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Expressed os slope In percent = -23 = 23%

FIGURE 36.-Determination of slope.

routes of travel whether by road or open country, and siting or location of all military works and weapons. In paragraph 26b it was learned that the spacing of contourg indicates the slope of the ground. A step further is to determine from a study of contours on maps the amount of slopp and express it numerically. There are several methods of expressing slopes of ground surfaces. The method of expressing slope by percent is the principal one and the only one that will be described in this manual.

b. Slope in percent.-A slope of 1 percent is one in which 1 foot of vertical height is ascended or descended in traveling 100 feet of horizontal distance. A slope of 10 percent is one in which 10 feet are ascended or descended in traveling 100 feet. Thus in figure 36 where AB represents a slope, if the horizontal distance from A to B is 100 feet, and difference

23 of elevation is 23 (or 242-219) feet, the slope of AB= 1 00 -23 percent. An upward slope is plus, a downward slope minus, that is, the slope from A to B is plus 23 percent, but from B to A is minus 23 percent.


	c. Grade.-The slope of road and railroad lines is referred to as grade, and may be computed in a manner similar to that described in b above.

	* 31. PROFILE.--a. General.-The most satisfactory way of showing the slope of any line on a map is by drawing its profile. A profile between two points is the line (usually irregular) of intersection of an imaginary vertical plane cutting the earth's surface between these two points. For example, in figure 37 imagine a vertical plane passed from above through the earth between the points A and B, and the front half of the hills and ridges removed, just as a cook passes a knife through a cake and removes half. The outline of the surface of the remaining half would be its profile as represented in figure 37©. It has already been seen in figure 29 how profiles may be used to illustrate the different types of slopes indicated by the spacing of contours. Profiles are also a means of determining the visibility or the defilade of points or areas from any selected point on a map. Visibility is discussed in paragraph 32.

	b. To draw profile between two points.-Figure 370 represents a portion of a contoured map. It is desired to construct the profile of the ground represented by the map between the points A and B. Proceed as follows:

	(1) Connect points A and B by a straight line and assume that a vertical plane is passed through this line.




	

	(2) Take a piece of cross section paper or any paper which has parallel lines equally spaced; cut or fold the paper along one of these lines.

	(3) Refer to map and determine the highest and lowest elevation along the line AB; number the spaces on the paper



[image: Figure, page 53]

FICURE 37.-Construction of a profile.

to correspond with the elevations on the map beginning with the highest elevation toward the top edge of the paper (fig. 37®).

(4) Place top edge of the paper along the line AB and where the edge cuts each contour, drop perpendiculars to the line on the paper corresponding to the elevation of the contour being considered.


	(5) Connect the points of intersection of the perpendiculars with the lines of the paper. This will represent the profile except between adjacent contours of the same elevation which require the determination of intermediate elevations.

	(6) Where the line crosses a crest or a depression an elevation number on the map is sometimes found to assist in completing the profile. Where such elevation numbers are missing, interpolate necessary elevations from the spacing of the contours, using the method described in paragraph 27.

	(7) When a profile is desired of an irregular line on the map, such as a road or trench, divide it into a series of sections approximately straight and plot as directed above, turning the paper at each angle to make a continuous profile.

	c. Vertical scale.-Profiles usually have an exaggerated vertical scale in comparison with the horizontal scale which ordinarily is the same as that of the map as shown in figure 37®. In the figure, the lines on the paper could represent 10-foot elevations as indicated, or they could represent 5-foot elevations, thus further exaggerating the profile as desired. For constructing profiles, use of cross section paper will be found most convenient since the vertical lines assist in dropping the perpendiculars to the horizontal lines representing the contour elevations.



[image: Figure, page 54]

FIGURE 38.-Defllade.

* 32. VISIBLITY.--a. General.-One of the important uses of maps for military purposes is to determine whether a point, a route of travel, or an area is visible from a given point or position. The extent of the. area visible affects selection of targets, siting of weapons, and location of defiladed area or dead space (fig. 38). There are various methods of solving visibility problems, but only the ones more commonly used will be covered in this manual.

b. Inspection.-Many problems of visibility may be solved by inspecting the map, and determining from the contours the ground slope represented. The representation of ground slopes by contours is described and illustrated in paragraph 26b. For example, in figure 29 it is evident by

[image: Figure, page 55]

I1GURE 39.--Determination of visibility by profile method.

inspection that an observer at E cannot see the ground at F, this being a convex or humpback slope, while an observer at G can see the ground at H, this being a concave or swayback slope.

c. Profile.-In paragraph 31 it was learned how to construct a profile between two points such as AB on figure 37. Suppose it is required to use the profile method to determine what points along the line AB are visible from an observer at A. Construct a profile along the line AB as described in paragraph 31. It is evident in figure 39 that the portion of the profile that is shaded is not visible from an observer at A.

[image: Figure, page 56]

d. Hasty profle.--Many problems of visibility may be solved without drawing a complete profile. In such Cases only the critical points which may affect the visibility are plotted, such points being first determined by inspection. These points would be the position of the observer's eye, the probable masks (hills or ridges), and the point where visibility is to be determined. This is illustrated in figure 40 which represents a portion of a contoured map. It is required to determine what an observer can see along the line AP from various points along this line, assuming trees and other vegetation do not interfere. It is evident that while at A the observer can see only point B and point F. From B he can see A, C, E, and F, but is unable to see points D and P. This can be continued for other points.


SECTION VIT



MAP READING IN THE FIELD


	* 33. GENERAL.-All Army personnel should keep in mind the importance of being able to read maps accurately and quickly in the field. Many disastrous mistakes have resulted from a lack of ability to read maps. To be able to read a map properly in the field, the student should be familiar with all material covered in the preceding sections. He should keep in mind that the map and aerial photograph are often the only means available for studying distant or inaccessible areas. He should always take his map into the field with him and constantly refer to it. He should keep his movements plotted on it, especially when operating over unfamiliar territory, and verify his location at every opportunity. He should practice until it is possible for him to secure a clear and accurate picture of the ground from the information given on the map. In addition to material in preceding sections, a few aids to his map reading ability are orientation, use of compass, determination of distance, and names by which ordinary features of the ground are known. A brief description of each of these follows.

	5 34. ORIENTATION.--a. General.-A person is said to have oriented himself when he stands on the ground and knows the cardinal directions north, south, east, and west. A person is oriented with respect to a map when he knows his position on cnaL map, and a map is oriented when in a nori-



zontal position its north point actually points north. Every stream, road, or other feature on the map is then parallel to its true position on the ground, making it comparatively simple to pick out on the ground objects represented on the map. One who is responsible for guiding by map must know his position on it by constant reference to the map. Normally a map reader can keep himself and his map oriented by observing familiar landmarks. When such marks are not

[image: Figure, page 58]

Point hour hand at sun; south is half-way between hour hand and 12 on the dial.

FIGURE 41.-Method of determining direction by watch and sun.

available, the sun, stars, and compass may be used. Figure 41 shows an approximate method of finding south by use of the sun and an ordinary watch showing correct time. Figure 42 shows a method of finding the North Star by use of the pointer stars in the Big Dipper.

b. Method of map orientation.-(1) Inspection.-Figure 43 shows how a map may be oriented by carefully observing road system and features in immediate vicinity. It will be noted that the map has been rotated horizontally until the road on the map parallels the road on the ground, care being used to see that positions of nearby ground features are in similar relation to their corresponding conventional signs as shown on the map. This is the most practical method for ordinary

[image: Figure, page 59]

FIGURE 42.-Determining north by use of Big Dipper and North Star.

[image: Figure, page 59]

FIGURE 43.-Orienting map by inspection.

[image: Figure, page 60]

FIGURE 44.-Orientation of map by compass.

purposes and may be used as a rough check on more accurate methods.

(2) Compass.-Magnetic north is shown on most maps and is also indicated in the field by the north end of the compass needle. Figure 44 illustrates use of this method. Either prolong magnetic north line or draw a line parallel to it. Then place compass on map with north point of compass case on this line. Rotate map horizontally until north end of needle coincides with north point of the case. Map is now oriented.

(3) By means of a distant point when observer's position is known.-A third method of orientation where a compass is not available and where there are no nearby features suit-

[image: Figure, page 61]

FIGURE 45.-rienting map by means of distant point.

able for orientation by inspection is illustrated in figure 45. Place a pin at observer's position on map. This may be found by reference to the fence corner (flg. 45). Place another pin on the map location of some well-defined point such as the church. Holding map horizontal, sight at church on the ground along the line of pins. Map is now oriented. A more precise orientation is secured if more than one point can be used. Once the map is oriented, approximate map location of a target or other point may be determined as follows: keeping map in oriented position, sight over pin at observer's posinon toward designated point and place a pin on line of


	sight. From a study of the map or by estimation or measurement of the distance, fix location of the point.

	0 35. FrNDING OBSERVER'S POSITION ON MAP.-a. Inspection.- If approximate location on a map is known, all the observer has to do is study visible terrain for distinctive features and his position can be found by identifying these features on the map. This procedure is greatly simplified if the map is oriented to the ground. Figure 46 is an example of this method.

	b. Striding or estimation of distance when along road, railroad, etc.-This method is illustrated in figure 47. Briefly, the method is to identify on the ground the nearest road bend, road junction, bridge, etc., which appears on the map, such as B in figure 47. The distance to this point is either estimated or measured by striding and position on map is obtained by laying off distance AB to scale of map as indicated in the sketch.

	c. Resection from two known points.-This method is illustrated in figure 48. First, orient map accurately. Look over terrain and select two distant visible features on the ground, B and C, which can be located and identified on the map, b and c. Features selected should be so located that lines radiating from observer to them form an angle of as near 90° as possible. Place a pin in b, lay a straightedge (ruler or pencil) against the pin, turn it until it points at B. Draw a ray on the map from the pin toward observer's position. Repeat the same operation with point c. Intersection of the two lines is observer's location on map. Care must be exercised that map remains oriented during entire procedure. If three points gre used instead of two, observer's location will probably be more accurate.



[image: Figure, page 63]

FIGURE 46.-Locating position on map by inspection.

[image: Figure, page 63]

FGu1pE 47-Location of observer's position on map by striding or estimating distance when along road.

[image: Figure, page 64]

FIGURE 48.-Location of observer's position on map by resection from two distant points (graphic method).

* 36. MILITARY TERMS FOR TERRAIN FEATURES.-In addition to usual standard terrain terms such as hill, ridge, valley, etc., certain other words are used to describe features of military importance. The most common of these are shown in figure 49.

[image: Figure, page 65]


	[ 37. DISTANCE.-There are many means of measuring distance. When time is not essential or conditions not unfavorable, pacing or even taping may be used. Along roads measurement of distance by speedometer mileage will be very common. For dismounted troops and for objects off route of travel for motorized troops, distances normally will be estimated by eye. All personnel should practice until they acquire reasonable skill in estimation by eye. However in some conditions, for example, night patroling or marching over broken terrain, all such methods are impracticable. For such operations two other methods may be used. In one, the leader can scale off the distance he must travel on his map and then locate and identify some prominent terrain feature at the end of his march. He has then merely to keep going until he comes to this feature. In the second method, he can reduce distance to time. Since the normal marching rate is 1 mile in 20 minutes, this reduction is very simple. If he is sent down the road a distance of 2 miles, he has merely to walk for 40 minutes and he should be near or at his destination.

	U 38. COMPASS.-a. Types.-The three types of compass issued in the service are prismatic, lensatic, and watch. The watch compass shown in figure 8 is being replaced by the lensatic compass. Descriptions of the other two types are given below.

	(1) Prismatic.-The prismatic compass is shown in figure 500 showing the more important parts labeled. It consists of a case containing a magnetic dial (b) balanced on a pivot, a hinged cover (d) with a glass window, a holding ring (e) and an eyepiece (a) containing a prism for reading graduations on the dial. The dial has two scales, the outer scale to be read through the prism or eyepiece and the inner to be read directly. Both scales are graduated from 0 ° to 360° . The north point is indicated by an arrow of luminous paint. The glass cover has an etched line (f) which may be used like a front sight, and the eyepiece (a) has a slot that may be used as a rear sight. In case the window in this cover is broken, a horsehair or a fine wire can be threaded through and stretched between the two holes in the cover provided for that purpose. Closing the lid operates a lever (g) which raises the dial to protect the compass from injury when not



in use. To lower the dial push clamp (g) forward with the thumb. A second glass protects the face of the dial when the lid is raised. On it is painted a luminous movable index which is used to set angles from the line of sight or north point. This glass can be revolved by unlocking the set screw (h) and turning the corrugated brass ring so that the movable index points at any angle from the line of sight. It can then be set at this angle by tightening the set screw (h). A rubber washer is fixed to the bottom of the case to prevent slipping when laid on smooth objects. The compass is carried in a stout leather case with a belt loop. The outside of the brass case is marked with two scales, one to read azimuths, and the other to read compass directions. Figure 52 shows one use of this outside scale. The compass is affected by presence of iron, steel, or electricity, and will not give accurate readings near an automobile, tank, fieldpiece, machine gun, or power line. A steel helmet, rifle, or pistol on the person of

[image: Figure, page 67]

GURE 50.--Prismatic compass.

[image: Figure, page 68]
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( Parts labeled.

FIGURE 50.-Prismatic compass-Continued.

the observer may influence the needle and make readings inaccurate.

(2) Lensatic.-Figure 51 shows two views of a lensatic compass. It functions in much the same manner as the prismatic compass. The hinged eyepiece is a narrow piece of metal containing a magnifying lens in the larger circular opening. When the eyepiece is tilted so that it is aimed at the forward part of the compass face, the observer is able to see both the scale and a distant point at the same time. It should be noted that the face has two scales, the outer

[image: Figure, page 69]

FIGURE 51.-Lensatlc compass.

[image: Figure, page 70]

FIGURE 51.-Lensatic compass-Continued.

one showing mils, and the inner one showing degrees. The compass is made of light aluminum and is designed so that it may be carried in a pocket.


	b. Measuring azimuth with prismatic compass.-To read the azimuth to any point proceed as follows (fig. 500):

	(1) Raise cover (d) and eyepiece (a) vertically, and lower needle dial at (g).

	(2) Hold compass horizontally in front of the eye and pointing in the direction of object azimuth of which is desired. In doing this utilize every possible means for holding compass and eye steady. Methods used are somewhat similar to those used for sighting a rifle. A good method is to rest



[image: Figure, page 71]

FGURE 52.-Use of Compass dial.

head, wrist, and body against a good substantial tree or other nonmetallic object. A prone or sitting position similar to that assumed for firing a rifle is also suitable. The dial may be dampened by operating the plunger (i) with index finger of left hand.


	(3) Sighting through slot in eyepiece, line up object with etched line (f) in cover. Hold compass steady until dial comes to rest. Read azimuth indicated on dial as seen through eyepiece. This will be the magnetic azimuth of the line from observer to object.

	c. Marching by compass.-(1) Day.-Often troops are ordered either to march or attack cross country according to given azimuths. Such troops might include patrols or individuals on scouting or messenger missions. Patrol leaders or unit commanders may compute from a map azimuths of various legs of their routes to prevent getting lost. Map azimuths must then be converted to magnetic azimuths before they can be used with the compass. Having determined this magnetic azimuth, the leader holds his compass steady and turns it until required azimuth is read on the dial (fig. 53). He then sights along axis of the compass as described in b(3) above and selects a house, tree, rock, or other easily recognizable feature of the landscape on this line of sight. He then marches toward this selected feature until he reaches it or loses sight of it. He then takes another sight as described above and selects a new feature. This is repeated until he reaches his destination. Note that the compass is used to select successive features on the line of march and is not used when actually marching.

	(2) Night.-For marching at night, movable index (c), luminous marks (j-j') on inside of cover, and azimuth scale on outside of case are used (fig. 50(). To march on given azimuth at night, set movable index at desired azimuth, rotate compass until needle points at movable index, and then select some feature on the skyline that is on the axis of the compass. March toward this selected feature. The axis of the compass can be determined by means of the luminous marks (j-j'). Setting the compass must be done in the light, usually by flashlight, screened from observation. On



very dark nights where the skyline is not visible, it may be necessary to send one man ahead to the limit of visibility, line him up on desired azimuth, and then walk toward him, repeating this as often asis necessary.

[image: Figure, page 73]

FIGURE 53.-Prismatic compass open and in position for measuring azimuth in daylight.



SECTION VIII — AERIAL PHOTOGRAPH READING

* 39. GENERAL.--. Importance.-Aerial photographs ar e used for many different purposes in connection with military operations. In this manual they are considered primarily in conjunction with or as substitutes for topographic maps. The ideal situation is to have an accurate topographical map and a recent aerial photograph of the same area. During the first few days or even weeks in a new theater of operations there is a great possibility that the only up-to-date information of the terrain available would be that obtained from aerial photographs. They would be used in determining distances and directions, and in selecting routes in much the same manner as ordinary topographic maps.


	b. Types.-(1) Vertical photographs are those made when axis of the camera is kept as nearly vertical as possible.

	(2) Oblique photographs are those made when axis of the camera is deliberately tipped from the vertical.

	(3) Composite'aerial photographs are made with cameras having one principal lens and two or more surrounding and oblique lenses. The several resulting photographs are corrected or transformed in printing so as to permit assembly as verticals with the same scale.'

	c. Marginal data on aerial photographs.-(1) As aids in reading and use, aerial photographs used for photomaps will have information along the black strip at the bottom, reading from left to right, as follows:

	(a) An arrow one-half inch in length in the 1ower left hand corner of the negative indicating north, with letter N superimposed over center of shaft.

	(b) Name of locality or nearest locality.




	(c) Approximate military grid coordinates of center of photograph.

	(d) Scale of photograph expressed as a representative fraction in case of a vertical, altitude above ground in feet and focal length of camera in case of an oblique.

	(e) Hour.




	(I) Date arranged in the following order: day, in figures; month in letters; and year, in figures.

	(g) Designation of squadron.




	(h) Serial number of negative. In additon to a north point, the following is the legend on a vertical:

	Saranac, N. Y.-(321-437)--1:20,000-(2:00 - G- o P.M.)-(24-Aug-40)-97th-M5. (See fig. 62.)




	(2) Mosaics and wide coverage photographs may have in addition to that listed above the following information:




39-40 ELEMENTARY MAP AND AERIAL PHOTOGRAPH READING


	(a) Marginal information similar to that shown on maps such as the graphic scale in yards.

	(b) Some system of grids, preferably the atlas grid described. in paragraph 44.

	(c) Names of important features such as towns, streams, mountains, highways, etc.

	* 40. OBLIQUE.-Normally in making obliques the photographs are taken over the side of the cockpit with the camera,



[image: Figure, page 75]

FGC-uRE 54.-Relative shape of area covered by oblique photograph. compared to photograph itself.

intentionally tilted at an angle which will vary according to the mission, but is usually about 30' below the horizontal as shown in figure 54. This procedure gives what is known as a low oblique (fig. 55). Obliques which include the horizon are termed high obliques (fig. 56). Figure 54 also shows the relative shape of the area covered by an oblique photograph as compared to the photograph itself. Note the actual photograph is a rectangular print whereas the area covered by the photograph has the shape of a trapezoid and is much larger, Distances on oblique photographs cannot be scaled

[image: Figure, page 76]

FIGURE 55.-Low oblique.
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FIGURE 55.--Low oblique-Continued.

[image: Figure, page 78]

FIGURE 56.-High oblique.

[image: Figure, page 79]

0 0 0. Un accurately. However, since the oblique picture is taken from a viewpoint similar to that of an observer on a high hill, terrain features have a more normal appearance than they do in a vertical; this characteristic makes them more useful for the study of hills, valleys, buildings, roads, etc. They can also be used to accompany operations or field orders. As shown in figure 57 it is possible to show the line of departure, routes from bivouac to assault positions, assembly positions, boundaries between units, objectives, and information of the enemy.

* 41. VERTICAL.-Vertical photographs are usually taken through an opening in the floor of the airplane cockpit pcrpendicular to the surface of the earth. Each photograph covers a comparatively small ground area and shows the area somewhat as it would appear on a detailed map or sketch of similar scale. Figure 58 shows photographs taken from different altitudes of the same general area. Scale (RF) of each is given below it. Obliques of the area are shown in figure 55. Comparison of the areas covered for different scales should be made the subject of careful study. Figure 1 (back of manual) has these same areas outlined in heavy black lines. Learning to read a vertical photograph is similar to learning to read a map. It consists in being able to recognize familiar objects on the landscape from their appearance on, the photograph, to orient the photograph, to determine its scale, and to determine distance and direction. A photograph however is not as easy to read as a map. Important features on a map are emphasized and always are shown in the same manner. On a photograph important features such as roads, railroads, bridges, and streams may appear less important than a great amount of unimportant detail, or may be completely hidden by trees or shadows, Dissimilar objects such as roads, railroads, and canals may look alike, and the same objects may appear to be different on various photographs or even on different parts of the same photograph. Also, a. single vertical photograph unlike a topographic map contains no definite information of ground forms and elevations. Hills, ridges, and depressions are difficult to visualize unless an analysis of the drainage system within the area is made. Even

[image: Figure, page 81]

IGURE 58.--Vertical photograph.

[image: Figure, page 82]

O Scale, 1:16,000 (approximate). FIGURE 58.-Vertical pho ograph--Continued.

[image: Figure, page 83]

Q Scale, 1:7,813. aGuGRE 58.-Vertical photograph-Continued.

when this is done relative elevations are not apparent on the photograph. On the other hand, an aerial photograph is very valuable for the reasons that it-


	a. Possesses in pictorial form a wealth of detail which no map can equal.

	b. Can be prepared for use in a short time, much quicker than making a new map.

	c. Is up to date.




	d. Can be made of any area, even those inaccessible to ground mapping parties.

	* 42. IDENTIFYING TERRAIN FEATURES.--. Identifying features of terrain on photographs requires a certain amount of practice which is best gained by actually comparing the photograph with the ground. When this is not possible, the next best method is to compare photographs with a good map of the same area. Actual identification of objects on an aerial photograph or on a mosaic is effected through one or more of the following means:

	(1) Shape of object.




	(2) Its tone, or relative colors from white through various shades of grey to black.

	(3) Shadow it casts.




	(4) Apparent or relative size.




	b. In identifying features always hold the picture so the shadows are falling toward the body. Figure 59 shows several ground features numbered to correspond to the numbers of the subparagraphs below containing their description. When reading the description, look at figure 59 and note how reasons given for each identification apply.

	(1) Plowed field looks light in the photograph because it reflects a relatively large amount of light.

	(2) Meadow looks darker largely due to the shadows of the grass. The meadow is said to have more texture than the field. The difference between the meadow and the field is similar to the difference between satin and plush velvet. Although both are the same color, the plush looks darker due to the shadows of the hairs which stand erect, but it can be made to look lighter when smoothed down.



[image: Figure, page 85]

n'GuRE 59.-Identification of terrain features.


	(3) Bridge looks lighter than the water. It can be identified by its size, shape, and its shadow on the stream.

	(4) Building can be identified by its size, shape, difference in appearance of the two roof slopes, and by its shadow. The shadow looks darker than the building.

	(5) Woods appear relatively dark because of deep shadows of the trees. They have much texture and reflect little light.

	(6) A stream can be identified by its meandering course. Even through open fields some trees or bushes usually grow along its banks. In a dense wood it will appear as a thinnirg out of the surrounding growth. 'the water looks very light or dark, depending upon the relative positions of sun, camera, and water.

	(7) Fence lines are identified by difference in texture between fields they separate and usually look dark in the photograph because of shadows of bushes growing along theth.

	(8) Roads are identified by their straight lines, uniform width, and the fact that their surfaces are usually smooth and reflect much light. (Modern open asphalt texture surfaces will appear darker than other road surfaces.)

	(9) Trails are also light but are more variable and narrow in width and more crooked than roads..

	(10) Railroads have more gradual curves, are straighter, and darker in appearance than most roads.

	(11) Orchard is identified by its shape and by the straight and regular rows of trees. Shadows of equal length show the trees are all of about the same height.

	(12) Mud flats along the stream look darker than the water and have lighter spots in them due to pools of water.

	(13) Cluster of buildings shows this is a village.




	c. A careful study of figure 60 combined with a study of figure 580, (, and ® compared with the map (fig. 1, back of manual) should make the student reasonably proficient in interpreting aerial photographs. It should be remembered that the pictorial effect of aerial photographs is influenced by shadow. In order that this effect will aid rather than hinder the student, he should place the photograph on a table between himself and a lamp, window, or other source of light, shifting it to avoid the glare from its surface and so that shadows on the photograph fall toward him. In this position
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® Vertial aerial photograph. O)Vertical aerial photograph.
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() Map of area shown on photograph. FoavE 60.-Interpretation of photographic detail--Continued.

objects will have their normal appearance. If the photograph is reversed, that is, placed so that the shadows fall away from the student, actual hollows may appear as hills and trees as holes in the ground.


	* 43. ORIENTATION.--. With map.-(1) When the photograph is used in conjunction with a map it should be oriented with the map. Maps are printed with the north of the map at the top and all lettering, grids, etc., are added on that basis. However, no attempt is made to take photographs to fib this scheme. Photographs may be received without any lettering or direction arrow for orientation. Consequently it may be necessary to study the photograph and identify objects to use in orienting it. When objects shown on the map are found on the photograph it is a simple matter to orient the photograph with respect to the map. Road systems and streams are useful for this purpose. A magnetic north line should then be drawn on the photograph parallel to that on the map.

	(2) Another method of drawing the magnetic north line on a photograph is to select two points on the photo that can also be easily identified on the map. The points should be fairly far apart, and the line joining them should pass close t;o the center of the photograph (points A and B, fig. 58(D). Measure on map azimuth of line joining these points. Convert this azimuth to magnetic azimuth. In figure 1 (back of manual) magnetic azimuth of the line A to B is 328°30 ' . Lay protractor on the photograph (fig. 61) with center of protractor at A and line AB cutting the 328030 ' reading. The base line of the protractor is now lying on magnetic north and south line with north toward the 360° reading. A line with N arrow is drawn parallel to this where desired on the photograph. Further details of this process are given in FM 21-26.

	b. With ground.-A photograph may be oriented with the ground by placing some well-defined line as a road on the photograph parallel with the same line visible on the ground. This is similar to the orientation of the map described, in paragraph 34b. The same method is used in locating
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FIGURE 61.--Determining magnetic north on a photograph.

observer's position on a photograph as is used on a map (see par. 35).


	c. By shadow.-There may be times when an observer in the field finds it impossible to orient a vertical aerial photograph by either of the above two methods. A third method. of rough orientation by use of shadows can be used. In the northern hemisphere shadows fall to the northwest in the morning and to the northeast in the afternoon. Assume the photograph is taken between the usual hours for aerial photography, that is, 10:00 A.M. to 2:00 P.M. The photograph is laid on the ground with the shadows pointing slightly west of north if the photograph was taken in the morning or slightly east of north if taken in the afternoon. The photograph is then approximately oriented. If the exposure is before 10:00 A.M. or after 2:00 P.M., the photograph must be turned west or east of north a correspondingly greater distance.

	R 44. ATLAS GRID.-Because of variations in scale, other inaccuracies, and difficulty of locating grid lines, the military grid is not used on photographs or uncontroled photomaps. The atlas grid is used instead with grid lines always 1.8 inches apart regardless of the scale. With this interval, on a 1: 20,000 photograph the grid lines are about 1,000 yards apart. The lines are numbered from the bottom up, and lettered from left to right. Starting at the left edge, the first line is A, the second B, etc. Starting at the bottom the first line is 1, second 2, etc. Therefore, the origin of coordinates at the lower left-hand corner of the photograph is (A.0-1.0) (fig. 62). Points can be located accurately by decimals of the grid interval. For instance, the decimal coordinates of point P would be written (C.5-4.2).
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	* 45. ScALE.--Customarily photographs intended to be used as substitutes for maps will be marked as shown in paragraph 39c. However, they may be received without complete information as, for example, with the scale omitted. In this case the scale must be determined by some other method.

	a. By focal length and altitude.-In certain instances, the focal length and altitude at exposure may be shown. This information would appear in the marginal data as follows: (12"-20,000'). This means that the picture was taken with
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F'GoRE 63.-Diagram showing relation of scale, focal length, and lens height.

a camera focal length of which was 12 inches and was 20.000 feet above the ground at time of exposure. By inspection of figure 63 it may be seen that there is a direct relation between focal length of the camera, height of the plane, ground distance AB and corresponding distance ab on the photograph or

𝐟𝐇=𝐚𝐛𝐀𝐁=𝐑𝐅. \frac{\mathbf{f}}{\mathbf{H}} = \frac{\mathbf{ab}}{\mathbf{AB}} = \mathbf{RF}. 

If the focal length is 1 foot (12 inches) and the altitude of the plane is 20,000 feet, then the scale of the photograph will be -I or RF=1:20,000. 20,000

If the focal length had been 6 inches, then the scale would have been 6/12 1/2 1 or RF=1:40000. Hence 20,000 20,000 40,000 the general expression or formula is:

focal length in feet height of plane in feet

In some cases the altitude given is the elevation above sea level, and not the elevation above the ground. If the average ground elevation is much above sea level, allowance must be made for this by reducing the plane's height by the elevation of the ground. For instance, in the example given just above, if the elevation of the ground had been 2,000 feet and the altitude given had been the elevation above sea level, the RF would have been actually - '/2 1 20,000-2,000 36,000 or 1:36,000 instead of 1:40,000.

b. By comparison with map or ground distance.-The average scale of the photograph may be computed by comparison of the distance between two points on the photograph with corresponding distance between the same points on the ground or on a map. For best results the points chosen should be located on the photograph so that straight lines joining them pass fairly near to the center and well across the face of the photograph. For accurate determination see FM 21-26. If required to find the scale of the photograph in figure 580 by comparison with the map in figure 1 (back of manual), select two points such as A and B, that are easily recognizable both on the photograph and on the map. Measure the distance between them both on the photograph and on the map. In this case the map distance is 5.62 inches vwhich on the ground would be 5.62X20,000=112,400 inches since the scale of the map is 1:20,000. Assume the distance between points A and B on the photograph is 5.0 inches. Since it is known that the distance on the ground is 112,400 inches then the RF of the photo is 112,40or 22,480. 1: 9 112,400 22480

Now suppose it is required to find the scale of the photograph in figure 580 by comparison with the map in figure 1 (back of manual). Select two points such as C and D that can be easily identified both on the photograph and on the map. Proceed as above and in this case the map distance is 2.09 inches which would be 2.09X20,000=41,800 inches on the ground. Measure the distance CD on the photograph. Assume it is 5.35 inches. Therefore the RF of the photograph is 5.35,80=73 1 or 1:7,813. Note that in both examples, points 41,800 - 7,813 were selected so that lines connecting them passed close to the center of the picture and that the points were far apart, practically in opposite corners.


	* 46. MOSAIc.-A mosaic consists of several overlapping vertical photographs joined together. When these photographs are oriented with respect to each other by matching detail in the overlap or along the border, the result is an uncontrolled mosaic which gives a good pictorial effect of the ground but may contain considerable errors in scale and direction. When the several photographs are oriented by means of points along the line of flight and adjusted on previously selected ground points, the result is a controlled mosaic. The controlled mosaic is more accurate and for many purposes is as useful as a map. When several photographs taken from a single airplane flight are joined, the result is a strip mosaic. Strip mosaics are commonly used in the early stages of combat as they are quickly made and give a fairly accurate representation of a more or less extended but narrow section of the terrain.

	* 47. PHOTOMAP.-The term photomap is used as a general term to denote reproductions of vertical aerial photographs, composites, or aerial mosaics. On maps and aerial photographs or photomaps for military usage, roads, railroads, towns, streams, wooded and open areas, and relief are of main interest. Relief is not apparent on any photographs unless there is an overlapping pair that can be seen stereoscopically or unless the photograph is ridge lined and stream lined as described in paragraph 29. Figure 64 is a reproduction of a photomap of about the type which may be expected in the
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WEST POINT AND VICINITY _IGURE 64. -Photomap.

field. Although at first glance this photomap appears somewhat indistinct and blurred, those important features referred to above can be seen easily. For example, there is a fairly open valley running from the lower left-hand corner to the upper right-hand corner. There is a stream meandering up the center of this valley. A main highway with several secondary roads runs along its southeastern edge. A railroad, readily identified by means of its long tangents and gradual curves, runs along the northwestern edge of the valley. Several orchards in the vicinity of the town of Mountainville can be picked out. Thus it may be seen that the works of man and changes in wooded and cleared areas are easily seen on a photomap. These are the factors that tend to make a map out of date. The relief as shown on old maps will still be accurate as the ground forms change very slowly. Therefore an up-to-date photomap with any topographic map, whether up to date or not, will give reliable information to the map reader.

* 48. STEREOVISION.--a. General.-The ordinary photograph, as mentioned in paragraph 41, has a flat appearance, which makes it difficult to distinguish between hills and valleys. If two overlapping photographs, known as a stereopair, are viewed either with the naked eyes or with some type of stereoscopic instrument, the effect of depth or relief will be seen and ability had to recognize the actual ground forms. This type of study gives valuable training in understanding and reading both single vertical photographs and photomaps. Consequently, all military personnel should learn and practice stereovision. There are several methods that will assist in acquiring this ability and each individual should experiment until he finds the method that gives him the best results. This ability comes very quickly to most; others will have to use patience and perseverance to obtain it. Experience with large groups of men reveals that anyone with good enough eyes to be in the Army can acquire the ability to see stereoscopically. Stereo studies properly done put no strain on the eyes, and some oculists even prescribe similar exercises to strengthen the eyes. However, when using magnifying spectacles, they should be removed from the eyes before looking up from the photographs.

b. Anaglyph.-Beginners in stereo studies often have difficulty in getting the effect of relief by means of aerial photographs. A simple method of illustrating stereovision is by means of the anaglyph. The anaglyph consists of two different photographs of the same area printed on the same sheet but slightly offset. One is printed in red and the other in blue or green. Relief can be seen when this anaglyph is viewed through a pair of colored spectacles. If the spectacles are reversed or the print is turned upside down, the relief is reversed and ridges will appear as valleys and valleys as ridges. The anaglyph has no practical military value and is used as a quick aid to beginners to illustrate the effects to be obtained by practice in stereovision. For an illustration of an anaglyph see TM 5-230.
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APPENDIX — LIST OF REFERENCES


	* 1. MAPS AND MAPPING.--a. General publications covering coordination of military maps and mapping:

	AR 300-15, Military Maps and Mapping.




	FM 30-20, Military Intelligence, Military Maps.




	FM 30-21, Military Intelligence, Role of Aerial Photography.




	b. Publications of a general nature pertaining to maps and mapping:

	FM 21-26, Advanced Map and Aerial Photograph Reading. (Now published as TM 2180-5.)




	FM 21-30, Conventional Signs.




	FM 21-35, Sketching.




	* 2. CoRPs OF ENGINEERS.-Publications pertaining to Corps of Engineers in performance of their mapping duties:

	FM 5-5, Engineer Troops.




	TM 5-230, Topographic Drafting.




	TM 5-235, Surveying.




	TM 5-236, Surveying Tables.




	TM 5-240, Aerial Photographic Mapping. (Now published as TR 190-27.)




	TM 5-245, Map Reproduction in the Field. (Now published as TM 2180-37.)




	TM 5-300, Symbols for Seacoast Defense, Fire-Control Maps, Diagrams, and Structures. (Now published as TR 1050-5.)




	* 3. OTHER ARMS.-Publications pertaining to duties of other arms in reference to military maps and mapping:

	FM 1-30, Air Navigation.




	FM 1-35, Aerial Photography.




	TM 1-220, Aerial Photography.




	TM 6-200, Field Artillery Survey.
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Public domain (U.S. Government work). Mirrored by T.REX ARMS.

Source: https://archive.org/details/FM_21_25_E_M_A_P_R_1941


EPUB/media/file13.jpg





EPUB/media/file8.jpg





EPUB/media/file39.jpg
FIGURE 1. LARGE SCALE MAP.






EPUB/media/file21.jpg
Area covered

1
=
|
I

J

Oblique photograph- - .|

Shepe of Grea coversd
(broken lines)

by oblique photogroph

-
1
|
e





EPUB/media/file12.jpg
Distance AB determined
by striding
\\ or estimation

Distance AB laid
off along be to
scale of map
thus locating @





EPUB/media/file14.jpg
NOILONAP avOod
=t »

3dO
ANy V3d
vSan 18340 ONI¥V3D
310avs ANMANS AHVLITIN 3d071S X3ANOD

1S34D WOIHIYH90d40L






EPUB/media/file20.jpg





EPUB/media/file7.jpg
e
§208° o

*»

NORTH STAR







EPUB/media/file11.jpg
-CuT

POSITION OF
OBSERVER





EPUB/media/file15.jpg
G-

© Photographic view.






EPUB/media/file23.jpg





EPUB/media/file10.jpg





EPUB/media/file40.jpg
MHI 1 FM 21-25
Copy 3

)NAR DEPARTMENT

BASIC FIELD MANUAL
>
ELEMENTARY MAP AND

AERIAL PHOTOGRAPH
READING

April 12, 1941





EPUB/media/file29.jpg





EPUB/media/file1.jpg
¢
Ground. sur
Horizontal

b 100"






EPUB/media/file16.jpg
Luminous mark set
by night marching

scale. ——t

NORTH (Magnetic)

Compass 5o held that
luminous arrows on diat
point o luminous mark.







EPUB/media/file9.jpg
1000 Yords






EPUB/media/file22.jpg





EPUB/media/file0.jpg





EPUB/media/file17.jpg





EPUB/media/file26.jpg





EPUB/media/file34.jpg
f=FOCAL LENGTH

f=FOCAL LENGTH

He LENS HEIGHT





EPUB/media/file35.jpg
TRUE NORTH

1 Scale WD {dpproximate)
[ - m——— = __n=r—r—
1000 0
i i = s == e
1 0
= T = ey






EPUB/media/file27.jpg





EPUB/media/file3.jpg
© MILITARY GREST

TOPOGRAPHICAL
CREST





EPUB/media/file18.jpg





EPUB/media/file19.jpg
SCOUT ADVANCES ON A KNOWN
AZIMUTH, HE HENCE ARRIVES
AT'A KNOWN POINT OUTSIDE
THE ENEMY'S POSITION. HE
LIES HERE UNTIL SOUNDS
INDICAYE POSITION OF ONE

OF THE ENEMY OUTGUARDS

ENEMY OUTGUARD

WITH COVER DOWN AS SHOWN
SCOUT SIGHTS IN DIRECTION OF
SOUND, TURNS LUMINOUS INDEX
ON THE ROTATING RING ———
TO POINT OVER NORTH END OF
ARROW. AZIMUTH IS NOW
RECORDED AND MAY BE

READ ON OUTSIDE SCALE,
SCOUT ALSO ESTIMATES
DISTANCE TO SOUND






EPUB/media/file36.jpg
=
>
*
4
=
o
=






EPUB/media/file33.jpg
“gjep lsujdiewl pue P8 SBIIYV—'Z9 TUAOLT

El 3 Q 9 a v

i T T

T = e =]

H A 126~ (Ob-6nV-52)- (NI00-2) 000 0F | — (457 -19E) ~ AN ‘OWNVEYS e

AJ i
! i
i ﬁ

™

N ey ===






EPUB/media/file28.jpg





EPUB/media/file2.jpg
Edge of paper





EPUB/media/file32.jpg
.EDGE OF PHOTO
/ 7

328° 30°

{~—MAGNETIC NORTH





EPUB/media/file37.jpg





EPUB/media/file6.jpg





EPUB/media/file24.jpg






EPUB/media/file5.jpg
‘pougowr argoxd Kyseu Aq AMIQISIA JO UOTIEUTIILISQ— 0% TUAOLT

.a
oze 72
oce

d

ove s
ose
os¢ 3
ous é&\\ \._
oes i = =
2 — ; “‘mo
o8 8 n\.“\\\\\lw. I —
o - —
ozv ==
osr






EPUB/media/file38.jpg
FIGURE 2. MEDIUM







EPUB/media/file31.jpg





EPUB/media/file25.jpg





EPUB/media/file4.jpg
Edge of poper

140
sol—la Line of signt, A to. mask C
=\

1120 P lo

% ~f el _h 1
O T of o igh definde

above tine!of sight,

1100 i

A '°i° Line b sight, A 10 8 1</ D
1090L—- LI B -

®





EPUB/media/file30.jpg





