 
convert map distance to ground distance. Maps 
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0 0 0 0 0 
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co 38°00' 

7064 71646964 7264 

_____________________, 37°30' 

7163 72636963 7063 

6962 7162 7262 

,_____....._._.........................._________ 36°30' 

\ ____0--,A__S_h_e_e_t....,Numbers at 1:100,000 Scale (7062) 

• 

111 
(n\ Sheet Numbers at 1:50,000 ScaleV 11062111 

•NENW 

. . 
SW 

© Sheet Numbers 
at 1:25,000 

IV 

Scale 
(7062 II SE) 

Figure!-!. Systems for numbering 1 :100,0<>0, 1 :50,0<>0 and 1 :!5,0<>0 scale maps. 
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have three or more bar scales, each in a different 
unit of measure. 

(7) Credit note. The credit note is in the lower 
left margin. It lists the producer, dates, and general 
methods of preparation or revision. This information 
is important to the map user in evaluating the 
reliability of the map as it indicates when and how 
the map information was obtained. On some recent 
1: 50,000 scale maps, the map credits are shown in 
tabular form in the lower margin, with reliability 
information presented in a coverage diagram. 

(8) Adjoining sheets diagram. Maps at all stand­
ard scales contain a diagram which illustrates the 
adjoining sheets. • 

(a) On maps at 1: 100,000 and larger scales 
and at 1: 1,000,000 scale, the diagram is called the 
Index to Adjoining Sheets, and consists of as many• 
rectangles, representing adjoining sheets, as are nec­
essary to surround the rectangle which represents 
the sheet under conBideration. The diagram usually 
contains nine rectangles, but the number may vary 
depending on the locations of the adjoining sheets. 
All represented sheets are identified by their sheet 
numbers. Sheets of an adjoining series, whether pub­
lished or planned, that are at the same scale are repre­
sented by dashed lines. The series number of the 
adjoining series is indicated along the appropriate 
side of the division line between the series (fig. 2-3). 

(b) On 1 : 50,000 scale maps, the sheet number 
and series number of the 1 : 250,000 scale map of the 
area are shown below the Index to Adjoining Sheets. 

(c) On maps at 1: 250,000 scale, the adjoining 
sheets are shown in the Location Diagram. Usually, 
the diagram consists of 25 rectangles, but the number 
may vary with the locations of the adjoining sheets. 

(9) Index to boundaries. The Index to Bound­
aries diagram appears in the lower or right margin 
of all sheets 1: 100,000 scale or larger, and 1: 1,000,000 
scale. This diagram, which is a miniature of the map, • shows the boundaries which occur within the map 
area, such as county lines and state boundaries. 
On 1: 250,000 scale maps, the boundary information 

• is included in the Location Diagram. 
(10) Projection note. The projection system is 

the framework of the map. For military maps, this 
framework is of the conformal type, i.e., small areas 
of the surface of the earth retain their true shapes 
on the projection; measured angles closely approxi­
mate true values; and the scale factor is the same in 
all directions from a point. The projection is identi-
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Sheet 7062 IV fall s withi n NJ 15-1, V502, 
1:250 ,000 

Figure S--3. lndez to adjoining sheet,. 

fied on the map by a note in the lower margin. 
Refer to TM 5-241-1 for the development char­
acteristics of the conformal type projection systems. 

(a) Between 80° South and 84° North, maps 
at scales larger than 1: 500,000 are based on the 
Transverse Mercator Projection. The note reads­

TRANSVERSE MERCATOR PROJECTION 
(b) Between 80° South and 84° North, maps 

at 1: 500,000 scale and smaller are based on standard 
parallels of the Lambert Conformal Conic Projection. 
The note reads, for example--

, LAMBERT CONFORMAL CONIC 
PROJECTION 

STANDARD PARALLELS 36°40'N AND 39°20'N 
(c) Maps of the polar regions (south of 80° 

South and north of 84° North) at 1: 1,000,000 and 
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larger scales are based on the Polar Stereographic 
Projection. The note reads-

POLAR STEREOGRAPHIC PROJECTION 
(d) General and special purpose maps, re-. 

gardless of scale, are based on projection systems 
individually selected to conform with the intended 
use of the map. The selected projection is identified 
on the map by a note in the lower margin. 

(11) Grid note. The grid note is locat~d in the 
center of the lower margin. It gives information 
~rtaining to the grid system used, the interval of 
grid lines, and the number of digits omitted from 
the grid values. Notes pertaining to overlapping or 
secondary grids are also included when appropriate. 

(12) Grid reference box. The grid reference box 
contains instructions for composing a grid reference. 

(13) Vertical datum note. This note is located 
in the center of the lower margin. It designates the 
basis for all vertical control stations, contours and 
elevations appearing on the map. On Joint Oper­
ations Graphics at 1 : 250,000 scale, the vertical 
datum note may ap~ar in the Reliability Diagram. 

{14) Horizontal datum note. This note is located 
in t~e center of the lower margin. It indicates the 
basis for all horizontal control stations ap~aring 
on the map. The network of these stations controls 
the horizontal positions of all mapped features. On 
Joint Operations Graphics at 1: 250,000 scale, the 
horizontal datum note may appear in the Reliability 
Diagram. 

(15) Legend. The legend is located in the lower 
left margin. It illustrates aI?,d identifies the topo­
graphic symbols used to depict some of the more 
prominent features on the map. The symbols are 
not always the same on every map. To avoid error 
in the interpretation of symbols the legend must 
always be referred to when a map is read. 

(16) Declination diagram. The declination dia­
gram is located in the lower margin of large-scale 
maps and indicates the angular relationships of true 
north, grid north, and magnetic north. On maps at 
1: 250,000 scale, this information is expressed as a 
note in the lower margin. 

{17) User's note. A user's note is located in the 
center of the lower margin. It requests cooperation 
in correcting errors or omissions on the map. Errors 
should be marked and the map forwarded to the 
agency identified in the note. 

(18) Unit imprint. The unit imprint, located in 
the lower right margin, identifies the agency which 
printed the map and the printing date. The printing 

date should not be used to determine when the 
map information was obtained. 

(19) Contour interval. The contour interval note 
appears in the center of the lower margin. It states 
the vertical distance between adjacent contour lines 
on the map. When supplementary contours are used, 
the interval is indicated. 

(20) Special notes and scales. (not included on 
the Leavenworth map). Under certain conditions 
special notes or scales may be added to the marginal 
information to aid the map user. The following are 
examples: 

(a) Glossary. A glossary is an explanation of 
technical terms or a translation of terms on maps 
of foreign areas where the native language is other 
than English. 

(b) Classification. Certain maps require a note 
indicating the security classification. This is shown 
in the upper and lower margins. 

(c) Protractor scale. A protractor scale may 
appear in the up~r margin on some maps. It is 
used to lay out the magnetic-grid declination for the 
map which, in turn, is used to orient the map sheet 
with the aid of a magnetic compass. 

(d) Coverage diagram. On maps at scales of 
1: 100,000 and larger, a coverage diagram may be 
used. It is normally in the lower or right margin 
and indicates the methods by which the map was 
made, dates of photography, and reliability of the 
sources. On maps at 1: 250,000 scale, the coverage 
diagram is replaced by a reliability diagram. 

(e) Elevation guide. On some maps at scales 
of 1: 100,000 and larger, a miniature characterization 
of the terrain is shown by a diagram in the lower 
right margin of the map. The terrain is represented 
by bands of elevation, spot elevations, and major 
drainage features. The elevation guide provides the 
map reader with a means of rapid recognition of 
major land forms. 

(f) Special notes. A s~cial note is any state­
ment of general information that relates specifically 
to the mapped area. For example: Ricefields are 
generally subject to inundation; however, they may 
be seasonally dry. 

(21) Stock number identification. All maps pub­
lished by or for the Corps of Engineers which are 
in the Department of the Army map supply system, 
contain stock number identifications, which are used 
in requisitioning map supplies. The identification 
consists of the words "STOCK NO." followed by a 
unique designation which is composed of the series 

' 
• 

• 
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Figure !-4. An area as viewed from a ground poBition. 

• 

, 

number, the sheet number of the individual map 
and on recently printed sheets, the edition number. 
The designation is limited to 15 units (letter and 
numbers). The first 5 units are allotted to the series 
number; when the series number is less than 5 units, 
the letter "X" is substituted as the 5th unit. The 
sheet number is the next component, except that 
Roman numerals which are part of the sheet number 
are converted to Arabic numerals in the stock num­
ber. The last two units are the edition number; the 
edition number is preceded by an "O" if the number 
is less than 10. If the current edition number is 
unknown, the number 01 is used. The latest available 
edition, however, will be furnished. Asterisks are 
used for any intervening units between the sheet 
number and the edition number to make a total 
of fifteen units. For example: Series E 823, sheet 
number 3884 IV NE, Edition 1, Stock No. E 823 X

• 38844NE*Ol. 

2-2. Topographic Map Symbols and Colors 
a. The purpose of a map is to permit one to 

visualize an area of the earth's surface with pertinent 
features properly positioned. Ideally, all the features 
within an area would appear on the map in their 
true proportion, position, and shape. This, however, 
is not practicable because many of the features would 
be unimportant and others would be unrecognizable 
because of their reduction in size. The mapmaker 
has been forced to use symbols to represent tht­
natural and manmade features of the earth's surface. 

These symbols resemble, as closely as possible, the 
actual features themselves but as though viewed 
from above (fig. 2-4 and 2-5). 

b. To facilitate the identification of features on 
the map by providing a more natural appearance 
and a contrast, the topographic symbols are usually 
printed in different colors, with each color identifying 
a class of features. The colors vary with different 
types of maps, but on a standard large-scale topo­
graphic map, the colors used and the features each 
represents are--

(1) Bl,ack-the majority of cuUural or manmade 
features. 

(2) Blue-water features such as lakes, rivers, 
and swamps. 

(3) Green-vegetation such as woods, orchards, 
and vineyards. 

Figure t-5. Map of the same area as in fivu,re !-4. 

2-5 



FM 21-26 

(4) Brown-all relief features such as contours. 
(5) Red-main roads, buiU-up areas, and special 

features. 
(6) Occasionally other colors may be used to 

show special information. These, as a rule, are indi­
cated in the marginal information. For example, 
aeronautical symbols and related information for 
air-ground operations are shown in purple on Joint 
Operations Graphics. 

c. In the process of making a map, everything 
must be reduced from its actual size on the ground 
to the size at which it appears on the map. This 
requires, for purposes of clarity, that some of the 
symbols be exaggerated. They are positioned, how­
ever, in such a manner that the center of the symbol 
remains in its true location. An exception to this 
would be the position of a feature adjacent to a 
major road. If the width of the road has been 
exaggerated, then the feature is moved from its true 
position to preserve its relation to the road. 

d. FM 21-31 gives a description of topographic 
symbols and abbreviations authorized for use on 
U.S. military maps. 

2-3. Military Symbols 
In addition to the topographic symbols used on 
maps to represent the natural and manmade features 
of the earth, military personnel require some method 
for showing the identity, size, location, and move­
ments of troops and military activities and instal­
lations. The symbols used to represent these military 
features are known as military symbols. Normally, 
military symbols are not printed on maps because 
the features and units that they represent are con­
stantly moving or changing; military security is also 
a consideration. They do appear on special maps 
and overlays (para 7-1). The map user draws them 
in, in accordance with proper security precautions. 
Refer to FM 21-30 for complete information on 
military symbols and abbreviations. 

• 

• 

• 

I! 
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CHAPTER 3 

GRIDS 

3-1 . Identifying Locations 

Meet me at 21st Street and 56th Avenue. This is a 
simple method of giving a location most of us have• used at some time. It works well in cities that have 
identified streets or in areas with well-known fea­
tures, but presents problems in undeveloped areas• or in unfamiliar parts of the world. To cope with 
the problem of location, a uniform and precise 
system of referencing is required. Some of these 
systems are discussed in this chapter. To satisfy 
military requirements, the system used must meet 
the following conditions: 

a. It does not require a knowledge of the geo-
graphic area involved. 

b. It is applicable to large geographic areas. 
r. It does not require landmarks. 
d. It is applicable at all map scales. 
e. It is easy to understand and use by all military 

personnel. 

N 

w E 

s 

Figure 3-1. Rejerenu lines. 

3-2. Geographic Coordinates 

a. One of the oldest systematic methods of lo­
cation is based upon the geographic coordinate 
system. By drawing a set of east-west rings around 
the globe (parallel to the equator), and a set of 
north-south rings crossing the equator at right angles 
and converging at the poles, a network of reference 
lines is formed from which any point on the earth's 
surface can be located. The distance of a point 
north or south of the equator is known as its l,atitude. 
The rings around the earth parallel to the equator 
are called parallels of latitude or simply parallels. 
Lines of latitude run east-west but north-south 
distances are measured between them (fig. 3-1 and 
3-2). A second set of rings around the globe at 
right angles to lines of latitude and passing through 
the poles are known as meridians of longitude or 
simply meridians. One meridian is designated as the 

N 

w E 

EQUATOR 

s 

Figure 3-f. P08ition location. 
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Approximate location of 
the Leavenworth map N 

w • 

• 

• 

s 
Figure S-S. Latitude and longitude. 

prime meridian. The prime meridian of the system 
we use runs through Greenwich, England, and is 
known as the Greenwich meridian (see fig. 3-7 for 
other prime meridians). The distance east or west 
of a prime meridian to a point is known as its 
longitude. Lines of longitude (meridians) run north­
south but east-west distances are measured between 
them (fig. 3-1 and 3--2). 

b. Geographic coordinates are expressed in angular 
measurement. Each circle is divided into 360°, each 
degree into 60 minutes, and each minute into 60 
seconds. The degree is symbolized by 0 

, the minute 
by ', and the second by ". Starting with 0° at the 
equator, the parallels of latitude are numbered to 
90° both north and south. The extremeties are the 
north pole at 90° north latitude and the south pole 
at 90° south latitude. Latitude can have the same 
numerical value north or south of the equator, so 
the direction N or S must always be given. Starting 

with 0° at the prime meridian, longitude is measured 
both east and west around the world. Lines east of 
the prime meridian are numbered to 180° and identi­
fied as east longitude; lines west of the prime 
meridian are numbered to 180° and identified as 
west longitude. The direction E or W must always 
be given. The line directly opposite the prime 
meridian, 180°, may be referred to as either east or 
west longitude. The values of geographic coordinates, 
being in units of angular measure, will mean more 
if they are compared with units of measure with 
which we are more familiar. At any point on the 
earth the ground distance covered by 1° of latitude 
is approximately 111 kilometers (69 miles); 1 second 
is equal to approximately 30 meters (100 feet). The 
ground distance covered by 1 degree of longitude 
at the equator is also approximately 111 kilometers 
(69 miles), but decreases as one moves north or 
south, until it becomes zero at the poles. For ex-
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ample, one second of longitude represents about 30 
meters (100 feet) at the equator but at the latitude 
of Washington, D.C., 1 second of longitude is ap­
proximately 24 meters (78 feet). Latitude and longi­
tude are illustrated in figure 3-3. 

c. Geographic coordinates appear on all standard 
military maps and on some they may be the only 
method of. locating or referencing the location of a 
point. The four lines that inclose the body of the 
map (neatlines) are lines of latitude and longitude. 
Their values are given in degrees and minutes at 
each of the four corners. On the Leavenworth map 
(fig. E-3), the figures 39°151 and 94°451 appear at 
the lower right corner. The bottom line of this map 
is latitude 39°15'00"N, and the line running up the 
right side is longitude 94°45100"W. In addition to 
the latitude and longitude given for the four corners 
there are, at regularly spaced intervals along the 
sides of the map, small tick marks extending into 
the body of the map. Each of these tick marks is 

~ identified by its latitude or longitude value. One­
third of the way up the right side of the map is a 
tick mark and the number 201 The full value for• 

this tick is 39°20100" of latitude. At one-third and 
two-thirds of the distance across the map from the 
201 tick will be found a cross tick (grid squares 4155 
and 3455) and at the far side another 201 tick. By 
connecting the ticks and crosses with straight lines, 
a 39°20'00" line of latitude can be added to the 
map. This procedure is also used to locate the 
39°25100" line of latitude. For lines of longitude 
the same procedure is followed using the ticks along 
the top and bottom edges of the map. 

d. After the parallels and meridians have been 
drawn, the geographic interval (angular distance 
between two adjacent lines) must be determined. 
Examination of the values given at the tick marks 
gives the interval. For most maps of scale 1: 25,000, 
the interval is 2130". For the Leavenworth map and 
most maps of scale 1 : 50,000, it is 5100". The geo­
graphic coordinates of a point are found by dividing 
the sides of the geographic square in which the point 
is located into the required number of equal parts. 
If the geographic interval is 5100" and the location 
of a point is required to the nearest second, each 
side of the geographic square must be divided into 
300 equal parts (5'00" = 300"), each of which would 
have the value of 1 second. Any scale or ruler that 
has 300 equal divisions and is as long or longer than 
the spacing between the lines may be used. For 
example, on the Leavenworth map, the following 
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steps will determine the geographic coordinate of 
the horizontal control point on top of PILOT KNOB 
(southwest of the city of Leavenworth). 

(1) Draw the parallels and meridians which en­
close the area around the control point on the map. 

(2) Determine the values of the parallels and 
meridians within which the point falls. 

Latitude 39°15'00" and 39°20100" 
Longitude 94°55'00" and 95°00100" 

(3) Determine the geographic interval (5'00" = 
300"). 

(4) Select a scale that has 300 small divisions 
or multiples thereof (300 divisions, 1 second each; 
150 divisions, 2 seconds ea.ch; 75 divisions, 4 seconds 
each, etc.). 

(5) To determine the latitude-
(a) Place the scale with the O (zero) of the 

scale on the latitude of the lowest number value 
(39°15'00") and the 300 of the scale on the highest 
numbered line (39°20100") (1, fig. 3-4). 

(b) Keeping the O and 300 on the two lines, 
slide the scale (2, fig. 3-4) along the parallels until 
the PILOT KNOB horizontal control point symbol 
is along the edge of the numbered scale. 

(c) Read the number of seconds from the 
scale (3, fig. 3-4), approximately 170. 

(d) Convert the number of seconds to minutes 
and seconds (170" = 2'50") and add to the value of 
the lower numbered line (39°15100" + 2'50" = 
39°17'50") (4, fig. 3-4). 

(e) The latitude is 39°17150", but this is not 
enough. 

(f) The latitude 39°17150" could be either 
north or south of the equator, so the letter N or S 
must be added to the latitude. To determine whether 
it is N or S, look at the latitude values at the edge 
of the map and find the direction irt which they be­
come larger. If they are larger going north, use N ; 
if they are larger going south, use S (fig. 3-5). 

(g) The latitude for the point is 39°17150"N. 
(6) To determine the longitude, repeat the same 

steps but measure between lines of longitude and 
use E and W. The geographic coordinates of the 
horizontal control point on top of PILOT KNOB 
should be approximately 39°17150"N and 94°56'09"W 
(fig. 3-6). 

e. To locate a point on the Leavenworth map 
knowing the geographic coordinates, many of the 
same steps are followed. For example, to locate 
39°27' 40"N and 94°50140"W: 
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PILOT KNOB 

39°20'00· 

\ \ 
\ \ 

\ \ 
\ \ 
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\
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©\ \ t 
\ \ 39°17' sd' N 
\ LATITUDE 

-------4 ~ 
~ \ 

\ \ 
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\ \ 
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\ \ 
\ \ 
\ \ 
\ \ 

\ \ 
\ \ 
\ \ 
\ \ 

39 °1s oo"-""""-------.......... __\...J 

Figure 8-4, Dividing a geooraphic square with a scale to determine latitude. 

(1) Find the geographic lines within which the (a) Subtract from the latitude of 39°27'40" 
point falls: latitude 39°25'00" and 39°30'00", longi­ the value for the lower numbered latitude line 
tude 94°50'00" and 94°55'00". 39°25'00". 

(2) Draw these lines. (b) Change the difference of 2' 40" to seconds 
(3) For latitude- (160"). 
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EQUATOR 

s 
Figure 8-6. The necuBity of indicating N or S. 

(c) Place the Oof the scale on the 39°25'00" 
line and the 300 on the 39°30'00" line. . 

(d) At the number 160 on the scale, make a 
mark on the map. 

(e) Staying on these same two lines, move 
the scale several centimeters to the left or right and 
repeat (d) above. 

(f) Draw an extended straight line through 
the two points located. 

(4) For longitude, follow the same steps as for 
latitude. 

(5) The location of the point is at the inter­
section of the two lines. The feature is SWAMP 
SCHOOL, northeast of Weston, Missouri . 

94° 56' 09 W LONGITUDE 

--~-- ~ 
-~-- --- I~ 

---, ---- I 2__.,.,,,,,..-- ---r- ----- -- PILOT KNOB I 
-- --- I-- ----- ----- --- ---------- --- ___ __. 

\ --­lk--
1 

~ 
I 
I 

95°00'00 94 °55'00u 

Figure 8-6. Dividing a geographic square with a scale to determine longitude. 

• 
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Foreign Prime Meridians 

(Based on Greenwich longitude) 

II0 

Amsterdam, Netherlands------------------------------ 4 53 01 E 

Athens, Greece-------------------------------------- 23 42 59 E 

Batavia (Djakarta), Indonesia----------------------- 106 48 28 E 

Bern, Switzerland----------------------------------­ 7 26 22 E 
• 

Brussels, Belgium----------------------------------- 4 22 06 E 

Copenhagen, Denmark--------------------------------- 12 34 40 E 

Djakarta, see Batavia 

Ferro, Canary Islands------------------------------- 17 39 46 w 

Helsinki, Finland----------------------------------- 24 57 17 E 

Istanbul, Turkey------------------------------------ 28 58 50 E 

Lisbon, Portugal------------------------------------ 9 07 55 w 

Madrid, Spain--------------------------------------- 3 41 15 w 

Oslo, Norway---------------------------------------- 10 43 23 E 

Paris, France--------------------------------------- 2 20 14 E 

Pulkovo, U.S. s. R. -------------------------------- 30 19 39 E 

Rome, Italy----------------------------------------- 12 27 08 E 

Stockholm, Sweden----------------------------------- 18 03 30 E 

Tirane, Albania------------------------------------- 19 46 45 E 

Figure 8-1. Table of prime meridians. 

f. The maps ma.de by some nations do not have 3-3. Military Grids 
their longitude values based on the prime meridian 
that passes through Greenwich, England. Figure 3-7 An examination of the Transverse Mercator Pro­
shows the prime meridians which may be used by jection which is used for largMcale military maps, 
other nations. When these maps are issued to our shows that most lines of latitude and longitude are 
soldiers a note usually appears in the marginal infor­ curved lines. The quadrangles formed by the inter­
mat.ion giving the difference between our prime section of these curved parallels and meridians are 
meridian and the one used on the map. of different sizes and shapes, complicating the lo-
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cation of points and the measurement of directions. 
To facilitate these essential operations, a rectangular 
grid is superimposed upon the projection. This grid 
(a series of straight lines intersecting at right angles), 
furnishes the map reader with a system of squares 
similar to the block system of most city streets. 
The dimensions and orientation of different types of 
grids vary, but these three properties are common 
to all military grid systems: 

They are true rectangular grids; 

CENTRAL 
MERIDIAN 

I 
I 

,_d,. 
IV' V \ 

....... 0 
(originD 

o I 
I \~ 

l ~ 

~ ..... 
0 ~ 0 

- .,, -7 0.,, 
G)

G) 

EQUATOR~ 

00 
C"")C"") 

C C: 

.2 • -0
. 0-

-0 

)i\ 

JE\ 
\ A _; 

• 

• 

/ 

.A 

Figure 8-8. A U1'M grid zone. 
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They are superimposed on the geographic pro­
jection; 

They permit linear and angular measurements. 
a. Universal Transverse Mercator Grid. The Uni­

versal Transverse Mercator Grid (hereinafter re­
ferred to as the UTM Grid) has been designed to 
cover that part of the world between Lat 84° N and 
Lat 80° 8, and as its name implies, is imposed on the 
Transverse Mercator Projection. Each of the 60 
zones (6° wide) into which the globe is divided for 
the grid has its own origin at the intersection of its 
central meridian and the equator (fig. 3-8). The 
grid is identical in all 60 zones. Base values (in 
meters) are assigned to the central meridian and the 
equator and the grid lines are drawn at regular 
intervals parallel to these two base lines. With each 
grid line assigned a value denoting its distance from 
the origin, the problem of locating any point be­
comes progressively easier. Normally it would seem 
logical to assign a value of zero to the two base 
lines and measure outward from them. This, however, 
would require either that directions-N, S, E, or 
W-be always given with distances, or that all 
points south of the equator or west of the central 
meridian have negative values. This inconvenience 
is eliminated by assigned "false values" to the base 
lines, resulting in positive values for all points within 
each zone. Distances are always measured RIGHT 
and UP (east and north as the reader faces the 
map) and the assigned values are called "false 
easting" and "false northing". The false easting 
value for each central meridian is 500,000 meters, 
and the false northing value for the equator is 0 
meters when measuring in the Northern Hemisphere 
and 10,000,000 meters when measuring in the South­
ern Hemisphere (fig. 3-9). The use of the UTM 
Grid for point designation will be discussed in detail 
in paragraph 3--4, The U. S. Army Military Grid 
Reference System . 

b. Universal Polar Stereographic Grid. The rec­
tangular grid imposed on the areas represented by 
the Polar Stereographic Projection is called the 
Universal Polar Stereographic (UPS) Grid . 

(1) North polar area. The origin of the UPS 
Grid applied to the north polar area is the North 
Pole. The "north-south" base line is the line formed 
by the 0° and 180° meridians; the "east-west" base 
line is the line formed by the two 90° meridians. 
The false coordinates of the origin are 2,000,000 
meters eas~ and 2,000,000 meters north (fig. 3-10). 

(2) South polar area. The origin of the UPS 
Grid in the south polar area is the South Pole; 
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l
OmN 

10.000,ooo,.i,.: 

l ORIGIN Of ZONE 

Figure S-9. Falae easting and northing for a grid zone. 

the base lines and false coordinates of the origin are 
similar to those of the north polar area (fig. 3-11). 

3-4. The U.S. Military Grid Reference System 

The U.S. Army Military Grid Reference System is 
designated for use with the UTM and UPS Grids. 
The coordinate values of points in these grids could 
contain as many as 15 digits, if numerals alone were 
used. The U.S. Army Military Grid Reference Sys­
tem reduces the length of written coordinates by 
substituting single letters for several numbers. Using 
the UTM and the UPS grids, it is possible for the 
location of a point (identified by numbers alone) to 
be in many different places on the surface of the 
earth. With the use of the U.S. Army Military Grid 
Reference System there is no possible chance for a 
point to be identified as being at more than one 
place on the surface of the earth. This becomes very 
important in this age of possible global warfare. 
In this system the world is divided into 60 grid 

180° 

N POLE 
ORIGIN

I 2,000,000mN
900w -'----'-------1------ 900 E 

w 
E 
0GRID 0 
qNORTH 
0 
0 
q 
N 

• 

• 

• 

Fif,ure 8-10. False easting and northing for the UfS Grid 
(North Pole). 

•zones, which are large, regularly-shaped geographic 
areas, each of which is given a unique identification, 
called the grid zone designation. These are covered 
by a pattern of 100,000-meter squares, based on the 
grid covering the area. Each square is identified by 
two letters called the 100,000-meter square identifi­
cation, and this identification is unique within the 
area covered by the grid zone designation. Numerical 
references within the 100,000-meter square are given 
to the desired accuracy in terms of the easting (E) 
and northing (N) grid coordinates for the point. 

a. Grid Zone Desi,gnation. 
(1) UTM Grid. The first major breakdown is 

the division of each zone into areas 6° x 8° and 
6° x 12°. It will be remembered that for the Trans­
verse Mercator Projection the earth's surface be­
tween 80° S and 84° N was divided into 60 N-S 

S POLE 
ORIGIN

I 2,000,000m N
90°W ~---'-----------1 900 E 

w 
E 

GRID 0 
0 
qNORTH 
0 
0 
o_ 
N 

Figure S-11. Falae easting and northing for the UPS Grid 
(South Pole). 
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NORTH 
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180° 

Figure 3-13. Grid zone designation/or UPS Grid. 

zones each 6° wide. These zones are numbered from 
west to east, 1 through 60, starting at the 180° 
meridian. This surface is divided into 19 east-west 
rows each 8° high and 1 additional row at the ex­
treme north which is 12° high. These rows are then 
lettered, from south to north, C through X (I and 0 
omitted to avoid confusion with numerals). Any 
6° x 8° zone or 6° x 12° zone can then be identified 
by giving the number and letter of the grid zone 
and row in which it lies. These are read RIGHT 
and UP, so the number is always written before the 
letter. This combination of zone number and row 
letter constitutes the grid zone designation. Leaven­
worth lies in zone 15 and row S, or in grid zone 
designation 15S (fig. 3-12). 

(2) UPS Grid. The remaining letters of the 
alphabet, A, B, Y, and Z, are used for the UPS 
Grids. Ea.ch polar area is divided into two zones, 
separated by the 0°-180° meridian. In the south 
polar area, the letter A is the grid zone designation 
for the area west of the 0°-180° meridian, and B for 
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the area to the east. In the north polar area, Y is 
the grid zone designation for the western area and 
Z for the eastern (fig. 3-13). 

b. 100,000-Meter Square. Between 84° north and 
80° south each 6° x 8° or 6° x 12° zone is covered by 
100,000-meter squares, which are identified by the 
combination of two alphabetical letters. The first 
letter is the column designation; the second letter 
is the row designation (fig. 3-14). The north and 
south polar areas are also divided into the 100,000-
meter squares by columns and rows. The system is 
designed to place like-lettered squares as far apart 
as possible. A detailed discussion of the arrangement 
of letters which identify the columns and rows of 
100,000-meter squares is beyond the scope of this 
manual; TM 5-241-1 gives a description of the 
system. The 100,000-meter square identification 
letters for each sheet are shown in the sheet mini­
ature which is a part of the grid reference box in the 
lower margin of the map. 

c. Military Grid Reference. We have now divided 
the earth's surface into 6° x 8° quadrangles, and 
covered these with 100,000-meter squares. The mili­
tary grid reference of a point consists of the numbers 
and letters indicating in which of these areas the 
point lies, plus coordinates locating the point to the 
desired precision within the 100,000-meter square. 
Having learned the essentials of the grid zone desig­
nation and the 100,000-meter square identification, 
it remains but to see how the coordinates of the 
point are tied in which these larger areas. 

(1) Grid lines. The regularly spaced lines that 
make up the UTM and UPS Grids on any large-scale 
map are divisions of the 100,000-meter square; the 
lines are spaced at 10,000- or 1,000-meter intervals. 
Ea.ch of these lines is labeled at both ends with its 
false easting or false northing value (showing its 
relation to the origin of .the zone). For the 1,000-
meter grid, except for the values labeling the first 
grid line in each direction from the southwest corner 
of the sheet, the last three digits (000) of the value 
are omitted. Two digits of the values are printed in 
large type, and these same two digits appear at 
intervals along the grid line on the face of the map. 
They are called the principal digits, and represent 
the· 10,000 and 1,000 digits of the grid value; they 
are of major importance to the map reader because 
they are the numbers he will use most often for 
referencing points. The smaller digits complete the 
full false coordinates of the grid lines, but they are 
rarely used for point designation (fig. 3-15). On 
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Figure 1-14. 100,000-meter square identifications. 

sheets whose grid line spacing is 10,000-meters, only 
one principal digit is shown, representing the 10,000 
digit of the grid value. 
Example: 
The first grid line north of the southwest corner of 
the Leavenworth map is labeled 4347000 m.N. This 
means its false northing ( distance north of the 
Equator) is 4,347,000 meters. The principal digits, 
47, identify the line for referencing points in the 
northerly direction. Likewise, the first grid line east 
of the southwest corner is labeled 328,000 m.E. 
This is because the Central Meridian has a value of 
500,000 m.E, and this grid line is 172,000 meters 
west of the central meridian, or 328,000 meters east. 

The principal digits, 28, identify the line for ref­
erencing points in the easterly direction. 

(2) Grid coordinate scale. A grid coordinate scale 
(fig. 3-16) divides a grid square more accurately 
than can be done by estimation, and the results are 
more consistent. Also this scale has been designed 
for the express purpose of plotting grid coordinates; 
it is much faster than using an engineer scale and 
presents less chance of making an error. 

(a) The 1 :25,000 scale (lower right in figure). 
subdivides the 1,000 meter grid block into 10 major 
subdivisions, each equal to 100 meters. Each 100 
meter block has five graduations, each equal to 20 
meters. Points falling between the two graduations 
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43 49 

43 48 

4347 ooom N 

Figure 8-15. Grid lines. 

can be read accurately to 10 meters, this value being 
the fourth and eighth digits of the coordinates. 

(b) The 1:50,000 scale (upper left in figure) 
subdivides the 1,000 meter grid block into 10 major 
subdivisions each equal to 100 meters. Each 100 
meter block is then divided in half. Points falling 
between these graduations must be estimated to the 
nearest 10 meters for the fourth and eighth digits 
of the coordinates. 

(c) To use a coordinate scale for determi­
nation of coordinates, place the scale with the zeros 
of the scale at the lower left corner of the grid square. 
Keeping the scale on the lower horizontal grid line, 
slide it to the right until the point for which coordi­
nates are desired touches the edge of the scale. 
When reading coordinates, examine the two sides 
of the coordinate scale to insure that the horizontal 
scale is aligned with the east-west grid line, and the 
vertical scale is parallel with the north-south grid 
line ( fig. 3-17). 

(3) Point designatic,n. The designation of a point 
is based on the military principle: Read RIGHT 

3-12 

then UP. The precision desired determines the num­
ber of digits to be read beyond the principal digits. 
It should be impressed upon the reader that the 
term "grid coordinate" often includes both the 
100,000 meter square identification and the desired 
number of digits. In many instances, it is a tactical 
requirement that the 100,000 meter square identifi­
cation be included in any point designation. 

(a) Reading RIGHT-UP (fig. 3-17), coordi­
nates 1484 locate the 1000-meter grid square in 
which point X is located. The next square to the 
right would be 1584; the next square up would be 
1485; etc. 

(b) To locate the point to the nearest 100 
meters, estimate the tenths of the grid square from 
grid line to point, in the same order (RIGHT-UP). 
Give complete coordinate RIGHT, then complete 
coordinate UP. This point is about 2 tenths of a 
grid square right and about 1 tenth up; coordinates 
to the nearest 100 meters are 142841. 

(c) Artillery requirements usually call for lo­
cation of the target within at least 10 meters (about 

• 

• 
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Figure 1-16. Coordinate scales 

30 feet). To locate the point to the nearest 10 meters, 
use a scale to measure the hundredths of a grid 
square RIGHT and UP from grid line to point. 
This point is 17 hundredths right and 9 hundredths 
up; coordinates to the nearest 10 meters are 14178409 
(always prefix a zero if the hundredths reading is 
less than 10). 

(cl) On maps of very large scales, and under 

special conditions, it may be desirable to locate a 
point within one meter. This is done by measuring 
the thousandths of a grid interval from line to point. 

(e) The precision of a point reference is shown 
by the number of digits in the coordinates-the 
more digits, the more precise the location. 

1484-a 1,000-meter grid square 
142841-to the nearest 100 meters 
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(1'85) 
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10 5 
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"' 15 

Figure 8-17. Proper placement oja coordinate arale on a grid 
to read coordinates of a point. 

14178409-to the nearest 10 meters 
1416884087-to the nearest meter 
(j) If a scale is not available that exactly 

divides the side of the grid square in tenths or 
hundredths, these divisions may be made by slanting 
the scale until it fits the interval between grid lines, 
as explained under measurement of geographic co­
ordinates (para 3-2d). 

(g) Coordinates are written as one continuous 
number without spaces, parentheses, dashes, or deei­
mal points. From this it should be obvious that 
whoever is to use the written coordinates must know 
where to make the split between the RIGHT reading 
and the UP reading; for this reason, the coordinates 
of the point within the 100,000-meter square must 
always contain an even number of digits. 

3-5. Location ofa Point Using the U.S. Army 
Military Grid Reference System 

a. Grid Zone. As shown in figure 3-18, the number 
15 locates a point within zone 15, which is an area. 
6° wide and extends between 80° S latitude and 84° N 
latitude. 

b. Grid Zone Designation. The number and letter 
combination 15S as shown in figure 3-19 further 
locates a. point within grid zone designation 15S 
which is a. quadrangle 6° wide by 8° high. There a.re 
19 of these quads in zone 15. Quad X, which is 
located between 72° N latitude and 84° N latitude, 
is 12° high. 

c. 100,000 Meter Square Identification. The ad­
dition of two more letters further locates a. point 
within a. 100,000 meter grid square. Thus, 15S UP 
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(fig. 3-20) locates a point within the 100,000 meter 
square UP, in the grid zone designation 15S. For 
information on the lettering system of 100,000 meter 
squares, see TM 5-241-1. 

d. 10,000 Meter Square. The breakdown of the 
U. S. Army Military Grid Reference System con­
tinues as each side of the 100,000 meter square is 
divided into ten equal parts. This division produces 
lines which are 10,000 meters a.part. ThUB, the co­
ordinates 15S UP 46 would locate a. point as shown 
in figure 3-21. The 10,000 meter grid lines appear as 
index (heavier) grid lines on maps at 1: 100,000 and 
larger. 

e. 1,000 Meter Square. To obtain 1,000 meter 
squares, each side of the 10,000 meter square is 
divided int,o 10 equal parts. This division appears on 
large scale maps as the actual grid lines, which are 
1,000 meters apart. On the Leavenworth map, using 
coordinates 15SUP4062, the easting 40 and the 
northing 62 gives the location of the so~west 
corner of grid square 4062 or to the nearest f,000 
meters of a point on the map. To locate to the 
nearest 100 meters, the grid coordinate scale can be 
used to divide the 1,000 meter grid square into 10 
equal parts. Example: 15SUP403622. The grid co­
ordinate scale has divisions every 50 meters on the 
1 : 50,000 scale and every 20 meters on the 1 : 25,000 
sea.le. These can be used to interpolate to the nearest 
10 meters and give the location of one point on the 
earth's surface to the nearest 10 meters. Example: 
15SUP40356225. 

3-6. Maps with More Than One Grid 

a. Grid Zone Junct,ions. 
(1) In certain instances a. sheet may contain 

more than one grid. This condition results from a. 
junction between two grid zones within the UTM 
grid system. On large scale maps the occurrence of a. 
junction within the neatlines of a sheet is rare since 
the sheet lines a.re usually laid out to coincide with 
junctions. On medium and small sea.le sheets, junc­
tions a.re more prevalent than on larger scale maps 
owing to the greater area covered. 

(2) Where a. junction appears on the map, the 
junction line is accentuated in lineweight and eJt,Ch 
zone is identified by labeling parallel to and o}l''each 
side of the junction line. On large sea.le~ only, 
grid ticks and grid values are show~ along the 
neatlines to provide full sheet coverage for each grid 
represented (fig. 3-22). 
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b. Overlapping Grid8. 
(1) When a large scale map falls within approxi­

mately 25 miles of a grid junction, the sheet also 
shows the neighboring grid. This grid, called the 
overlapping grid, is important for extending oper­
ations across junctions, particularly in fire-control 
and survey operations. 

(2) The overlapping grid is shown by ticks out­
side the neatline on all four sides of the map. Every 
fifth tick is labeled with its value in a color other 
than that used for the major grid on the sheet. 
The grid can be .easily constructed when necessary 
by connecting the corresponding ticks on opposite 
neatlines with straight lines, and completing the 
labeling. This provides an extension of the grid lines 
of an adjoining UTM grid zone (fig. 3-23). 

(3) It should be noted that on large-scale sheets, 
a grid zone junction line, when it coincides with a 
Tlorth-south neatline, is neither symbolized nor 
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labeled as a grid junction. However, since every 
grid zone extends 6° east-west, every grid zone 
junction line is a meridian whose geographic value 
is divisible by 6. If the grid ticks and marginal data 
for an overlapping grid appear on a sheet, the map 
reader can determine if a neatline coincides with a 
grid junction line if it is divisible by six. He then 
knows that the adjoining map sheet falls within a 
different UTM grid zone. 

3-7. Grid Reference Box 

A grid reference box (fig. 3-24 and fig. E-3) appears 
in the marginal information of each map sheet. It 
contains step-by-step instructions for using the grid 
and the U.S. Army Military Grid Reference System. 
The grid reference box is divided into two parts. 
The left portion identifies the grid zone designation 
and the 100,000 meter square; if the sheet falls in 
more than one 100,000 meter square, the grid lines 
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GRID ZONE DESIGNATION: TO GIVE A STANDARD REFERENCE ON 

15S THIS SHEET TD NEAREST 100 METUS 

100,000 M. SQUARE IDENTIFICATION SAMPLE POINT: HAZELWOOD SCHOOL 

G 
I. Read letters identifyin1 100,000 meter 

square in which the point lin: UP 
2. locate first VERTICAL arid line to LEFT of 

point and read LARGE fiIures l1belinI the 
line either in the top or bottom m1r1in, or 
on the lint itsetf: 40 
Estimate ltnlhs from 1rid line to point: l 

3. Lot1tefirst HORIZONTAL arid lint BELOW 
point and read LARGE fiIures l1belin1 the 
fine either in the left or ri1ht martin, Of 

IGNORE the SMALLER fi1ures of any on the line itself: 62 
arid number; these are for findina Estimate tenths from arid line lo point: 2 
the full coordinates. Use ONLY the 
LARGER tiaures of tht arid aumber; SAMPLE REFERENCE: UP403622 
111mpl1: 

4~000 If reportin1 beyond rN-S or lrE-W, prefix 
Ckid Zone DniIr11tion, 11: ISSUP40l622 

Figure 9-$4. Grid reference box. 

that separate the squares are shown in the diagram 
and the values for t.hese grid lines are given. The 
right portion of the grid reference box explains how 
to use the grid and is keyed to a point on the map. 
Example of a military grid reference: 
15S locates the 6° x 8° area (grid zone designation) 
15SUP locates the 100,000 meter square 
15SUP46 locates within 10,qoo meter square 
15SUP4062 locates within 1,000 meter square 
15SUP403622 locates within 100 meter square 
Location: Hazelwood School on the Leavenworth 
map. 

3-8. British Grids 

In a few areas of the world, British grids are still 
shown on military maps. However, the British grid 
systems are being phased out. Eventually all military 
mapping will be converted to the UTM grid. When 
required, the British grid may be shown as a major 
grid, or by ticks around the neatline as a secondary 
grid. Figure 3-25 illustrates a British grid as a 
secondary grid. 

3-9. The World Geographic Reference System 
(GEOREF) 

a. This is a worldwide position reference system 
used primarily by the USAF. It may be used with 
any map or chart that has latitude and longitude 
printed on it. Instructions for using GEOREF data 
are printed in blue and are found in the margin of 
aeronautical charts (fig. 3-26 and 3-27). 

b. This system is based upon a division of the 
earth's surface into quadrangles of latitude and 
longitude having a systematic identification code. 

3-20 

It is a method of expressing latitude and longitude 
in a form suitable for rapid reporting and plotting. 
Figure 3-26 illustrates a sample grid reference box 
using GEOREF. The GEOREF system uses an 
identification code which is divided into three main 
divisions. 

(1) First division. 
(a) There are 24 north-south (longitudinal) 

zones, each 15° in width. These zones, starting at 
180° and progressing eastward are lettered A through 
Z (omitting I and 0). The first letter of any GEOREF 
coordinate identifies the north-south zone in which 
the point is located. 

(b) There are 12 east-west (latitudinal) bands, 
each 15° in width. These bands are lettered A 
through M (omitting I) northward from the south 
pole. The second letter of any GEOREF coordinate 
identifies the east-west band in which the point is 
located. 

(c) The zones and bands divide the earth's 
surface into 288 quadrangles each of which is identi­
fied by two letters. 

(2) Second division. Each 15° quadrangle is 
further divided into 225 quadrangles of 1 ° each 
(15° x 15°). This division is effected by dividing 
a basic 15° quadrangle into 15 north-south zones 
and 15 east-west bands. The north-south zones are 
lettered A through Q (omitting I and 0) from west 
to east. The third letter of any GEOREF coordinate 
identifies the 1° north-south zone within a 15° quad­
rangle. The east-west bands are lettered A through Q 
(I and O omitted) from south to north. The fourth 
letter of a GEOREF coordinate identifies the 1 ° 
east-west band within a 15° quadrangle. Four letters 
will identify any 1 ° quadrangle in the world. 

(3) Third division. 
(a) Each of the 1 ° quadrangles is divided 

into 3,600 1' quadrangles. These 1' quadrangles are 
formed by dividing the 1 ° quadrangles into 60 1' 
north-south zones numbered O through 59 from west 
to east and 60 east-west bands numbered O to 59 
from south to north. To designate any one of the 
3,600 1' quadrangles requires 4 letters and 4 numbers. 
The rule READ RIGHT-UP is always followed. 
Numbers 1 through 9 are written as 01, 02, etc. 

(b) Each of the 1' quadrangles may be further 
divided into 10 smaller divisions both north-south 
and east-west, permitting the identification of 0.1' 
quadrangles. The GEOREF coordinate for any 0.1' 
quadrangle consists of 4 letters and 6 numbers. 
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SAMP\.f Alf.A, flCTrTIOUS TO lt:fHfHCt WITMIN ONE MN.ITI 

SAMl'lf POINT, VIUAGI! 
:,0 

:IO' ._, GfOHf ...... ,._ left .. ript .,..,.__,... .. ,._ 
1.111-' ..... .......,_.NM:15" 

20 
_ ......... _ ... 

MH 

2. ......... ~,· 
........ jawtllichthepelnf .... •• 

10 - 1 Leceea flnl MINUTf ticll ol LONCn\101 , 
0-

,. llP1 ol ,... - ...,fll ... OlOltff - " • .. 
4. ~ fn MHJT( tid: J LATITUOt: ,.. IB.OW,.._..._.,._GfOHf 

15" A 10 20 :IO' - 06 

U< MH :,0 SAMPll llfffll:t1,fet:: MHA11206 

Figure S-f6. Illmtration of instructions for determining a 
reference by the GEOREF (printed in blue). 

3-10. Protection of Map Coordinate/ 
Locations 

a. A disadvantage of any standard system of 
location is that the enemy, if he intercepts one of 
our messages using that system, can interpret the 
message and find our location. This possibility 

WJ 
129• K 

can be eliminated by using an authorized low­
level numeral code to express locations. AR 380-52 
outlines the procedures for obtaining authorized 
codes . 

b. The authorized numeral code provides a 
capability for encrypting map references and other 
numerical information which requires short term 
security protection when, for operational reasons, 
the remainder of the message is transmitted in 
plain language. The system is published in an easy 
to use booklet format with sufficient material in 
one booklet to provide the holder enough material 
for 1 month's operations. Sample training editions 
of this type system arc available from Com· 
mantling General, U.S. Army Strategic Communi­
cations Command, ATTN: COMSEC NICP-B, 
Fort Huachuca, Arizona 85613. 

c. The use of any other method, other than 
authorized codes, for the encryption, or "hiding", 
coordinates from the enemy i&, by regulation, un­
authorized and shall not be 1LBed. 

130• L 

TO llt:f!RENCE BY THE GEOIEf !SHOWN IN BLUEJ T1J MINUTES 

Select !learnt lolerMCtioft Soutli and lllnt of ""'"' 
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Figure S-f1. Sam-ple reference using the GEOREF. 
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toward the direction opposite from the forward di­
rection of the thrust line ((2), fig. 3-28). 

(3) Right (R) means to the right of the thrust 
line at a 90° angle ((2), fig. 3-28). 

(4) Left (L) means to the left of the thrust line 
at a 90° angle ((2), fig. 3-28). 

(5) Distances are stated in units of horizontal 
measurement expressed in hundreds of meters. 
Example; 800 meters would be expressed as 8; 1250 
meters would be expressed as 12.50; etc. 

(6) It should be noted that the right (R) and 
left (L) directions refer to the thrust line as measured 
from the base point forward. They do not change 
when a back measurement is given. 

d. To express the location of an object using the 
thrust line system : 

(1) First, by use of a sheet of paper with a 
square corner and the map's graphic scale, determine 
the distance along the thrust line from the base 
point to a point at right angles to the object. The 

FM 21-26 

corner of the paper allows easy determination of the 
right angle. Express this distance in hundreds of 
meters and prefix it with the letter that indicates 
forward or backward from the base point. Example: 
Fl0.00; this means that our first measurement is 
forward from the base point 1000 meters (10.00 x 
100). 

(2) Next., the distance from this point on the 
thrust line to the object is determined and expressed 
in hundreds of meters prefixed by an indication of 
whether it is to the left or right of the thrust line. 
Example: R2.50; this means that the object con­
cerned is 250 meters (2.50 x 100) to the right of 
the thrust line. 

(3) Combining these readings would give a com­
plete thrust line coordinate of F10.00R2.50. Persons 
familiar with the thrust line system, and ONLY 
those persons who know the base point and direction 
of the thrust line will be able to locate the building 
in ((3), fig. 3-28). 
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CHAPTER 4 

SCALE AND DISTANCE 

4-1. Importance 

A map is a graphic representation of a portion of 
the earth's surface in a uniform and proportional 
relationship. This relationship is known as the map 
scale. The scale of the map permits the determination 
of ground distance from the map. The determination 
of distance is an important factor in the planning 
and execution of a military mission. 

4-2. Representative Fraction (RF) 

a. The numerical scale of a map expresses the 
ratio of horizontal distance on the map to the corre­
sponding horizontal distance on the ground. It usu­
ally is written as a fraction and is called the repre­
sentative fraction (RF). The representative fraction 
is always written with the map distance as one (1). 
It is independent of any unit of measure. An RF 
of 1/ 50,000 or 1: 50,000 means that one (1) unit of 
measure on the map is equal to 50,000 of the same 
units of measure on the ground. 

b. The ground distance between two points is 
determined by measuring between the points on the 

. map and multiplying the map measurement by the 
denominator of the RF. 

Example: 

1 
RF = 1 : 50,000 or 

50 000 
' 

Map distance = 5 units 

5 x 50,000 = 250,000 units of ground distance 
(fig. 4-1) . 

c. The situation may arise where a map or sketch 
has no RF. To be able to determine ground distance 
on such a map, the RF must be determined. There 
are two ways to do thiit-

(1) Comparison with ground distance. 
(a) Measure the distance between two points 

on the map (MD). 

(b) Det.ermine the horizontal distance be­
tween the corresponding points on the ground (GD). 

(c) Utilizing the RF formula and remember­
ing that RF must be in the general form 

1 1 MD 
- RF= - = ­
x' x GD 

(d) Both the MD and the GD must be in 
the same unit of measure and the MD must be 
reduced to 1. 

MD = 4.32 centimeters 

GD = 2.16 kilometers (216,000 centimeters) 

1 4.32 
RF = X = 216,000 OT 4.32X = 216,000 

X = 50,000 ; 

1 
therefore RF = 

50 000 
or 1: 50,000 

' 
(2) Comparison with another map of the same 

area that has an RF. 
(a) Select two points on the map with the 

unknown RF. Measure the distance (MD) between 
them. 

(b) Locate those same two points on the map 
that has the known RF. Measure the distance (MD) 
between them. Using the RF for this map, determine 
GD, which is the same for both maps. 

(c) Using this GD and the MD from the 
first map, determine the RF using the formula : 

1 MD 
RF= - = --

X GD 

d. Occasionally it may be necessary to determine 
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Figure 4-1. Map distance to ground distance. 

map distance from a known ground distance and 
the RF: 

MD 
GD 

Denominator of RF 

Ground distance = 2,200 meters 

RF = I : 50,000 

MD = 0.044 meter x 100 (centimeters in a meter) 

= 4.4 centimeters on the map. 

e. When determining ground distance from a map, 
the scale of the map affects the accuracy. As the 
scale becomes smaller, the accuracy of measurement 
decreases because some of the features on the map 
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must be exaggerated so that they may be readily 
identified. 

4-3. Graphic (Bar) Scales 
a. On most military maps there is another method 

of determining ground distance. It is by means of 
the graphic (bar) scales. A graphic scale is a ruler 
printed on the map on which distances on the map 
may be measured as actual ground distances. To 
the right of the zero (0) the scale is marked in full 
units of measure and is called the primary scale. 
The part to the left of zero (0) is divided into tenths 
of a unit and is called the extension scale. Most 
maps have three or more graphic scales, each of 
which measures distance in a different unit of meas­
ure (fig. 4-2). 
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Figure 4-t. Graphic (bar) scale. 

b. To determine a straight-line ground distance 
between two points on a map, lay a straight-edged 
piece of paper on the map so that the edge of the 
paper touches both points. Make a tick mark on 
the edge of the paper at each point. Move the paper 
down to the graphic scale and read the ground 
distance between the points. Be sure to use the scale 
that measures in the unit of measure desired (fig. 
4--3). 

c. To measure distance along a winding road, 
stream or any other curved line, the straight-edge of 
a piece of paper is used again. Make a tick mark at 
or near one end of the paper and place it at the 
point from which the curved line is to be measured. 
Aline the edge of the paper along a straight portion, 
and make a tick mark on both map and paper at 
the end of the alined portion. Keeping both tick 
marks together, place the point of the pencil on the 

TRANSfERRING MAP DISTANCE TO PAPER STRIP 

Figure 4--8. Measuring straighJ line map distances. 

paper's tick mark to hold it in place. Pivot the 
paper until another approximately straight portion 
is alined and again make a tick mark on both map 
and paper. Continue in this manner until the meas­
urement is complete. Then place the paper on the 
graphic scale and read the ground distance (fig. 4-4). 

(1) Often, marginal notes give the road distance 
from the edge of the map to a town, highway, or 
junction off the map. If the road distance is desired 
from a point on the map to such a point off the map, 
measure the distance to the edge of the map and 
add to that measurement the distance specified in 
the marginal note. Be sure the unit of measure is 
the same. 

(2) It may be desired to measure road distances 
in kilometers rather than in miles. Large scale maps 
do not have kilometer graphic scales. However, the 
meters graphic scale can be very simply converted 
to kilometers by moving the decimal point in each 
figure three places to the left. 

d. The amount of time required to travel a certain 

Figure 4-4. Measuring curve«! line distances on a map. 
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0 24 CENTIMETERS 

I HR 0 I HR 2 HRS 

0 
Figure 4-5. C1m8truction of a time-distance scale (lengths of 

lines are illustrative only and not at 1: 50,000 scale). 

distance on the ground is an important factor in 
most military operations. This can be determined 
if a map of the area is available and a graphic time 
distance scale is constructed for use with the map 
as follows: 

R = Rate of travel (speed) 

D = Distance (ground distance) 

T = Time 

D 
T=-

R 

For example, if an infantry unit is marching at an 
average rate (R) of 4 kilometers per hour, it will 
take approximately 3 hours (T) to travel 12 kilom­
eters 

~~) = 3(T). 

e. To construct a time-0istance scale, knowing 
your length of march, rate of speed, and map scale, 
e.g., 12 kilometers at three kms per hour on a 
1 : 50,000 scale map, use the following process: 

(1) Mark off the total distance on a line by 
referring to the graphic scale of the map or, if this 
is impracticable, compute the length of the line as 
follows: 

(a) Convert the ground distance to centi­
meters: 12 kms x 100,000 (ems in km) = 1,200,000 
ems. 

(b) Find the length of the line to represent 

1 HR 0 

I_J 11 I I I , I I t l I 

the distance at map scale-

1 
MD = 

50 000 x 1,200,000 = 24 ems. 
' 

(c) Construct a line 24 ems. in length. 
(2) Divide the line by the rate of march into 

three parts (2, fig. 4-5), each part representing the 
distance traveled in one hour and label. 

(3) Divide the scale extension (left portion) 
into the desired number of lesser time divisions-

1-minute divisions---60 
5-minute divisions-12 

IO-minute divisions-6 

Figure 4-6 shows a 5-minute interval scale. Make 
these divisions in the same manner as for a graphic 
scale. The completed scale makes it possible to 
determine where the unit will be at any given time. 
However, it must be remembered that this scale is 
for one specific rate of march only, 4 km per hour. 

4-4. Conversion Factors 

a. It is sometimes necessary to convert units of 
the English system of linear measurement to units 
of metric system without the use of a conversion 
chart. A method of converting 19,685 inches to 
meters and kilometers follows: 

( 1) Inches to meters: 

19,685 
----- - - -- = 500 meters 
39.37 (inches in a meter) 

(2) Inches to kilometers : 

19,685 
---------- ---- = .5 kilometer 
39.37 x 1000 (meters in a kilometer) 

b. Appendix B contains additional conversion fac­
tors which may be used as an aid in converting the 
English system of linear measurement to the metric 
system. 

1 HR 2HRS 

I I 
24 CENTIMETERS ( 5 MINUTE INTERVALS) 

(RATE OF MARCH: 4 KILOMETERS PER HOUR) 

Figure 4-6. Time-distance scale (length of line ia illustrative only and not at 1 :50,000 ecale). 
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CHAPTER 5 

DIRECTIONS 

5-1 . Methods of Expressing Direction 

. a. Directions are expressed in everyday life, as 
right, left, straight ahead, etc.; but the question 
arises, "to the right of what?" Military personnel 
require a method of expressing a direction that is 
accurate, adaptable for use in any area of the world, 
and has a common unit of measure. 

b. Directions are expressed as units of angular 
measure and there are several systems used. 

(1) The most commonly used unit of angular 
measure is the degree with its subdivisions of minutes 
and seconds. 

(2) Another unit, less frequently used is the 
mil (abbreviated r/J.). For U.S. military p~rposes, 
a complete circle is divided into 6,400 mils. The mil 
is commonly used in artillery, tank and mortar 
gunnery. It is convenient for many practical uses 
because it subtends approximately one unit of length 
at a distance (range) of one thousand units. For 
further. information, refer to FM 6-40. 

(3) The grad is a unit of measure found on 
some foreign maps. There are 400 grads in a complete 
circle (a 90° right angle equals 100 grads). The grad 
is divided into 100 centesimal minutes (centigrads) 
and the minute into 100 centesimal seconds (milli­
grads) . . This unit of measure is used with the metric 
system. 

5-2. Base Lines 

In order to measure anything there must always be 
a starting point or zero measurement. To express a 
direction as a unit of angular measure there must 
be a starting point or zero measure and a point of 
reference. These two points designate the base or 
reference line. There are three base lines true north 
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magnetic north, and grid north. Those most com-
monly used are magnetic and grid; the magnetic 
when working with a compass, and the grid when 
working with a military map. 

a. True north-a line from any position on the 

earth's surface to the north pole. All lines of longitude 
are true north lines. True north is usually symbolized 
by a star (fig. 5-1). 

b. Magnetic north-the direction to the North 
Magnetic Pole, as indicated by the north-seeking 
needle of a magnetic instrument. Magnetic north is 
usually symbolized by a half arrowhead (fig. 5-1). 

c. Grid north-the nbrth that is established by the 
vertical grid lines on the map. Grid north may be 
symbolized by the letters GN or the letter y. 

5-3. Azimuth and Back Azimuth 

a. The most common military method of ex­
pressing a direction is by using azimuths. An azimuth 
is defined as a horizontal angle, measured in a clock­
wise manner from a north base line. When the 
azimuth between two points on a map is desired, 
the points are joined by a straight line and a pro­
tractor is used to measure the angle between grid 
north and the drawn line. This measured angle is 
the grid azimuth of the drawn line (fig. 5-2). When 
using an azimuth, the point from which the azimuth 
originates is imagined to be the center of the azimuth 
circle (fig. 5-3). Azimuths take their name from the 

Figure 5-1 . True, grid, and magnetic azimuths. 
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Figure 5-!. Azimuth angle. 

base line from which they have been measured; true 
azimuths from true north, magnetic azimuths from 
magnetic north, and grid azimuths from grid north 
(fig. 5-1). Therefore, any one given direction can be 
expressed in three different ways: a grid azimuth if 
measured on a military map, a magnetic azimuth if 
measured by a compass, or a true azimuth if meas­
ured from a meridian of longitude. 

b. A back azimuth is the reverse direction of an 
azimuth. It is comparable to doing an "about face." 
To obtain a back azimuth from an azimuth, add 
180° if the azimuth is 180° or less, or subtract 180° 
if the azimuth is 180° or more (fig. 5-4). The back 
azimuth of 180° may be stated as either 0° or 360°. 

5--4. Declination Diagram 

a. A declination diagram is placed on most large­
scale maps to enable the user to orient the map 
properly. The diagram shows the interrelationship 
of magnetic north, grid north, and true north (fig. 
E-3). On medium-scale maps declination information 
is shown by a note in the map margin (fig. E--6). 

b. Declination is the angular difference between 
true north and either magnetic or grid north. There 
are two declinations, a magnetic dedination and a 
grid declination. 

c. The declination diagram contains three prongs 
representing magnetic north, grid north, and true 
north (fig. 5- 5). 

(1) G-M Angle. An arc, indicated by a dashed 
line, connects the grid north and the magnetic north 
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prongs. The value of this arc-the grid-magnetic 
angle (G-M ANGLE)-states the size of the angle 
between grid north and magnetic north and the 
year it was prepared. This value is expressed to the 
nearest 1/2°, with mil equivalents shown to the 
nearest 10 mils. 

(2) Grid Convergence. An arc, indicated by a 
dashed line, connects the prongs for true north and 
grid north. The value of the angle for the center 
of the sheet is given to the nearest full minute with 
its equivalent to the nearest mil. These data are 
shown in the form of a grid convergence note . 

(3) Conversion Notes. Notes may also appear in 
conjunction with the diagram explaining the use of 
the G-M angle. One note provides instructions for 
converting magnetic azimuth to grid azimuth and 
the other note, for converting grid azimuth to mag­
netic azimuth. The conversion (add or subtract) is 
governed by the direction of the magnetic north 
prong relative to that of the grid north prong. 

d. The grid north prong is always alined with the 
easting grid lines on the map, and on most maps is 
formed by an extension of an easting grid line into 
the margin. The angles between the prongs, how­
ever, are seldom plotted exactly. The relative posi­
tion of the directions is obtained from the diagram, 
but the numerical value should not be measured 
from it. For example, if the amount of declination 
from grid north to magnetic north is 1 °, the arc 
shown in the diagram may be exaggerated; if meas-

Figure 5-8. Origin of azimuth circle. 
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AZIMUTH= CLOCKWISE ANGLE FROM BASE DIRECTION 

BACK AZIMUTH= AZIMUTH± lBlf OR 3200 MILS. 

Fi(l'Ure 5-4. Azimuth and back azimuth. 

ured, it may have an actual value of 5°. The position 
of the three prongs in relation to each other varies 
according to the declination data for each map. 

e. It is often necessary to convert from one type 
of direction to another. A magnetic compass reading 
gives a magnetic azimuth, but to plot this line on a 
gridded map, the magnetic azimuth value must be 
changed to a grid azimuth. The reverse is true when 
orientation is taken from the map; the grid azimuth 
measured from the map must be converted to a 
magnetic azimuth for use with the magnetic com­
pass. The declination diagram is used for these con­
versions. Most maps include with the diagram the 

grid-magnetic (G-M) angle and notes explaining its 
use to convert from one azimuth to another. On older 
sheets which do not show this information, it is 
necessary to determine whether to add or subtract 
the difference to the given azimuth to obtain the 
desired one. A rule to remember when solving such 
problems. is this: no matter where the azimuth line 
points, the angle to it is always measured clockwise 
from the reference diredion (base line). With this in 
mind, the problem is solved in three easy steps: 

(1) Examine the declination diagram on the 
map (fig. 5-6). 

(2) From the apex of the declination diagram, 
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Figure 5-6. Declination diagrams (old treatment) . 

draw an arbitrary line at roughly right angles to the 
general direction of north, regardless of the actual 
value of the azimuth in degrees (fig. 5-7). The position 
of the arbitrary line in relationship to the declina­
tion diagram is of little importance. Figure 5-8 shows 
an arbitrary line drawn at a different angle. It is both 
simple and correct to use such an arbitrary line to 
represent the azimuth line. Remember that the line 
itself does not change position, but its angular value 
is changed because of measurement from different 
reference directions. 

(3) Complete the diagram by drawing an arc 
from each reference line to the arbitrary azimuth 
line. A glance at the completed diagram shows 
whether the given azimuth or the desired azimuth 
is greater, and thus whether the known difference 
between the two must be added or subtracted (fig. 
5-9) . 

Figure 5-7. Declination diagram with arlntrary line. 
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Figure 5-8. Declination diagram with arbitrary line in 
different position. 

(4) After the correct conversion rules have been 
determined, they should be noted in the map margin 
adjacent to the declination diagram for future 
reference. 

* 

TRUE AZIMUTH = 60' 

GRID AZIMUTH ==54' 

MAGNETIC AZIMUTH =6"' 

Figure 5-9. Azimulh.-angle relationship. 
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Figure 5-10. Bearings. 

f. Some older maps have a note under the declina­
tion diagram which gives the magnetic declination 
for a certain year and the amount of annual change. 
The annual change is so small, when compared to 

s 
Figure 5-11. Bearing of N 80° E. 

5-6 

N 

Fi(l'Ure 5-lt. Bearing of S 26° W . 

the ½0 values of the G-M angle, that it is no longer 
shown on standard large scale maps. 

5-5. Bearings 
a. A bearing expresses a direction as an angle 

measured east or west from a north or south refer­
ence line (fig. 5-10). Bearing cannot exceed 90° or 
one-quarter of a circle. One-quarter of a circle is 
known as a quadrant. 

b. To give a bearing, the following information is 
necessary: 

(1) The reference line from which measured 
(north or south). 

(2) The amount of angle. 
(3) The direction in which the angle was meas­

ured (east or west). A bearing of N 30° E means 
from a north line an angle of 30° measured in an 
eastward direction (fig. 5-11). A bearing of S 26° W 
is shown in figure 5-12. . 

(4) The four cardinal directions are expressed 
simply as north, east, south and west. 

c. Having more than one way to state a direction 
at times requires a conversion from one to another. 
Regardless of the method used to state a direction, 
the direction line does not change position, only the 
reference line from which it was measured is different. 

• 
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Figure 5-18. Azimuth and bearing relati-Onship. 

Bearings can be converted to azimuths or azimuths 
to bearings using figure 5-13, which shows their 
-relationship. It should be remembered that the di­
r~tion letters used for the bearing are always the 
$Ille as those that name the quadrant in which the 
direction line lies : that is, the bearing of a line in the 

BEARING N so· E - AZIMUTH eo· 

s 

Figure 5-11,. Northeast quadrant. 
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BEARING S 50° E = AZIMUTM 130° 

Figure 5-15. Southeast quadrant. 

northeast quadrant will always be N (so many 
degrees) E, and so on around the compass. The 
following are examples of converting bearings to 
azimuths and vice versa: 

(1) Northeast quadrant. In the northeast quad­
rant the bearing is equal to the azimuth plus the 
letters N and E (fig. 5-14). 

(2) Southeast quadrant. In this quadrant the 
bearing is equal to 180° minus the azimuth, with the 
letters S and E added (fig. 5-15). To determine an 
azimuth from a bearing in this quadrant, omit direc­
tion letters and subtract the bearing from 180°. 

(3) Southwest quadrant. The bearing of an azi­
muth in this quadrant is equal to the azimuth minus 
180° with the direction letters S and W added (fig. 
5-16). To determine the azimuth from a bearing in 
this quadrant, omit the direction letters and add 180° 
to the bearing. 

(4) Northwest quadrant. In the northwest qua,I­
rant the bearing is equal to 360° minus the azimuth, 
with the direction letters N and Wadded (fig. 5-17). 
To determine the azimuth from a bearing in this 
quadrant, omit the letters and subtract the bearing 
from 360°. 

d. Bearings, as well as azimuths, may be measured 
from magnetic, grid or true north lines and as a 
result may require conversion. The direct conversion 
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BEARING S 30• W - AZIMUTH 210° 

Figure 5-16. Southwest quadrant. 

of bearings from one reference line to another is not 
recommended. First. convert the bearing to an azi­
muth and then convert to an azimuth measured 
from the new reference line. Finally the azimuth may 

BEARING N 50• W=AZIMUTH 310" 

Figure 5-17. NO'l"thwest quadrant. 
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Figure 6-18. Declination diagram. 

be converted back to a bearing if necessary. This is 
advisable because a bearing may be measured clock­
wise or counterclockwise from either north or south. 
For example, using the declination diagram in figure 
5-18-

A magnetic bearing of S 13° E equa.l.s-­
Magnetic azimuth of 167° 
True azimuth of 164° 
Grid azimuth of 160° 
True bearing of S 16° E 
Grid bearing of S 20° E 

5-6. The Compass and Its Uses 

a. The magnetic compass is the most commonly 
used and simplest instrument for measuring direc­
tions and angles in the field. Two varieties of mag­
netic compasses are standard for military use today, 
the lensatic compass (fig. 5-19) and the artillery (M2) 
compass. Since the latter is a special purpose compass, 
it will not be discussed in this manual. For informa­
tion on the artillery (M2) compass see TM ~ 
1290-333-15. 

b. The lensatic compass must always be held 
level and firm when sighting on an objective and 
reading an azimuth. There are several techniques for 
holding the compass and sighting. 

(1) With one method, the slit in the eyepiece, 
the hairline front sight in the cover, and the target 
are a.lined. The azimuth can then be read by glancing 

,. 
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Figure 5-19. Lensatic compass. 

down at the dial through the eyepiece. This tech­
nique provides a reading precise enough to use for 
resection and intersection (para 5-9 and 5-10). 

(2) A second method has an advantage in that 
it keeps the compass lower and farther away from 
the steel helmet, although it is less precise than the 
system described in (1) above. To use this method, 
open the cover until it forms a straight edge with 
the base; pull the eyepiece to the rear-most position. 
Next, place your thumb through the thumb loop, 
form a steady base with your third and fourth fingers 
and extend your index finger along the side of the 
compass. Place the thumb of the other hand between 
the eyepiece and the lens; extend the index finger 
along the remaining side of the compass and the re­
maining fingers around the fingers of the other hand, 
pull your elbows firmly into your sides. This will 
place the compass between your chin and your belt. 
To measure an azimuth, simply turn your entire 
body toward the object, pointing the compass cover 
directly at the object. Once you are pointing at the 
object, just look down and read the azimuth from 
beneath the fixed black index line. 

c. For night use, special features of the compass 
are the luminous markings and the 3° bezel serration 

and clicking device. Turning the bezel ring to the 
left causes an increase in azimuth while turning it 
to the right causes a decrease. The bezel has a stop 
and spring which allows clockwise and counterclock­
wise turns at 3° intervals per click and holds the 
bezel ring in any desired position. One method for 
determining compass directions at night follows: 

(1) Rotate the bezel until the luminous line is 
over the black index line. 

(2) Hold the compass with the left hand and 
rotate the bezel ring with the right hand, in a 
counterclockwise direction, to the number of clicks 
required. The number of clicks is determined by 
dividing the value of the required azimuth by 3. For 
example, for an azimuth of 51 °, the bezel ring would 
be rotated 17 clicks counterclockwise. 

(3) Turn the compass until the north arrow is 
directly under the luminous line on the bezel. 

(4) Hold the compass open and level in the 
palm of the left hand with the thumb along the flat 
side of the compass. In this manner, the compass can 
be held consistently in the same position. Position 
the compass approximately halfway between the 
chin and the belt, pointing to your direct front. A 
little prn.ctice in daylight will make you proficient 
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in pointing the compass the same way every time. 
Looking directly down into the compass, turn your 
body until the north arrow is under the luminous line. 
Then proceed forward in the direction of the front 
cover luminous sighting dots (fig. 5-19). 

d. Certain precautions regarding the care and use 
of a magnetic compass are important because they 
assure, within reason, that a compass will work when 
and where it is needed. 

(1) Handle the compass with care. The dial is 
set at a delicate balance which a shock could damage. 

(2) Close and return the compass to its special 
container when not in use. In this way it is not only 
protected from possible damage but is readily avail­
able for use when needed. 

(3) When the compass is to be used in darkness, 
an initial azimuth should be set, if possible, while 
light is still available. With this initial azimuth as a 
base, any other azimuth which is a multiple of 3° can 
be established through use of the clicking feature of 
the bezel. 

(4) Compass readings should never be taken 
near visible masses of iron or electrical circuits. The 
following are suggested as approximate safe dis­
tances to insure proper functioning of the compass: 

High tension power lines _________________ . _ 55 meters 
Field gun, truck or tank ___________________ 18 meters 
Telegraph and telephone wires and barbed wire IO meters 
Machinegun ___________________________ . _ _ 2 meters 
Helmet or rifle ____________________________ 0.5 meter 

Nonmagnetic metals and alloys do not affect compass readings. 

(5) Practice using the compass at regular inter­
vals to assure competent technique in an emergency. 

5-7. Orientation of a Map 
a. Before a map can be used it must be oriented. 

A map is oriented when it is in a horizontal position 
with its north and south corresponding to north and 
south on the ground. 

b. A simple way to orient a map is with a compass. 
(1) With the map in a horizontal position, the 

compass is placed parallel to a north-south grid line 
with the cover side of the compass pointing toward 
the top of the map. This will place the black index 
line on the dial of the compass parallel to grid north. 
Since the needle on the compass points to magnetic 
north, we have a declination diagram on the face of 
the compass formed by the index line and the com­
pass needle. 

5-10 

(2) Rotate map and compass until the direc­
tions of the declination diagram formed by the black 
index line and the compass needle match the direc­
tions shown on the declination diagram printed on 
the margin of the map. The map is then oriented. 

(3) If the magnetic north arrow on the map is 
to the left of grid north, the compass reading will 
equal the G-M angle (given in the declination dia­
gram). If the magnetic north is to the right of grid 
north, the compass reading will equal 360° minus the 
G-M angle. 

(4) In figure 5-5 the declination diagram on the 
right illustrates a magnetic north to the right of grid 
north and the compass reading will be 360° minus 8° 
or 352°. The two examples on the left show the 
magnetic north to the left of grid north where the 
compass reading will equal the G-M angle. 

(5) Remember to point the compass north arrow 
in the same direction as the magnetic north arrow 
((2) above), and the compass reading (equal to the 
G-M angle or the 360° minus G-M angle) will be 
quite apparent. 

(6) Some maps have a built-in protractor con­
sisting of a pivot point "P" on the south neatline of 
the map and several degrees of arc along the north 
neatline of the µiap. The grid-magnetic line is ob­
tained by connecting pivot point "P" with the appro­
priate value of the grid-magnetic angle (taken from 
the declination diagram) on the arc. The map may 
then be oriented by placing the compass parallel to 
this line and rotating the map and compass until the 
needle point is alined with the continuous line formed 
by the index line and the sighting wire. The map is 
then oriented. 

c. When a compass is not available, map orienta­
tion requires a careful examination of the map and 
the ground to find linear features common to both, 
such as roads, railroads, fence lines, power lines, et.c. 
By alining the feature on the map with the same 
feature on the ground (fig. 5-20) the map is oriented. 
Orientation by this method must be checked to pre­
vent the reversal of directions which may occur if 
only one linear feature is used. This reversal may be 
prevented by alining two or more of these features. 
If no second linear feature is visible, but the map 
user's position is known, a prominent object may be 
used. With the prominent object and the user's posi­
tion connected with a straight line on the map, the 
map is rotated until the line points toward the 
feature. 

d. If two prominent objects are visible and plotted 
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Figure 5-fi/fi/. M ell8uring an azimuth on a map. • 

on the map, and your position is not known, move to 
one of the plotted and known positions, place your 
straightedge or protractor on the line between the 
plotted positions, turn the protractor and the map 
until you can sight along the edge to the other plotted 
and visible point. The map is then oriented. 

e. When a compass is not available and there 
are no recognizable prominent landforms or other 
features, a map may be oriented by any of the field 
expedient methods mentioned in paragraph 5-12. 

5-8. Protractor 

a. Protractors come in several forms-full circle, 
half circle, square, and rectangular (fig. 5-21). All of 
them divide a circle into units of angular measure, 
and regardless of their shape, consist of a scale around 
the outer edge and an index mark. The index mark is 
the center of the protractor circle from which all the 
direction lines radiate. 

b. To determine the grid azimuth of a line from 
one point to another on the map (from A to B or C 

to D) (fig. 5-22): 
(1) Draw a line connecting the two points. 
(2) Place the index of the protractor at the 

point where the line crosses a vertical (north-south) 
grid line. 

(3) Keeping the index at this point, aline the 
0°-180° line of the protractor on the vertical grid line. 

(4) Read the value of the angle from the scale; 
this is the grid azimuth of the point . 

c. To plot a direction line from a known point on 
a map (fig. 5-23): 

(1) Convert, if necessary, the direction to a grid 
azimuth. 

(2) Construct a north-south grid line through 
the known point : 

(a) Approximately aline the 0°-180° line of 
the protractor in a north-south direction through 
the known point. 

(b) Holding the 0°-180° line of the protractor 
on the known point, slide the protractor in the north­
sout~ direction until the horizontal line of the pro-

5-13 
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Figure 5-23. Pl-Otting an ai:imuth on a map. 

tractor (connecting the protractor index and the 90° 
tick mark) is alined on an east-west grid line. 

(c) Draw a line connecting 0°, the known 
point, and 180°. 

(3) Holding the 0°-180° line coincident with 
this line, slide the protractor index to the known 
point. 

(4) Make a mark on the map at the required 
angle. 

(5) Draw a line from the known point through 
the mark made on the map. This is the grid direction 
line. 

5-9. Intersection 
The location of an unknown point by successively 
occupying at least two but preferably three known 
positions and sighting on the unknown point is called 
intersection. It is used to locate features that are not 
defined on the map or which are not readily identi­
fiable. The two methods of intersection are the map 
and compass method and the straightedge method. 

a. Map and Compass Method (fig. 5-24). 

5-14 

(1) Orient the map using the compass (para 
5-7b). 

(2) Locate and mark your position on the map. 
(3) Measure the magnetic azimuth to the un­

known position; convert to grid azimuth. 
(4) Draw a line on the map from your position 

on this grid azimuth. 
(5) Move to a second known position from 

which unknown point is visible. Locate this position 
on the map and again orient the map using the 
compass. 

(6) Repeat (3) and (4) above. 
(7) As a check on accuracy, move to a third 

position and repeat (1) through (4) above. 
(8) Where the lines cross is the location of the 

unknown position. Using three lines a triangle is 
sometimes formed instead of an intersection. This is 
called the triangle of error. If the triangle is large, 
recheck your work to find the error. Do not assume 
that the position is at the center of the triangle. 

b. Straightedge Method (When No Compass Is 
Available) (fig. 5-25). 

4 
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Figure 5-i4. Intersection using map and compass. 

(1) Orient the map on a flat surface by the in­
spection method (para 5-7c) . 

(2) Locate and mark your position on the map. 
(3) Lay a straightedge on the map with one 

end at user's position (A) as a pivot point and rotate 
the straightedge until the unknown point is sighted 
along the edge. 

(4) Draw a line along the straightedge. 
(5) Repeat the above procedures at position 

(8), and for a check on accuracy, at a third position. 

(6) The intersection of the lines is the location 
of the unknown point ( C). 

5-1 O. Resection 

The location of the user's unknown position by 
sighting on two or three known features is called re­
section (fig. 5-26). Resection can be done with or 
without a compass. 

a. Map and Compass Method. 
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(1) Orient the map using the compass (para 
5-7b). 

(2) Locate two or three known positions on the 
ground and mark them on the map. 

(3) Measure the magnetic azimuth to a known 
position; convert to grid azimuth. 

(4) Change the grid azimuth to a back azimuth 
(para 5-3b) and draw a line on the map from the 
known position back toward your unknown position. 

(5) Repeat (3) and (4) above for a second 
known position. 

(6) For a check on your accuracy, repeat (3) 
and ( 4) above for a third known position. 

(7) The intersection of the lines is your location. 
Using three lines, a triangle of error may be formed. 
If the triangle is large, recheck your work. 

5-16 

b. Straightedge Method (When No Compass ls 
Avail.able). 

(1) Orient the map on a flat surface by the in­
spection method (para 5-7c). 

(2) Locate two or three known positions on the 
ground and mark them on the map. 

(3) Lay a straightedge on the map with the 
center of the straightedge at a known position as a 
pivot point and rotate the straightedge until the 
known position on the map is alined with the known 
position on the ground. 

(4) Draw a line along the straightedge away 
from the known position on the ground toward your 
position. 

(5) Repeat (3) above using a second known 
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Figure 5-$6. Resection. 

position and as a check on your accuracy repeat (3) 
above using a third known position. 

(6) The intersection of the lines is your location. 

5-11. Position Location by One Line 

a. Location of Distant Point by One Line. Often it is 
not possible or practicable to occupy two positions 
to perform intersection. Direction can be used to 
a.ssist in location from one position only. 

(I) Determine the one line of direction from 
your position to the distant point. 

(2) Draw that line of direction on the map. 

(3) Inspect the terrain in the vicinity of the 
distant point for distinctive terrain features . 

(4) Inspect the map along the line of direction 
to find those same terrain features. Estimation of 
range should assist in such ground-map comparison . 

(5) Plot the map position of the point on the 
line of direction according to the pattern of terrain 
features you have observed. 

(6) Although sometimes not practical, this tech­
nique often results in a reasonably accurate deter­
mination of direction. 

b. Location of User's Position by One Line. The same 
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Figure 5-$7. Determining a direction and time by shadow. 

technique described in a above can often be used to 
locate your own position. The principal difference is 
that you must change the azimuth to back azimuth, 
since you are drawing the line on the map from the 
distant point back through your own position. 

5-12. Determining Directions Using Field 
Expedients 

a. Shadow-tip Method of Determining Directic,n and 
Time.• 

(1) This simple and accurate method of finding 
direction by the sun consists of only three basic 
steps (A, fig. 5-27) : 

(a) Step 1. Place a stick or branch into the 
ground at a fairly level spot where a distinct shadow 

• The material in paragraph 5-12a, d(3), 11nd figures 5-27 and 5-28 was 
adapted from the book B,tu:r Wa111 of Pathfindino, published by Stackpole 
Company, Harrisburg, Pa., copyrighted © 1964 by Robert S. Owendoff, 
153 Gundry Drive, Falla Church, Virginia 22046. All righta reeerved by 
copyright owner (author) . 
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will be cast. Mark the shadow tip with a stone, twig, 
or other means. 

(b) Step 2. Wait until the shadow tip moves a 
few inches. If you are using a 4-foot (1.22 meters) 
stick, about 10 minutes should be sufficient. Mark 
the new position of the shadow tip in the same way 
as the first. 

(c) Step 3. Draw a straight line through the 
two marks to obtain an approximate east-west line. 
If you are uncertain which direction is east and which 
is west, observe this simple rule-

The sun "rises in the east and sets in the west" 
(but rarely DUE east and DUE west). The 
shadow tip moves in just the opposite direction. 
Therefore, the first shadow tip mark is always 
in the west direction, and the second mark in the 
east direction, EVERYWHERE on earth. 

(2) A line drawn at right angles to the east­
west line at any point is the approximate north­
south line, which will help orient you to any desired 
direction of travel. 

(3) Inclining the stick to obtain a more con­
venient shadow, in size or direction, does not impair 
the accuracy of the shadow-tip method. Thus, a 
traveler on sloping ground or in highly vegetated 
terrain need not waste valuable time looking for a 
sizable level area. A flat dirt spot the size of your 
hand is all that is necessary for shadow-tip markings, 
and the base of the stick can either be above, below, 
or to one side of it. Also, any stationary object (the 
end of a tree limb or the notch where branches are 
jointed) serves just as well as an implanted stick, 
because only the shadow tip is marked. 

(4) The shadow-tip method can also be used to 
find the approximate time of day (B, fig. 5-27). 

(a) To find the time of day, move the stick 
to the intersection of the east-west line and the 
north-south line, and set it vertically in the ground. 
The west part of the east-west line indicates 0600 
hours, and the east part is 1800 hours, ANYWHERE 
on earth, because the basic rule always applies. 

(b) The north-south line now becomes the 
noon line. The shadow of the stick is an hour hand 
in the shadow-clock and with it you can estimate the 
time using the noon line and the 6 o'clock line as your 
guides. Depending on your location and the season, 
the shadow may move either clockwise or counter­
clockwise, but this does not alter your manner of 
reading the shadow-clock. 

• 
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(5) The shadow-clock is not a timepiece in the 
ordinary sense. It makes every day 12 unequal 
"hours" long, and always reads 0600 hours at sun­
rise and 1800 hours at sunset. However, it does pro­
vide a satisfactory means of telling time in the ab­
sence of properly set watches. Being able to establish 
time of day is important for such purposes as keeping 
a rendezvous, pre-arranged concerted action by 
separated persons or groups, estimating the remain­
ing duration of daylight, and so forth. Shadow-clock 
time is closest to conventional clock time at mid­
day, but the spacing of the other hours, compared to 
conventional time, varies somewhat with the locality 
and the date. 

(6) If you have a watch, the shadow-clock can 
be used to "store up" the direction you obtained by 
using the shadow-tip method. Merely set your watch 
to shadow-clock time and then use the WATCH 
METHOD described ind below. This avoids the IO­
minute wait required to complete a shadow-tip 
reading for true direction and thereby permits you 
to take as many instantaneous readings as necessary 
to avoid "circling." After traveling for an hour or so, 
take a check shadow-clock reading and reset your 
watch if necessary. 

(7) The direction obtained by this modified 
watch method is the same as that of the regular 
shadow-tip method using a stick. That is, the degree 
of accuracy of both methods is identical. 

(8) The shadow-tip system is not intended for 
use in polar regions, which the Department of De­
fense defines as· being above 60° latitude in either 
hemisphere. Distressed persons in these areas are 
advised to stay in one place so that search-rescue 
teams may more readily find them. The presence 
and location of all aircraft and ground parties in 
polar regions are reported to and regularly checked 
by governmental or other agencies, and any need for 
help becomes quickly known. 

b. Equal Shadow Method of Determining Direction 
(fig. 5-28). 

(1) This variation of the shadow-tip method is 
more accurate and may be used at all latitudes less 
than 66° at all times of the year. 

(a) Step 1. Place a stick or branch into the 
ground vertically at a fairly level spot where a distinct 
shadow at least 12 inches long will be cast. Mark the 
shadow tip with a stone, twig, or other means. This 
must be done 5 to 10 minutes before noon (sun time). 

(b) Step I. Trace an arc using the shadow as 
the radius and the base of the stick as the center. A 
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Figure 5-!8. Equal shadow method of determining direction. 

piece of string, shoelace, or a second stick may be 
used to do this. 

(c) Step 3. As noon is approached the shadow 
becomes shorter. After noon the shadow lengthens 
until it crosses the arc. Mark the spot as soon as the 
shadow tip touches the arc a second time. 

(d) Step 4. Draw a straight line through the 
two marks to obtain an east-west line. 

(2) Although this is the most accurate version 
of the shadow tip method-

(a) It must be performed around noon. 
(b) In order to complete the procedure, the 

observer must watch the shadow and complete step 
3 at the exact time the shadow tip touches the arc. 

c. Directim at Night. At night the stars may be 
used to determine the north line in the northern 
hemisphere or the south line in the southern hemi­
sphere. Figure 5-29 shows how this is accomplished . 

d. Direction, Using a Watch (fig. 5-30). 
(1) A watch can be used to determine the ap­

proximate true north or south. In the north tem­
perate zone only, the hour hand is pointed toward 
the sun. A south line can be found midway between 
the hour hand and 1200 hours, standard time. If on 
daylight saving time, the north-south line is found 
midway between the hour hand and 1300 hours. If 
there is any doubt as to which end of the line is 
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north, remember that the sun is in the east before 
noon and in the west in the afternoon. 

(2) The watch may also be used to determine 
direction in the south temperate zone; however, the 
method is different. The 1200 hour dial is pointed 
toward the sun, and half way between 1200 hours and 
the hour hand will be a north line. If on daylight 
saving time, the north line lies midway between the 
hour hand and 1300 hours. The temperate zones 
extend from latitude 23½0 to 66½0 in both 
hemispheres. 

(3) The watch method can be in error, espe­
cially in the lower latitudes, and may cause "cir­
cling". To avoid this, make a shadow-clock and set 
your watch to the time indicated. After traveling for 
an hour take another shadow-clock reading. Reset 
your watch if necessary. 

5-13. Dead Reckoning 

a. Dead reckoning is the process by which one's 
present location is determined by plotting the 
course and distance from the last known location. In 
areas where maps exist, even poor ones, travel is 
guided by them to a great extent. It is a matter of 
knowing one's position at all times through associa­
tion of map features with the ground features. But 
a great portion of the globe is unmapped; hence the 
possibility that military forces may have to move 
overland without a map or the time to make one. 
Although these areas could be anywhere, they are 
more likely to be found in frozen wastelands and 
deserts. 

b. For many centuries, mariners have used dead 
reckoning to navigate their ships when they are out 
of sight of land or during bad weather, and it is just 
as applicable to navigation on land. Movement on 
land must be carefully planned. In military move­
ment, one's starting location and destination are 
known and if a map is available, are carefully plotted, 
along with any known intermediate features along 
the route. These intermediate features, if clearly 
recognizable on the ground, serve as invaluable 
checkpoints. If a map is not available, the plotting 
is done on a blank sheet of paper. A scale is selected 
such that the entire route will fit on one sheet. A 
north direction is clearly established. The starting 
point and destination are then plotted in accurate 
relationship to each other. If the terrain and enemy 
situation permit, the ideal course is a straight line 
from starting point to destination. This is seldom 
possible or practicable. The route of travel usually 

FM 21-26 

NORTH TEMPERATE ZONE 

,\\111,. ... 
..:; ::- SUN ~a~ 
.-;:; "" 
fi/11'''" \ 

SOUTH TEMPERA TE ZONE 

,,,,1,. 
~ =- SUN 'O" /, ;: 

"li p\' 

Figure 5-S0. Dirediona wing a watch. 

consists of several courses, with an azimuth estab­
lished at the starting point for the first course to be 
followed. Distance measurement begins with the 
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departure and continues through the first course 
until a change in direction is made. A new azimuth 
is established for the second course and the distance 
is measured until a second change of direction is 
made, and so on. Records of all data are kept and 
all positions are plotted. In general, this same pro­
cedure is followed regardless of whether the navigator 
is walking (pacing) or riding in a vehicle. 

(I) A pace is equal to one natural step, ap­
proximately 30 inches. To measure distance, you 
count the number of paces in a given course and 
convert to the map unit. Usually, paces are counted 
in hundreds, and hundreds can be kept track of in 
many ways: make notes in a record book; count on 
your fingers; place small objects such as pebbles into 
an empty pocket ; tie knots in a string; or use a me­
chanical hand counter. Distances measured this 
way are only approximate, but with practice can 
become very accurate. It is important that each 
person who uses dead reckoning navigation establish 
the length of his average page. This is done by pacing 
a measured course many times and computing the 
mean. In the field, an average pace must often be 
adjusted because of the following conditions: 

(a) Slopes. The pace lengthens on a down­
grade and shortens on the upgrade. 

(b) Winds. A headwind shortens the pace 
while a tailwind increases it. 

(c) Surfaces. Sand, gravel, mud, and similar 
surface materials tend to shorten the pace. 

(d) El.ements. Snow, rain, or ice cause the 
pace to be reduced in length. 

(e) Clothing. Excess weight of clothing short­
ens the pace while the type of shoes affects traction 
and therefore the pace length. 

( f) Stamina. Fatigue affects the length of 
the pace. 

(2) Distances can be measured by an odometer 
which is standard equipment on most vehicles. 
Readings are recorded at the start and end of a 
course, and their difference is the length of the course. 

c. The duties of a navigator are so important and 
exacting that he should not be burdened with any 
others. This is especially true in regard to vehicular 
movement. The march commander should not at­
tempt to do the navigating himself, since his normal 
responsibilities would suffer as a result. The com­
mander selects one person to be navigator and makes 
him responsible for all the details involved. These 
include-

(!) Assembling necessary equipment. 
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(2) Keeping equipment serviceable. 
(3) Performing the detailed duties of taking 

and recording necessary data for precise location at 
all times. 

(4) Maintaining liaison with the commander. 
(5) Supplying data to keep the column on 

course. 
d. A steering mark is any well-defined object on 

the ground in the direction of travel toward which 
a navigator may steer. It is easier to follow these 
than to steer continuously by compass. 

(I) Steering marks by day. Naturally, steering 
marks are easier to find during daytime marches. 
Such objects as lone trees or buildings, timber 
corners, and shapes on the horizon are good ex, 
amples. Even ·a cloud formation or wind direction 
may be used if checked periodically by compass. 

(2) Steering marks by night. By night, the stars 
are usually the single source of steering marks. Be­
cause of the rotation of the earth, the positions of the 
stars are continually changing and compass checks 
on azimuth are necessary. The length of the safe 
period between checks depends on the star selected. 
A star near the north horizon serves for about a half 
hour. The pole star is an ideal steering mark since 
it is less than I 0 off true north, but above latitude 70° 
it is too high in the sky to be useful. When moving 
south, azimuth checks should be made every 15 
minutes to be safe. When traveling east or west, the 
difficulty of staying on azimuth is caused more by 
the likelihood of the star climbing too high in the 
sky or losing itself behind the western horizon than 
it is by the star changing direction angle. In all the 
above cases, it is necessary to change to another 
guide star when one becomes useless. South of the 
equator, the above general directions for using north 
and south stars are reversed. 

e. On foot, the hand compass is standard for 
navigation by dead reckoning. The starting point is 
known on the map, if a map is available ; if not, an 
assumed starting point is indicated on some sort of a 
plotting sheet. At this point on the ground, an 
azimuth is set on the compass for the first course, 
and the journey is started. At the first turn, a new 
azimuth is established and followed, and the process 
is repeated to the goal. A log of all values, azimuths, 
and distances is kept and the journey is plotted. 
Figure 5-31 is a pictorial illustration of the use of the 
compass in navigating on foot. 

f. In vehicular movement, the process of meas­
uring angles and distances for plotting purposes is 

• 
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the same as for movements on foot. The difference 
lies in the methods employed to make the measure­
ments. More often than not, the hand compass is the 
only compass available. This means much care must 
be taken to compensate for deviation caused by using 
the compass inside the vehicle. It also means dis­
mounting periodically with the compass to eliminate 
disturbing magnetic attractions. The process of 
leaving the vehicle to establish a true azimuth can 
be somewhat confusing, and for this reason a pro­
cedure is outlined. 

(I) Vehicular navigation without steering marks. 
In wide open country, where no steering marks are 
available, the vehicle is positioned in the direction of 
travel. The navigator dismounts and walks 50 meters 
forward. An azimuth on the vehicle is then read and, 
by addition or subtraction of 180°, the forward azi­
muth is obtained. This azimuth is used to plot the 
course. The driver drives forward to join the naviga­
tor. Instructions are given to the driver to stay on 
as straight a course as possible. The navigator gets 
into the vehicle and determines the deviation from 
the correct magnetic azimuth just obtained. The 
compass is read while the navigator is seated in the 
vehicle holding the compass in the same position as 
it is to be held while advancing. Further, it is read 
with the motor running and the ammeter showing 
normal charge, and with the brake and gear levers in 
running position. This azimuth is used to direct the 
movement only. The march is then started and held 
to the azimuth by the navigator who continually 
watches the compass. If the course changes more 
than 10°, the procedure should be repeated. It should 
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Figure 5-31. Compass navigation on foot. 
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take only a few minutes t-0 establish each new 
rt>ading. 

(2) Vehicular navigation using steering marks. 
Vehicular navigation is much simpler when steering 
marks are available. The steering mark is selected 
and no azimuth is needed during the movement. 
However, an azimuth is needed for plotting the 
course. This is obtained at each turn in the march by 
moving away from the magnetic influence of the 
vehicle to take the compass azimuth, as described 
above. 

g. The log (fig. 5-32) is essential for navigation by 
dead reckoning. It is a form on which all the dis­
tances and azimuth of a march are recorded. A series 
of columns are labeled in such a manner t.hat the data 
are complete. The distances are in miles and the azi­
muths are true azimuths for direct plotting purposes. 
If the means of measurement does not record in miles, 
another column is set up for the conversion. For ex­
ample, a measuring wheel records the number of 
revolutions it makes, and the number then has to be 
eonverted to miles for each course. Also, it might 
be preferable to plot grid azimuths rather than true 
azimuths, which would mean a different conversion 
factor after declination and deviation corrections are 
made. The last column is reserved for notes related 
to any particular course or courses. Such notes 
clarify the log at a later date. Often, relatively short 
stretches of a march cannot be traversed in a straight 
course because of some natural feature such as a 
river, or a steep and rugged slope. The break in the 
normal navigation procedure is shown on the log in 
order to assure a proper plotting. The sample log in 
figure 5-32 shows that the Wahoo River caused 4 
extra miles to be recorded on the odometer, 2 miles 
of which were lost in a false attempt to cross. These 
were noted for deduction from the course length by 
writing, "Cut 2 miles". The last course of the march, 
K-L, was continued after the river crossing. This 
might not be the case, and a new course would be 
desirable once the crossing has been made. If so, a 
separate odometer reading should be logged, both 
before and after the crossing. Also, if the crossing 
entails considerable linear distance, it should be 
entered as a separate course, with distance and 
azimuth to permit a more accurate plot. It may be 
necessary to estimate the distance and read an 
azimuth from the far side of the crossing area. In 
such a case, notes are made to clarify the operation 
and to account for the odometer mileage lost in its 
execution. 
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ODOMETER 
READING ~!STANCE FORWARD DECLINATION DEVIATION TRI.A: 
AT START IN AZIMUTH CORRECTION ~ORRECTION AZIMUT~ NOTES 
OF EACH MILES MAGNETIC) 
COURSE 

A4750 
6 17" +13" +3" 330 

14756 
9 358" " +2u 13° 

C 4765 
8 341U " +lu 355u 

04773 
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Figure 5-Sl. Sample log. 

h. The march may be plotted directly on the face 
of the map, or on a separate piece of paper at the 
same scale as the map. If the latter method is chosen, 
the complete plot can be transferred to the map 
sheet, provided that at least one point of the plot is 
also shown on the map. The actual plotting is done 
by protractor and scale. The degree of accuracy ob­
tained depends upon the quality of draftsmanship, 
the physical conditions, and the care taken in ob­
taining the data while en route. Figure 5-33 illus­
trates a separate paper plot of the data obtained for 
the log sample in figure 5-32. It should be noted that 
four of the courses from D to Hare short and have 
been plotted as a single course, equal to the sum of 
the four distances and using a mean azimuth of the 
four. This is recommended because it saves time, 
without a loss of accuracy. 

i. If at all possible, a plot should be tied into at 
least one known intermediate point along the route 
of march. This is done by directing the route to pass 
near or over such a point. If the plotted position of 
the intermediate point differs from its true known 
location, discard the previous plot and start anew 
from the known location. The previous plot may be 
inspected to see if there is a detectable constant error 
applicable to future plots; otherwise, it is of no 
further use. 
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j. Deliberate Offset. 
(1) An offset is a planned magnetic deviation to 

the right or left of an azimuth to an objective. It is 
used when approaching a linear feature from the 
side, and a point along the linear feature (such as a 
road junction) is the objective. Because of errors in 
the compass, or in mapreading, one may reach the 
linear feature and not know whether the objective 
lies to the right or left. A deliberate offset by a known 
number of degrees in a known direction compensates 
for possible errors and insures that upon reaching the 
linear feature, the user knows whether to go right or 
left to reach the objective. 

(2) Figure 5-34 shows an example of the use of 
offset to approach an objective. It should be remem­
bered that the distance from "x" to the objective will 
vary directly with the distance to be traveled and 
the number of degrees offset. Each degree off set will 
move the course about 17 meters to the right or left 
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Figure 5--88. Sample plot. 
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for each 1000 meters traveled. For example: in fig. 
5-34 the number of degrees offset is ten. If the dis­
tance traveled to "x'' is 1000 meters then "x" is lo­
cated about 170 meters to the right of the objective. 

k. Figure 5-35 shows an example of how to bypass 
enemy positions or obstacles by detouring around 
them and still stay oriented by moving at right angles 
for specified distances. For example, you are moving 
on an azimuth of 360° and wish to bypass an obstacle 
or position. Change direction to 90° and travel for 100 
meters, change direction back to 360° and travel for 
100 meters, change direction to 270° and travel for 
100 meters, then change direction to 360° and you 
are back on your originai azimuth . 

l. Bypassing an unexpected obstacle at night is a 
fairly simple matter. To make a 90° turn to the right, 
hold the compass as described in paragraph 5-6c; 
turn until the center of the luminous letter E is under 
the luminous line (do not change the setting of the 
luminous line). To make a 90° turn to the left, turn 
until the center of the luminous letter W is under the 
luminous line. This does not require changing the 
compass setting (bezel ring), and it insures accurate 
90° turns. For example, you decide to detour to the 
right. You turn until E is under the luminous line 
and proceed in that direction until you have out-
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Figure 5-84. Deliberate offset to objective. 
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100m 

Figure 5-85. Detour around enemy positions or obstacles. 

flanked the obstacle. You then turn until the north 
arrow is under the luminous line and proceed parallel 
to your original course until you have bypassed the 
obstacle. You then turn until the W is under the 
luminous line and move back the same distance you 
originally moved out. Finally, you turn until the 
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Figure 5-/16. Polar coordinates used to designate position on a map. 

north arrow is under the luminous line and proceed 
on your original course. This method works regard­
less of what your initial azimuth may be. 

5-14. Polar Coordinates 

Straight Line Azimuth. A point on the map may be 
determined or plotted from a known point by giving 
a direction and a distance along that direction line. 
This method of point location uses polar coordinates 
(fig. 5-36). The reference direction is normally ex­
pressed as an azimuth and the distance in any con­
venient unit of measurement such as meters or 
yards. Polar coordinates are especially useful in the 
field because magnetic azimuth can be determined 
from the compass and the distance can be estimated. 

5-15. Mapreading Aboard Aircraft 

a. Today where aircraft are used extensively in 
military operations, more and more personnel must 
be able to read maps and navigate from the air. The 
methods used are similar to those us£d in land navi­
gation, except that when in the air, the mapreader 
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must remain constantly oriented, both in position 
and direction, and must adjust his thinking to the 
faster rate of travel. 

b. Mapreading from an aircraft is easier than from 
the ground because the terrain features, when 
viewed from the air, more closely resemble the scale 
of those shown on the map, and because the reader 
views a much larger area and can therefore identify 
more landmark features to aid in orientation. On 
the other hand, however, the large amount of terrain 
detail visible may in itself be confusing unless the 
reader limits himself to specific features for orienta­
tion. The following steps should be followed in aerial 
missions which require mapreading: 

(1) Study the maps before the mission. Always 
consult with the pilot prior to departure. Make sure 
you can locate yourself on the map and are familiar 
with the route or routes to be followed and the mis­
sion to be acCOfi!.plished. In making a map study, 
select those terrain features you think will be most 
obvious from the air. Mark them on the map, and 
then study the map carefully so that you will be 

• 

• 
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familiar with the sequence and general locations in 
which you will see the feature later. 

(2) In an aircraft the pilot always knows his 
general position and the direction of travel. If there 
is an intercom system available, make use of it to 
consult with the crew whenever necessary. 

(3) Always sit facing the direction of travel and 
make sure you have a clear view of the terrain 
ahead. 

(4) Keep the map oriented in the direction of 
travel. On cross-country flights, it is often best to use 
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an air chart or the air version of the Joint Operations 
Graphic if available. A large-scale topographic map 
can then be used when in the area where reconnais­
sance or other mission is to be performed. 

(5) Follow the route on the map and know 
your location at all times. Where possible, use 
prominent terrain or topographic features for refer­
ence points and steering marks. 

(6) If you do become lost, consult immediately 
with the pilot or the crew to relocate yourself on the 
map . 
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CHAPTER 6 

ELEVATION AND RELIEF 

6-1. Introduction 
a. A knowledge of map symbols, grids, scale, and 

distance gives enough information to identify two 
points, locate them, measure between them, and 
determine how long it would take to travel between 
them. But what happens if there should be a 300-foot 
cliff between the two points? The map user must 
also become proficient in recognizing the various 
landforms and irregularities of the earth's surface 
and be able to determine the elevation and differ­
ences in height of all terrain features. 

(1) Datum plane. This is a reference from which 
vertical measurements are taken. The datum plane 
for most maps is mean or average sea level. 

(2) Ekvation. This is defined as the height 
(vertical distance) of an object above or below a 
datum plane. 

(3) Relief. Relief is the representation of the 
shape and height of landforms and the characteriza­
tion of the earth's surface. 

b. The elevation of points and the relief of an 
area affect the movement and deployment of units 
by limiting the route along which they may travel, 
their speed of movement, and the ease or difficulty 
of attacking or defending an area. Also affected are 
observation, fields of fire, cover, concealment, and 
the selection of key terrain features. 

6-2. Contour Lines 

a. There are several ways of indicating elevation 
and relief on maps. The most common way is by 
contour lines. A contour line is a line representing 
an imaginary line on the ground along which all 
points are at the same elevation. See paragraph 6-5 
for a discussion of shaded relief, layer tinting, form 
lines and hachures. 

b. Contour lines indicate a vertical distance 
above or below a datum plane. Starting at sea level, 
normally the zero contour, each contour line repre­
sents an elevation above sea level. The vertical 
distance between adjacent contour lines is known 

as the contour interval and the amount of the con­
tour interval is given in the marginal information. 
On most maps the contour lines are printed in brown. 
Starting at zero elevation, every fifth contour line 
is drawn with a heavier line. These are known as 
index contours and someplace along each index 
contour the line is broken and its elevation is given. 
The contour lines falling between index contours 
are called intermediate contours. They are drawn 
with a finer line than the index contours and usually 
do not have their elevations given. 

c. Using the contour lines on a map, the elevation 
of any point may be determined by-

(1) Finding the contour interval of the map 
from the marginal information, and noting both the 
amount and the unit of measure. 

(2) Finding the numbered contour line (or 
other given elevation) nearest the point for which 
the elevation is being sought. 

(3) Determining the direction of slope from 
the numbered contour line to the desired point. 

(4) Counting the number of contour lines that 
must be crossed to go from the numbered line to the 
desired point and noting the direction-up or down. 
The number of lines crossed multiplied by the con­
tour interval is the distance above or below the 
starting value. 

(a) If the desired point is on a contour line, 
its elevation is that of the contour. 

(b) For a point between contours, most 
military needs are satisfied by estimating the eleva­
tion to an accuracy of one half the contour interval. 
All points less than one-fourth the distance between 
the lines are considered to be at the same elevation 
as the line. All points one-fourth to three-fourths the 
distance from the lower line are considered to be at 
an elevation one-half the contour interval above 
the lower line (fig. 6-1). If a more precise determina­
tion of elevation is needed, or if the contours are 
very widely spaced, the elevation of the point may 
be interpolated to the accuracy desired. 
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Figure 6-1 . Estimating elemtions between contour lines 

(c) To estimate the elevation of the top of 
an unmarked hill, add half the contour interval to 
the elevation of the highest contour line around the 
hill. 

(d) To estimate the elevation of the bottom 
of a depression, subtract half the contour interval 
from the value of the lowest contour around the 
depression. 

d. On maps where the index and intermediate 
contour lines do not show the elevation and relief 
in as much detail as may be needed, supplementary 
contours may be used. These contour lines are 
dashed brown lines, usually at one-half the contour 
interval for the map. A note in the marginal informa­
tion indicates the interval used. They are used 
exactly as are the solid contour lines. 

- ---- • 

DOWN 

Figure 6-$. Uniform gentle Blope. 
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e. On some maps the contour lines may not meet 
the standards of accuracy as specified in paragraph 
1-12, but are sufficiently accurate in both value and 
interval to be shown as contours rather than as 
form lines (para 6-5b). In such cases, the contours 
are considered as approximate and are shown with 
a dashed symbol; elevation values are given at 
intervals along the heavier (index contour) dashed 
lines. The contour note in the map margin identifies 
them as approximate contours. 

f. In addition to the contour lines, bench marks 
and spot elevations are used to indicate points of 
known elevation on the map. Bench marks, the more 
accurate of the two, are symbolized by a black X, 
as X BM 124. The elevation value shown in black 
refers to the center of the X. Spot elevations shown 
in brown generally are located at road junctions, on 

Figure 6--3 . Uniform steep slope. 
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hilltops and other prominent landforms. The symbol 
A designates an accurate horizontal control point. 
When a bench mark and a horizontal control point 
are located at the same point, the symbol BMA is 
used. 

g. The spacing of the contour lines indicates the 
nature of the slope. 

(1) Contour lines evenly spaced and wide apart 
indicate a uniform, gentle slope (fig. 6-2). 

(2) Contour lines evenly spaced and close 
together indicate a uniform, steep slope. The closer 
the contour lines to each other, the steeper the slope 
(fig. 6-3). 

(3) Contour lines closely spaced at the top 
and widely spaced at the bottom indicate a concave 
slope (fig. 6-4). Considering relief only, an observer 
at the top of a concave slope can observe the entire 
slope and the terrain at the bottom. Conversely, a 
unit attacking up such a slope would have no cover 
or concealment from observers or weapons at or 
near the top; also, the farther up the slope, the more 
difficult is the climb. 

Figure 6-4. Concave slope. 
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(4) Contour lines widely spaced at the top and 
closely spaced at the bottom indicate a convex slope 
(fig. 6-5). An observer at the top of a convex slope 
has no observation of most of the slope or of the 
terrain at the bottom. Conversely, a unit attacking 
up such a slope has a much greater degree of cover 
and concealment than on a concave slope; also, 
the farther up the slope, the easier is the climb. 

DOWN 

Figure 6-5. Convez slope. 

h. In order to show the relationship of land 
formations to each other and how they would be 
symbolized on a contour map, stylized panoramic 
sketches of the major relief formations were drawn 
and a contour map of each sketch developed. Each 
of figures 6-6 through 6-12 shows a sketch and map 
with a different relief feature and its characteristic 
contour pattern. 

(1) Hill: A point or small area of high ground 
(fig. 6-6). When you are located on a hilltop, the 
ground slopes down in all directions. 
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(2) Vall,ey: A stream course which has at least 
a limited extent of reasonably level ground bordered 
on the sides by higher ground (a, fig. 6-7). The valley 
generally has maneuver room within its confines. 
Contours indicating a valley are U-shaped and tend 
to parallel a major stream before crossing it. The 
more gradual the fall of a stream, the farther each 
contour parallels it. The curve of the contour crossing 
always points up-stream. 

(3) Draw: A less-developed stream course in 
which there is essentially no level ground and there­
fore, little or no maneuver room within its confines 
(b, fig. 6--7). The ground slopes upward on each 
side and towards the head of the draw. Draws occur 
frequently along the sides of ridges, at right angles 
to the valleys between them. Contours indicating a 
draw are V-shaped, with the point of the "V" 
toward the head of the draw. 

Figure 6-6. Hill. 
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Figure 6-9. Saddle. 

(4) Ridge: A line of high ground, with normally 
minor variations along its crest (a, fig. 6-8). The 
ridge is not simply a line of hills ; all points of the 
ridge crest are appreciably higher than the ground 
on both sides of the ridge. 

(5) Spur: A usually short, continuously sloping 
line of higher ground normally jutting out from the 
side of a ridge (b, fig. 6-8). A spur is often formed 
by two roughly parallel streams cutting draws down 
the side of a ridge. 

(6) Saddle: A dip or low point a.long the crest 

of a ridge. A saddle is not necessarily the lower 
ground between two hilltops ; it may be simply a 
dip or break a.long an otherwise level ridge crest 
(fig. 6-9). 

(7) Depression: A low point or sinkhole, sur­
rounded on all sides by higher ground (fig. 6-10). 

(8) Cuts and fills: Man-made features by which 
the bed of a road or railroad is graded or leveled off 
by cutting through high areas (a, fig. 6-11) and 
filling in low areas (b, fig. 6-11) a.long the right-of­
way. 
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Figure 6-10. Depression. 
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Figure 6-11 . a. Cut. b. Fill. 

(9) Cliff: A vertical or near vertical slope (fig. 
6-12). When a slope is so steep that it cannot be 
shown at the contour interval without the contours 
coalescing, it is shown by a ticked "carrying" contour 
or contours. The ticks always point toward lower 
ground. 

6-3. Slope 

The rate of rise or fall of a ground form is known 
as its slope, and may be described as being steep or 
gentle. The question arises as to how steep or how 
gentle? The speed at which equipment. or personnel 
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Figure 6-1!. Cliff 

can move is affected by the slope of the ground. 
(Most equipment has a limit as to the steepness it 
can negotiate.) Because of this, a more exact way 
of describing a slope is demanded. Slope may be 
expressed in several ways, but all depend upon a 
comparison of vertical distance (VD) to horizontal 
distance (HD) (fig. 6-13). VD is the difference 
between the highest and lowest elevations of the 
slope and is determined from the contour lines. HD 
is the horizontal ground distance between the highest 
and the lowest elevations of the slope and is meas­
ured according to paragraph 4-3. The VD and HD 
must be expressed in the same units. Both measure­
ments must be made with extreme accuracy in 
order to have a valid determination of steepness. In 
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HD 

(HORIZONTAL DISTANCE) 

Figure 6-18. Slope diagram. 

(VERTICAL 
DISTANCE) 

addition, the computations normally are made for 
only the steepest part of a slope. 

a. One form of expression slope is as a gradient. 
The relationship between the horizontal and vertical 
distance is expressed as a fraction with a numerator 
of one (fig. 6-14). 

. VD 150 1 
Gradient=-=--=­

HD 3000 20 

b. A common expression of slope is as a percent 
(%) which indicates the number of vertical units of 
elevation to every hundred units of horizontal dis­
tance. Whenever a gradient or percent is used to 
express a slope, a plus or minus sign must be given to 
indicate whether the slope is rising or falling. In 
figure 6-15, the slope from A to B is approximately 
+5%, and the slope from B to A is approximately 
-5%. 

VD 
% Slope= HD X 100 

c. Slope may also be expressed in degrees, a unit of 

angular measure. Determine the value of ;~ in dec­

imal form. This will be the tangent of the slope angle. 

I 

~ 550 ■1t1n 
O O 0 ----3, ■1t1rs--• 

VD,. B-A • 150 METERS 

~ • io OR I METER OF RISE FOR 
' EVERY 20 METERS OF 

HORIZONTAL DIST~NCE 

Figure 6-14. Slope gradient. 
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Figure 6-15. Slo'J)6 expressed in 'J)6rcent (%). 

The slope angle can then be found in a table of 
trigonometric tangent functions. The approximate 
slope angle may be calculated by multiplying the 
gradient by 57.3. This method is reasonably ac­
curate for slope angles under 20° (fig. 6-16). 

6-4. Proflles 

a. The study of land forms from an examination 
of the contour lines is adequate for many purposes, 

B 
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Figure 6-16. Slo'J)6 expreased in degrees. 
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but when precision is demanded, a profile usually is 
required. A profile, within the scope and purpose of 
this manual, is an exaggerated side view of a portion 
of the earth's surface along a line between two points. 

b. A profile can be constructed from any contoured 
map as shown in figure 6-17. The construction of a 
profile requires the following steps: 

(1) Draw a line (profile line) on the map along 
the line for which a profile is desired. 

(2) Find the value of the highest and lowest 
contour lines that cross or touch the profile line. 
Add one contour value above the highest and one 
below the lowest to take care of hills and valleys. 

(3) On a blank sheet of paper draw equally 
spaced horizontal lines. Draw enough lines so that 
there will be one line representing each contour value 
as determined in (2) above . 

(4) Place the lined paper on the map with the 
lines adjacent and parallel to the profile line. 

(5) Number the line on the lined paper, closest 
to the profile line with the highest value determined 
in (2) above. 

(6) Number the rest of the lines in sequence 
down to the lowest value on the line farthest from 
the profile line. 

(7) From every point on the profile line where 
a contour line crosses or touches, drop a perpendicu­
lar to the line having the same value as the contour 
line. Place a tick mark where the perpendicular line 
crosses the line. 

(8) The highest point of hills and the lowest 
point of valleys will have to be determined by inter­
polation and then a perpendicular dropped to their 
interpolated value. 

(9) After all perpendiculal's have been dropped 
to the lined paper, connect all tick marks with a 
smooth, natural curve. Remember that hills and 
valleys are _usually rounded. Streams, however, tend 
to form a sharp V-shape or a U-shape . 

(10) The profile just drawn may be exaggerated. 
The spacing between the lines drawn in (3) above 
will determine the amount of exaggeration and may 
be varied to suit any purpose. 

c. When time is short, or when a complete profile 
is unnecessary, one may be constructed showing 
only the hill and ridge tops and, if desired, the 
valleys. This is called a hasty profile (fig. 6-18). It 
is constructed in the same manner as a full profile. 

d. Some practical uses of profiles: 
(1) Determining visibility (defilade) (fig. 6-19). 
(2) Plotting mask (hidden) areas (fig. 6-20). 
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Figure 6-17. Drawing a profile. 
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Figure 6-18. Drawing a ha&ty profile . 

Fioure 6-19. Defi},adefrom profile. 

(3) Planning for road and railroad construction. 
(4) Planning for pipeline construction. 
(5) Planning for earthmoving. 

6-5. Other Methods of Depicting Relief 

a. Layer Tinting. Layer tinting is a method of 
representing relief by color. A different color is used 
for each equal band of elevation. Each shade of 
color, or band, represents a definite elevation range. 
This system does not show exact elevations but 
simply indicates that the elevations are within the 
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Figure 6-it0. Plotting mask areas. 

elevation range which that color represents. Blue 
usually represents the sea. A legend is printed in 
the margin of the map to indicate the elevation 
range represented by each color. 

b. Form Lines. The form line is another means of 
portraying relief on a map. It is not a contour line 

6-14 

because it does not necessarily connect points of 
equal elevation and it is not measured from any base 
plane or datum. It gives only a general idea of relief 
and may be employed when accurate data are not 
obtainable. Form lines have no standard elevation, 
although an attempt is made to draw them parallel 
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souri-Kansas, 1:24,000, U.S.G.S. , Platte City, Tracy, 
Weston, 1961. 
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1 :250,000 - EDITION 1 

LAS VEGAS, ·NEVADA; ARIZONA; CALIFORNIA 
JOG (A) 1501 NJ 11-12 

UNITED STATES 

LEGEND 
POPULATED PLACES 7 o:: a:: 

1st LOS ANGELES 
2nd 

3rd 

4th . 

5th . . ..... . 
6th 
Londmorlc feature 

ROADS 
Dual Highways; Interstate route marker 

Hard surface, heavy duty 
More than two lanes wide . 

Two lanes wide; Federal route marker . 

Hord surface, medium duty 
More then two lanes wide • • 

T we lanes w ide; State route marker 
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GALVESTON 

. .. . Laramie 
Grand Coulee 

Sun Va l ley 

----Q)--
3 LANES~ 4 LANES 

·=0== 
3 t..ANES 14 L~NES 

.. -----'10'­
~ Improved light duty, , 

Dirt ' ...••• • • .• • .... =:;;::;= =-~---
Unimproved d irt 
Trail 

RAILROADS 
Normal gauge .. 
Narrow gouge 

BOUNDARIES 
International . 
State 
County; Parish 

Pork o r reservation. 

TERRAIN ELEVATIONS 

Single !rod Double track 
+---ii---++ 

HIGHEST elevation is .11918 feet located al 36°16'N, 115°42'W 
Spot elevation, normal, critical, ... • 000 . ..• 0000 
Horizontal control point 6, 

HYDROGRAPHY 
Depth cu,...,es in fathom 
Fells, Rapids 

Solt evoporotor 

Swam p or marsh 

Mangrove 
Reef; limil of danger 

R~ck,; Sunken, Awash 

Foresho re flat 

l evee 

VEGETATION 
Wood, · brushwoods . 

AERODROMES IMilitory or Civil! 

Field limits with runway pattern 

EDNA - Nome 

. I I 
EDNA/50/s 

. . 725 

50 - l eng th ol longest runway to nea rest hundreds o f feel 

s - Safi or unimproved surface 

725 - Ele·,at,an 
field limih , with runw ay pone rn unknown 

Field llmits unkno wn, wilh runway patte rn 

Field limits and runway pattern unknown 

SEAPLANE BASE . 

SEAPLANE !EMERGENCY! . 

HELIPORl . 

RADIO FACILITIES 
RNG 

.:© 
0 

_@) 
:t 
® 

RADIO RANGE lf/ Mf . 
. . rH·u11N1-._ 

RBn -D~ ~ 
-- ~ MULTIPLE RADIO FACILITIES. 

CONTROLLED AIRSPACE 
ATLANTIC ADIZ 

ADIZ 

VISUAL AIDS AND OBSTRUCTIONS 

Obstructio n 

-~-::::;:::::::-·~:::::·:::._._.:_._._: 

1108 A 
.. (259)/,\ 

1108 - Elevatio n o f obs1,·uction top, abo ve sea le"'el. 

(259)- Elevatio n of o bstruction top, above ground level. 

Group obstruction . . M 
Radio facility obstruction 8 
Power l ro nsmission line . .. -1-1-
Oceon stat io n vessel !Normal posi tion!. 

Visu.ol g ro und sign . 

......... 

.. [ill 
Aero light Morine light *• 

.------CAUTION ___ ~ 
AIR INFORMATION CU RREN T THROUGH 

3 MAY 1966 

Consul t N O TAMS ond USAF/ USN Flight lnfor­
motion Publico tions for lhe lo test oir info rmo ­
tion: the Chart Updoting Monuol for o ther cho rt 

revision 1nformot ion. 

HIGHESl TERRAIN elevation lor each 15 MINUTE QUADRANGLE ;, 
represen ted in THOUSANDS and HUNDREDS of foe 1. They are omitted 
w here re lief informatio n is ina dequate. A minus sign (-} following the 
figur~ indicates that the fig ure is based on an estima ted eleva tion. 
EXAMPLES: 
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to sea level and to space them according to the 
purpose of the map or sketch being prepared. Form 
lines are shown as dashed lines and are never labeled 
with representative elevations. 

c. Shaded Relief. Relief shading indicates relief by 
a shadow effect achieved by tone and color which 
results in darkening one side of hills, ridges, or 
mountains. The degree of slope is indicated by the 
density of shading. Shaded relief is sometimes used 
in conjUllction with contours to emphasize landforms. 

d. Hachures. Hachures are short boown lines used 
ro depict relief, both in conjunction with and inde­
pendent of contour lines. They do not represent 
exact elevations, but are used to show the gene:tal 
form and relative slopes of the land. They are pri­
marily used to show large rocky outcrop areas or 
heavily dissected terrain. This method of depicting 
relief is used extensively on small scale maps to 
show mountain ranges, plateaus, and individual 
peaks. A typical hachure map is illustrated in 6gure 
~21. 

FM 21-26 

ST. GEORGE HARBOR 

GI.OVER IS. tJ 
PRICKLY POINT 

Figure 6-fl. H achure map . 
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CHAPTER 7 

OVERLAYS 

7-1 . Description 

An overlay is a transparent or translucent medium 
upon which special military information has been 
plotted at the same scale of a map, photograph or 
other graphic. This information is used with the 
map, aerial photograph, or other graphic as a base 
of reference. When the overlay is superimposed 
over the base, the details on the overlay appear in 
their true position with respect to that base. 

7-2. Uses 

Overlays are used as displays of military operations; 
displays of enemy and friendly troop disposition; 
supplements to orders sent to the field to show detail 
that will aid in interpreting and understanding the 
orders; displays of communications network, etc. 
They are also used as annexes to reports made in 
the field to clarify matters that are difficult to ex­
plain clearly in writing. 

7-3. Preparation 

a. Map Overlay. There are three steps in the 
preparation of a map overlay: orientation of the 
overlay material, plotting and symbolization of the 
detail, and addition of the required marginal 
information . 

(1) Orientation. 
(a) Orient the overlay material over the 

map area to be annotated and, if possible, attach it 
to the map temporarily with tape. 

(b) Trace the grid intersections nearest the 
two opposite corners of the overlay and label each 
with the proper grid coordinates. These register 
marks show the receiver of. your overlay exactly 
where it fits on his map; without them the overlay 
is difficult to orient (fig. 7-1). 

(2) Plotting of new detail. 
(a) Colored pencils or markers in standard 

colors are used when available to plot any detail 
(para 3-2, FM 21-30). Otherwise, plot the positions 
of the activities or other information you wish to 
show with a pen or pencil that makes a lasting mark 
without cutting the overlay. Use standard topo­
graphic or military symbols where possible. Non­
standard symbols invented by the author must be 
identified in a legend on the overlay. Depending on 
the conditions under which the overlay is made, it 
may be advisable to plot the positions first on the 
map, then to trace them onto the overlay. Since the 
overlay is to be used as a supplement to orders or 
reports and the recipient will have an identical map, 
show only that detail with which the report is 
directly concerned. 

,, 
29 851----~~.....j 85 "t 

OVERLAY 

29 94 .__ _ ___, _ _, 

Figure 7-1. Registering the overlay. 

GRID 
REGISTER MARKS 

(b) If you have observed any topographic or 
cultural features that are not shown on the map, 
such as a new road or a destroyed bridge, plot their 
positions as accurately as possible on the overlay 
and mark with the standard topographic symbol. 

(c) If difficulty in seeing through the overlay 
material is encountered while plotting or tracing 

7-1 
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CLASSIFICATION 

CLASSIFICATION 

TITLE: Location of Minefield 
DATE & TIME OF INFORMATION : 

MAP REFERENCE 
Sheet Name: 
Sheet No : 
Map Series No : 
Scale : 

PREPARED BY 
Name & Rank : 
Organization : 
Date & Time : 

LEGEND 
1. 3 Arty pieces, size unk . cove ri ng 

minefield and approachs to the 
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CLASSIFICATION 

Figure 7-t. Map 01Jerlay with marginal information. 
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detail, lift the overlay from time to time to check 
orientation of information being added in reference 
to the base. 

(3) Marginal information (fig. 7-2). When all 
required detail has been plotted or traced on the 
overlay, the following information is printed as close 
to the lower right hand corner as detail permits: 

(a) Title and objedive. This tells the reader 
why the overlay was made and may also give the 
actual location. For example, "Road Reconnais­
sance" is not as specific as "Route 146 Road 
Reconnaissance.'' 

(b) Time and date. Any overlay should con­
tain the latest possible information. An overlay 
received in time is very valuable to the planning 
staff and may affect the entire situation; an overlay 
that has been delayed for any reason may be of little 
use. Therefore, the exact time the information was ob­
tained aids the receivers in determining its reliability 
and usefulness. 

(c) Map reference. The sheet name, sheet 
number, map series number, and scale must be in­
cluded. If the reader does not have the map used for 
the overlay, this provides the information necessary 
to obtain it. 

(d) Author. The name, rank and organization 
of the author, supplemented with a date and time of 
preparation of the overlay tells the reader if there 
was a time difference between when the information 
was obtained and when it was reported. 

(e) Legend. This is only necessary when non­
standard symbols are used. If it is necessary to in­
vent nonstandard symbols to show the required 
information, the legend must clarify what these 
symbols mean. 

( f) &curity classification. This must corre­
spond to the highest classification of either the map 
or the information placed on the overlay. If the 
information and map are unclassified, this shall be 
so stated. The location of the classification notes is 
shown in figure 7-2 and shall appear in all three 
locations as shown. 

(g) Additional information. Any other infor­
mation that amplifies the overlay shall also be in­
cluded, as briefly as possible. 

b. Aerial Photograph Overlay. Overlays of single 
aerial photographs are constructed and used in the 
same way as map overlays. The steps followed are 
essentially the same, with the following exceptions: 

(1) Orientation of overlay. The photograph nor-
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mally does not have grid lines to be used as register 
marks. The borders of the photograph limit the area 
of the overlay, so the fiducial marks or linear features 
are traced in place of grid register marks. Finally, 
to insure proper rotation of the overlay with respect 
to the photograph, indicate on the overlay the posi­
tion of the marginal data on the photo as seen 
through the overlay. 

(2) Marginal information. The marginal infor­
mation shown on photographs varies somewhat from 
that shown on maps. Overlays of photographs (fig. 
7-3) should show the following information: 

(a) North arrow. This may be obtained in 
two ways: (1) by comparison with a map of the 
area or (2) by orientation of the photograph by in­
spection. In the latter case a compass or expedient 
direction finder must be used to place the direction 
arrow on the overlay. Use the standard symbol to 
represent the actual north arrow used-grid, mag­
netic, or true north. 

(b) Title and objective. This tells the reader 
why the photo overlay was made and may also give 
the actual location. 

(c) Time and date. The exact time the informa­
tion was obtained is shown on a photo overlay just 
as on a map overlay. 

(d) Photo reference. The photo number, mis­
sion number, date of flight, and scale appears here 
or the information is traced in its actual location on 
the photograph. 

(e) Scale. The scale must be computed since 
it is not part of the marginal data. 

(f) Map reference. Reference is made to the 
sheet name, sheet number, series number, and scale 
of a map of the area, if one is available. 

(g) Author. The name, rank, and organiza­
tion of the author are shown, supplemented with a 
date and time of preparation of the overlay. 

(h) Legend. As with map overlays, this is 
only necessary when nonstandard symbols are used. 

(i) Security cfu.ssification. This must corre­
spond to the highest classification of either the photo­
graph or the information placed on the overlay. If 
the information and photograph are unclassified, 
this shall be so stated. The location of the classifica­
tion notes is shown in figure 7-3 and appears in all 
three places as shown. 

( j) Additional information. Any other infor­
mation that amplifies the overlay shall also be in­
cluded, as briefly as possible. 
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CHAPTER 8 

AERIAL PHOTOGRAPHS 

8-1. Description and Use 

An aerial photograph is any photograph taken from 
an airborne vehicle ·(aircraft, drones, balloons, satel­
lites, etc.). The aerial photograph has a wide range 
of uses in military operations; however, for the pur­
pose of this manual it will be considered primarily 
as a map supplement or map substitute. A topo­
graphic map may be obsolete because it was com­
piled many years ago. A recent aerial photograph 
shows any changes that have taken place since the 
map was compiled. For this reason, maps and aerial 
photographs supplement each other. The amount of 
information that can be gained by using the two to­
gether is greater than by using either alone. 

8-2. Comparison with Maps 

a. An aerial photograph has the following ad­
vantages over a map: 

(1) It provides a pictorial representation of the 
ground that no map can equal. 

(2) It is more readily obtained. The photograph 
may be in the hands of the user within a few hours 
after it is taken while a map may take months to 
prepare. 

(3) It may be made of areas that are inacces­
sible to ground troops for political or military 
reasons. 

(4) It shows military features that do not 
appear on maps. 

(5) It can provide a day-UKlay comparison of 
selected areas permitting evaluations to be made of 
enemy activity. 

(6) It provides a permanent and objective 
record of the day-to-day changes within the area. 

b. The aerial photograph has the following dis­
advantages as compared to a map: 

(1) Ground features are difficult to identify or 
categorize without symbols and are often obscured 
by other ground detail as, for example, buildings in 
wooded areas. 

(2) Position location and scale are only 
approximate. 

(3) Detailed variations in the landforms are not 
readily apparent without overlapping photography 
and a stereoscopic viewing instrument. 

(4) Because of a lack of contrasting colors and 
tone, a photograph is difficult to use in poor light. 

(5) It lacks marginal data. 
(6) It requires more training to use. 

Figure 8-1. Relationship of the vertical aerial photograph to 
the ground. 

8-3. Types of Photographs 

Aerial photography most commonly used by military 
personnel may be divided into two major types, the 
vertical and the oblique. Each type depends upon 
the altitude of the camera with respect to the earth's 
surface when the photograph is taken. 

a. Vertical. A vertical photograph is taken with 
the camera pointed straight down (fig. 8-1 and 8-2). 
Its primary uses are as a map supplement or map 
substitute, the making of new maps or the revision 
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Figure 8-f. Vertical photograph. 

of existing maps, and for intelligence. A vertical 
photograph has the following characteristics: 

(1) The lens axis is perpendicular to the surface 
of the earth. 

(2) It covers a relatively small area. 
(3) The shape of the ground area covered on a 

single vertical photo closely approximates a square 
or rectangle. 

8-2 

(4) Being a view from above it gives an un­
familiar view of the ground. 

(5) Distance and directions may approach the 
accuracy of maps if taken over fl.at terrain. 

(6) Relief is not readily apparent. 
b. Low Oblique. The low oblique is a photograph 

taken with the camera inclined approximately 30° 
from the vertical (fig. 8-3 and 8-4). It is used to 

• 
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study an area prior to attack, to substitute for a 
reconnaissance, to substitute for a map, or to 
supplement a map. A low oblique has the following 
characteristics: 

(1) It covers a relatively small area. 
(2) The ground area covered is a trapezoid, 

although the photo is square or rectangular. 
(3) The objects have a more familiar view, 

comparable to viewing from the top of a high hill or 
tall building. 

(4) No scale is applicable to the entire photo­
graph and distance cannot be measured. Parallel 
lines on the ground are not parallel on this photo­
graph, therefore direction (azimuth) cannot be 
measured. 

\ 
\ 

---··\ 
\ 
\ 

' \ 
\ 

\ 
\ 

Figure 8---3. Relatwnahip of low obliqu~ phowgraph to ground. 

(5) Relief is discernible but distorted. 
(6) It does not show the horizon. 

c. High Oblique. The high oblique is a photograph 
taken with the camera inclined approximately 60° 
from the vertical (fig. 8-5 and 8-6). It has a limited 
military application, being used primarily in the 
making of aeronautical charts; however, it may be 
the only photography available. A high oblique has 
the following characteristics: 

(1) It covers a very large area (not all usable). 
(2) The ground area covered is a trapezoid but 

the photograph is square or rectangular. 
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(3) The view varies from the very familiar to 
unfamiliar, depending on the height at which the 
photograph is taken. 

(4) Distanc€s and directions are not measured 
on this photograph for the same reasons that they 
are not measured on the low oblique. 

(5) Relief may be quite discernible, but dis­
torted as in any oblique view. Only in a high altitude 
high oblique is the relief not apparent. 

(6) The horizon is always visible. 
d. Trimetrogon (fig. 8-7). An assemblage of three 

photographs taken simultaneously, one vertical and 
two high obliques, in a direction at right angle to the 
line of flight. The obliques, taken at an angle of 60° 
from the vertical, sidelap the vertical photography, 
producing composites from horizon to horizon. 

e. MuUiple Lens. Multiple lens photography con­
sist.a of composite photographs taken with a camera 
having two or more lenses, or by an assembly of two 
or more cameras. The photographs are combinations 
of two, four, or eight obliques around a vertical. The 
obliques are rectified to permit assembly as verticals 
on a common plane. 

f. Convergent. Convergent photography is ob­
tained with a single twin-lens wide-angle camera, or 
with two single-lens wide-angle cameras coupled 
together rigidly in the same mount so that each 
camera axis converges when intentionally tilted 
a prescribed amount (usually 15° or 20°) from the 
vertical. Again the cameras are exposed simultane­
ously. For precision mapping the optical axes of the 
cameras are parallel to the line of flight, and for 
reconnaissance photography, the camera axes are 
at high angles to the line of flight. 

g. Panoramic. 
(1) The development and increasing use of 

panoramic photography in aerial reconnaissance has 
resulted from the need to cover in greater detail 
more and more areas of the world. In order to cover 
the large areas involved, and to resolve the desired 
ground detail, present-day reconnaissance systems 
must operate at extremely high resolution levels. 
Unfortunately, high-resolution levels and wide angu­
lar coverage are basically counteracting require­
ments. 

(2) A panoramic camera is a scanning type of 
camera which sweeps the terrain of interest from 
side to side across the direction of flight (fig. 8-8). 
This permits the panoramic camera to record a 
much wider area of ground than either frame or 
strip cameras. As in the case of the frame cameras, 
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Figure 8-4. Low oblique photograph. 

continuous cover is obtained by properly spaced ex­
posures, timed to give sufficient overlap between 
frames. Panoramic cameras are most advantageous 
for applications requiring the resolution of small 
ground detail from high altitudes. 

8-4. Types of Film 

a. Panchromatic. This is the same type of film 
that is used in the average hand-held small camera. 
It records the amount of light reflected from objects 
in tones of gray running from white to black. Most 
aerial photography is taken with panchromatic film. 

Figure 8-5. Relationship of high oblique phowgraph to ground. 
b. Infrared. This is a black and white film that is 

sensitive to infrared waves. It can be used to detect 

8-4 
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Figure 8~. High oblique phou,graph. 

artificial camouflage materials and can be used to 
take photographs at night if there is a source of 
inf rared radiation. 

c. Color. This film is the same as that used in the 
average hand-held camera. It is limited in its use 
because of the time required to process it and its 
need for bright, clear, sunny weather. 

d. Camouflage Detection. This film is a special 

type that records natural vegetation in a reddish 
color. When artificial camouflage materials are photo­
graphed they appear bluish or purplish. The name of 
this film indicates its primary use. 

8-5. Numbering and Titling Information 

a. Each aerial photograph contains in its margin 
valuable and important information for the photo 
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SHADED AREAS ARE 
THOSE COVERED BY 
THE ABOVE CAMER~ 
ARRANGEMENT 

Figure 8-7. Relationship of cameras to ground for trimetrogon 
photography (S cameras). 

user. The arrangement, type, and amount of this 
information is standardized; however, the rapid de­
velopment of camera, film, and aeronautical tech­
nology since World War II has caused numerous 
changes in the numbering and titling of aerial photo­
graphs. As a result, the photo user may find that 
the marginal information on older photography 
varies somewhat from the standard current practice. 
With certain camera systems, some of the data is 
automatically recorded on each exposure, while other 
systems require that all titling data be added to the 

0

film after processing. 
b. Standard titling data for aerial photography 

prepared for the use of the Department of Defense 
are listed in c below. 

(1) For reconnaissance and charting photog­
raphy, items 2 through 14 and item 19 are lettered 
on the beginning and end of each roll of film. Items 
1 through 9 and item 19 are lettered on each 
exposure. 

(2) For surveying and mapping photography, 
items 2 through 19 are lettered on the beginning and 
end of each roll of film, and items 1, 2, 3, 5, 6, 7, 8, 
9, 13, and 19 are lettered on each exposure. 

c. Titling items and sequence: 
(1) Negative number 
(2) Camera position 

1-6 

(3) Taking unit 
(4) Service 
(5) Sortie/mission number 
(6) Date (followed by a double hyphen ( =)) 
(7) Time group and zone letter (GMT) 
(8) Focal length 
(9) Altitude 

(10) Kind of photography or imagery 
(11) Geographic coordinates 
(12) Descriptive title 
(13) Project number and/or name 
(14) Camera type and serial number 
(15) Cone serial number (if any) 
(16) Lens type and serial number 
(17) Magazine type and serial number 
(18) Type of photographic filter used 
(19) Security classification 

'- --\ -- - - - - - - --- --
I 
L.- .. -- --------------
r- ... _ --- -- - - - --

L -- - - - - - - ---- ---

----­L- - __.. 
r ... 
I --- - --

' -- - -L--- - - ------ ;J 

DIRECTION OF 
FLIGHT 

---

Figure 8-8. Ground roverage obtained with paooromic camera. 
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Fivure 8-9. Selection of poima /qr scale detennination. 

d. Automatically recorded data may differ some­
what in arrangement from the sequence listed above, 
but the same information is available to the photo 
user. A detailed explanation of the titling items and 
the codes used to indicate them may be found in 
TM 5-243. 

8-6. Scale Determination 

Before a photograph can be used as a map supple­
ment or substitute, it is necessary to know its scale. 
On a map, the scale is printed as a representative 
fraction (RF) which expresses the ratio of map dis-
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SCALE = FOCAL LEN!fIH 
FLIGHT ALTITIIDE-AVERAGERRAIN ELEVATION 

FLIGHT Al TITUDE 

GROUND LEVEL 

AVERAGE TERRAIN ELEVATION 
SEA LEVEL 

Figure 8-10. Computation of scale from terrain let>el. 

ta.nee (MD) to ground distance (GD), RF= :z. On a 

photograph, the scale is also expressed as a ratio, but 
it is the ratio of the photo distance (PD) to ground 

distance, RF=~~- The approximate or average 

scale (RF) of a vertical aerial photograph is deter­
mined by either of two methods, the comparison 
method or the focal l,ength- flight altitude method. 

a. Comparison Method. The scale of a vertical 
aerial photograph is determined by a comparison 
of a measured distance between two points on the 
photograph with the measured ground distance be­
tween the same two points. 

Scale (RF) = Photo Distance 
Ground Distance 

The ground distance is determined by actual meas­
urement on the ground or by the use of the scale 
on a map of the same area (para 4-2). The points 
selected on the photograph must be identifiable on 
the ground or map of the same area and should be 
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spaced in such a manner that a line connecting 
them will pass through or nearly through the center 
of the photograph (fig. 8-9). 
Example: 

Photo distance= 8 centimeters 

Ground distance= 2 kilometers 

8cm 8 
=---

2 kmX 100,000 (cm in 1 km) 200,000' 

or RF= I : 25,000 

b. Focal Length-Flight Altitude Method. When the 
marginal information of a photograph includes the 
focal length and the flight altitude, the scale of the 
photo is determined using the formula (fig. 8-10): 

Scale (RF) 

f (focal length) 
= -------=---'-----=---=-- ------

H (flight altitude)-h (average ground elevation) 

Example: 

f = 611 (inches) or 15.2 (centimeters) 

H = 10,000' (feet) or 3,048 (meters) 

h=850' (feet) or 259.08 (meters) 

With metric measurements: 

1~2 15~ 1 
(3,048-259.08) X 100 = 278,900 = 18,300 (approx) 

or 1: 18,300 

With English measurements: 

.5' .5 1 
---- - = - - = --
10,000' -850' 9150 18,300 

When the ground elevation is at sea level, (fig. 8-11) 
h becomes zero, and the formula becomes: 

S I (RF)= f (focal length) 
ca e H (flight altitude) 

.. 
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Figure 8-11. Baaic computation of BCGle from sea level. 

a. When aerial photos are taken of an area, it is 
convenient to have a record of the extent of coverage 
of each photo. A map on which the area covered by 
each photo is outlined and numbered or indexed to 
correspond to the photo, is called an index map. 
There are two methods of preparing index maps. 

PHOTO 

6YY 

Fifure 8-11. Four corner method (,election oJ pointt). 
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(1) Four corner method. This method (fig. 8-12 
and 8-13) requires location on the map of the exact 
point corresponding to each corner of the photo. If 
a recognizable object such as a house or road junc­
tien can be found exactly at one of the corners, this 
point may be used on the map as the corner of the 
photo. If recognizable objects cannot be located at 
the corners, then _the edges of the photo should be 
outlined on the map by lining · up two or more 
identifiable objects a.10111 each edge; the points 
where the edges intersect should be the exact 
comers of the photo. If the photo is not · a perfect 

. vertical, the area outlined on the map will not be a 
perfect square or rectangle. After the four sides are 
drawn on the map, the · number of the photograph 
is written in the inclosed area f-0r identification. 
This number should be placed. in the same corner as 
it is on the photo: 

(2) Templ.ate method. The template method is 
used when a large number of photos are to be in­
dexed·, and the exact area covered by each is not as 
important as approximate area and location. In this 
c8S€ a template~ardbo&rd pattern or guide-is 
cut to fit the· average area the photos cover on the 
index map, and is used to outline the individual area 
covered by each photo. To construct a template, 
find the average map dimensions covered by the 
photos to be indexed as follows: Multiply the_ aver-

MAP---.._ 

o. SELECT POINTS OH MAP 
b. CONNECT MAAKS 
c. ADD PHQTO HUMIU 

Figure 8-18. PloUing, wing theJO'Ur corner method. 
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age length of the photos by the denominator of the 
average scale of the photos, and multiply this by 
the scale of the map. Do the same for the width of 
the photos. This gives the average length and width 
of the area each photo covers on the ma~r the 
size to which the template should be cut. 
Example: 

Size of photo= 17.8X22.9 centimeters 

Scale of photo= 1: 20,000 

Scale of map= 1: 50,000 

1 
Length=22.9X20,000X 

501000 

45.8 
= 5 = 9.1 centimeters 

1 
Width= 17.8X20,000X--

50,000 

35.6 . 
= 5 =7.12 centimeters 

To index the map: Select the general area covered 
by the first photo, and orient the photo to the map. 
Place the template over the area on the map and 
adjust it until it covers the area as completely and 
accurately as possible. Draw lines around the edges 
of the template. Remove the rectangle, and proceed 
to the next photo (fig. 8-14). 

b. After all photos have been plotted, write on 
the map sufficient information to identify the mis­
sion or sortie. If more than one sortie is plotted on 
one map or overlay, it is recommended that a differ­
ent color for each sortie be used. 

c. In most cases when a unit orders aerial photog­
raphy, an index is included to give the basic infor­
mation outlined in a above. Instead of being an­
notated on a map of the area, it appears on an over­
lay and is keyed to a map. 

8-8. Orientation of Photograph 

The orientation of the photograph is important be­
cause it is of very little value as a map supplement 
or substitute if its location and direction are not 
known by the user. 

a. If a map of the same area as the photograph is 
available, the photograph is oriented to the map by 
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comparing features common to both and then trans­
ferring a direction line from the map to the 
photograph. 

b. If no map is available, the shadows on a photo­
graph may be used to get an approximate true-north 
line. This method is not recommended in the torrid 
zone. 

(1) North temperate zone. The sun moves from 
the east in the morning through south at noon to 
west in the afternoon. Conversely, shadow fall 
varies from west through north to east. Before noon, 
therefore, north is to the right of the direction of 
shadow fall; at noon, north is the direction of shadow 
fall; and after noon, north is to the left of shadow 
fall. On an average, the amount of variation in 
shadow fall per hour is 15°. From marginal informa­
tion, determine the number of hours from noon that 
the photo was taken, and multiply that number by 
15°. With a protractor, measure an angle of that 
amount in the proper direction (right to left) from 
a clear, distinct shadow, and north is obtained. For 
photographs taken within 3 hours of noon, a rea­
sonably accurate north direction can be obtained. 
Beyond these limits, the 15° must be corrected, de­
pending on time of year and latitude. 

(2) South temperate zone. The sun moves from 
east through north at noon, to west. Shadows then 
vary from west through south to east. Before noon, 
south is to the left of shadow fall; at noon, south is 
shadow fall; and after noon, south is to the right of 
shadow fall. Proceed as in (1) above to determine 
the direction of south. 

c. On a photograph that can be oriented to the 
surrounding ground features by inspection, a mag­
netic north line can be established using a compass. 

(1) Orient the photograph by inspection. 
(2) Open the compass and place it on the 

photograph. 
(3) Without moving the photograph, rotate the 

compass until the north arrow is under the stationary 
black line. 

(4) Draw a line along the straight edge of the 
compass. This is a magnetic north line. 

8-9. The Point Designation Grid 

a. Since aerial photographs are seldom exactly 
the same scale as a map of the same area, it is not 
feasible to print military grids upon them. A special 
grid is used for the designation of points on photo­
graphs (fig. 8-15). This grid, known as the point 

• 
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Figure 8-14. Indexing with a template. 

designatwn grid, has no relation to the scale of the 
photo, to any direction, or to the grid used on any 
other photograph or map. It has only one purpose, 
to designate points on photographs. 

b. The point designation grid is rarely printed on 
photographs; therefore, it becomes the responsibility 
of each user to construct the grid on the photograph. 
All users must construct the grid in exactly the same 
way. Before the grid can be constructed or used, the 
photograph must be held so that the marginal in­
formation, regardless of where it is located, is in the 
normal reading position (step (1), fig. 8-16). 

(1) Draw lines across the photograph joining 
opposite reference marks at the center of each 

photograph (fiducial marks). If there are no fiducial 
marks, the center of each side of the photograph is 
assumed to be the location of the marks (step (2), 
fig. 8-16). 

(2) Space grid lines, starting with the center­
line, 4 cm. or 1.575 inches apart (a distance equal 
to 1,000 meters at a scale of 1: 25,000) . The 1: 25,000 
map coordinate scale can be used for this dimension 
and to accurately designate points on the photo­
graph, but this does not mean that distance can be 
scaled from the photograph. Extend the grid pa.st 
the margins of the photograph so that a horizontal 
and vertical grid line fall outside the picture area 
(step (3), fig. 8-16). 
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MARGINAL INFORMATION IN TffE NORMAL READING POSITION 

AUTOMATICALLY RECORDED DATA 

Figure 8-15. Point designation grid. 

(3) Number each centerline "50" and give nu­
merical values to the remaining horizontal and 
vertical lines so that they increase to the right and 
up (step (4), fig. 8-16). 

c. The point designation grid is used, once the 
photograph is oriented, in the same manner as the 
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grid on a map (fig. 8-17), READ RIGHT-UP. The 
coordinate scale used with the UTM grid on maps 
at the scale of l : 25,000 may be used to subdivide 
the grid square in the same manner as on a map. 
However, because the same point designation grid 
is used on all photographs, the coordinates of a 
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Figure 8-18. Construction of point designation grid. 

point on the. photograph must be prefixed by the 
identifying marginal information of the photograph. 

d. A grid coordinate using the point designation 
grid consists of three parts-

(1) The letters "PDG" to indicate an aerial 
photograph rather than a map grid coordinate. 

(2) The mission and photo negative number to 
identify which photograph is being used. 

(3) The six numerical digits to locate the actual 
point on the photograph. 
Example: (fig. 8-15). 

(1) 
PDG 

(2) 
1373MC~M97-51 

(3) 
485511 

8-10. Identification of Features on a 
Photograph 

a. The identification of features on a photograph 
is not difficult if certain facts are remembered. These 
a.re--

(1) Unfamiliar view. The view that is presented 
by the aerial photograph is from above and as a. 
result objects do not look familiar. 

(2) Reduction in size. Objects greatly reduced 
in size appear distorted. 

fM 21-» 

(3) Lack of c&or. Most ~rial photography is 
black and white and all colors appear on the photo­
graph in shades of gray. Generally speaking, the 
darker the natural color, the_ d111rker it will appear 
on the photograph. 

b. The identification of features on aerial phato­
graphs depends upon a carefuf a,pli<mtion of five 
factors of recognition. No one facter by itself will 
give a positive identification. It requi,es the use of 
all five. ' • 

(l) Size. The size of unknOWD objects on a 
photograph as determined from tae scale of the 
photograph or a comparison with knewn ohjects ·of 
known size gi.ves a clue to tlleir identity. For ex­
ample, in a buil~up area the smaller buildings are 
usually dwellings and the_ ltuger buildings, ~­
mercial or community buildings. 

(2) Shape tpattern). Many features possess 
characteristic shapes which reMlily identif-y the 
features. Manmade featUl'eS appear as straight or 
smooth curved lines, while nat11Fal features USttally 
appear to be irregular. Some of the most prominent 
manmade features are highways, :wll'oads, bridges, 
canals, and buildings. Compare the regular shapes 
of these to the irregular shapes of such natural 
features as streams and timber lines. • 

(3) Shadows. Shadows are very helpful in 
identifying features since they show the familiar 
side view of the object. Some excellent examples are 
the shadows of water towers or smoke stacks. As 
viewed directly from above, only a ~ circle or 
dot is seen, whereas the shadow shows the pt'Ofile 
and helps to identify t.i, object. Relative 1~ of 

MMGINAL IHfORMA TION 
4 119 50 . 51 52 

53 .-----.-----r---.---

.. .__ _ _.,_ __ _.___,--,'"--___,.,__, .. 50 51 52 

THIRD 

READ NUMBER 51 
l:Ml:LING 
THIS LINE 

LAST 

ESTIMATE 
IIETWEEN LINE 
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Rl:FERENCE, 
MARGINAL INfOIIMA TION 

Figure 8-17. Reading point designation grid coordinates. 
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Figure 8-18. Photographic overlap. 

shadows also usually give a good indication of rela­
tive heights of objects. 

(4) Shade (tone or texture). Of the many differ­
ent types of photographic film in use today, the film 
used for most aerial photography, except for special 
purposes, is panchromatic film. Panchromatic film 
is sensitive to all the colors of the spectrum; it 
registers them as shades of gray, ranging from white 
to black. This lighter or darker shade of features on 
aerial photographs is known as the tone. The tone 
is also dependent on the roughness, or texture, of 
the features; a paved highway has a smooth texture 
and produces an even tone on the photograph, while 
a recently plowed field or a marsh w a rough, 
choppy texture and results in a rough or grainy 
tone. It is also important to remember that similar 
features may have different tones on different 
photographs, depending on the reflection of sunlight. 
For example, a river or body of water appears light 
if it is reflecting sunlight directly toward the nmera, 
but. appears dark otherwise. Its texture may be 
smooth· or rough depending on the surface of the 
water itself. As long as the variables are kept in 
mind, tone and texture may be used to great 
advantage. 

(5) Surrounding objects. Quite often an object 
not easily recognized by itself may be identified by 
its relative position to surrounding objects. ~ 
buildings located beside railroads or railroad sidi,l~ 
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are usually factories or warehouses. Schools may be 
identified by the baseball or football fields. It would 
be hard to tell the difference between a water tower 
next to a railroad station and a silo next to a barn, 
unless the surrounding objects such as the railroad 
tracks or cultivated fields were considered. 

c. Before a vertical photograph can be studied or 
used for identification of features, it must be oriented. 
This orientation is different from the orientation re­
quired for the construction or use of the point desig­
nation grid. The orientation for study consists of 

. rotating the photograph so that the shadows on the 
photograph point toward yourself. You then face a 
source of light. This orientation has placed the 
source of light, an object, and its shadow in a nat­
ural relationship. Failure to orient a photograph 
properly may cause the height or depth of an object 
to appear reversed. For example, a mine or quarry 
may appear to be a hill instead of a depression. 

1-1 1. Stereovision 
a. One of the limitations of the vertical aerial 

photograph is the lack of apparent relief. Stereoscopic 
vision, or as it is more commonly known, stereovision 
or depth perception, i~ the ability to see three-dimen­
sionally or to Sff length, width, and depth (distance) 
at the same time. This requires two views of a single 
object from two slightly different positions. Most in­
diviciuals have the ability to see three-dimensionally. 

• 
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Figure 8-19. Side lap. 
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Figure 8-!0. Pocket atereoacope. 

• 

Figure 8-!1. MirrM sureoacope. 
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Figure 8-22. Stereopair. 8-17 
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Figure 8-feS. Photographs overlap-ped. 

Whenever an object is viewed, it is seen twice--once 
with the left eye and once with the right eye. The 
fusion or blending together of these two images in 
the brain permits the judgment of depth or distance. 

b. In taking aerial photographs, it is rare for 
only a single picture to be taken. Generally, the air­
craft flies over the area to be photographed taking a 
series of pictures, each of which overlaps the photo­
graph preceding it and the photograph following it 
so that an unbroken coverage of the area is obtained 
(fig. 8-18). The amount of overlap is usually 56 per­
cent which means that 56 percent of the ground 
detail api:;earing on one photo also appears on the 
next photograph. When a single flight does not give 
the necessary coverage of an area, additional flights 
must be made. These additional flights are parallel 
to the first and must have an overlap between them. 
This overlap between flights is known as side lap 
and usually is between 15 and 20 percent (fig. 8-!9). 

8-18 

c. The requirement for stereovision, i.e., seeing 
two views of an object from two slightly different 
places, can be satisfied by overlapping photographs 
if one eye sees the object on one photograph and the 
other eye sees the same object on another photo­
graph. While this can be done after practice with 
the eyes alone, it is much easier if an optical aid is 
used. These optical aids are known as stereoscopes. 
There are many types of stereoscopes, but only the 
two most commonly used are discussed in this 
manual. 

(1) Pocket stereoscope. The pocket stereoscope 
(fig. 8-20), sometimes known as a lens stereoscope, 
consists of two magnifying lenses mounted in a 
metal frame. Because of its simplicity and ease of 
carrying, it is the type used most frequently by 
military personnel. 

(2) Mirror stereoscope. The mirror stereoscope 
(fig. 8-21) is larger, heavier, and more subject to 

• 
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Figure 8-!4. Placement of stereoscope. 

damage than the pocket stereoscope. It consists of 
four mirrors mounted in a metal frame. 

d. A method to orient a pair of aerial photographs 
for best three-dimensional viewing is outlined below: 

(1) Arrange the selected pair of photos in such 
a way that the shadows on them generally appear to 
fall toward the viewer. It is also desirable that the 
light source during the study of the photography 
enters the side away from the observer (fig. 8-22). 

(2) Place the pair of photographs on a flat sur­
face so that the detail on one photograph is directly 
over the same detail on the other photograph (fig. 
8-23). 

(3) Place the stereoscope over the photographs 
so that the left lens is over the left photograph and 
the right lens over the right photograph (fig. 8-24). 

(4) Separate the photographs, along the line 
of flight, until a piece of detail appearing in the over-

lap area of the left photograph is directly under the 
left lens and the same piece of detail on the right 
photo is directly under the right lens. 

(5) With the photograph and stereoscope in 
this position, a three-dimensional image should be 
seen. A few minor adjustments may be necessary, 
such as adjusting the aerial photographs or the 
stereoscope to obtain the correct position for your 
eyes. The hills appear to rise and the valleys sink so 
that there is the impression of being in an aircraft 
looking down at the ground. 

e. The identification of f~tures on photographs 
is much easier and more accurate with this three­
dimensional view. The same five· factors of recogni­
tion, Bize, shape, shadow, tone, and surrounding ob­
jects, must still be applied, but now, with the addi­
tion of relief, a more natural view is seen. 

8-19 
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CHAPTER 9 

MOSAICS AND PHOTOMAPS 

9-1 . Mosaics 

a. Charaderistics. A mosaic of aerial photographs 
is an assemblage of as many aerial photographs as 
may be required to cover the area concerned. 
Mosaics are usually assembled to form a pictorial 
representation of the planimetry of an area only. 
Elevations are usually not represented although 
mosaics may be contoured or formlined if desired. 

b. Types. Aerial mosaics are of three general types. 
(1) Uncontrolled mosaic. An assembly of two or 

more overlapping vertical photographs assembled 
only by matching photographic detail without the 
aid of ground control. Such a mosaic gives a good 
pictorial effect of the ground but may contain 
serious errors of scale and azimuth inherent in the 
photographs themselves. A strip mosaic is formed 
by a series of vertical photographs taken in a single 
flight. 

(2) Semicontrolled mosaic. This is a mosaic 
which is laid to limited ground control, augmented 
by radial line or slotted templet positions. In both 
uncontrolled and semicontrolled mosaics, contact 
prints of the aerial negatives are used. 

(3) Controlled mosaic. A controlled mosaic is 
one which is laid to ground control, augmented by 
radial line or slotted templet positions. It differs from 
semicontrolled mosaics in that the photographs used 
are rectified; that is, corrected in projection to bring 
them to the same scale and to restore them to the 
vertical view by restitution printing. This operation 
insures a degree of accuracy comparable to a plani­
metric line map complied by radial line methods. 
Although the inherent distortions in the aerial 
photograph cannot be entirely eliminated even in 
the most precisely assembled controlled mosaic, 
they may be lessened by proper procedures and 
techniques. However, errors in image position caused 
by relief of terrain are not removed in a controlled 
mosaic. 

(4) Orthophotomosaic. An assembly of ortho-

photographs forming a uniform-scale mosaic. An 
orthophotograph is a photographic copy, prepared 
from a perspective photograph, in which displace­
ments of images because of tilt and relief have been 
removed. 

9-2. Photomaps 
a. A photomap is a reproduction of a photograph 

or mosaic upon which grid lines, marginal data, place 
names and other overprint information have been 
added. A single vertical photograph with a point­
designation grid could be considered a photomap. 
Normally, however, the military photomap is a 
map-size reproduction of a controlled mosaic. As a 
map substitute, it is reproduced in quantity and is 
printed on a press using standard map paper. The 
addition of a grid transforms a mosaic into a photo­
map and this gives it the same properties of point 
designation contained in a gridded map. The grid 
used on the photomap is the UTM map grid. A 
photomap made from an uncontrolled mosaic gives a 
good picture of the terrain and can be prepared 
quickly, although it will have errors in scale and 
direction. A photomap made from a controlled 
mosaic takes much longer to prepare, but it can be 
scaled approximately. The actual preparation of a 
mosaic and photomap is detailed in TM 5-240. On 
the back of the Leavenworth map in thi~ manual is a 
photomap (fig. E--4). Photomaps are not usually 
printed on the back of maps but for convenience 
within the purpose of this manual it has been done. 

b. On a standard photomap, the grid, scale, and 
directions are used in the same manner as on a map. 
However, the identification of features is the same 
as on a single photograph. 

c. Some photomaps, in addition to the names 
and grid data, have the major cultural and drainage 
features added in color. These color-intensified photo­
maps show the manmade features in red, and the 
drainage features in blue as on a standard topo­
graphic map. 

9-1 



FM 21-26 

d. The photomap has two uses, as a map sub­
stitute and as a map supplement. 

(1) Map substitute. For those areas of the world 
where no niap coverage exists, a photomap may be 
the sole source of information and as such is used as 
a map. If the photomap is to be used for the location 
of positions or the determination of distance and 
directions, it must be examined to find whether it is 
controlled or uncontrolled to determine its accuracy. 

(2) Map supplement. When a photomap is used 
as a map supplement, it adds to the information of 
the map; the map and photomap must be used 
together. Usually the map is used for accurate 
measurements and the photomap for up-to-date 
detail. 

9-3. Pictomap 
A pictomap (fig. E-2) is a refinement of the photo­
map on which the tones and imagery of a pho­
tomosaic are converted into colors and symbols. 

9-2 

Three tones are extracted from the mosaic photo­
graphically, and printed in color. Drafted symbols 
and names data are also added in color. 

a. The pictomap is processed photographically 
and yields three tones-

( I) Landtone (buff) for uncovered land. 
(2) Vegetone (green) for vegetation of one form 

or another. 
(3) Shadowtone (black-green) for darker shades 

and shadows. 
b. Many roads and buildings may appear in white, 

buff, or red, depending on the size and importance of 
the building and the scale of the pictomap. 

c. Main roads, some buildings, certain linear 
features, and control information are overprinted in 
red. 

d. Names, grids, boundaries, marginal data, rail­
roads, contour lines, and hydrographic data are 
overprinted in black. 

e. Drainage symbols are overprinted in blue. 

• 
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CHAPTER 10 

FIELD SKETCHING 

10-1. Introduction 

a. A sketch is a large-scale, free-hand drawn map 
or picture of an area or route of travel, showing 
enough detail and having enough accuracy to satisfy 
special tactical or administrative requirements. 
Sketches are useful when maps are not available or 
the existing maps are not adequate, or to illustrate a 
reconnaissance or patrol report. 

b. Sketches may vary from hasty to complete and 
detailed, depending upon the time element, the ac­
curacy required, the situation, climate conditions, 
skill of the sketcher, and the area. In addition, . the 
degree of accuracy will vary with the purpose of the 
sketch. For example, a sketch of a large minefield 
must be related as closely as , possible to points of 
ground control. On the other hand, a small unit 
commander who wishes to draw a quick sketch of 
his defensive positions to check their placement and 
coverage is not concerned with control networks 
and datums. He has solved his control problem if he 
has shown on his sketch at least one well-defined 
feature on the ground. 

c. There are two types of sketches-the military 
and the panoramic. The former is the vertical view 
of the ground; the latter an oblique view of the 
ground. 

10-2. Military Sketches 

Military sketches include road and area sketches. 
a. Road Sketches. Road sketches show the natural 

and military features on and in the immediate 
vicinity of the road. In general, the width of the 
terrain sketches will not exceed 365 meters on each 
side of the road, though in special cases it may be as 
great as 550 meters (fig. 10-1). 

b. Area Sketches. 
(1) A position sketch is one of a military posi­

tion, camp site, or other area of ground, made by a 
sketcher who has access to all parts of the area 
sketched (fig. 10-2). 

(2) An outpost sketch, as its name indicates, 
shows the military features of ground along a 
friendly outpost line and as far toward the hostile 
position as may be sketched from the rear of and 
along the line of observation. 

(3) A place sketch is one of an area made by a 
sketcher from a single point of observation. Such a 
sketch may cover ground in front of an outpost 
line, or it may serve to extend a position or road 
sketch toward the enemy from the farthest point 
which can be reached by the sketcher. 

(4) An inditridual sketch is a sketch of an area 
mapped by one party; that is, by one s~etcher and 
his assistants. 

(5) A combined sketch is a sketch formed by 
joining . sketches which are the work of several 
parties. 

c. Scale of Sketches. The scale of a sketch is deter­
mined by the object in view and the amount of de­
tail required to be shown. The latter is often gov­
erned by the size of the unit concerned. Thus, a 
sketch of a defensive position or a camp site for a 
platoon or a company will, in general, call for a sketch 
of larger scale than a sketch for the same purpose for 
a division. The standard scales of military sketches, 
together with the usual contour intervals and the 
general uses to which they are applied, are shown in 
table 10-1. 

d. Sketching Equipment (fig. 10-3) . 
(1) The equipment provided for sketching is 

packed in a case and contains the following items: 
(a) Alida.de, triangular. The sketching alidade 

is a triangular scale with white faces, 8½ inches long 
and ½ inch wide. It furnishes a well-defined sighting 
line, normally used in determining the direction lines 
of points to be plotted during the construction of a 
sketch. On one face it carries, for use on sketches of 
1: 5,000, 1: 10,000 and 1: 20,000 scale, a scale of 
yards and a scale which indicates differences in eleva­
tion in feet for a 1 percent slope. (A new alidade 
having metric measurements is entering the system. 

10-1 
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ELEVATION PACES CLINOMETER 
FORE BACK 

34 
34 72 0 0 
34 140 0 0 
33 20 -1/2 -1/2 
33 84 0 0 
37.1 41 +I -I 
37.1 69 0 0 
27 .2 99 -I +I 
20.9 42 - I 1/2 + 11/2 
27. 8 69 +I -I 
39.2 57 +2 -2 
50.9 78 + I 1/2 -11/2 
81. I 67 +41/2 -41/2 
99. I 30 +6 -6 
78. I 60 -3 1/2 +31/2 
75.5 26 -I +I 
52.3 93 -21/2 +21/2 
59 . 2 46 + l 1/2 -11/2 
65 . 2 30 +2 -2 
70.2 50 +I -I 
70.2 93 0 0 
90. 9 138 + I 1/2 -11/2 

I 03. 4 62 +2 -2 
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Fi.gure 10-2. Po8iti.on sketch. 

Alidades having English measurements will be issued 
until depletion of stock, at which time the new 
alidades will be issued on a replacement basis.) 
When this scale is applied between points on the 
sketch, the scale of elevation differences reads di­
rectly in feet the difference in elevation between the 
points if the slope is 1 percent. For other slopes the 
difference in elevation is obtained by multiplying 
the elevation difference for 1 percent by the percent 

of slope. By addition of the proper number of ciphers 
to the scale of differences, this scale may be used as 
a distance scale graduated in feet. The second face 
has scales of inches divided into tenths. The third 
face is blank. To this face the sketcher will find it 
convenient to fasten a scale of paces which corre­
sponds to the length of his pace. The construction of 
a pace scale is covered below in (4) below. 

(b) Board, sketching, w/ waterproof cover. The 
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1: 5,000 ____ 

1: 10,000 ___ 

1 : 20,000 ___ 

Table 10-1. Scales of Sketches 

Approximate 
number of 

• incheo equal 
to 1 mile 

12 

6 

3 

Contour 
interval 
(feet•) 

5 

10 

20 

For engineering construe-
tion or for exceptional 
purposes when great de-
tail is desired. 

For position and outpost 
sketches. 

For road sketches and for 
amplification of the top-
ographic detail shown 
on tactical mops. 

• For metric meuuremenu, the same procedure ia followed 1111ing rounded 
fit;ur"" such as 10 or 1000 meters or centimeters. 

sketching board is a small planetable consisting of a 
drawing board fastened to an adjustable tripod by 
means of a brass hand screw. There is a waterproof 
cover to protect the drawing board from dirt and 
moisture. The drawing board (12½ by 15 inches 
face, ¾-inch thick) is made of white pine, grooved 
and fastened with screws and slotted washers to 
allow for expansion. A brass trough with a 3-inch 
steel magnetic needle covered by a glass window set 
flush with the upper edge of the board is inlaid in the 
center of the outer edge of one of the end pieces. A 
small lever raises or releases the needle which can­
not oscillate over ½ of an inch. At each corner is a 
¾-inch brass paper clip with spring and nut adjust­
ment for fastening drawing paper to the board. 
Centered on the back of the board is a brass tripod 
plate with a ¾-inch hole threaded with female 
threads, 16 to an inch. Graphic scales ·similar to 
those on the face of the alidade and an inch scale 
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are stamped on the same end piece of the sketching 
board as that bearing the magnetic needle. On the 
opposite end piece is a scale graduated. to read the 
slope in percent when the sketching board is used 
as a slope board. 

(c) Tripod, sketching board. The legs and the 
screw for attaching the sketching board to the head 
of the tripod are detachable from the head for con­
venience in packing. Each leg folds in three sections 
down to 15 inches from a maximum of 40¾ inches. 
The head is a solid circular piece 4½ inches in diam­
eter and¾ inch thick with a felt pad and a threaded 
brass screw plate. The brass hand screw for at­
taching the board to the tripod is 3 inches long with 
a milled head at one end. A shoulder is provided 1 
inch from the threaded end. The threads are stripped 
for a quarter of an inch from the shoulder, making 
a simple arrangement to hold the hand screw to the 
tripod when the board is removed, and to permit the 
board to rotate on the tripod when in place. 

(d) Clinometer, elevation and depression, sur­
veying. The service clinometer is an instrument for 
the direct measurement of percent of slopes. The 
observer sights through the peepholes at a distant 
point, at the same time reading the scale of percent 
on a mirror inside the instrument. Graduations are 
in red for ascending and in black for descending 
slopes. (The instrument pendulum is allowed to 
swing freely by first sliding the bar and then pressing 
the stop button.) Readings must be taken with the 
pendulum at rest but free to move, i.e., with the 
stop button depressed. By holding the clinometer so 
that the reading is zero, a good hand level is ob­
tained. Since the clinometer is held at eye level to 
measure the average slope of the ground the sketcher 
must sight on a spot equal to his eye height above 
the observed point. 
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(e) Compass magnetic. For information on the 
magnetic compass, see paragraph 5-6. 

( fl Counter, reciprocating, hand-held. This is a 
mechanical registering device for counting. It is built 
on the odometer principle with a trigger or lever to 
move the figures on the dial. A spring causes the 
trigger to rise as soon as the pressure is removed. In 
counting paces, press the trigger each time the foot 
hits the ground. 

(g) Protractor, rectangular. A rectangular pro­
tractor is included in the sketching equipment. It is 
graduated from 0° to 180° and from 180° to 360° 

' clockwise, to read azimuth. It is also provided with 
one or more scales and can be used as a ruler scale 

' ' and parallel ruler. 
(2) To assemble the sketching board in the form 

of a planetable, proceed as follows: 
(a) Remove the tripod legs, supply envelope, 

and the sketching board from the chest. 
(b) Raise the lid under the sketching board, 

remove the tripod head from the left rear pocket, 
and the brass hand screw from the right rear pocket. 

(c) Unfold and extend each leg, tightening 
the lower extensions in place by means of the mill­
headed screws. Grasp the folding portion of the leg 
in one hand and insert the pins in the legs under 
tripod head into the corresponding holes at the top 
of the legs by pressing the parts of the leg together 
so that they may slide into place. Drop the small 
level near the top of the leg into place so that the leg 
is fixed to the tripod head. 

(a) Remove the waterproof cover from the 
sketching board and place the center of the board 
over the hole in the tripod head. 

(e) Fasten the board to the tripod head by 
inserting the brass hand screw. Clamp the screw 
to fix the board in relation to the tripod. Release the 
screw a quarter tum when it is desired to rotate the 
board in relation to the tripod. 

( f) Fasten the paper to the board by means 
of the four flatheaded screws provided. 

(g) Special care should be taken to prevent 
the top of the board from becoming marred. Place it 
face down when packing it in the chest. 
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(h) Special care should also be taken in 
setting up the tripod to avoid damage to the legs. 
When seating each leg into the ground, grasp it just 
above ground level and press at the same angle it is 
pointing. 

(3) Preparing military sketches requires the 
de~rmination of distance. This is done by pacing, 
which requires a knowledge of the sketcher's pace 
length. • For example: 

1,000 feet= measured distances 

383 

l,0OOX12 
383 

=number of paces 

= 31.3 inches-pace length 

(4) In order to use the pace length easily to 
plot distances on the sketch, ·it is necessary to con­
struct a pace scale (fig. 10-4). To construct a scale 
that will represent 1,000 paces at a scale of 1: 10.000 
for use by a sketcher with a 31-inch pace length, the 
following steps are given: 

(a) Determine the length of the scale. 

1,000 pacesX31 . 
10,000 (denominator of RF) = 3.l mches 

(b) Lay out a line 3.1 inches long. The length 
of this line equals 1,000 paces. 

(c) Divide the line into 10 parts. Each part 
equals 100 paces. 

(d) Divide the left-hand division into 10 
parts. Each part equals 10 paces. 

(e) Label the scale. The scale may now be 
used on the sketch to plot distances. For convenience, 
the scale may be pasted to the alidade. 

e. Control. Control is a system of relatively ac­
curate measurements to determine the distances, 
directions, or differences in elevation betwe1m points 
on the earth's surface. It is always desirable to have 
one point of control for each sketch. Control, as 
used here, is both horizontal and vertical, since the 

• For metric me88urements the same procedure is followed using rounded 
figures such as 100 or 300 meters or centimeters. 
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Figure 10-4. Construction of a pace scale. 

sketch portrays both the horizontal and vertical 
position of features. 

(1) A network of _control covers the United 
States. It is based on common origins known as 
datums, one for horizontal control and one for 
vertical control. Stations in the network are identi­
fied on the ground, usually by concrete monuments 
with brass nameplates affixed on top. If the sketches 
are based on these stations they are on the same 
datum as standard maps, which means that sketching 
data can be applied to or used in conjunction with 
standard maps. 

(2) If there is no control within the area to be 
covered by the sketch, a prominent and well-defined 
feature is selected to be an arbitrary control point. 

J. Travers-ing. 
(1) A traverse is a series of straight lines running 

from point to point, the distance and direction be­
tween each point having been measured. A traverse 
provides a network of control upon which the detail 
of the sketch is based. There are two types of 
traverses, the closed and the open. 

(a) A closed traverse starts and ends at the 
same point, or at points whose relative horizontal 
positions are known (fig. 10-5). 
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MAJOR CONTROL 

0 MINOR CONTROL 

Figure 10-5. Closed traverse . 

(b) An open traverse ends at a station whose 
relative position is not previously known, and unlike 
a closed traverse, provides no check against errors. 

(2) The route for a traverse is selected after 
considering the size of the area, visibility, and ease 
of travel. Unless the area is very large, the traverse 
should follow the border of the area to be sketched. 
An exception to this is a road sketch where the 
traverse must follow the road (fig. 10--6). 

(3) The running of a traverse requires strict 
observance of logical steps in sequence. These steps 
are-

begin. 

(a) Assemble sketching board and tripod. 
(b) Fasten drawing paper to sketching board. 
(c) Proceed to point where traverse is to 

(d) Spread the legs of the tripod so that the 
points are about 2 feet apart and place them solidly 

--~ 
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Figure lo-6. Execu.tion of foresight for a traverse. 
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Figure 10-7. Diagram of a traverae ithowing f oreaight and backaight. 

on the ground with the starting point centered 
within them. 

(e) Level the board by eye. This is done by 
shifting the position of the legs. 

( f) Orient the board to magnetic north, 
using the compass built into the sketching board and 
clamp it into place, using the hand screw. 

(g) Draw a magnetic north arrow on the 
sketching paper. 

(h) Place a pin into the paper to represent 
the starting point and identify it. 

10-8 

(i) Select a sighting edge and a ruling edge on 
the alidade and always use these same edges. 

( j) Place the alidade on the sketching board 
with the ruling edge against the pin. 

(k) Sight along the upper edge of the alidade 
to the second station of the traverse (called a fore­
sight) (1, fig. 10-7). Move the alidade if necessary, 
using the pin as a pivot. 

(l) Draw a line along the edge of the alidade 
from the pin toward the second station. 

(m) Using the clinometer, read the vertical 

• 
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angle, in percent, to a point about 5 feet (the height 
of the observer's eye) above the ground at the second 
station. 

(n) Record the clinometer reading at the end 
of the direct.ion line. Do not forget plus or minus. 

(o) Pick up the sketching board and pace to 
the second station, counting the paces as you go. 

(p) Set up the sketching board at the second 
station and, using the pace scale, lay off the distance 
paced along the direction line and mark this second 
point. 

(q) With the clinometer, read the vertical 
angle, in percent., back to the first station. Remember 
to sight about 5 feet above the ground. 

(r) Compare this with the reading taken from 
the first station to the second. Numerically they 
should be the same but one should be plus and the 
other minus. 

(8) Average the numerical values of the two 
clinometer readings and use the sign ( + or - ) of 
the first reading. This is the average percent of slope. 

(t) To determine the differmce in elevation 
for a I-percent slope, use the scale of differences on 
the alidadc. Measure with the correct scale the 
plotted distance between station I and station 2. 

(u) Multiply the reading from the scale of 
difference by the average percent of slope and add or 
subtract, a.'l indicated by the sign, from the elevation 
of station I. 

(v) Place another pin in the plotted position 
of the second point, level the sketching board, and 
orient by sighting on the first stat.ion while the 
alidade is held against the two pins (called a back­
sight) ((2) fig. 10-7). The orientation may be 
checked with the magnetic compass of the sketching 
board. 

(w) Without moving the position of the 
sketching board, pivot the a.lidade around the pin at 
station 2 and sight on station 3 . 

. (z) Repeat (k) through (w) above for each 
station of the traverse. 

g. Closing a Traverse . 
(1) A closed traverse, carefully and properly 

run, should close on the original starting point or on 
another point of known position and elevation. 
When the traverse does not close, there is an error 
of closure (fig. 10-8). 

(2) Any error in excess of 3 percent of the total 
traverse length should cause the traverse to be rerun 
from start to finish. 

(a) Errors of less than 3 percent may be ad-
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justed by drawing a straight line equal to the length 
of the total traverse (J, fig. 10-9). 

(b) On this line lay out each distance of the 
traverse and number (2, fig. lo-9). 

(c) At the end of this line and perpendicular 
to it, lay out the error of closure (3, fig. l0--19). 

(d) Draw a line connecting the starting point 
with the error of closure (4, fig. 10-9). 

(e) Draw perpendiculars at each of the sta­
tion points (5, fig. 10-9). 

( f) On the traverse, draw a line connecting 
start and finish (6, fig. 10-9). 

(g) At each station draw a line parallel to 
that connecting the start and finish (7, fig. lo-9) . 

(h) On each of these parallel lines lay off the 
amount of error for each station as indicated in (e) 
above and connect them (8, fig. 10-9). 

(i) This is the corrected traverse. It has been 
corrected by assuming a uniform error at each sta­
tion (9, fig. 10-9). 

(3) When running a traverse, errors can occur 
in the vertical as well as the horizontal. These errors 
can be adjusted by assuming the error to be propor­
tionate to the number of stations. The adjustment is 
a matter of dividing the total error of vertical closure 
by the number of stations and applying an equal 
amount to the elevation of each point. For example, 
using the traverse in figure 10-9, if the starting 
elevation had been 500 feet and the computed eleva­
tion of the same point at the end of the traverse 480 
feet, the error would be minus 20 feet. The correction 
would be plus because it must be added. In the 
above traverse there are 5 stations; so 20 divided by 
5 equals 4 feet. At station I, 4 feet would be added; 
at station 2, 8 feet; station 3, 12 feet; station 4, 16 
feet; and at the end (station 5), 20 feet. 

h. Detail Compilation. 
(1) Certain features are. usually of military im-

ERROR OF 
CLOSURE / 

I 

3 

Figure 10-8. Error of closure. 
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portance and are shown on a sketch. The degree of 
detail to which each feature is drawn, or of which 
notes are made, as well as the number of features in­
cluded, must be in accordance with the purpose of 
the sketch. This detail could be any or all of the 
following items: 

(a) Trails, roads, highways, railroads. Sur­
facing, number of lanes or tracks, width of surface, 
width and depth of ditches, cuts, fills, seasonal 
passability, bordering features, bridges, culverts, 
junctions, elevations at critical points, grades, 
length. 

(b) Bridges, causeways, fords, ferries. Size, 
clearance, condition, safe loading, normal water 
depth and velocity, type, elevation. 

(c) Streams, bodies of water, springs, glaciers, 
swamps, marshes, tidelands. Width, depth, velocity, 
quantity, quality, endurance, bottom, junctions, 
elevations, drainage system, tide influence, bank 
details, obstructions, surface details, unusual value. 

(d) Hills, valleys, ravines, peaks, cliffs, ridges, 
mountain passes. Type and density of cover, outline, 

0 START END 

0 START 2 3 4 END 

0 START 

ERROR OF CLOSURE -I I I I 
2 !I 4 END 
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Figure 10-9. Adjusting an error of closure. 
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Figure 10-9-Continued. 

elevations, slope, height, depth, length, distinguish­
ing characteristics. 

(e) Towns, villages, camps, campsites, power­
lines, communication lines, radio and tel,evision stations 
and towers, beacons, radio ranges, airfields, airports, 
post offices, railroad stations, schools, churches, town­
halls, bus stations, Federal centers, industrial buildings. 
Name, size, outline, capacity, serviceability, cate­
gory, surroundings. 

(!) Heavy fortifications, light fortifications , 
tank traps, obstacles, wire, minefields, weapon em­
placements, outposts. Size, degree of camouflage, ap­
proach terrain, armor. 

(2) After the traverse has been run and ad­
justed, the detail within the area is compiled. At each 

-
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Figure 10-10. Logical contouring. 
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of the stations of the traverse, the sketching board is 
oriented, the details in the vicinity located, and 
their elevations determined. This is done by sighting 
on the object, drawing the line of sight, pacing and 
laying out the distance, and computing the elevation. 
After the point is located and marked, the line of 
sight is erased. This procedure is followed at each of 
the stations of the traverse until all of the required 
items of detail have been located. If the sketch is to 
be contoured, all critical points must be located and 
their elevations determined. Critical points are 
streams and gullies, ridges, and all other places 
where the ground slope changes. After these critical 
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points are located and their elevations determined, 
the area is logically contoured. Figure 10-10 shows 
the contouring of the area. The theory of logical con­
touring depends upon the assumption that the slope 
slope between two critical points is constant; that is, 
the ground surface from one point to the other is 
assumed to be an inclined plane along which contours 
logically drawn appear equally spaced. The me­
chanics of the process are illustrated in figure 10-10. 
The drainage skeleton and critical points on which 
10-foot contours are to be interpolated is shown in 
(1), figure 10-10. The procedure is as follows:* 

(a) Along the main stream line interpolate 
the elevations of all stream junctions not shown, such 
as the stream junction between 91 and 97. The 
stream rises 6 feet from 91 to 97, and this rise is as­
sumed to be evenly distributed along the stream . 
Therefore, the rise above 91 at any intermediate 
point, such as the stream junction under considera­
tion, is the proportional part of 6 feet which the 
distance from 91 to this stream junction bears to 
the distance from 91 to 97. The rise, therefore, is 3 
feet above 91 and the elevation sought is 94, which 
is written down. 

(b) It is now possible to interpolate contour 
intervals along each tributary stream from its 
source to its confluence with the main stream. This 
is done on the same theory that the slope of the 
stream is uniform between confluence and source, the 
two points whose elevations in each case are known. 
The contours cross the stream at equidistant inter­
vals at points whose elevations are multiples of 10. 
The crossings are indicated lightly by V-shaped 
marks pointing upstream. This is illustrated in figure 
10-10. 

(c) Next determine, by interpolation between 
the critical points of the hill and opposite points on 
the stream, where 10-foot contours fall, and indicate 
by lightly drawn dashes ((2), fig. 10-10). 

(d) Finally, sketch in the contours joining 
these V's and dashes by carefully drawn lines, 
crossing the ridges or spurs in broad curves and 
crossing the stream in sharp V's gradually changing 
to curves toward the mouth. In sketching in the 
contour, one ground form should be built up at a 
time. In the illustration, each spur between two 
streams should be taken up and completed in turn, 
preferably working progressively upstream. 

• For metric measurements the same procedure is followed using rounded 
figures such as 100 or 300 meten or centimeters. 

1~11 
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Figure 10-11. Compari&on of panoramic and militart1 skmhes. 

(e) The completed. form, (3), figure 10-10, 
should have all guide elevations and lines carefully 
removed and the contours numbered or indicated 
across the sheet. Every fifth contour beginning with 
zero should be emphasized by a heavy line. In the 
illustration only contour 100 is in this category. 

(3) After the sketch is completed and when 

1()-12 

time permits, the sketch should be checked and any 
errors or omissions corrected. Great care must be 
exercised in the use of symbols and any deviation 
from the standard symbols must be explained by the 
inclusion of a legend. A title box must always be in­
cluded in any sketch in order that the user may 
evaluate the sketch. The items that must be in-

• 
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Figure 10-11. A perspective drawing. 

eluded are-
(a) Descriptive title (location). 
(b) Date. 
(c) Name, grade, and organization of 

sketcher. 
(d) Scale and contour interval. 
(e) Graphic scale. 

10-3. Panoramic Sketching 
a. Description. A panoramic sketch is a pictorial 

representation of the terrain in elevation and per­
spective as seen from one point of observation. It 
shows the horizon which is always of military im­
portance, and intervening features such as crests, 
woods, structures, roads, fences, and so on. It is an 
excellent means for target designation and may be 
effectively used for illustrating a reconnaissance, 
supplementing and clarifying written reports, and 
assigning objectives and sectors. Its great value lies 
in the rapidity with which it can be made and read. 
A trained panoramic sketcher can quickly prepare a 
sketch which conveys information of military value 

that is easily read and understood. A comparison of a 
panoramic sketch and a military sketch or map is 
shown in figure 10-11. 

b. Principl,es. An understanding of the principles 
of perspective drawing may assist the sketcher, but 
it is not a prerequisite to the drawing of a panoramic 
sketch. If a sketch were made, as in figure 10-12 
looking through a window, keeping the eye sta­
tionary, and tracing on the window glass the outline 
of the objects exactly as they appear through it, the 
result would be a perspective drawing. 

(1) The horizon line is the line formed by the 
intersection with the ground of a horizontal plane 
at the height of the sketcher's eye (fig. 10-13). In 
level country and over water, the horizon line is co­
incident with the skyline. In rolling country the 
horizon line is a little below the lowest point in the 
skyline, or where the skyline would be if the country 
were flat. In figure 10-13 the horizon line is approxi­
mately on line with the floor of the back of the 
building which appears, to the observer, to be the 
highest point of the floor. 

1~13 
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Figure 10-13. Horizon line. 

(2) Lines which actually are parallel on the 
ground appear to converge as they recede and, if 
produced, appear to meet or vanish at a point called 
the vanishing point of that system of parallel lines. 
The correct effects of distance, direction, and slopes 
which are commonly attributed to the artist's in­
spiration are in reality at the command of anyone 
who will study and apply the following rules: 

(a) Parallel lines, which on the ground are 
horizontal, vanish at a point on the horizon (fig. 
1(}-14). 

(b) Parallel lines, which on the ground slope 
downward away from the observer, vanish at a 
point below the horizon (1, fig. 1(}-15). 

(c) Parallel lines, which on the ground slope 
upward away from the observer, vanish at a point 
above the horizon (2, fig. l(}-15). 

(d) Parallel lines receding to the right vanish 
to the right; those receding to the left vanish to the 
left (3, fig. l(}-15). 

(e) The degree of convergence in perspective 
varies with the angle made by the parallel lines with 
the observer's line of sight. Parallel lines nearly in 
the prolongation of the lines of sight appear to re­
main parallel. Vertical lines on the terrain remain 
vertical in perspective. 

( f) The apparent size of any object varies 
with its distance from the observer. The farther 
away the object, the smaller it appears to the 
observer. 

(g) The apparent distances between regu-

Figure 10-11,. Vanishing point. 
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Figure 10-15. Various ty-pes of vanishing points. 

larly spaced objects vary with their distances from 
the observer (E, fig. l(}-17) in the same way the 
apparent size varies. 

c. Steps in PerS'[)ective Drawing. 
(1) Figure l(}-16 shows the successive steps in 

the perspective drawing of a house. It is not in­
tended that this detailed method of drawing be used 
in hasty sketching. Practice in this method, how­
ever, is the best means of learning to apply the rules 
of perspective. It makes possible the correction of 
errors in hasty sketches. 

(2) The successive steps in the perspective 
drawing of a section of terrain are illustrated in 
figure l(}-17. This figure represents a topographic 
map of a road first extending due north, then east, 
and then due north again as far as the eye can see, 
over level ground. A row of trees of approximately 
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Figure 10-16. Steps in the perspective drawing of a hOU8e. 

uniform height borders on the left side of the road 
and the sketcher is asswned to be standing at the 
right side of the road. Figure 10-17 shows how the 
sketch is built up in the correct perspective. The two 
road sections extending north have a common 
vanishing point in the horizon and their sides con­
verge very rapidly. The sides of the road extending 
east remain parallel in perspective and the heights 
of the trees along this section are uniform. 

d. Delineation. 
(1) Delineation is the portrayal of objects or 

features of the landscape as they appear to the ob­
server. Absolute simplicity is essential in a pano­
ramic sketch. No line is drawn without a definite 
idea of what it represents and its valid necessity. 

(2) The skyline, crests, and roads are the main 
control lines of the sketch and are drawn in first to 
form a framework within which the details are 
properly placed. 

(3) Refer to figure 10-18. Features are repre­
sented with a few, rather than many, lines. Pref-
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erably a conventional outline is employed. This in­
creases both speed and clarity and leaves room for 
the addition of important details without over­
crowding the sketch. The effect of distance is created 
by making the lines in the foreground heavy, and 
distant hills very light. Full lines are better than 
broken ones. Important details in the distance can 
be drawn heavily or enlarged for emphasis. 

(4) A light hatch may be used to distinguish 
wooded areas from open fields when necessary. 
When consecutive tree groups are partially super­
imposed, alternate groups should be hatched. Hatch­
ing (fig. 10-19) should follow the natural lines of an 
object, such as the courses of masonry in a wall. A 
firm, continuous line should be used throughout, 
and feathered and undecided lines avoided. 

e. Shade and Shadow. Shade and shadow should 
be used only for improving the readability of the 
sketch. It is almost always possible to give all the 
information needed by the use of outline drawing in 
perspective. When time permits, some features may 
be made to stand out more clearly by the proper use 
of shade and shadow. Because of its limited applica­
tion to field sketching, the theory of shade and 
shadow will not be discussed in detail; however, 
sketchers are cautioned that a single direction of 
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Figure 10-17. Steps in preparing a panoramic sketch of a road. 
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light rays must be assumed for the entire sketch, 
with the result that all objects will be shaded on the 
same side. 

J. Equipment. 
(1) Panoramic sketches can be made with no 

other equipment than paper and pencil. The follow­
ing articles, however, are valuable aids to the 
sketcher: 

(a) Compass. 
(b) Field glasses. 
(c) Knife. 
(d) Eraser. 
(e) Sketching pad or notebook. 
(/) Several pencils. 
(g) Mil rule. 

(2) A medium hard and medium soft pencil are 
desirable. A map of the terrain is useful if available. 
From it the names of towns, rivers, and mountains 
may be determined and ranges to prominent objects 
obtained. A mil rule may be used to measure deflec-

-----------

Figure 10-18. Delineation ahou:ing the order in which a sketch 
is built up. 
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GOOD 

Figure 10-19. Good and poor hatching. 

tions. One can be improvised by laying off on a strip 
of cardboard a series of marks ¾-inch apart, at­
taching a string to the center of the strip, and making 
a knot in the string 15 inches from the scale. Hold 
the knot between the teeth and look over the ex­
tended scale. At that 15-inch distance, each of the 
¾-inch spaces measures 50 mils. 

g. Sketching Sheet. 
(1) Figure 10-20 shows a reduced copy of a 

sheet from the sketching pad, with explanatory 
notes. The sketching pad provides space for record­
ing necessary data in a systematic and uniform 
manner, and provides vertical guidelines spaced ¾­
inch apart for horizontal measurement. Since there 
are nine of these ¾-inch spaces, each of which covers 
50 mils at the scale most frequently used, it follows 
that a sector 450 mils in width can be covered in a 
single sketch. 

(2) The sketching pad'is a useful and convenient 
aid to the sketcher, and in the discussion which 
follows it is assumed that it will be used. However, 
it should be kept in mind that it is not an indis­
pensable item of equipment and that if correct 
principles are followed, a perfectly satisfactory sketch 
can be made on a message blank or any other sheet 
of paper. 

h. Preliminary Study of Terrain. Before beginning 
to sketch, the sketcher should carefully study the 
landscape so that he may distinguish the various 
crest lines in their proper relationship. If a map of 
the area is available, it should be studied in conjunc­
tion with the terrain. Field glasses are valuable 
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Figure 10-10. Sketching aheet. 

when picking out crest lines not readily visible to 
the naked eye. 

i. Scale. A panoramic sketch does not have a 
uniform scale. However, in order to maintain the 
correct relationship between objects a proportion is 
established. The proportion most frequently used is 
one in which ¾-inch on the sketch represents 50 
mils. This proportion is usually used for both hori­
zontal and vertical measurements. Occasionally, an 
exaggerated vertical scale is desirable to emphasize 
minor folds in the ground, particularly in flat 
country, which might otherwise be difficult to dis­
tinguish. If it is desired to sketch a wider piece of 
terrain than can be covered at this proportion on the 
sketching pad or other sheet, two or more sketches 
should be made to this same proportion rather than 
a single sketch to a smaller proportion. 

j. Reference Point and Reference Line. Select a con­
spicuous and permanent reference point in the sector 
to be sketched, preferably not closer than 500 yards. 
Holding the pad in a vertical plane at 15 inches from 
the eye, place it so that the upper corners are ap­
proximately in line with the limits of the sect.or. 
Then looking at the reference point, move the pad 
slightly so that the nearest vertical guideline coin­
cides with the reference point. This line should then 
be marked with a heavy arrowhead at the top and 
with a zero in the space for deflection. It now be­
comes the reference line for all horizontal measure­
ments in the sketch. 

k. Marginal Data. 
(1) As soon as the reference line has been indi­

cated, all blank spaces for data at the bottom of the 
sketch, including the scale, are filled in before pro­
ceeding with the sketch. Without this information 
the finest sketch is valueless, while with it, every 

FM 21-26 

line added to the sketch increases its military value. 
The direction of view of the sketch (i.e., the direction 
from the bottom center to the top center) is deter­
mined by measurement with a compass on the 
ground; it is included in the marginal information as 
magnetic asimuth. 

(2) Since the terrain does not look exactly the 
same from any two points, the place from which the 
sketch is· made should be described accurately and 
unmistakably. A map reference should be given or 
a marked copy of the map submitted with the sketch. 

l. Control. 
(1) Horizontal control is obtained by measuring 

the deflection to prominent features with either field 
glasses or compass, by sighting directly over the top 
of the sketching pad. To get a uniform measurement 
of 50 mils between the vertical guidelines, it is neces­
sary that the pad be held 15 inches from the eye 
whenever deflections are being measured. As has 
been mentioned, a convenient method of deter­
mining this distance is by means of a knotted cord 
15 inches long held in the teeth. 

(2) For vertical control it is best to use the 
skyline or some horizontal crest as a reference line 
from which distances to objects are measured and 
transferred to the sketch. It is necessary that this 
line be drawn in first as accurately as possible. The 
methods of vertical measurement are similar to 
those of horizontal measurement. As skill increases, 
it will be necessary to measure the deflections to 
relatively few points, the others being interpolated 
by eye. 

(3) Sketch in lightly the skyline, crests, roads, 
and any other main outlines to form the framework 
of the sketch. Then compare these lines carefully 
with the terrain. If any errors are found, correct 
them before adding details. 

m. Methods of Locating Features (figs. 10-12, 10-
22, 10-23) . 

(1) Method 1. Holding the pad about 15 inches 
from the eyes and slightly below the horizon, sketch 
in the skyline and prominent features very lightly 
at the top of the pad (fig. 10-21). This skyline out­
line is then transferred to its proper place in the 
sketch below. The lowest point in the skyline should 
touch the topmost of the faint horizontal guidelines. 

(2) Method i. Hold the pad as described for 
method 1, and mark the top of the pad directly in 
line with a number of prominent features (fig. 10-21). 
Then project light lines downward across the sketch­
ing space from the points thus secured. These lines 
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Figure 10-21. Location of features (methods 1 and I). 

will serve to locate the corresponding features on 
the sketch. 

(3) Method S. Measure deflections from the 
reference point by holding the pencil 15 inches from 
the eye (fig. 10-22). The distances measured may 
then be transferred directly to the sketch. 

(4) Method 4. Measure deflections with the mil 
rule (fig. 10-23). If the mil rule is of the same scale 
as the sketch, it may be used to lay off the measure­
ments directly. If not, deflections may be indicated 
by means of the 50-mil guidelines. 

Figure 10-22. Location of features (method S). 
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Figure 10-28. Location of features (method 4). 

n. Choice of Methods. 
(1) No one method is best suited for all kinds 

of work. A combination of methods should be used 
in most sketche . Method 1 is rapid and simple, and 
especially valuable at the beginning of the sketch to 
fix the skyline and the deflection to a few prominent 
features. It should not be used for filling in small 
details. Method 2 is similar to the first and may be 
used to begin the sketch. Its most appropriate use 
is for the location of a number of details at one time. 
Methods 3 and 4 are of value principally for check­
ing deflections and measuring the width and height 
of object and their distance from the skyline. 

(2) Figure 10-24 shows a variation of method 
2, using the pencil as a guide in extending the vertical 
lines downward, while the pad is held up against the 
landscape. 

TERRAIN 

Figure 10-24. Location of features (variation of method I). 
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Figure 10-25. Com-pleted panoramic sketch. 

o. Details . 
(1) Only the following classes of details should 

be drawn in the sketch. 
(a) Those details which are of military im­

portance in themselves. Examples are possible 
targets, objectives, natural obstacles, sector limits, 
or positions of troops. 

(b) Those details which aid in the location of 
details or positions of military importance. 

(2) Details should not be added simply to fill 
up space or improve the appearance of the sketch . 

FM 21-26 

The addition of detail will depend largely upon the 
purpose for which the sketch is made. A sketch 
drawn for the purpose of portraying the terrain in 
general naturally will contain more detail than one 
whose purpose is showing the location of a single 
target. The latter, however, probably will show more 
detail in the vicinity of the target than does a gen­
eral sketch of the same terrain. When the sketch 
supplements a map, particular attention should be 
given to important details not shown on the map. 
When it supplements a report or message, it should 
show clearly the features or positions mentioned in 
the communication. 

(3) As in other military tasks, the sketcher 
must keep his mission constantly in mind and make 
the type of sketch which will be of the greatest 
possible value to those for whom it is intended, and 
yet not consume so much time in preparation that 
it will be of less value than a simpler sketch which 
reaches its destination correspondingly sooner. 

(4) After completing the actual sketching, data 
regarding targets or other important features should 
be shown by extending vertical lines through the 
spaces at the top of the sheet and noting the informa­
tion as shown in figure 10-25. Any additional data 
required should be added to the sketch as soon as 
completed. 
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Foreign Maps 
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APPENDIX 8 

UNITS OF MEASURE AND CONVERSION FACTORS 

B-1. English System of Linear Measure 
12 inches = 1 foot 
36 inches = 1 yard 
3 feet = 1 yard 
1,760 yards = 1 mile statute 
2,026.8 yards= 1 mile nautical 
5,280 feet = 1 mile statute 
6,080.4 feet = 1 mile nautical 
63,360 inches= 1 mile statute 
72,963 inches= 1 mile nautical 

B-2. Metric System of Linear Measure 
1 millimeter =0.1 centimeter =0.0393 inch 
10 millimeters = 1.0 centimeter = 0.3937 inch 
10 centimeters = 1.0 decimeter 3.937 inches 
10 decimeters = 1.0 meter 39.37 inches 
10 meters = 1.0 decameter 32.81 feet 
10 decameters = 1.0 hectometer =328.1 feet 
10 hectometers= 1.0 kilometer = 0.62 mile 
10 kilometers = 1.0 myriameter = 6.21 miles 

B-3. Equivalent Units of Angular Measure 
1 mil ( ) = 1/6400 circle =0.05625° =0.0625 grad 
1 grad =1/400 circle =16.0 mils =0°54'=0.9° 
1 degree = 1/360 circle =approx 17.8 mils =approx 1.1 grad 
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8-4. Ground Distance at Map Scale 

Scale 1 imh equalo 1 cm eqvalo 

1 :5,000 416.67 ft 164.0 ft 
127.00 meters 50 meters 

1:10,000 833.33 ft 328.1 ft 
254.00 meters 100 meters 

1:12,500 1,041.66 ft 410.1 ft 
317.0 meters 125 meters 

1 :20,000 1,666.7 ft 656.2 ft 
508.00 meters 200 meters 

1 :25,000 2,083.3 ft 820.2 ft • 
635.00 meters 250 meters 

1:50,000 4,166.7 ft 1,640.4 ft 
1,270.0 meters 500 meters 

1:63,360 5,280.0 .ft (1 mile) 2,078.7 ft 
1,609.3 meters 633.6 meters 

1 :100,000 8,333.3 ft 3,280.8 ft 
2,540.0 meters 1,000 meters 

1 :250,000 20,833 ft 8,202.0 ft 
6,350.0 meters 2,500 meters 

1:500,000 41,667 ft 16,404.0 ft 
12,700 meters 5,000 meters 

• 

• 
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B-5. Conversion Factors 

One 

Inch __ ___________________ _ 
Foot ______ _________ ______ _ 

Yard ____________________ _ _ 
Statute Mile ____ __________ _ 
Nautical Mile __ ___________ _ 
Millimeter ________________ _ 
Centimeter _______________ _ 
Decimeter ________________ _ 
Meter ____________________ _ 

Decameter ______________ - - -
Hectometer _______________ _ 

Kilometer ________________ _ 
Myriameter ______________ _ 

One 

Inch _____________________ _ 
Foot _____________________ _ 

Yard _____________________ _ 
Statute Mile ___________ __ _ _ 
Nautical Mile __ ___________ _ 
Millimeter ________________ _ 
Centimeter _______________ _ 
Decimeter ________________ _ 
Meter ____________________ _ 
Decameter ________________ _ 
Hectometer _______________ _ 
Kilometer ________________ _ 
M yriameter ______________ _ 

Example 1 

• 

1 
12 
36 

63,360 
72,963 

0.0394 
0.3937 
3.937 

39.37 
393.7 

3,937 
39,370 

393,700 

cm 

2.540 
30.48 
91.44 

160,930 
185,325 

0.1 
1 

10 
100 

1,000 
10,000 

100,000 
1,000,000 

Problem: Reduce 76 centimeters to (?) inches 
76 cm X0.3937 = 29 inches. 

Answer: There are 29 inches in 76 centimeter11. 
Example 11 

Fut 

0.0833 
1 
3 

5,280 
6,080 

0.0033 
0.0328 
0.328 
3.2808 

32.81 
328.1 

3,281 
32,808 

dm 

0.2540 
3.048 
9.144 

16,093 
18,532 

0.01 
0.1 
1 

10 
100 

1,000 
10,000 

100,000 

Problem: How many feet are there in 2.74 meters? 

2.74 
.3048 =9 feet 

Answer: There are approximately 9 feet in 2.74 meters. 

Yarcu 

0.0277 
0.333 
1 

1,760 
2,026 

0.0011 
0.0109 
0.1093 
1.0936 

10.94 
109.4 

1,094 
10,936 

m 

0,0254 
0.3048 
0.9144 

1,609 
1,853 

0.001 
0.01 
0.1 
1 

10 
100 

1,000 
10,000 

Slatule 
mil,,, 

0.00056 
1 
1.1516 

0.0006 
0.0062 
0.0621 
0.6214 
6.2137 

dkm 

0.0025 
0.0305 
0.0914 

160.9 
185.3 

0.0001 
0.001 
0.01 
0.1 
1 

10 
100 

1,000 

• • 

0.8684 
1 

0.0005 
0.0054 
0.0539 
0.5396 
5.3959 

Am 

0.0003 
0,0030 
o. 0091 

16.09 
18.53 

0.0001 
0.001 
0.01 
0.1 
1 

10 
100 

mm 

25.40 
304.8 
914.4 

km 

1 
10 

100 
1,000 

10,000 
100,000 

1,000,000 
10,000,000 

0.0003 
0.0009 
1.6093 
1.8532 

0.0001 
0.001 
0.01 
0.1 
1 

10 

0.1609 
0.1853 

0.0001 
0.001 
0.01 
0.1 
1 

"II 

~ 
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APPENDIX C 

JOINT OPERATIONS GRAPHICS (JOG) 

C-1. Introduction 

Joint Operations Graphics (JOG) (para 1-9b(5)) are 
based on the format of the standard 1 :250,000 scale 
military topographic maps and contain additional 
inf onnation needed in present-day joint air-ground 
operations. 

C-2. Types 

Each graphic is prepared in two types; one is de­
signed for air operations and the other for ground 
operations. Each version is identified in the lower 
margin as JOINT OPERA TIO NS GRAPHIC (AIR) 
or JOINT OPERATIONS GRAPHIC (GROUND). 

C-3. Contents 

a. The basic topographic information is the same 
on both J 0G versions. 

b. Power transmission lines are symbolized as a 
series of purple pylons connected -by a solid purple 
line. 

c. Airports, landing facilities, and related air in­
formation are shown in purple. The top of each ob­
struction to air navigation is identified by its eleva­
tion above sea level and its elevation above ground 
level. 

d. The purple symbols which may be unfamiliar 

to the user are shown in the legend in the margin 
(fig. E-5 and E-6). 

e. Along the north and east edges of the graphic, 
detail is extended beyond the standard sheet lines 
to create an overlap with the graphics to the north 
and to the east. 

/. Layer tinting (para 6-5a) and relief shading 
(para 6-5c) are added as an aid to interpreting the 
relief. 

g. The incidence of the graphic in the World 
Geographic Reference System (GEOREF) (para 
3--9) is shown by a diagram in the margin. 

C-4. Joint Operations Graphic (Air) 

The JOG (AIR) series, prepared for air use, con­
tains detailed information on air facilities such as 
radio ranges, runway lengths, and landing surfaces 
(fig. E-5). The highest terrain elevation in each 15 
minute quadrangle is identified by the large open­
faced figures shown in the legend. Elevations and 
contours on JOG (AIR) sheets are given in FEET. 

C-5. Joint Operations Graphic (Ground) 

The JOG (GROUND) series is prepared for use by 
ground units, and only stable or permanent air 
facilities are identified (fig. E-6). Elevations and 
contours are located in the same positions as on the 
air version, but are given in METERS. 

C-1 



.~ 

~~~ •• 1// :-,,<.~ >~ :.-J!Al.] )~,, 
·•/ ♦ • /' . 

+-< ' •. ~~ 
• • /✓ ...... 

• •• ·~~~ f( ·.~~ ·•~,; ~~i 
• p~ ~✓✓:• ... 
-~' ~ . . 

\ .J 

~.~-r;'ttt:/ 1/ 

/ A y 1/'.\• 
/.,,,,/, / '\ 

~: ~~~5 
.. 1//\, 1/ ~ 
; ; ~ \\✓,1/' '\ 

Fig11re D-1. Oitg map at 1 :12,500 scale. Cities ma11 be mapped at la,rgcr scale in order to present tlie area ejJecti1'6lg. 



Figure D-2. Pictomap at 1 :25,000 scale. Thill map is produced as a photo base from recent photography. The photo base 
ill gwen an image enhancement treatment an<l key features are cartographically delineated. The black outUne 11how11 
the area covered by the city map (fig. D-1). 
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Figure D-9. Topogra.phtc map at 1 :50,000 scale. 'l'his -Is tlw standard taotical map of the U.8. ArmJI. TIie black outline 
shows the area covered by the Pictomap (fig. D-f). 



Figure D-.f: Topographic map at 1:!50,000 scaw. Tltis is the standard tacticai planni11,{l map of tlte U.S. Army and is 
called a Jo,int Operations Grap/tic, Ground., Series 1501. There is a companion map niodified for 1111e by aviators, 
called Serie8 1501 Air. The black outline shows the area oovered by the topOfJrapTtic map (fig. D-S). 
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the area covered bl/ the 1:!50,000 scale map (fig. D-.o. 



APPENDIX E 

MAPS 

Figure E-1. Plastic reUef map (photo). 

Figure E-Z. Pictomap. 
(Located in back of manual) 

Fig11re E-S. Leavenworth. topographic map. 
(Locat.ed in back of manual) 

Figure E-.f. Leavenworth. ph.otomap. 
(Located in back of manual) 

Figure E-ii. Joint operations graphic (air). 
(Located in back of manual) 

Figure E-6. Joint operations graphic (ground.). 
(Located in back of manual) 

• 



• • .. 

Figure E-1. PlaBlic relief map (photo). 



FM 21-26 

INDEX 

Paragraphs Pace Pa....,.apha Pace 

Adjoining sheets diagram ... .. . .. 2-lb(8) 2-3 Con tour interval note ........... 2-lb(l9) 2-4 
Aerial photographs . ............ 8-1-8-11 8-1 Contours : 

Comparison with maJlll . ..... 8-2 8-1 Approximate ............... 6-2e 6-2 
Determination of scale . ..... 8--6 8-7 As an indication of nature of 
Films used for .. ........... 8-4 8-4 slope .................... 6-2g 6-2 

• Identification of features . ... 8-10 8-13 Index . . ................... 6-2b 6-1 
Indexing .................. 8-7 8-9 Intermediate ............... 6-2b 6-1 
Numbering and titling . ..... 8-5 8-5 Interval. _ .. _-·--·--- ... _._ 6-2b 6-1 
Orientation ....... _.---·- __ 8-8 8-10 Supplementary ... _._ .. __ . __ 6-2d 6-2 

t Types •• ·-·- · ---·-··--·-··- 8-3 8-1 Use in determining eleva-
Aircraft, map reading aboard._ .. IH5 5-26 tions .................... 6-2c 6-2 
Alidade, triangular . _ . _ . ______ . _ 10-2d(l)(a) 10-1 Controlled mosaic ..... _. __ . ____ 9-lb(3) 9-1 
Angular measure, equivalent Convergent aerial photography_. 8-3/ 8-3 

units of ... . ...... . .... ______ AppB B-1 ConveI'llion facton . ... . ___ . _____ 4-4, app B 4-4, B-1 
Approximate contours . ____ . ___ . 6-2e 6-2 Convenion from one azimuth Ml 
Arbitrary line (fig. 5-7) .. _ ... _ .. 6-4e(2) 5-3 another. __ .. _ .... _ .......... 5-4e(3) , 5-4e 5-2, 5-3 
Area sketch ... . . ............. . . 10-2b 10-1 Conversion notes ............... 5-4e(3) 5-2 
Azimuth· -···- -- · - - · -···--·-·- 5-3a 5-1 Convex slope . . ___ . __ ._ .... __ ._ 6-2g(4) 6-3 
Azimuth and bearing relatiomhip _ 5-5c 5--6 Coverage diagram .. ____ .. _ ..... 2-lb(20)(d) 2-4 

Back azimuth . . .. . ..... _ .... _ .. 5-3b 
Counter, hand.held ............. 10-2d(l)(/) lo-6 

5-2 Credit note . ..... _ .. - . --· --·. - . 2-lb(7) 2-3 
Bar 11C&les. · ··---·--· -·-·-····· 2-lb(6), 4-3 2-1, 4-2 Cut, as shown by contouI'll . . _. __ 6-21'(8) 6-7 
Base Jines .. ··- ......... -·- .... 5-2 5-1 
Base Point (fig. 3-28) .. ......... 3-lOb 3-22 Datum plane, definition ......... 6-la(l) 6-1 
Bearing and azimuth relation- Dead reckoning navigation ...... 5-13 5-21 

ehipe ... . .................... 5-5c 5--6 Declination diagram ............ 2-lb(l6), 5-4 2-4, 5-2 
Bearings .. .... . ............... 5-5 5--6 Defilade . . ..................... 6-4d(l) 6-11 
Bench mark_ ._ .. ............ _. 6-2/ 6-2 Degree, use to expresB angular 
Boundaries, index. _ ........ ·-·- 2-lb(9) 2-3 measurement : 
British grids - . ...... - .. - ..... - . 3-8 3-20 For directiom. __ . _ .. __ ... - . 5-lb(l) 5-1 

Camouflage detection film . . _ .. __ 8-4d 
For geographic coordinates._ 3-2b 3-2 

8-5 Deliberate offset. _ .......... ___ 5-13i 5-24 
Care of ma))II .. ... _ ........ _ ·-- 1-6 1-2 Depremiion ... _ .......... _ .... _ 6-2h(7) 6-7 
Catalogs of ma))II .. . .... ··--· ... l-7c 1-2 Determination of ground distance: 
ClaBBification notes. _ .. _ .... _ ... 2-lb(20) (b) 2-4 From graphic (bar) BCales ... 4-3b,c 4-3, 4-3 
Classified maps. _. _ .. --·-·- .... 1-Sd 1-5 

From RF of map.- ----·--·· 4-2 4-1 
Cliff .. . . ...................... 6-2h(9) 6-9 Detour around enemy positions .. 5-131: 5-25 
Clinometer ___ .. ·-- ........ __ ._ 10-2d(l)(d) 10-5 Direction finding: Cloeed traverse . ... ______ -· .... 10-2g 10-9 At night . .. _ ......... _ .. __ 5-12c 5-19 
Color film . ...... __ ..... __ . ____ 8-4c 8-5 Equal-shadow method .. ___ . 5-12b 5-19 • Combined sketch._ ... ____ . _____ 10-2b(5) 10-1 Shadow•tip method _________ 5-12a 5-18 
Comp888: Watch method ____________ . 5-12d 5-19 

By-paBBing obstacle at night. 5-131 5-25 Direction finding at night_ ______ 5-12c 5-19 Intel'!lection. ___ . __________ 5-9a 5-14 Directions, methods of exprellBing. 5-1 5-1 Land navigation . _____ . ____ 5-13e 5-22 Draw, as shown by contoun ___ . _ 6-2h(3) 6-4 
Night use- --------------·- 5--6c 5-9 
Orienting a map ____ ________ 5-7b 5-10 Edition number ________________ 2-lb(5) 2-1 
Resection._ . ___ .. _________ 5-lOa 5-15 Equal-shadow method of deter-

• Sighting methods. __________ 5--6b 5-8 mining direction. _______ . _____ 5-12b 5-19 
Concave slope . ... _____________ 6-2g(3) 6-3 Elevation, definition __________ . _ 6-la(2) 6-1 
Contour interval. . __ ._. _____ ... 6-2b 6-1 Elevation guide. ___ ._._._ .. ___ . 2-lb(20)(e) 2-4 

Index-I 



FM 21-26 

Elevations determined from con-tours ______________________ _ 

Factors of recognition of features 
on aerial photos : 

Shade (tone) ______________ _ 
Shadows _________________ _ 

Shape (pattern) ___________ _ 
Size __ __ _________________ _ 

Surrounding objects _______ _ 

False eastings _________________ _ 
False northings _______________ _ 
Fiducial marks _______________ _ 
Field sketching: 

Military sketching _________ _ 
Panoramic sketching _______ _ 

Fill, as shown by contours ______ _ 
Film, aerial photographic ___ ____ _ 
Folding maps _________________ _ 
Foreign maps _________________ _ 
Form lines ____________________ _ 

Paragraphs 

6-2c 

8--10b(4) 
8--10b(3) 
8--10b(2) 
8--lOb(l) 
8--10b(5) 

3-3a 
3-3a 

8--9b(l) 

10-2 
10-3 

6-2h(8) 
8--4 
1-6 

1-10 
6-5b 

Gazetteer for maps_ ____________ l-7d 
Gentle elope, as shown by con-

tours- - - - -~ - - - - - - - - - - - - - - - - - 6-2g(l) 
Geographic coordinates _________ 3-2 
GEOREF_____________________ 3-9 
Glossary______________________ 2- lb(20)(a) 
Grad, to express directions______ 5--lb(3) 
Graphic scales_________________ 4-3 
Grid azimuth __________________ 5--3a 

Measuring a grid azimuth___ 5--8b 
Plotting a grid azimuth _____ 5--Sb 

Grid convergence_______________ 5--4c(2) 
Grid coordinate scale___________ 3-4c(2) 
Grid declination ________________ 5-4b 
Grid lines_____________________ 3-4c(l) 
Grid-magnetic (G-M) angle______ 5--4c(l) 
Grid north ____________________ 5--2c 
Grid note_____________________ 2- lb(ll) 
Grid reference box ______________ 2-lb(l2), 3-7 
Grid values____________________ 3-4c(l) 
Grid zone designation, UPS______ 3-4a(2) 
Grid zone designation, UTM _____ 3-4a(l) 
Grid zone junctions_____________ 3-6a 
Grids_________________________ 3-3- 3-8 

Hachures _____________________ _ 

Hatching fig . 10-19) __________ _ 
High oblique aerial photograph __ _ Hill __________________________ _ 

Horizon line, panoramic sketch-ing ________________________ _ 

Horizontal accuracy require-ments ______________________ _ 

Horizontal datum note _________ _ 

Identification of features on aerial 
photographs ________________ _ 

Index contours ________________ _ 
Indexing aerial photographs ____ _ 

lndex- 2 

6-5d 
10-3d(4) 

8--3c 
6-2h(l) 

10-3b(l) 

1- 12b(l) 
2- lb(14) 

8-10 
6-2b 
8--7 

Page 

6-1 

8--14 
8--13 
8--13 
8--13 
8--14 

3-7 
3-7 

8--11 

10-1 
10-13 

6-7 
8--4 
1-2 
1-6 

6-14 

1-2 

6-2 
3-1 

3-20 
2-4 
5--1 
4-2 
5--1 

5-13 
5--13 

5--2 
3-11 
5-2 

3-10 
5-2 
5-1 
2-4 

2-4, 3-16 
3-10 
3-10 
3-8 

3-14 
3-6 

6-15 
10-15 

8-3 
6-3 

10-13 

1-6 
2-4 

8-13 
6-1 
8-9 

Paragraphs 

Index to adjoining sheets_ __ _____ 2-lb(8) 
Index to boundaries_______ ___ __ 2-lb(9) 
Individual sketch__ _____ __ _____ _ 10-2b(4) 
Infrared film______ __ ___________ 8-4b 
Intermediate contours_ __ ______ _ 6-2b 
lntel"!lection __ _ . ___ _ ____ __ ___ __ 5--9 

Joint operations graphics ______ l-9b(5), app C 

Land navigation___ ___ __ _______ 5-13 
Large scale_____ __ __ ________ ___ l-9a(3) 
Latitude__ __ __ ___ __ ____ _______ 3-2a 
Layer tinting_______ __ _______ __ 6-5a 
Legend__ _____________ ___ ______ 2-lb(15) 
Lensatic compaee______ ___ __ ____ 5-6 
Location of points by geographic 

coordinates ______ _____ __ ____ _ 

Location of points, GEOREF system ___ ___ ____ ________ ___ _ 

Location of points, thrust line 
coordinate system ____ ______ _ _ 

Location of points, USA Military 
Grid Reference System __ ____ _ _ 

wg, used in land navigation ___ _ _ 
wgical contouring (fig. 10-10) __ _ 
wngitude ___ __ _______________ _ 

ww oblique aerial photograph __ _ 

Magnetic azimuth ___ ----------~ 
Magnetic compaee _____________ _ 
Magnetic declination _________ - _ 
Magnetic north _____ __ ________ _ 
Map evaluation criteria ________ _ 
Marginal information __________ _ 
Medium scale __ ______________ - -
Meridians of longitude--

numbering _______________ ___ _ 

Military city map _____________ _ 
Military grid reference _____ - ___ -
Military Grid Reference System, 

U. S. Army _________________ _ 
Military maps, definition of _____ _ 
Military sketch _______________ _ 
Military sketch _______________ _ 
Military sketching kit __ ________ _ 
Military symbols ______________ -
Mil, to express directions _______ _ 
Mosaice ___________________ ___ _ 

Multiple-lens aerial photography _ 

National standard map accuracy 
requirements _____________ --- -

100,000-Meter square __________ _ 
Orientation of a map __________ _ 
Orienting aerial photographs ____ _ 
Orthophotomosaic _____________ _ 
Overlapping grids _____________ _ 
Overlapping photos _______ - - - - - -
Overlays: 

Aerial photograph _________ _ 
Description ___________ - - -- -

3-2e 

3-9 

3-10 

3-5 
5--13g 

10-2h(2) 
3-2a 
8-3b 

5--3a 
5--6 

5--4b 
5--2b 

l-12e 
2-1 

l-9a(a) 

3-2a, b 
1-9b(9) 

3-4c 

3-4 
1-9 

10-2 
10-2 

10-2d 
2-3 

5--lb(2) 
9-1 

8--3e 

l-12b 

3-4b 
5--7 
8-8 

9-lb(4) 
3-6b 

8--lla, b 

7-3b 
7-1 

Page 

2-3 
2-3 

10-1 
8-4 
6-1 

5--14 

C-1 

5--21 
1-5 
3-1 

6-13 
2-4 
5--8 

3-3 

3-20 

3-22 

3-14 
5--23 

3-1 
8--2 

5--1 
5--8 
5--2 
5--1 
1-7 
2-1 
1-5 

3-1, 3-2 
1-5 

3-10 

3-8 
1-5 

10-1 
10-1 
10-1 
2-6 
5-1 
9-1 
8--3 

1-6 

3-10 
5--10 
8--10 
9-1 

3-16 
8--14, 8--18 

7-3 
7-1 

• 

• 



FM 21-26 

Paragraphs Page Paragraphs Page 

Map ____ ________ ____ ______ 7-3a 7-1 Shape (pattern) as a factor of 
Uses ___ _______ __ __________ 7-2 7-1 recognition - - - - - -- ______ ._ --- - - 8--10b(2) 8--13 Overprint.a __ ___________________ 

1-11 1-6 Sheet name ____________________ 
2-lb(l) 2-1 

Outpost sketch _________________ 10-2b(2) 10-1 Sheet number __________________ 2-lb(2) 2-1 
Pacel!C&le -- ------------------- 10-2d(3) lo-6 Size as a r actor of recognition ___ . 8- lOb(l) 8--13 

Panchromatic film. ____ . _____ . __ 8--4a 8-4 
Sketches: 

Panoramic aerial photography ___ 8--3g 8--3 
Area ______________________ 10-2b 10-1 

Panoramic sketch . .. ____ .. _____ 10-3 10-13 
Combined. ___ .. ___________ 10-2b(5) 10-2 

Parallels of latitude-numbering. 3-2a, b 3-1, 3-2 
Individual __ _______________ 10-2b(4) 10-1 

Pattern (shape) as a factor of 
Military ___________________ 10-2 10-1 

recognition. ____________ __ ___ 8--10b(2) 8--13 
Outpost ___________________ 

10-2b(2) 10-1 

Perspective drawing ____________ 10-3c 10-14 
Panoramic _________________ 10-3 10-13 

Photomap ____ ________________ . 1- 9b(4), ~2 1-5,~l 
Place _____________________ 

10-2b(3) 10-1 

Photomosaic ___________________ 1-9b(8) 1-5 
Position. __________________ 10-2b(l) 10-1 

Pictomap ____ __________________ 
1-9b(6), ~3 1-5, ~2 

Road _____________________ 
10-2a 10-1 

Place sketch . . _________________ 10-2b(3) 10-1 
Scale _____________________ 

10-2c 10-1 
Planetable __________________ 10-2d(l)(b), (2) 10-3, lo-6 

Sketching board ________________ 10-2d(l)(b) 10-3 

Planimetric map __ _____________ l-9b(l) 1-5 
Sketching kit __________________ 10-2d 10-1 

• Plastic relief map ____ ___________ 1-9b(3) 1- 5 
Slope, as indicated by contours : 

Plastic relief photomap __________ l-9b(7) 1-5 
Concave __________________ 

6--2g(3) 6--3 

Pocket stereoscope . ____________ 8--llc(l), d 8--18, 8--19 
Convex ___________________ 

6--2g(4) 6--3 

Point designation grid, aerial 
Uniform gentle _____________ 6--2g(l) 6--2 

·photographs. ________________ 8--9 8-10 
Uniform steep. _ ... ________ 6--2g(2) 6--3 

Point designation, UTM grid ____ 3-4c(3) 3-12 
Slope, expression of : 

Polar coordinates .. . ____________ 5-14 5-26 
As a gradient ______________ 6--3a 6--10 

Position sketch ___ ______________ 10-2b(l) 10-1 
As a percent ____________ ___ 6--3b 6--10 

Prime meridians. ______________ 3-2a,3-2/ 3-1, 3-6 In degrees ••••• ~----------- 6--3c 6--10 

Principal digits ________________ 3-4c(l) 3-10 
Small l!C&le ___ . ________________ 1-9a(l) 1-5 

Procurement of maps ___________ 1-7 1-2 
Special maps ___________________ H!b(lO) 1-6 

Profiles ___ ____________________ 6-4 6-11 
Special note11 __________________ 2-lb(20)(/) 2-4 

Projection note _________________ 2- lb(l0) 2-3 
Special purpose mape ____ . ______ 1-11 1-6 

Protractors ____________________ 5-8 5-13 
Spot elevation _________________ 6--2/ 6--2 

Protractor scale ________________ 2- lb(20) (c) 2-4 
Spur __________________________ 

6--2h(5) 6--7 
Standards of accuracy __________ 1-12 1-6 

Relief, definition of_ ____________ 6--la(3) 6--1 Evaluation· criteria __ _______ 1-12e 1-7 
Representative fraction (RF) ____ 4-2 4-1 Horizontal accuracy _____ . __ 1-12b(l) 1--6 
Resection ____ _ . _______________ 5-10 5-15 Military city maps_._. _____ l-12c 1--6 
Ridge __ ___ ____________________ 

6--2h(4) 6--1 
Photomaps ________________ 1-12d 1-7 

Road sketch ___________________ 10-2a 10-1 Vertical accuracy ___________ 1- 12b(2) 1-6 

Saddle _____ ___ ________________ 
6--2h(6) 6--7 

Steep slope, asshownbycontours . 6--2g(2) 6--3 

Scale: 
Steering marks ___ . _____________ 5-13d 5-22 

Definition .. _______________ 1-9a, 4-1 1-5, 4-1 
Stereopair of photos . ___________ 8--11 8--14 

Large scale _____ ___________ l-9a(3) 1-5 
Stereoscope ____________________ 8--llc 8--18 

Medium ___________________ 1-9a(2) 1-5 
Pocket __ __________________ 8-llc(l) 8--18 

Representative fraction _____ 4-2 4-1 
Mirror ____ . _______________ 8--llc(2) 8--18 

• Stereovision ___________________ 
Scale note _________________ 2-lb(3) 2-1 

8--11 8--14 

Small scale ________________ 1-9a(l) 1-5 
Stocknumber __________________ l-7c, 2- lb(21) 1- 2, 2-4 

Scale of sketches. ______________ 10-2c 10-1 
Supplementary contours _________ 6--2d 6--2 

• Security of maps. ______________ 1- 8 1-4 
Surrounding objects as a factor of 

Semicontrolled mosaic. _________ 9-lb(2) ~1 
recognition __________________ 8--10!>(5) 8--14 

Series name and scale note . _____ 2-lb(3) 2- 1 
Symbols and colors on topographic 

Series number __________________ 2-lb(4) 2-1 
maps _______________________ 2-2 2-5 

Shade (tone) as a factor of recog- Terrain model. ________________ 1- 9b(ll) 1-6 
nition ___ _______ . ____________ 8- 10!>(4) 8--14 Third party limitations _________ l-8c 1-4 

Shaded relief.. ___ ______________ 6--5c 6--15 Thrust line coordinate system ____ 3-10 3-22 
Shadow as a factor of recogni- Time-distance scale _____ ._. __ . __ 4-3d 4-3 

tion ________ ________________ 8-10b(3) 8-13 Titling aerial photographs _______ 8--5 8--5 
Shadow-tip method of direction Tone (shade) as a factor of finding ___ ___________________ 

5-12a 5-18 recognition __________________ 8--10b(4) 8--14 

lndex-3 



FM 21-26 

Paragrapha 

Topographic map.............. 1-9b(2) 
Topographic symbols........... 2-2 
Traven,ing.................... 10-2/, g 
Trimetrogon aerial photography.. 8-3d 
Tripod, sketehing kit. _ . _. _ _ _ 10-2d(l) (b), (2) 
True azimuth.................. 5-3a 
True north_ ...... _............ 5-2a 

Uncontrolled mosaic .... _ ...... . 
Uniform gentJe alope ........... . 
Uniform steep slope. __ ._ ...... . 
Unit imprint.. ............ _ ... . 
Univen,al polar atereographic 

grid ....................... . 

lndex-4 

9-lb(l) 
~2g(l) 
~2g(2) 

2-lb(18) 

3-3b 

Pace 

1-5 
2-5 

10-7, 10-9 
8-3 

10-3, 10-6 
5-1 
,5-1 

9-1 
~3 
6-4 
2-4 

3-7 

Univen,al Transverse Mercator 
Grid ................... ---·. 

User's note ................... . 

Valley ....................... . 
Vanishing point, panoramic 

sketehing ......... . ......... . 
Vertical accuracy requirements .. . 
Vertical aerial photograph ...... . 
Vertical datum note ........... . 

Wat.eh method of determining 
direction ...... _._ .... _ ..... . 

World Geographic Reference 
System ..................... . 

Paragrapha 

3-3a 
2-lb(17) 

~2h(2) 

10-3b(2) 
l-12b(2) 

8-3a 
2-lb(l3) 

5-12d 

3-9 

Pace 

3-7 
2-4 

6--4 

10-14 
1-6 
8-1 
2-4 

5-22 

3-20 

' 

'II 



, 

, 

I 

By Order of the Secretary of the Anny : 

Official: 
KENNETH G. WICKHAM, 
Major General,, United States Amly, 
The Adjutant General,. 

Distribution: 

FM 21-26 

W. C. WESTMORELAND, 
General,, United States Amly, 
Chief of St,ajJ. 

To be distributed in accordance with DA Form 12-11 requirements for Map Reading. 

,o U, S. COVERNMENT PRINTINC OFFICE : 1972 0 - 4~0-811 






