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MAPS, CHARTS, AND AERIAL PHOTOGRAPHS 

The purpose of this course is to present to you information which 
will be of use during your entire military’ career. The subject of 
Maps, Charts, and Aerial Photographs is one which vitally concerns 
pilots as well as navigators and bombardiers. You will at once appre- 
ciate the importance of military personnel being where they are suppos— 
ed to be when they are supposed to be there. Precise timing is very 
important, particularly in the combat zone. Often success or failure 
of a mission may depend upon the perfect coordination of all units par— 
ticipating. In order to make and put into execution the intricate 
plans necessary in aerial warfare, particularly the plans of flights, 
it is absolutely necessary to understand both the fundamentals end 
details concerning maps and charts. Because in the sone of operations 
many of the latest maps are in the form of aerial photographs, it is 
essential that the flyer understand the full meaning and interpretation 
of these vast sources of valuable information. 

The information given in this course will serve as a nucleus around 
which the cadet can build a working knowledge of the subject, for dur— 
ing his work at primary, basic, and advanced schools he will obtain 
through training and experience other data which will be essential in 
successfully completing missions assigned to him. 

PLAN OF COURSE 

The course is planned so that the fundamentals of the eonstruction 
and interpretation of maps are given first consideration. Later in 
the course more details are given regarding the construction and uses 
of specific types of maps and charts. The final subject discussed in 
the course, namely the use and interpretation of aerial photographs, 
is one which deserves emphasis for all those planning to be flyers. 

For your convenience this workbook has been prepared to enable you 
to follow the instructor's lectures and at the same time organize your 
notes in an orderly and useful manner. The figures given in this work- 
book have been reproduced in order that you may have a more accurate 
record of the drawings given by the instructor than could be obtained 
by sketches made from any illustration that he might use. Frequently 
the exact angles in drawings are significant and if the drawings are 
inaccurate, the value of the drawing will be lost. 

The outlines of the lectures are incorporated in the workbook in 
order that you may have a complete record of the main topics discussed 
during the lecture hours. By following the outline in taking notes 
you will have a well organized set of notes for reference. 

The exercises in the workbook are to be completed outside of class 
time. The cadet should be reminded that only by doing this work in- 
dependently will he obtain the full benefits from this course. 

In order to be able to recognize land features from the air, it is 
necessary to be able to read maps accurately and quickly while aloft. 
The importance of interpreting maps correctly cannot be over—emphasiz— 
ed, for it is imperative that the correct identification of objectives 
and other features be made. It is therefore without any apology what-— 
soever that the cadet is required to learn certain of the more common 
conventional signs and symbols used on maps and aeronautical charts. 
The indication of signs and symbols on maps and charts is a matter of 
mathematical exactness and correctness, and the interpretation of signs 
and symbols by the flyer must be equally exact. Detailed information 
regarding conventional signs and symbols is an important part of this 
workbook. 



TABLE OF CONTENTS 

Outeleiiniet of eC OUWS ee eris es Wer) ot benim Nei ous on ceikie a. se) tiol) (either ei tler hetakeml en Meurer 

Conventional Signs and Military Symbols . . . © « © «+ « «© « « «@ 

Lecture I. General Consideration of Maps and Charts 

Notes .. . Se TW nstetos natt leh toriiol tek es ve piemeiety arse ss .er tne Cres semienite 

Exercise. . Rea e ice pie Henle ake hee ey lelvien vec etatel tieisiieits erncenqcelanentive se enints 

Lecture II. Latitude and Longitude 

Figure 1. Globe Showing Meridians and Parallels .... . 

Figure 2. Circles on the Barth. . - » « « « « + « + © « « 

Figure 38. Great Circle and Rhumb Line . . ....... «@ 

Figure 4. Measuring Latitude and Longitude. . . ... « « 

Figure 5. location of Points Using Geographic Coordinates 

Figure 6. Map of the World Showing the Relationship of 

Paradelerjand: Meri Gansu ci Gis vis) uel letiteriie ie ss sje) 26 

INGGES ates waretenise aaet tela ae ite ilies euiiesuie uteri eniieri seep Menthe Srehte ss etlien Nene 

BXETC URC cre ser sutneh i atea (oxewia eile wuisiverc/ecietiteii oir oll Sexttel Net stoi sol lie veune! tie 

Lecture III. Map Projections: Mercator and Lambert 

Figure 7. Covering for Globe as it appears on a Plane. . 

Figure 8. World on a Mercator Projection. . .... . 

Fai gures0.. Globe anelosed. any a2 Cylinders ou sie sie aie neh pemionns 

Figure 10. Greenlend as it appears on the Equator and in 

the Arctic Region on a Mercator Projection .. 

Figure 11. North American Continent on Mercator. and Conic 

PRO FSCELONS I. Coo (ede: Pouites Voth ein eine cot hemiieft en eh ate. ok Ne 

Figure 12. Theory of Mercator Projections. . . ....s. 

Figure 13. Great Circle and Rhumb Line on Mercator Chart . 

Figure 143, Cone. Appl1ed on a Globe. s25 2. fc) 3. ae ae 

Figure 15. Theory of Lambert Projection. ...... 

Figure 16. United States on Lambert Projection . 

. . 

Notes . olor. ol yer pien tan ckel ei au Minh ek 6) hen cele alder te Lat ek ise aterm SEG susan eats 

Graphic Construction of Mercator Projection. . ...... 

Construction of a Mercator Chart from Tables of Meridional 

pA U Se chia ol tea ores eae D ya iiel se mie Biteuhces + Fe ks Saioe leaks OAs OR ie aa Sa eS 

Tabliesore Merida onal sPart as Serve ice a ome aie othe eh eee 

WGXE TCA Oxia) ater Seas tetaten sents e . e . . . e . e e . ° . eo . 

Lecture IV. Map Projections: Polyconie and Gnomonic 

Figure 17. Theory of Polyconie Projection 

Figure 18. United States on Polyconic Projection 

ii 

Page 

12 

41 

41 



Figure 19. Theory of Gnomonic PROWCCb on usc ei ky AO 
Figure 20. Gnomonic Projection Tangent at the Equator .. 42 
Figure 21. Great Circle and Rhumb Line on a Gnomonic Chart 42 
Figure 22. Projection of a Polar Chart... Spee) meettein tye) enuion AS 
Baignrve 223, Polar. Chetty sang. os. 4h ee re ey artnet seme APO aie GS 

‘Notes Sear en bet eel CP a ee wre Or veL Othe: Wie ines gitar sth targa aie ol, ip tie es-50 44 
WXSUNC HS Ore ate ets sii a nS es a Coe Coa ar eae ryan Nae 48 

_ Lecture VI. Directions, Bearings and Courses 
ee ae 

Figure 24. The Magnetic Pole and Magnetic Variation ... 49 
Figure 25. Magnetic Compasis oie cme sok eg aa ee 49 
Figure 26. Conventional Method of Indicating Magnetic, True, 

andgGrad “North lames ii saaMs sient can 6 os oe | -49 
Figure 27. Examples of Difference in Direction Between Grid 

end sMapmete coNortho ono ae sala tes et en ds}. < 0 F149 
Figure 28. Magnetic Variation in United States, 1935 > . . 650 
Figure 29. Lines of Equal Magnetic Variation. i 5... ws is sis. . BO 
Figure 380. Circle Showing Bearings in Decmeria se eg 
Figure 81. Example of Relationship Between Three Base 

Directions on a Map, Showing Corresponding 
Bearings and Reciprocal Bearings of. line OA . . 51 

INS RE ere ty ig ial ca ae a gene eee gt ROSE gti hose ek tony De ee ee am Rea eS 52 
HG SCCMC TIE Go co eg tune ee tener, winemaieh hatsa eaters ore eate any cae eee is 

% Lecture VII. Distances and Coordinates 
SSS SERS es set Ge Eb 

Figure 82. Usual Scales on Maina. Mamas er ess et opp 
Figure 33. Measuring Distance on a Map by Use of Graphic 

BC et er eons gach entice e, Sigte iceen OF tecte: “ence 58 
Figure 34. Polar Coordinates ..... Sr epee Aer tole wiietne tet IOS 
Figure 85. Grid Zone of the United SUAS coco Cees 2 ee BO 
Figure 86. Equatorial Grid DIS ViCMNi es ose eye iets ee ee EO 
Bagure S75 Grad Zone (Bes fas ek os deine te isie* wal tyes atch ot tae ee GO) 
Figure 98).. Grid: Coordinates)... . + ny (feo: Haws Sot thane kek ed eh ge 60 
Figure: 39. Coondimatve Seate... o-oo eit teiier sieht se. SOO) 

NOSE anette ier (ee ist ov evi tus ie hs ce Siitiet neridaly usp es" el sues Ces wot Od. 
PORTRAIT C5 us coisas Gal Suns gel stayin ios te sist ae ae eaae oes ee ai ieh tes let lek ag eeos 67 

Lecture VIII. Elevation, Relief, and Contour Maps. 
Sn 

Figure 40. Contoured Hild “3° *°°<, 32%: Bi ener el partied ua Jeti ie cies TOR 
Figure 41. Plan and Profile of a Hill ...., aes eke OS 
Figure 42. Perspective Sketch =~ . 7°, °S <<" . ersdenl tethers ise) sol tein TOO 
Figure 43. Contour 1 OBE ogee ROMP eer ae Get ans ep an at 69 

ako to | 



Page 
Mapes 4 4.e Hachure iMaip, toe thot kee Slee totes ee ooo emotes me OO) 

Figure 45. Profile Along Top Hdge of Contour Map... . .- 69 

Higure: 46.1 Valleys. and OUPECEMS c6 ve ele 0 fee, 0 6-0) 0 es es 70 

Figure 47. Ridges or Spurs. oss (8 0 *6 Me 2e SOs ee oe ZO 

Waltenuiseey Zee au iababale henge a Sa ten nah ase mane interes Mepenc Mecha seins Os Cen Crease ee 

Figure 49. Depression Bethe Masiett yoo o Pie me Memieaten cen ies rist ements LO) 

MOU en OOO AG Oem eka ter tol elie tet pemmeis teiits: twit Nah te, tof tenets, Cocprel Nom ten 1 O 

Mica ew ode Heil anda Deprie SiS OMe ste i teiise os shee! wivie piel Mo Rter LO 

Figure 52. Basic Sketch Before Contouring . . 3... 6 2 «- V1 

Figure 53. Method of Solis \Gosksaljorr(C-O)salan(oyb leis), caret ated Aer ery ee cia sy Sel 

Rigune To4.c Draw rig bh Mer COMO Sa ets te biel else het viel ientiten (elton ten mele a ate 

Figurie5.5,.5 Comp leted=-ComboursOKeiCh mere tent.) ve ietle: tote, Marte re 

\ NODS sie sie ice set a re tee ae teat rae tats gta eae eh ete ry ee Mgih ny Wiaytrwe a gueamy 72° 

Exeres sie, Pag: 356, aCon town sMap xs. c sates ok Mot ehh coh ite tig Melliaty) ce ins 81 

Lecture XII. Charts 

Figure 57. Aeronautical Charts of the United States .. . 82 

Figure 58. Index of Aeronautical Charts for Radio 

Darec yon; Mw nM Ove tec ekeree eee ter aie tein ten te ate eames 83 

Figure 59. Radio Range System of Civil Aeronautical 

Avaimiiar as tira OMe: as te heat Meee ete hae eo BB 

INTO WEES Re oases eee eee aia e aoe: eros reel Nettie ate Neale: topos Macca Ses) a ¥e aoe pane 84 

Hisce Mee aS Snake alts Sats yo raves te atte ipton) Nuw. Molec Mrerite Se elisiee ite. Mal Fekete No Fe. Moc he. og 91 

Lecture XIII. Interpretation of Aeronautical Charts 

Ba gue 60) Tre (Compass! (Rom erie i, See serie we ete Me batt IOS 
Figure 6. -Magnetre Compass Rose. ooo. 6 Set ee ae 92 

Figure, 62. Radio Range ‘and Wan Markers .. 5.2% % S+8°% . 35. 928 

Notes Sairoreceiartey he PRB ud al rennet erie erie eee Re er ee 

WCNC SS tet to cata ca tag tela sh 9; fa Son tea ee eee oe er De SEO eB 

Lecture XIV. Introduction to the Study of Aerial Photographs 
LLL LLL LCC LES EE ATES 

Figure 63. Comparison of Foeal Length and Camera Height . 98 

SARE wk fit ah Gee Ace ho A os ee OS 
Figure 65. Aerial Photo Strip Plotted on Map... Cn ses 99 

Figure 66. Diagram of Photograph Made with Five-—Lens 
QMO Bes aa e Ses 26 2s io sei otaceies = a oie ee es GOO) 

Figure 67. Positions in Taking Stereo-Pair Photographs . . 100 
Figure 68. Method in Stereo Perception... .°...°. .. REVERSI OVO) 
Piguge 08. hoto- Grid System of U.S... <i ee ye ee 101 

Figure 64. Aerial Photo Strip 

ING te Sie iseaee e's Tih 6 hk ete AVE we aie BS 

Vip fea EACIEE Ty ge chet aon tn ne ee ee ca ee ope ee 
Ol ieim wl igienirat rental ie Aieh al Ore 

Sigese -0i Serewer “ie stael ute eeu eee Gee 



Lecture XV. Use and Interpretation of Aerial Photographs en ot Aerial Photographs 

Notes pohce, peat uRMels .eeien. 16" emer emieni tert eVects tate aia coueEe 
MMOMCH Se chy eee at ck eens Seek etiveli cea tens etre tie ees 

Lecture XVI. Interpretation of Aerial Photographs ns eee Se OS OE 

NOC SN sume nnre he ace ae eau ae oMeneemneliriein re liaven) e)-sorte oberetio weet ig 
BRET Cdisiekv sr sc ee Sater eaciale white tau he tne. Tigres 

Lecture XVII. Interpretation of Aerial Photographs and $$$ ee eps nd 
Camouflage 

Notes . mine silent Set Ne ego Sel ecko: AeM Halas itor Toate tag a wato ig ko 
PR OUCd Ce ago tion oi fees 6 is ee eho eas ee kg 

Ludlow Quadrangle 

109 

115 

116 

1238 

124 

128 





MAPS, CHARTS, AND AERIAL PHOTOGRAPHS pS a Ta aU, st a TEN eh echo ak 

Hour 

General Consideration of Maps and Charts 
Latitude and Longitude 
Map Projections: Mercator and Lambert 
Map Projections: Polyconic and Gnomonic 
Practical Problems on Interpretation of Maps 
Directions, Bearings, and Courses 
Distances and Coordinates 
Elevation, Relief, and Contour Maps 
Practical Problems on Interpretation of Maps 
Training Films 1-245 and 5-12 
Examination 

Charts 

Interpretation of Aeronautical ‘Charts 
Introduction to the Study of Aerial Photograpks 
Use and Interpretation of Aerial Photographs 
Interpretation of Aerial Photographs 
Interpretation of Aerial Photographs and Camouflage 
Final Examination 

Fe pt pe OTOP WONDFOODAXHA TARHnDEH 

an ox 
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The schedule of tests and examinations will be announced by the 
. instructor. 

CONVENTIONAL SIGNS AND MILITARY SYMBOLS eee 

The conventional signs and military symbols on pages 2 to 6, 
inclusive, will be studied outside the classroom. The trainee's 
attention is invited to importance of learning Conventional Signs and 
Military Symbols. It is necessary that the trainee have a full under-— 
standing of these signs and symbols and that he be able to identify 
them accurately and without hesitation. 
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Good motor 

Poor motor or private —————————._ = === s2825ssseeesses 
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Other surface improvement s ————— cqmeceece 

Good pack trail 

Poor pack trail or foot pat mmm oie ceteris 
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Railroad crossing 
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Church 

Hospital 
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Cemetery 
G88 on {f} 

Mine or quarry of any kind (or open cut) ee 
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General symbol (capacity in road 
tons indicated by figures) railroad 

BTSs Vc tip ea eh ke 

Yords—— 

Marsh in general (interior salt marshes and 
coastal fresh marshes are to be indicated 
as such) — SS 

Woodland (or as shown below) ——_______ 
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Q e 

@e06406 SS 
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Orchard 
2600 40e@) 
SSGH48000} 

bai SS ae SNES 
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Area gassed, to be avoided 

Automatic rifle TT 

(Dotted when emplacement is ARS 
not occupied) 

Machine gun > 
(Arrow to point in principal direction of 
fire. When used alone it indicates Mach— 
ine gun, water-cooled, cal. .30) 

Machine-gun symbol under symbol of unit 
of any arm indicates machine-gun unit of 
that arm. 

Caliber .50 (antitank) —————— = 

Machine gun (single gun) en 
(arrows to indicate sectors of a 
fire, shaded portion to show 
danger space when fire is placed 

in final protective line.) 

ar 
Machine-gun section (two guns) - 2 

0 one’ 

Open when em— 
placement is Gun bat- 

tery —— has unoccupied, 4 
thus 

Howitzer Onn mN Gy 
mortar 

37—mm gun @ 37-m 
(AT or AA to be added where 
applicable. ) 

81-—mm mortar ~ 81-mn 

APPLICATION OF SPECIAL SYMBOLS CORSE UASLUN UF OFECLAL SIMBOLS 
Light Machine-Gun Platoon, SRO Op Ay sila actey2 
2d Cavalry + 

Machine—Gun Troop, Caliber 150)4 == C7 
Rd Cavalry 52, 

Troop F, 2d Cavalry ‘Je 

Tiul 4 OCS 

F[eJe 

One Squad, Company A, 4th Infantry — a Sl. 

Company A, 2d Engineers (combat) 

Battery F, 2d Field Artillery 

Light Machine—Gun Section, Company — 
A, 2d Infantry 

sB< 

cist 1eS<J2 

50, —+ Bales 

Headquarters Company, 3d Infantry— ua Sz: 

» S<]20 

Command Post, 3d Battalion, 4th —— Js 
Infantry 

ist Platoon, Company B, 2d In- 
fantry 

Machine—Gun Platoon, Caliber 
Company H, 29th Infantry 

Company D, 20th Infantry 

Observation Post, 6th Infantry As 
Regiment 
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Army, Navy, or Marine Corps field —__ O 

Department of Commerce intermediate — 
field 

Commercial or municipal field 

Marked auxiliary field 

Airplane landing field, marked or 
emergency (where not shown in plan —— ahh 
nor by symbol indicating character— \ 
istics) 

Mooring mast Fr. 

Night lighting facilities 

Seaplane base with ramp, beach, and —_— 
handling facilities © 

Anchorage with refueling and Usual sweets = 
harbor facilities 

Protected anchorage with limited _____ ip 
facilities 

Airway light beacon 

(arrows indicate course lights) on 
Auxiliary airway light beacon, flashing — yr 



Airport light beacon with code light “a 3 

(within airport symbol) 

Airport light beacon without code light x 

(within airport symbol) 

Landmark light beacon with bearing pro-— 

jector (arrow indicates fixed beam << 

pointing to airport) 

Landmark light beacon without bearing a 

projector 

Radio station with call gh Si 3 Sy er © RS (WUF [830, 
letters and frequency 

© RC (NOW 3010) 
Radio direction-finder sta— 

tion with call letters and 

frequency (radio—-compass station) 

Radio beacon with call letters —_ © pg,(wro) 

Radio range beacon © RrBn 

‘<3 

Air routes, optional synbols — ee 

—— 120 Miles— 

Radio marker beacon 

Fan marker beacon 

Lines of equal magnetic 

var jation 
====10°E ---- 

Air Space Reservation 

(or Danger Area) 

VL 
Caution Area 

Radio range ...., 

Prominent tian ian line_ { Th f> 

ll = 

Railroads 

Single track, 

crosstie spacing 5 miles 

Two or more tracks, 

crosstie spacing 5 miles 

Electric, 

erosstie spacing 23 miles 

Abandoned 

Highway, prominent 

Highway, less prominent 

Road or trail, prominence 

uncertain 

Oil well derrick 

Obstruction (numerals indicate ____ ss AQ 
height above ground in feet) 257 

Prominent elievatiion | got ee 
(numerals indicate height in feet) 

8622 

Coast Guard station 

Look—out tower 

High explosive area 

Marked ————— 

Unmarked eee 

Cities and towns 

Less than 1000 

1000 to 5000 

more than 5000, 
actual shape 

O 

o 
ao 
= Race track 



GENERAL CONSIDERATION OF MAPS AND CHARTS 

I. INTRODUCTION 

A. Now beginning an eighteen hour course in maps, charts, and 
aerial photographs. 

B. Hvery soldier should acquire skill in reading and interpreting 
maps, charts, and aerial photographs early in his career. The 
success or failure of many military operations depends upon the 
accuracy of available maps and the use that is made of then. 

Q Maps of some form are used in almost all military operations. 

Often the success of outstanding military leaders has been 
basedon the skillful use of maps. One cannot hope to become a 
successful military leader unless he has acquired skill in 
using maps, charts, and aerial photographs of all types. 

D. The speed of aircraft necessitates immediate and accurate in- 
terpretation of maps, charts, and aerial photographs by the 
aviator. Much of his combat flying will be over unfamiliar 
territory. Success in finding the targét, accurate timing, 
ability to safely find the way home — in short, the success of 

the mission and the safe return depends primarily on the abil-— 
ity of the aviator to quickly and accurately interpret maps, 

charts, and aerial photographs. 

BE. Aerial navigation especially involves the use of maps and 

charts. 

Lag; PURPOSE AND SCOPE OF THE COURSE 

A. Purpose, 

ates Two-fold 

a. Serves as an introduction to aerial navigation 

(8) The study of Navigation will be an essential part 
of the training of every flyer. In flying an air— 

plane or sailing a ship, it is the basis for deter-— 
Mining position and route. In moving from one 

place to another, however short the distance, nav— 

igation is involved. 

(2) Four kinds of navigation are in use; usually two 
are used in combination. These sre 

(a) Pilotage---flying from starting point to des— 

tination by observation of prominent land- 

marks. It may be that these mountain peaks, 

erossroads, cities, bodies of water, EGE srs 

are previously known, or that they are iden- 

tified from a map. 

7 



(db) 

(ec) 

(d) 

This method is naturally of little value over 

large water areas, at night (unless on a route 

well supplied with aerial beacons) and when 

the weather makes visibility poor. 

Dead reckoning (often abbreviated "DR")—cal— 

culating position and maintaining a desired 

course by the ground speed the ship is making 

and the time she has been in the air. A ship 

flying at 300 m.p.h., for example, should be 

600 miles along her course in two hours. Al— 

lowance must be made for the influence of 

wind, of course. This method is much used 

over large water areas where there are no 

landmarks to allow pilotage, but cannot be 

depended upon alone for long flights becauge 

it is not sufficiently exact. 

Celestial navigation--determining location by 

observing the position of the heavenly bodies. 

Radio navigation--flying from one point to an- 

other by use of the radio range, radio direc— 

tion finder, or radio bearings. The great ad— 

vantage of this type of navigation is that no 

view of the ground is necessary, and instru-— 

ment landings are possible. It is of little 

value in war time, however, because it is of-— 

ten necessary to shut off -various radio de- 

vices lest they be used by the enemy. 

Gives information on interpretation, use, and construc— 

tion of maps, charts, and aerial photographs that should 

be part of the education of every military man. 

Course will cover consideration of subject of military maps, 

charts, 

Dd. 

Scope 

1. 

2. 

and aerial photographs. 

Subjects are important for the following reasons: 

Cc. 

d. 
poo 

Military maps are indispensable to commanding officers in 

the field in arriving at tactical decisions and in trans— 

mitting orders. Maps are also indispensable to subordi-— 

nates that are charged with the duty of executing the or 

Aerial activities must be coordinated with ground forces-— 

the map is a common reference for both forces, 

‘Supporting fire of many weapons is controlled by use of 

map data. 

Charts are necessary in navigating: 

8 



(1) Over poorly mapped country 

(2) Over water 

(3) In conditions of poor visibility 

(4) At night 

e. Aerial photographs are used as map substitutes and in 

selection and development of bombardment targets. 

III. DEFINITIONS 

Before proceeding further we should define maps, charts, and serial 

photographs. Other definitions will be given throughout the course 

as they are needed. 

A. Map 

Amap is a graphic, conventionalized representation of a portion 

of the earth's surface, which is drawn to scale upon a plane. 

Analysis of definition 

When we say graphic, we mean that the information concerning the 

ground or terrain is conveyed by a picture or drawing instead of 

verbal description. 

When we say conventionalized, we mean that the various natural 

and artificial objects, such as trees and houses, are represented 

by a system of standardized or conventional signs. 

Bo chart 

A chart is a type of map designed for the use of navigators. 

Heretofore a chart has been taken to mean a map of those portions 

of the earth's surface which are mostly covered by water. Re- 

cently the term chart has been used with reference to maps which 

are used for the purposes of aerial as well as marine navigation. 

C. Aerial photograph 

An aerial photograph is a picture, with either a vertical or an 

oblique viewpoint, taken from an aircraft. 

Iv. KINDS OF MAPS 

A. Military maps (Scales to be considered in later lecture) 

1. Strategic or small scale maps. These maps contain a great 

deal of information concerning communication lines, cities, 

airports, rivers, mountains, and other terrain features for 

an area of considerable size. Such maps are used by command— 

ers in preparing plans for large scale operations over a wide 

area. Strategic maps do not contain much detailed infor- 

mation. 



2. Tactical or medium scale map. Tactical maps do not cover a 

large area but they include considerable detail ot the area 

mapped. Tactical maps are generally used by commanders of 

large units, such as a division or corps. 

8. Terrain or large scale maps. This is a very detailed map and 

is used by commanders of small units involved in operations 

of local character. The terrain map supplies the most exact 

and complete detail of the limited area. 

B. Other types 

1. Many types of maps used for different purposes. 

a. Filling station road maps, used by tourists. 

b. Educational maps such as those published by the National 

Geographic Society. 

co Engineering maps, used in planning and executing engi- 

neering projects, such as roads, canals, etc. 

d. Topographic maps, which show the details of the irregu- 

larity of the terrain, * 

e. Cadastral maps, which place emphasis upon political and 

property boundaries. 

2. Any of the above maps are used as military maps as the occa— 

sion demands. 

v- CONVENTIONAL SIGNS AND MILITARY SYMBOLS 

A. Importance 

| Cartographers (map makers) heave devised a common set of signs 

which have definite meanings to map readers. Such signs are 

called "conventional signs" and are used in the designation of 

landmarks and other information which flyers find of great value 

in navigation. Some of these signs look enough like the objects 

they represent to be easily recognizable. Others require careful 

| study aud for this reason it is desirable to consider the subject 

| of conventional signs and symbols briefly. Because of the speed 

of aircraft it is essential that aviators be thoroughly familiar 

with signs and symbols, the language of maps. 

} 

| 
if 

| B. Types of Symbols and Colors Used 

| (Refer to map in Workbook) 

| Conventional signs and military symbols are divided into several 

classes, of which the following are the most important: 

1. Water features. Printed in blue on maps and charts. These 

include streams, lakes, canals, swamps and all other bodies 

of water. ; a 

+9 
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2. Cultural features. Usually printed in black on maps 

and charts. 

Include such features as towns, cities, roads, railroads, 

and other works of man. 

3. Relief features. Printed in brown on maps and charts. MIn- 

clude mountains, hills, valleys, and other inequalities of 

land surface. 

4. Aeronautical data. Printed in red or blue on maps and charts. 

Include such data as location of airways, radio stations, 

radio ranges, airports, beacons, danger zones and other in- 

formation of interest in air navigation. 

5. Vegetation. Printed in green on maps. 

Inciude wooded areas, orchards, and hedges. 

6. Military symbols. Usually printed in black on maps and 

charts; however, in time of war symbols may be printed in red 

if in territory occupied by enemy and in blue if in territory 

occupied by allies or friendly nations. 

Includes such data as positions of military posts, troop 

units, gun emplacements, arms of service, size of units, bound— 

aries between units, and other data of military significance 

only. 

C. General Characteristics 

aie Size 

a. In general, resemble objects which they represent. 

bd. Symbols vary in size with scale of map. 

Ge On small scale maps, symbols are reduced to their most 

elementary form and do not conform to scale. As scale 

is increased, symbols assume the shape and scaled size 

of the object represented. 

ae Lettering. Generally, styles of lettering are used on maps 

as follows: 

a. Vertical roman indicates civil divisions. 

by Slant roman indicates natural water features. 

C. Vertical gothic indicates natural land features. 

di Slant gothic indicates works of man. 



5. 

GENERAL CONSIDERATION OF MAPS AND CHARTS 

What are the important differences, to flyers, between maps and 

gharts? 

Would the term "North Atlantic Pilot Chart" or "North Atlantic Pilot 

Map" be more correct? L TIC 140 CHART. 

In the following cases, which type of navigation would be the most 

useful? 

a. Flight over 800 miles of ocean. CELESTIAL NAVIGATION 

b. Flight in the U. '§. at night, distance of 320 miles. €4@pre _. 

e. Flight from Seattle to Los Angeles, by day. LMOTAGE =, 

d. Flight across the U. S.. KARIC F 

Ground speed, 210 map.h.; trip, 700 miles. Departure time is 

TO OOWA. M. When should you arrive at destination? 

What method of navigation have you used? 2 e 

What is the difficulty with radio navigation in time of war? 

4 &INITED IN) RANGE 
2. may 8&6 cur ore 

List the types of features which the pilot would expect to find on 

the ground as indicated by the following colors on a map. 
MIiLiTARY SYMBOLS 

a. Black WekKS OF MAN =a. Red LAWEMY TVeRRITORY'_ 

b. Brown RELIEF e. Blue Aél/es dd 

Ce Green TO, 

Give four situations in which charts are necessary to navigation. 

a. _ Over PeoklyY MAPPED CouwrRy 

12 



8. Reconstruct the labeled area in the bottom Space using appropriate 
conventional signs and symbols in place of words. (Refer to pages 
2-6 for conventional signs and military symbols.) 

HOUSE TRANSPORTATICN 
CEMETERY 

ey 
CHURCH 

OBSERVATION post & 

SUPPLY GENERAL HEADQUARTERS HOSPITAL 
OT MEDICAL os CoRPS 

4<~ BARBED WIRE FENCE 

ORPNANCE 
DEPOT 

MESSAGE 
CENTER RADIO 

AIRDROME cy STATION 
mi UNMARKED HIGH 

WATER TANK EXPLOSIVE AREA 



6 tan we ° 

The equator is a great Any meridian is a great A parallel is NOT a great Any plane passing through 
circle, circle, circle. the center of the earth 

cuts the surface in a great 
C = center of the earth circle, 

Fit gien ok CIRCLES ON THE EARTH 

VW 

Wa 

14 



Fig. 4: MEASURING LATITUDE AND LONGITUDE 

S$, POLE 

FIG. 5 LOCATION OF POINTS 

USING GEOGRAPHIC COORDINATES 
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LATITUDE AND LONGITUDE 

MAP MAKING (Refer to Fig. 1) 

A. The fundamental problem which confronts the cartographer is one 
involving the process of transferring a portion or all of the 
surface of a sphere to a plane surface. 

1. A globe atlas is the most accurate known type of representa— 
tion of the shapes on the earth's surface. 

a It is not practical in most cases to transport and use a 
globe atlas for all purposes for which a map is needed. 

3. A map on a sheet of paper, which may be folded or rolled, is 
generally regarded as being the most usable type of map. 

4. As will be explained later in the course, the surface of a 
sphere cannot be removed and flattened into a plane surface 
without stretching or distortion. 

eae Pit maps used at the present time, except globe atlases, are 
approximations of the surface of the earth. 

Bis In order to provide a permanent system of reference, meridians of 
longitude and parallels of latitude have been devised. 

TERMINOLOGY 

Before the discussion of latitude and longitude in detail, it is de— 
sirable to consider certain terms which are directly concerned with 
the Babde chs 

A. Sphere 

A sphere is e body bounded by a surface all points of which are 
equidistant from a point called the "center". For the purposes 
of navigation the earth is usually considered to be a sphere. 
Actually it is a spheroid whose polar diameter is 7,899.7 and 
whose equatorial diameter is 7,926.5 statute miles. Obviously, 
the earth's deviation from the sphere is slight. 

Geographic Poles (Refer to Fig. 1) 

It is one of the qualities of a sphere that any point on its sur— 
face is just like any other. The earth, however, has two points 
that are different from all others. These are the points at 
which the axis, around which the earth rotates, intersects the 
surface of the earth. These points are called the north and 
south geographic poles. 

17 



(ar Equator 

With the north and south poles as starting points, the earth is 
conceived to be divided into two equal parts, or hemispheres, by 
a plane perpendicular to the axis of the earth at its center. 
The circle formed by the intersection of this plane and the sur-— | 

face of the earth is the Equator. 

D. Great Circle (Refer to Figs. 1 and 2) 

é 

A great circle is one formed by the intersection of the earth's 
surface by a plane passing through the center of the earth. The 
great circle equidistant from the two poles is called the Equator. 
A great circle can be made to pass through any two points on the 
earth's surface. The shorter arc of a great circle through two 
points represents the shortest distance between the two points. 
In flying long distances it is desirable to use the great circle 
route. This fact becomes important in choosing the type of pro- 
jection to be used in plotting courses to be flown as will be ex— 
plained in a later lecture. 

BE. Small Circle 

A small circle is a circle on the earth's surface the plane of 
which does not pass through the center of the earth. 
An example of a small circle would be any parallel of latitude 
other than the equator. 

F. Meridians (Refer to Fig. 1) 

Meridians are lines representing great circles the planes of 
which intersect both the north and south geographic poles. 

Gin Rarallets: ((Refver tor Pigs) 1) 

Small circles the planes of which are parallel to the equator are 
called "Parallels of Latitude". 

H. Rhumb Lines (Refer to Fig. 8) 

A rhumb line is one which crosses ali meridians at the same angle. 
Any two points on the earth's surface may be connected by a rhumb 
line. The rhumb line drawn on a sphere is known as a loxodromic 
curve. According to the foregoing definition, the Equator and 
the parallels are rhumb lines, but the Equator being also a great 
circle is usually not considered as a rhumb line. The parallels 
are & special type of rhumb line since they intersect every me— 
ridian at 90°. All other rhumb lines are curves which approach 
but never reach the poles. The path of an airplane maintaining a 
constant course is a rhumb line. é 

I. Prime Meridian (Refer to Figs. 5 and 6) 

f 
I 
} 

| To furnish a starting point from which meridians could be nun— 
ti} bered, the meridian passing through Greenwich, England, was arbi- 

’ trarily chosen as the zero meridian. This i's called the "prime 
Se paatbag ees tcl ees ia £8 ne ae 
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Jd. Degree 

If the earth's circumference is divided into 360 equal parts, 
each part will equal one degree, written 1°. 

KG, Minute 

If a degree is divided into 60 equal parts, each part will equal 
one minute, written 1’. 

L. Second 

If a minute is divided into 60 equal parts, each part will equal 
one second, written 1". 

III. GEOGRAPHIC COORDINATES 

A. On globes, parallels of latitude form equally spaced lines ex- 
tending east and west, while meridians of longitude form equally 
spaced lines extending north and south. 

B. Parallels and meridians intersect each other at 90° angles and 
their points of intersection form a network of reference points 
from which unknown points may be located. This system of equally 
spaced crossed lines is called the "Earth Grid" and provides a 
system of reference whereby any point on the earth can be located 
and designated as being so many degrees, minutes, and seconds 
north or south of c+ Equator, and so many degrees, minutes, and 
seconds east or west of the prime meridian. 

Cw When the latitude and longitude of a point are given they are 
' called the geographic coordinates of that point. In giving coor-— 

dinates, latitude is always named first. 

Iv. LATITUDE AND LONGITUDE 

A. Latitude (Refer to Fig. 5) 

La: iDetam it ton 

Latitude is the angular distance north and south of the Equa-— 
tor, as subtended at the center of the earth and measured 
from the Equator as a plane of origin. 

~w : Measurement 

Latitude is measured in degrees, minutes, and seconds of arc 
and may have any value from O° at the Equator to 90° north or 
south, which would indicate the north or south pole. 

8. Distance 

The smallest conventional unit of measurement of distance for 
latitude is one second. Longer distances are measured in 
terms of degrees and minutes. For example, parallels of lat— 
itude are usually indicated on a globe atlas every 15°. 

4. Use 

Parallels of latitude are used not only as points of refer— 
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Use 

ence for map projections but also to determine distance north 

or south of the Equator. 

Longitude (Refer to Fig. 5) 

ee 

3. 

Definition 

Longitude is the angular distance, as subtended at the center 

of the earth, between the plane of a meridian and the plane 

of the prime meridian at Greenwich, England, measured east— 

ward or westward. 

Measurement 

Longitude is measured in degrees, minutes, and seconds of 

arc, and may have any value from Ovwat Greenwich, England, 

just outside of London, to 180° east or west. 

Distance 

The smallest conventional unit of measurement of distance 

for longitude is one second. lhLonger distances are measured 

in terms of degrees and minutes. For example, meridians are 

usually inserted on a globe atlas ewery 15°. 

Use 

Meridians are used in navigatiom to determine the distance of 

a given point east or west of the prime meridian. 

Measurement by latitude amd longitude 

1. Latitude amd the nautical mile 

a. The angular distamce between the Equator and the north 

or south pole is 90° or 5400 minutes. 

b. If the actual lemgth of a mimute of latitude is used as a 

unit of limear measurement, there will be 5400 of these 

units as the distamce betweem the Rauator and one of the 

Geographic Poles. This wnit of measurement is called the 

"nautical mile” amd is 6080 feet im lemgth. It is also 

equal to 1 minute of are of amy great circle. 

ce. This relationship betweem ome mautical mile and one pin— 

ute of latitude makes the former a very convenient unit 

for measursuent im nawigatiom and has led to its adoption 

as a standard umit of measurement in marine navigation 

and for work on the mercator chart. 

d. Speed measured in nautical miles per hour is referred to 
as "knots", the per hour being understood, but not 
written out. One knot, therefore, is one nautical mile 
per hour. The term is used in navigation of seaplanes 
and military aircraft. 

20 
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&. Longitude and the nautical mile Se Sr ee aa on ean eee ee © 

Be Meridians of longitude converge as they are traced from 
the Equator to the poles. Therefore, the linear distance 
between meridians decreases proportionately as they leave 
the Equator and approach the Poles, although the number 
of degrees or angular measurement remains the same. Thus, 
one minute of longitude equals one nautical mile only at 
the Equator. 

Location of points between meridians on a chart is deter— 
mined by one of two methods: 

(1) Graphic Calculation (Estimation) 

This method involves the judgment of the angular 
distance from one meridian to the given point, which 
gives an approximate location of the point, 

(2) Caleulation 

This method involves the use of trigonometric func— 
tions in the determination of the exact location of 
the given point. 

3. Nautical-and Statute miles Sa ae tS at id 

c. 

The statute mile, which was chosen arbitrarily, equals 
5280 feet, while the nautical mile equals 6080 feet. 
The nautical mile is longer than the statute mile, the 
ratio being 115 to 100 

Conversion See Od 

(1) Statute miles are converted to nautical miles by the 
following formula: 

Statute miles 

abel) 
= Nautical miles 

(2) Nautical miles are converted to ‘statute miles by the 
following formula: 

Nautical miles x 1.15 = Statute miles 

Illustrative problems 

(1) Point x is at 90° E. Longitude. Point y is at 45° 
W. Longitude. Both are on the equator. What is the 
distance between these two points in statute miles? 

Solution; 

Add longitude to obtain difference 
90° -k. Longitude 

+ 45° W. Longitude 
135° Difference in Longitude 

21 
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1' of are of any great circle = 1 nautical mile, 

therefore, multiply 185° by 60 to obtain the number 

of nautical miles. (185 x 60 = 8100 nautical “ 

miles). Nautical miles x 1.15 gives statute miles, 

therefore, 8100 x 1.15 = 9135 statute miles. 

(2) The geographic coordinates of two points are 

A = 70° §. Latitude B= 7°2'S. “hatitude 
34° B. Longitude 34° EB. Longitude 

Express the distance between these two points as 

nautical miles and as statute miles. 

Solution: 

70° S. Latitude 
— 7° §. Latitude 
63° = Difference in latitude. 

63 x 60 = 38780 nautical miles 

38780 x 1.15 = 4347 statute miles 

V. SUMMARY 
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AND LONGITUD LATITUDE E 

1- What is the angular distance, in minutes, between the equator and the north pole? as OO tame / 

&. In flying directly toward the north or south pole, what is the rela— tionship between nautical miles and minutes of latitude? 
LEG 

3. At a position of 86°N. 170°. what is the distance from the equator expressed in nautical miles? 836% 60 =2760 modh rm. 
In statute miles? oo ee ed ee ee ee 

4-qPoint. A = 34°N. 118°W. Point B = 39°N. 119°w. Find the distance gtween these two points in nautical and statute miles. 39% 3g°s 5% 30% morKeahon. 300 %.l1.I5: FFT -COZ nn. 
5. How many feet are there in one neuvicel mile? 12 CORO Fyne 

6. How many statute miles are there in 1251 nautical miles? /£3Y.655,,¢ 

7. Express 681 statute miles in terms of nautical miles. S92./73 : 

8. Where does one minute of longitude equal one nautical mile? Gasslon . 

9. Points A & B (both on the equator) are 1092.5 statute miles apart. How many nautical miles separate these two points? — L496 nan ri. How many degrees of longitude separate these DOMMES? Re Re es 

LOS Given two points with longitude readings of 15°w. and Pe0R s Is the longitude interval determined by adding or subtracting? GCbdsag . 

11. Point A = 1173 statute miles east of Greenwich. Point B is 3480 nautical miles west of Greenwich. Both points are at O° Latitude. What is the distance between these points in nautical miles? eee Sts, ie Stwbute niles? —ti2/s" ss . ~What are the 
coordinates of these two points? A= ° B= ° 

S 34-50 3 = 26202 Saliz 7, te 4993 SIS $ £= eo 1L83) 6S 128° °O S2it Ge: e TIS ast oS. 13% +4 3450554, LAS Of 2 aan, —— ee ARS a 1036 10205 / fits Bre al —ise 3F FO ee oes 1251 eo 213107 $e00:S/ 27 TSY ae Pais @ 2)¢0 LFS & 
cos Pee en ee —— of 9 eee as See Be a OP) ek ae Ps Ay eA ES). == ~ &% 73 : 6s Jogo —— res i e #7 +20 S79 re ees GS. $60 345 347 “¢100 Sa se 330 Oss. / Sarees eee: 

ITG ie) a rey Se S7F 
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Give the geographical coordinates of the points listed below: 4 
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Fig. 8 WORLD ON A MERCATOR PROJECTION. 
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GLOBE ENCLOSED IN A CYLINDER 
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NORTH AMERICA 
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CONIC PROJECTIONS 
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Fig. 13 GREAT CIRCLE AND RHUMB LINE ON MERCATOR CHART 
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Fig. 14 CONE APPLIED ON A GLOBE 
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PROJECTIONS 

INS General Considerations 

ibis Necessary to transfer reference system from the surface of 
a sphere to the plane surface on which the map is to be con— 
structed. 

Definition 

A map projection is a systematic drawing of lines represen 
ting meridians of longitude, parallels of latitude, and the 
shape of the land and water bodies on a plane surface, either 
for the whole earth or some portion of it. 

Distortion 

Axiomatic that surface of a sphere cannot be unrolled or devel— 
oped to lie flat on a plane surface without some stretching or 
distortion. (Refer to Fig. 7). A sphere is therefore called a 
"non—developable" surface. 

e.g.Orange peel 

Anyone who has tried to flatten out an orange peel has found 
that it was necessary to tear the edges or stretch it. 

Properties of projections Se eee eco SIE dag es EC OO GE 

There are certain properties that are obtainable in projec— 
tions which are desirable. The following things should be 
observed therefore in making projections: 

a- Areas should be kept in true proportion as on the globe. 

b. Scale should be kept constant for measuring distances, 

Shapes of physical features should not be altered. 

Great circles should appear as straight lines. 

Rhumb lines should appear as straight lines. 

Ease in plotting. 

Only one map possesses all of these desirable features. That 
is the globe itself, and in common usage the globe map is im— 
practicahle, hence the need for projections. It is necessary 
therefore, to consider what purpose the map is to serve, and 
to select the projection that affords the necessary proper— 
ties. One projection alone cannot give every desirable fea— 
ture. 

Problems involved in distortion 

a- Assumed that distortion will always be present. No map 
maker has designed a projection which will show the en— 
tire earth's. surface accurately on a single Map. i 
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Necessary to determine amount of distortion to be pena: 
mitted, considering the purpose for which the map is to 
be used. 

Two fundamental properties subject to distortion: 

Get) Size The navigator may regard these as 
(2) Shape distance and direction 

Equal-—area projection 

G. Preserves relation between areas on the map and areas 
on the ground. — d 
e.g. A square inch on any portion of the map will cover 

the same proportionate ground area. 

Divisions on the ground as represented on the map may 
have shapes changed but area will still bear same re— 
lationship. 

Disadvantages of varying scale throughout projection. 
Because the areas are maintained in constant ratio, 
whenever one dimension of an area igs diminished, the 
other dimension must be increased enough to maintain 
the ratio of the areas. 

Conformal projection 

Be 

b. 

Ec 

Has the same scale in all directions at any point, but 
seale varies from point to point. 

Small areas represented in their true shape; continents! 
shapes will not be preserved. 

Angles at any point are represented by their proper value. 
Meridians and parallels intersect at right angles. 

Functions of Map Projections 

Because it is impossible to make a projection on a plane ‘compare 
in all respects with the spherical surface of the earth, it is 
necessary to decide on one of three plans: 

1. To keep areas on map directly comparable to areas on ground 
for entire map at expense of correct shape (equal-area pro— y : ee jection). 

To keep shape of smaller geographical features correct at 
expense of a changing scale all over map, knowing that large Sica esi sels eae ar hs ibid SE peers 
areas will not preserve their shape. 

To compromise between these conditions so as to minimize 
errors both as to shape and area, or direction and distance 
respectively. 

Types of Map Projections 

Although there are many types of map projections, the four 
whieh are most commonly used are as follows: 
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ve Mercator 

2- Lambert Conformal Conic 

3. Gnomonic 

4. Polyconice 

MERCATOR PROJECTION 

A. History 

Given the Latin surname (Mercator) of its inventor, Gerhard 
Kramer, cartographer, born in Flanders in Steers His system 
originally published in 1569, and 30 years later the present 
methods of construction and computation had been developed. 

Bi Definition 

The Mercator projection is a conformal projection upon e eyl- 
inder tangent to the earth at the equator. (Refer to Figs. 9 
and 12.) 

C. Description (Refer to Fig. 8) 

1. It is a conformal projection upon a cylinder tangent to 
the earth at the equator. 

ae When cylinder is rolled out inte a plane, the equator ig 
a straight line. 

3. Meridians are represented by straight lines perpendicular 
to the equator. These are equally spaced depending upon 
their actual distances at the equator. 

4. Parallels of latitude represented by a system of lines par- 
allel to the equator. 

5. Spacing of parallels to keep the projection "conformal" is 
arranged so thatthe scale along meridians will be equal to 
the scale along the parallels at any point. 

6. The spacing between the parallels is determined by computa— 
tion, but tables are available to give all the requisite data. 

7. Meridian exaggeration 

At equator, there are 60 nautical miles between each degree 
of longitude; at poles, distance would be QO. On Mercator 
Projection meridians are shown 60 nauticalmiles apart from 
equator to poles. 

8. Latitude Exaggeration 

At latitude 60°, the meridians are twice as far apart as they 
should be. To correct this, the scale of the parallel of lat- 
itude would also be doubled in order to make it conformable. 
Due to distortion, use is generally limited to areas between 
60°N and 60°S Latitude. 
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9. Results of Exaggeration 

a. Affects size of areas. (See Figs. 10,. 11) 

Ds. At. 60° latitude, makes the scales equal to increase of 
area four-fold. 

(oe, At 80° latitude, areas are increased to 36 times their 
actual size. 

d. Gives erroneous idea as to relative sizes of continents 
because such areas as Greenland appear to be larger than 
South America, whereas South America is 9 times larger 
than Greenland. 

e. Shapes of small areas wili not be distorted; but shapes 
of large areas are distorted because of varying scale. 

Uses 

1. Mercator projection designed to be used in navigation. Long 
flights over oceans have increased the use of and importance 
to aviation of the Mercator charts. 

Z. Value of projection realized by world-wide use. Of 15,000 
nautical charts published by various countries, not more 
than 1% are noticeably different from Mercator Charts. 

ae Airway strip maps issued by the hydrographic eis bbe are on 
the Mercator Projection. 

Advantages and Disadvantages hs AE ol a ah ed ea 

1. Advantages 

i a. Rhumb line is shown as a aunel eat line. (Refer to Fig. 
13). re 

b. Meridians are straight and parallel. Positions plotted. 
easily. 

ec. Course line may be plotted directly or easily transferred 
without error. 

d. ,All charts are similar, and if of same scale will join 
exactly. 

/ 

e. Areas within any narrow latitude belt are represented 
by true shapes. 

bt Projection is readily constructed. 

2. Disadvantages 

a- Distortion: physical features out of proportion, bad 
if latitudes above 60°. 



\ i 
Is Cig as b. Scale not Constant, varies with latituac 

Ce Great circles not straight lines, (Refer to Fig. 13). 
Ifl. LAMBERT CONFORMAL PROJECTION 

ANS History 

1. Devised by Johann Lambert and first came to notice in 1772. 
R. Little used until French chose it for their military maps. 
3. Merits not fully appreciated until the beginning of World War I, when it was adopted by Allies. 

Definition pecs ee AE LOh 

A projection which is based on a right circular cone which hag, its apex on the axis of the earth produced anad earth on two parallels of latitude known as the 
standard parallels. 

which cuts the 
upper and lower 

Description (Refer to Pigs) 14) 95). 

1- Standard parallels are chosen t 
for area to be Mapped. (Refer to Rag). VEiie 

“Between the standard parallels the e arth is projected in- ward upon the cone, and thus the scale on the cone is some— what smaller than the scales on the larger earth. Outside the parallels the earth’? 
the scale on the cone i 
earth. 

8 surface is projected outward, and 
S slightly larger than that of the 

The standard parallels of true scale adopted for all aero— nautical charts of the United States are latitude 838° ana 45° N, For aeronautical charts of Alaska, the standard parallels are latitudes 65° and 65° NN. (Actually any two Parallels may be used as standard parallels.) 

2. Not a true geometric projection; that is, the system of meridians and parallels is not transferred from thesphere to the secant cone by geometric methods. 

8. Positions of meridians and parallels are determined by comn— putation in order that the projection may be conformal, It is to be noted that the standard parallels are represented 
to exact scale, 

4. Meridians are represented as straight 2 ines converging to @ common point beyond limits of M&D. ; 

5- Parallels are concentric circles the center of which is at the point of intersection of the meridians, Interval be— tween parallels is computed from formulas to make the pro-— jection conformal. 

33 
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. 6. Meridians and parallels intersect at right angles on the pro- eit jection as they do on the earth's surface, Angles formed by i any two intersecting lines on the earth's surface are corréect— |; _ ly represented on the projection. 

D. Uses 

1. Best suited for aréas having a predominating east-west di- Sees mension. 

practically a straight line. 
€+@- Great circle from Cape Hatteras to English Channel 
(3,200 nautical miles). departs only 15.6 nautical miles from a straight Limes Error in this case less than .0.4%. This 
is an example of the extreme distance accurately afforded by this projection. 

2. Por maps on.which it is desirable that the great circle be 

36.) OH maps on which distances must be measured accurately. 

4. Department of Commerce airway maps both in strip and sheet form are on Lambert conformal conic projection using 33° and 45° as standard parallels. Seale errors are very slight, varying approximately .5% between these latitudes, ican 
1a, Advantages and Disadvantages A RBI el Ge BOT 

alles Advantages 

a. One scale suffices for entire. map. The scale error of ee any single chart is so small that distance may be mea-— ° Sured as if the scale of the chart were constant. 

4 Distortion through projection is very slight. 

¢. A straight line approximates a @reat circle. Although - Lt this is only an approximation, for’ ail practical pur— poses. @ straight line on a hambert chart may be regard-— ed as the shortest distance between two points 

ok Its directions conform very closely to directions on the 
earth. 

e. It affords a simple and satisfactory solution PoP aa problems of dead reckoning, not excepting the rhumb line. 

feb tis unsurpassed for all types of radio navigation. 

6. It is well suited to problems requiring the plotting of positions and for celestial navigation. : ; | 
h. It provides the dest possible chart for pilotage. 



i. Permits junction of adjacent charts in any direction 
without error (for all practical purposes). 

Disadvantages 

ae Plane flying a rhumb line will not fly over points 
through which line on map drawn from point of departure 
to destination on map would indicate. 

Course line on chart makes different angle with every 
meridian. 

Because of curvature of the parallels and the conver— 
gence of the meridians, positions are plotted less eas— 
ily by latitude and longitude. 

IV. SUMMARY 

III-7 



GRAPHIC 

MAP PROJECTIONS 

CONSTRUCTION OF MERCATOR PROJECTION 

General 

The graphical construction of a mercator chart is based on the assump— 

tion that the earth is a true sphere, in which case the meridians are 

true circles. Wnile this assumption is not true, the resulting error 

for a small area is negligible. 

Problem 

Required a small area mercator chart from latitude 40°N, to 43°N, and 
from longitude 75°W. to 78°W., on a scale of 1 inch to 1° of longitude. 

Solution 

a. Draw a straight line 3 inches in length parallel to the lower 

edge of sheet. This will represent the base parallel of lati- 

tude 40° N. From the ends of this line and at 1 inch intervals 

along it carefully erect perpendicular lines, which from right 

to left will be the meridians 75° W., 76° w., 77° W., and 78° Ww. 

Lay off a line A B so that the angle BAC equals the mean lati- 

tude between the parallel 40° and 41°, or 40° 30'. 

Measuring upward along the meridians from the base parallel‘ 40°, 

lay off the distance AD equal to AB, and through these pcints 

draw the latitude 41°. 

In the same manner,’ determine the parallel 42° by laying off the 
line DE so that angle DEF equals 411° 30', and the parallel 42° 
by laying off the line so that the angle equals 42° 30'. 

42° 



Procedure 

If the chart for which the projection is to be made includes the Equa— 
tor, the values to be measured off are given directly by the tables 
of meridional parts. If the Equator is not to be shown on the chart, 
then the parailels of latitude to be leid down should be referred to a 
principal parallel, preferably the lowest parallel toa be drawn on the 
chart. The distance of any other parallel of latitude from the prin-— 
¢ipal parallel is then the difference of the meridional parts for the 
two taken from the table and reduced to the geale of the chart. 

Problenr 

Let it be required to construct a mercator chart between the parallels 
of latitude 32°00' N. and 35°00' N. and between longitudes 116° w. 
and 120° W., on a scale of 1° longitude equals 2 inches. Integral 
degrees of latitude and longitude are to be shown. 

Solution 

& Draw a straight line 8 inches in length parallel to the lower 
edge of the sheet. This line will represent the principal par- 
allel of latitude 32°00' xy. 

b. At intervals of 2 inches along the principal parallel erect per— 
pendiculars. These lines from right to left will be the meri- 
dtane 1160 W... 217° ws, 418° w., 119° W., and) 120°. Ww. 

ce. Simce the scale of the chart is 1° of longitude equals 2 inches, 
the unit of measurement (one meridional part) will be 1/60 x 2= 
1/30 inch. 

d. From the tables of meridional parts find for latitude 32° the 
value 2016 and for latitude 33° the value 2087. The difference 
is shown between the two numbers, namely 71, the number of meri- 
dional parts between the parallels 82° and 33°. ‘Then the distance 
on the chart between these parallels will be 1/380 x 71 = 2.36 in- 
ches. 

e. On two of the meridians already constructed lay off the distance 
2.36 inches, and through the points thus obtained draw a straight 
line which will be parallel 83°00'. 

f. Proceed in the game manner to lay down all of the parallels. 

g. The whole degrees of latitude and longitude may be subdivided as 
minutely as required. 

37 
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MAP PROJECTIONS (MERCATOR AND LAMBERT) 

Under what conditions would a pilot prefer to fly a rhumb line 

rather than a great circle route? 

: YM how fe : fer homreetf 

What type of projeetion would you choose if you wish a rhumb line 
to appear as a straight line? 5 

If you were flying from Washington, D.C. to Los Angeles, which type 
of projection would you probably use? LA@MGELT GOoVvFEOeWAL why? 
Goce Loe wel TYPES CF NAVIGATION — CONSTANT SO9LE. 
@ReEenr CrlReeg = DPR ST. LIN . ; 

In flying over oceans, what type of projection is usually used? 

SEY nL aT al a= ad sens Nee 

On what type of projection are geographic coordinates (latitude 
and longitude) most easily plotted? Meec#ror 

On Lambert projections do great circles appear as absolutely straight 
lines? Mo PPROX, . : 

Explain principle involved in constructing Lambert projections. 

Using the Mercator projection, construct a map covering the area 
between 30°00' and 33°00' north latitude and 105°00' and 108°00' 
west longitude. Use a scale of 1 inch to 1° of are at the Equator. 
This projection is to be constructed graphically. Show by a dashed 
line how a rhumb line would appear between 30°00' N. Lat. — 108°00! 
We tong. and 92-00 TN. hat.-= TOb 00% We Long. Put projection on 
following page. 

Using meridional parts table, construct a Mercator projection cov— 
ering the area between 40°00' and 43°00' north latitude, and 105°00' 
and 108°00' west longitude. Use a scale of 1 inch to 1° of are at 
the equator. Put projection on following page. 

39 
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Fig. 17 THEORY OF POLYCONIC PROJECTION 

Fig. 18 UNITED STATES ON POLYCONIC PROJECTION 
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Side elevation. Front elevation, 

Fig. 19 THEORY OF GNOMONIC PROJECTION 

N 

30° 60° 40 

20 GNCOMONIC PROJECTION TANGENT 
AT THE EQUATOR 

90° 20° : TA 

Fig. &1 GREAT CIRCLE AND RHUMB LINE 
ON A GNOMONIC CHART 
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Fig. 22 PROJECTION OF A POLAR CHART 

Fig. 23 POLAR CHART 



POLYCONIC AND GNOMONIC PROJECTIONS 

Rood hot. —Lauth 
POLYCONIC PROJECTION (Refer to Fig. 17) phont 

is History 

1. Devised by Ferdinand Hassler, first Superintendent of U.S. 

Coast and Geodetic Survey. 

Popular because it is easy to construct and because a gen— 

eral table has been computed for constructing a projection 

for any part of the earth. 

Definition 

A polyconic projection is a development of the earth's surface 

upon a series of cones each one tangent to and having a common 

axis with the earth. 

Description (Refer to Fig. 17) 

1. Theoretically, the cone acts as an intermediary between the 

spheroid and the plane; the details on the spheroid are pro-— 

jected on the cone and then the cone isunrolled into a plane. 

Practically, the transfer is made directly from the spheroid 

to the plane, the formulas for the transfer being based on 

the use of a series of cones with their elements tangent to 

the spheroid. 

Central meridian is assumed upon which the intersections of 

the parallels are truly spaced. 

Hach parallel is then separately developed upon a cone tan-— 

gent to the earth at that parallel. ; 

On developed chart, central meridian will appear as 8 

straight line, but all other meridians will appear as curves, 

the curvature increasing with longitudinal distance from the 

central meridian. 

Parallels will appear as arcs of non-concentric circles. EA ea ee Sd AE REE 
The centers lie in extension of the central meridian. 

Intersections between the meridians and parallels are not at 

right angles except at the central meridian. 

A straight line on the chart approximates a great circle. 



Re SS SEE Sa TG LS SR RS ROLES 

1. Seldom used for precise navigation except when navigation 

over terrain not mapped on Mercator or Lambert projections. 

Even then a plotting chart is used, employing the polyconic 

map as a reference. 

2. Chief use is in Ground Force military maps. 

3. Maps based on Polyconic projection are sometimes the only 

one available when navigating over land areas outside the 

United States, hence the need for familiarity with its con-— 

struction. 

4. Most maps on polyconic projections are used for areas ex— 

tending predominantly north-south although they may be con— 

structed to extend east—west. 

E. Advantages and Disadvantages 

1. Advantages 

a. Distortion is slight in the vicinity of the central me- 

ridian. 

b. Constant scale is used although this scale is not exact 

for all sections of the chart. 

2. Disadvantages 

a. An airplane flying a rhumb line course will not pass 

over'the points through which the course line passes on 

the map. 

b. A Course line on the chart makes a different angle with 

every meridian. Courses must therefore be measured at 

the mid-—meridian, a measurement which is difficult be-— 

cause meridians are curved and, furthermore, the paral— 

lels do not cut them at right angles. 

e. For same reason, positions may not be readily plotted on 

the chart, nor may the coordinates of a physical feature 

7 on the map be easily determined. 

d. Because of distortion, the projection is restricted in 

its use to maps of wide latitude and narrow longitude. 

II. GNOMONIC PROJECTIONS 

A. Definition 

A gnomonic projection is a perspective projection upon a plane 

tangent to a sphere with the point from which the projecting 

lines are drawn situated at the center of the sphere. (Refer to 

Fig. 19). 

Hemisphere cannot be shown on this projection because at 90° the 

projecting lines are parallel to the plane of projection. 

45 



Description (Refer to Fig. 22). 

ibeea, 

2. 

3. 

4. 

5. 

a 
Oe 

Uses 

1. 

a. 

The point from which the projecting lines originate is the 
‘center of the sphere, and as the planes of all great cir-— 
cles likewise pass through the center of a sphere, great 
circles will be projected on the tangent plane as straight 

lines. Therein lies the chief value of the projection. (Re-— 

Le Cop MUaL(ef eds al) gs 

Points near center of projection are projected in approxi- 

mately their correct positions, but toward edges of projec— 

tion, areas and shapes are distorted. 

Neither distance nor direction can be measured directly on 

gnomonic projection, except when it covers relatively small 

area. 

Meridians, being great circles, are projected as straight 

lines which converge to a point somewhere on the earth's 

axis, except when the projection plane is tangent at the 

Equator , in which case the meridians appear as p7rallel, 

non—-equidistant straight lines. CREDPeim ston shang. 

Since planes of the parallels do not pass thr 

of the earth, they will be projected as curved 

same statement is true of any other small ec 

sphere. 

Angles of meridians and parallels do not intersect at right 

angles except where the parallels intersect the central me— 

ridian (meridian through point of tangency). 

Exception to this is a special type of gnomonic projection, 

the polar, wherein the projection plane is tangent to the 

earth at the pole. In this case all parallels and meridi—- 

ans intersect at right angles. The parallels are projected 

as concentric lines with common center at point of conver-— 

gency of the meridians. (Refer tow Mig. 23). 

Shortest distance between two points on earth's surface is 

great circle arc between the two. A line on the sphere 

joining the two will be a straight line in projection. 

Gnomonic charts are not uséd for general navigation purposes 

with exception of navigation in polar areas where distortion 

of Mercator projection renders it objectionable. 

Greatest application in planning air routes. 

In higher latitudes considerable distance may be saved 

by flying a series of rhumb line chords approximating 

the great circle are between two distant points, espe— 

cially when their difference of latitude is small. 



i} | 
Lec. Iv—4 | 

| 
b. Polar projection type shows an area which is otherwise i 

difficult to chart. 

UrAcd To atriprtuk dua ~ 

D. Advantages and Disadvantages LOW - Tie 4s 

1. Advantages | 
| 

i) 

a. Great circles are projected on the tangent plane as 

straight lines. dite este Sel eco edad SS 

be. Polar projection type shows an area which is otherwise 

difficult to chart. 

2. Disadvantages 

ae Areas, shapes, and distances become greatly distorted 

near the boundary of the map. 

b. Scale of distance is complicated and difficult to use. 

Che Courses are difficult to measure. 

d. Not suitable for use as a general navigation work chart 

because the flight path of an aircraft on a constant 

course would appear as a curve. 

IIL. SUMMARY OF ALL TYPES OF PROJECTIONS 



SUMMARY OF PROJECTIONS 

MERCATOR LAMBERT POLYCONIC { GNOMONIC 

4, = 

PLAN OF Sphere and Sphere and Sphere and Sphere and 
CONSTRUCTION |} cylinder, cone. series of plane. 

CONES . 

ames esl. Converging and Central meri-— Converging 
straight and straight.Right) dian straight,| and straight. 
equidistant. angles with all others 
Right angles parallels. curved. 

RELATIONSHIP 

OF MERIDIANS 

with parallel. 

Parallel and Hquidistant, Portions of Curved; non- 

RELATIONSHT straight. Non4 concentric non-parallel equidistant. 
rL NSHIP 

equidistant. circles. Right | curves. 
OF PARALLELS 

angles with 

; meridians. 

Curved line. Approximates Approximates Straight line. 
GREAT CIRCLES a straight a straight 

line, line. 

RHUMB Linn. || 98P ete hes Curved. Curved. Curved, 

Only slight Shape distort-} Shape true 
dist 

ontinents central meri-—- | center of 
1 

ortion. ed except nearj only near 

istorted. dian. 

Areas greatly]! Only slight e i Area true 
distorted in distortion. excep 2 a only near 
high latitude 

Precise aeriallf Aeronautical | Uisieid “bya UiS% 
and marine | - Areas | Army Engineers} planning 
navigation. i Only availablel charts. Polar 

maps sometimes 

on this pro- 
jection, 

TYPICAL 

DIAGRAM 

1. What type of projection would you prefer in determining the shortest 
Dosis aD ier rT between London, England and Capetown, South Africa? 

projection would you prefer in determining the shortest 
Francisco and Berlin? EY) Se owe 

ally flying from Natal, Brazil to Dakar, Senegal, what type 
tion would you use? __ 

a _ — en —-2 



Fig. 25 
MAGNETIC COMPASS 

Fig. 24 THE MAGNETIC POLE AND 

MAGNETIC VARIATION 
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HLUON Od, LaNov Magnetic North 12° 
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Fig 26 CONVENTIONAL METHOD Fig. 27 

OF INDICATING MAGNETIC, 

TRUE AND GRID NORTH LINES. 

EXAMPLES OF DIFFERENCE 

ANGLES VARY 

IN DIRECTION BETWEEN GRID 
AND MAGNETIC NORTH 

BETWEEN THEM. 
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Fig. 29 LINES OF EQUAL MAGNETIC VARIATION 
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DIRECTIONS, BEARINGS, AND COURSES SS AB ROS UE NS Tak enna 

DIRECTIONS 

A. 

G. 

Need for Direction 

1. To locate objects both direction and distance are needed. 
For example, an object can be located by telling in what 
direction and how far away it is from a given point. 

R- Most persons are familiar with the established geographic 
terms north, south, east, and west. These are directions 
that are indicated by the common military compass. 

3. Direction, like distance, is a measurement. In order to 
measure anything, we must have an origin, or place from 
which to measure, and a unit with which to measure. 

Unit of Angular Measure 

1. General 

a. Angles may be measured in degrees, minutes, and seconds. 

2. Angles 

a. Degree measurements (Refer to Fig. 30). 

If the circumference of a circle is divided into 360 
equal parts by lines drawn from the center to the cir-— 
cumference, the angle at the center between any two ad— 
jacent lines is one degree. If one degree is divided 
into 60 equal parts by lines drawn from the center to 
the circumference, the angle at ithe center between any 
two adjacent lines is one minute. If one minute is 
likewise divided, a one-sixtieth part of the angle is 
called one second. 

Thus—— 

60 (seconds) “= 2 4:' (minute) 

60' (minutes) = 1° (degree) 
360°(degrees) = 1 circle or circumference 

Angles are written 4°2'45" 

Base Direction 

For military purposes direction is always expressed as an angle 
between the given direction and some base line. For this 
purpose three base directions have been established, namely, 
true north, magnetic north, and grid north, 

ae True North 

a. Direction to the actual geographic north pole. 

sSitcoe 

FR enema RNC is ea ah 



On a map true north is shown by a line with a star at 
the end pointing to true north. 

True north is used in surveying or other work where 
great accuracy is desired. 

Formilitary purposes true north is used only as a base 
from which variation can be computed. 

Meridians or longitude lines represent true north and 
south direction. 

Magnetic north (Refer to Pigs. 247,525) 

a. 

db. 

a. 

Magnetism 

(1) It was discovered early that a certain ore called 
"lodestone' had the peculiar property of always 

pointing in the same direction when freely suspen— 
ded in space. It was further discovered that this 
was due to a magnetic influence and that the earth 

itself was a huge magnet. 

(a) The earth, being a magnet, has a north magnet— 
ic pole and a south magnetic pole. A compass 
is simply a magnetized needle which is suspen — 
ded to allow it to rotate freely on a horizon-— 
tal plane. To avoid confusion it is custonm— 
ary to refer to that endof the compass needle 
which points to the earth's magnetic north 
pole as the "north seeking" end of the needle; 
the other end is the "south seeking” end. 

(bd) Unfortunately the geographical poles and the 
magnetic poles do not coincide. Thus, the 
compass needle does not usually point toward 
true north. This discrepancy in direction is 
known as magnetic variation (or magnetic dec-— 

lination). (Refer to Fig. 28) 

Direction of the north magnetic pole 

(1) Location of north magnetic pole: N. hat. 71°, 
W. Long. 96°. 

(2) Location of south magnetic pole: S. Lat. 72°-73° 

E. Long. 156°. 
b) 

It is indicated by N (north seeking) end of all compass 

needles. 

Shown on a map by a line with a half arrowhead pointing 

in direction of north magnetic pole. 



Lec. 

e. This direction usually used in field work because it is 

so easily found by means of a compass. 

Grid north 

Grid north is an arbitrary direction established for the pur-— 
pose of orienting the military grid system on maps. 

D. Variation 

1. Definition 

Variation is the angular difference in direction between 

true north and magnetic north, or between true north and 
grid north; therefore, there are two variations, magnetic 

and grid. 

a. Magnetic variation (Refer to Figs. 28, 29) 

Magnetic variation is the angular difference between 

the directions of true north and magnetic north. In 

some localities,the compass needle points east of true 

north; in these localities the variation is said to be 

east. Similarly, in some other localities the compass 

needle points west of true north; in these localities 

the variation is said to be west. In some instances, 

true north and magnetic north are the same and the va— 

riation is zero. Magnetic variation changes annually. 

On military maps the magnetic variation and annual 

change are shown in the margin. 

(1) Imaginary lines connecting points of equal varia-— 

tion are called ‘isogonic' lines. 

(2) The dividing line between areas of opposite varia-— 

tion, the line of 0° variation, is known as the 
Wa giomeancn. liner. 

Grid variation (Refer to Fig. 26) 

(1) Fixed difference between true north and grid north. 

(2) This variation is always the same on any given Map, 

(3) Grid variation reaches a maximum of 3° either east 

or west of true north depending on the locality. 

(4) On military maps grid variation is shown on the 

same diagram as the magnetic variation. 

Deviation OGH 

The angle that the earth's magnetic lines of force are 

deflected from their normal course because of the mag— 
netic influence of local bodies, is called 'deviation’. 

High tension wires, iron ore deposits, some metal parts 

of an airplane, or other such objects or deposits cause 

such magnetic deflection. 
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Tale 

rt) Figure 27 illustrates three positions of grid, Magnetic, 
and true north. There are other possible positions. In 
ordinary map reading, the difference in direction be— 
tween grid north and magnetic north is usually desired. 
In Figure 27, (1) the difference between magnetic and 
grid variation is seen by inspection to be 10°0!? (12°25! 
Seo je ta fey ue ie eco (1oos0" | tong hl. i an 
iti ye (pe Ol ae og tls" tn ane other positions mag— 
netic variation is determined in the same manner. 

b. Inaerial navigation the difference indirection between 
true north and magnetic north is usually desired. In 
areas having westerly variation, a true course can be 
converted into a magnetic course by adding the westerly 
Variation. Similarly, to convert true course to mag— 
netic course while in areas having an easterly varia-— 
tion, such easterly variation should be subtracted. 

(1) Many pilots have found it helpful to remember the 
rhymes 'Bast is least, west is best’ or 'EKast is 

minus, west is plus’. 

(2) The pilot will be confronted constantly with the 

problem of variation and therefore must have a 

complete understanding of the subject. Most of 

the conversions will be from true to magneticnorth 

because only magnetic readingscan be made direct— 

ly from the compass in a plane. (Refer to Fig. 25) 

because maps and charts are oriented true north, 

and because magnetic north is read on the compass 

in a plane it is necessary to make many conver— 

Sions which involve magnetic variation. 

BEARINGS (Refer to Fig. 81) 

A. Kinds of Bearings 

In aerial navigation, the standard method for determining di-— 

rection is the bearing. Bearings are angular measurements on 

an are of 360° in clockwise direction from true or magnetic 

north. There are two kinds of bearings for any given line or 

direction: 

True bearing 

Magnetic bearing 

1. True Bearing 

The true bearing of any given line is the angle measured 

clockwise from true north to the given direction. All bear— 

ings are true bearings unless otherwise stated. 

2. Magnetic Bearing 

The magnetic bearing of any given line is the angle mea— 

sured clockwise from magnetic north to the given line. 



Reciprocal Bearings 

The reciprocal bearing of a line is its forward bearing plus 
TOL, If the sum of the forward bearing plus 180° is greater 
than 360°, subtract 180° from the forward bearing to get the 
reciprocal bearing. 

COURSES 

A. In aerial navigation work, the course is the direction over the 
surface of the earth, expressed as an angle with respect to true 
north, that an aircraft is intended to be flown. 

There are three kinds of courses: 

True course 

Magnetic course 

Compass course 

True course is the direction, with respect to true north, 
that an aircraft is intended to be flown. It is the course 
laid out on the map or chart. Course is always true course 
unless otherwise designated. 

Magnetic course is the true course with magnetic variation 
applied. 

3. Compass course is the magnetic course with deviation applied. 

BEARINGS AND COURSES COMPARED 

Bearing, as used in aerial navigation, expresses direction of one 
point fromanotheras an anglemeasured clockwise from north. Course is 
direction over surface of the earth that an aircraft is intended to 
be flown. If plotted on a Mercator Chart, bearing and course are 
almost identical for short distances,but for long distances are 
not identical. 

SUMMARY 



DIRECTIONS, BEARINGS, AND COURSES 

What two facts are of importance in eOeE eae one eye on uae map 
in respect to another? (1) als (2) 

What is the relationship between grid north and true north? , 
ro} ce. TO MERIOIAN | 

Th -OfL06GRAPHIC GRib No R7/4 - & + MOT TRI ie Bia 
When is the direction of true north the same as that of negate eens 
north? 1G0EN1C ; : 

What is the angle between grid north and magnetic north, eee una ag 

grid variation to be 1 °57' east and magnetic variation vs be 9° 45! 

west? Ae o> dae ee a alte 1°Sh 

POR,’ 

Of what importance is deviation to a pilot? 1/42 
Mu b7 CORRE tt foe De A> AY, TO FLYZ oé 

COMPASS Cows my 

On military maps: 

A straight line ending in half an arrow-head indicates 

i north. 

A straight line ending at a star indicates Bete OS ow ABP hie 

A straight line ending at a letter 'y' indicates (9A/D 

north. 

In converting true courses to magnetic courses, are easterly varia-— 

tions added or subtracted? 2IBTRAGTE £ “ Why? 
“ho PP - ~ R ihe AA; “ e 

TO CORRECT FoR MAGNETIC VARIFITION 

Distinguish between an isogonic line and an agonic line. 

ISOGONMIE LANES CONNECT /POoIVTs OF ff QUAL VARIATION 

AIG VLC Line f°ORMSITS TRUE VCRTH 

A plane flies along a magnetic bearing of 46°, Illustrate by a 

well-labeled figure the reciprocal magnetic bearing of the course. 

The magnetic bearing of another course is 342°. Illustrate the 

reciprocal bearing of this course which will be the direction in 

which the plane would return along the same course. Assume the 

magnetic variation to be 5° west. 
xt 

x. 

; hare er 17.8623 42. Lic ime oe 7 \ | hon \—- / 8 \ 
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Fig. 34 POLAR COORDINATES 



GRID ZONES OF THE UNITED STATES 

EQUATORIAL GRID SYSTEM 36 Fig. 
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Lee. VII-1 

DISTANCES AND COORDINATES 

I. DISTANCE 

| A. Need for Determining Distance 

1. One of the first considerations in reading a map or chart 

is distance. 

Bie Distance on a map is judged by the use of a "scale". 

B. Map Measurements 

ake Scales 

ary Definition 

The scale is the numerical relationship between measure— 

ments on the map and actual distances on the ground. 

b. Types 

The scale of a map is expressed in one of the following 

ways: 

Words and figures 

Representative fraction 

Graphic 

(1). Words and figures 

In this type of scale the actual equivalents are 

given in words and figures. 

Example: 3 inches equal 1 mile. 

This means that a distance of 8 inches 

on the map is equal to a distance of 1 

mile on the ground. 

(2) Representative fraction (Refer to Fig. 32) 

(a) Relationship between distance on map and on 

ground is shown as a representative fraction, 

j which is usually abbreviated RF. The RF is 

shown thus: 

. pliner 1:62,500 or 62,500 °. 

(bd) RF expresses ratio between a given distance 

on map and the corresponding distance on the 

ground. In other words, in the above RF, 1 

unit of measurement on the map equals 62,500 

of the same units on the ground. 
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(c) The greater the denominator, the smaller the 

scale. For example, a 1:20,000 map is a large 

scale map, and a 1:1,000,000 map is a small 

scale map. 

(3) Graphie scales (Refer to Fig. 338) 

(a) The figure resembling a small ruler printed 

On a map is also called a scale. 

(b) Scale is divided into parts, and each divi- 

sion is marked not with its actual length, 

but with the distance it represents on the 

ground. 

(ec) Most military maps show a scale in miles and 

one in yards. Some show a scale in kilome-— 

ters to be used in countries where the met— 

ric system is employed. 

(d) Eachgraphie scaleconsists of a primary scale 

and an extension to the left of the sero. 

The extension consists of one primary unit 

subdivided into appropriate fractions. 

Classification of maps according to scale 

It should be noted that a large scale map represents a 

small territory whereas a small scale map represents a 

large territory. 

(1). Small scale —-— 1:1,000,000 to 1:7,000,000 

(2) Intermediate scale —— 1:200,000 to 1:500,000 

(8) Medium scale — 1:50,000 to 1:125,000 

(4) Large scale -— 1:50,000 and larger 

2. Distance determination 

General 

Once the scale is known, the matter of determining dis-— 

tance on a map becomes simple. Even though the scale 

is:given in words and figures or as RF, a graphic scale 

is usually necessary. The graphic scale is the most ac-— 

curate and the most common means of determining dis-— 

tance on a map. Following are some of the methods of 

employing the graphic scale: 

(1) To find the distance between two points! 

(Refer to Fig. 38) 
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(a) Lay the straight edge of a piece of paper Nie 

along line connecting the two points on the ; 

map. Mark the distance on the paper. 

(b) Take the marked paper and lay off the dis-— 

tance on the graphic scale. From the scale 

determine the ground distance required. 

(2)/ To find the distance along an irregular line on 

the map 

VA (a) To measure an irregular line divide the line 

/ if into a series of straight segments. After 
/ the sum of the segments has been determined 

by measuring and adding the segments along 

the edge of a sheet of paper, the total dis-— 

tanceis laid off on the scale and the ground 

distance determined. 

(bd) Another methodfor measuring distances along 

irregular lines is to use a piece of thread 

or string. Usually one end of the thread is 

knottedand is used as a starting point. The 

thread is easily bent along curves of a line 

being measured. After this measurement has 

been made, the thread is then laid off on the 

scale andthe ground distance determined as 

outlined above. 

Conversion formulas 

(a) Metric system 

In most European countries the meter is the standard 

unit of measurement. The metric system is a decimal 

system in which a meter is equal to 39.37 inches or 

3.281 feet; e kilometer or 1000 meters, is therefore 

equalto 8281 feet. 

(1) To obtain distance in statute miles from a known 

number of kilometers divide by 1.61. Soar 
Kilometers ' a 

Distance (in statute 2d lie 6a ae cr 
Ot 

(2) To obtain distance in nautical miles from a known 

number of kilometers divide by 1.85. 

Kilometers 
Distance ani nautical nies) = sas oe 

AS 

(3) To obtain distance in kilometers from a known num— 

ber of nauticad miles multiply by 1.85. 

4 Jistance in kilometers = nautical miles x 1.85 

(4) To obtain distance in kilometers from a known num— 

ber of statute miles, multiply by 1.61. 

Distance in kilometers = Statute miles x 1.61 

ies) 
2 
2) 
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4. Conversion of distance to time 

a. To determine the time required to travel from one point 

to another the following formula: will be useful: 

distance 

ae = time. 

The required distance is determined by procedure as pre-— 

viously outlined. The rate of travel must be known. 

Thus: 

1500 miles 

3800 m.p-h. 
= (beehouris'.s 

II. LOCATION BY COORDINATES 

A. General Considerations 

1. Necessity for reference points 

a. Often necessary in military operations to designate 

points on the ground or terrain features in short, con— 

venient, unmistakable terms. 

Military maps often show names and numbers of important 

locally known features, but it is not possible to name 

or number all points on a map. For this reason, a sim— 

ple method for quickly and accurately identifying points 

on a map is absolutely essential. 

Re Systems 

ae To solve the above problem the use of what are called 

"coordinates" has been adopted. There are several types 

of coordinate systems, but the polar and military grid 

are the two types most used. 

B. Polar Coordinates 

aL Definition 

The polar coordinate system is one in which a point is loca— 

ted by giving its distance and direction from another known 

and given point. WV 

Use (Refer to Fig. 34) 

Commonly used in designating points with a compass in 

the field and in designating positions on maps not 

equipped with the military grid. 

in mig. 1384... point)! bis. doeat ed )1-S00 yards: ona ior ad 

bearing of 22°30' from B.M. 38. 
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Military Grid 

1. General Considerations 

ae Description of Grid System (Refer to Figs. 85, 36, 87). 

A nation-wide grid system has been devised, by which the 

location and the identification numbers of the grid 

lines for the entire United States is prescribed, Brief— 

ly, the United States has been divided into 7 grid 

zones, designated, from east to west,as Zone A, Zone B, 

ete. Bach zone is nine degrees of longitude in width 

and extends all the way across the country (Gulf to Can- 

ada) in height. The width allows for a one—degree over— 

lap of adjacent zones. The center vertical grid of 

each zone is placed on the central meridian of the zone, 

and, therefore, is on a true north-south axis. The num— 

bering of the grids of each zone is based upon the in- 

tersection of this central y-gria with an x-grid tangent 

to the 40°30' parallel of latitude. The y—grida (verti- 

cal) at this point was given the arbitrary number — 

1,000,000 and the x-grid (horizontal) the arbitrary num— 

ber of 2,000,000 and the other grids of the zone are 

are numbered to conform. Im order to simplify the num— 

bering of coordinates, it is customary to refer to them 

in terms of number of thousands of yards instead of 

in terms of number of millions of yards, thus the coor-— 

dinates of the intersection of the central y-grid and x- 

gridwould beread as1,000 and 2,000instead of 1,000,000 

and 2,000,000. 

Scales 

(Gal) On larger scale maps, lines are 1,000 yards apart. 

(2) On medium and smaller scale maps, lines are 5,000 

yards apart. (Refer to Ludlow, Mass. Quadrangle) 

ation by Grid Coordinates 

See Fig. 38; also refer to Ludlow Quadrangle. 

Points are designated by coordinates by reference to 

the intersection of the north-south (vertical) grid 

lines with the east-west (horizontal) grid lines. Thus 

in Fig. 88, location of point A is indicated by the in- 

tersection of the 198 grid line and the 262 grid line. 

The coordinates of point A are therefore (198-262). 

The rule followed in reading coordinates is to "read 

right up" 

It is often necessary to designate points which do not 

fall at the intersection of grid lines. For example, 

find point B in the figure above in terms of coordinates. 
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If it is assumed that each grid square is subdivided 

into 10 equal parts, then point B is 8 parts east and 

7 parts north of the intersection of grid lines 197 

and 263. The coordinates of B can therefore be written 

197,.8-263.7. 

Often points can be determined by estimation. For ex- 

ample, the coordinates of crossroad 121 are about 196.4 

263.4. Since on all commonly used large scale maps, 

the grid squares measure 1000 yards on a side, a read— 

ing to tenths (one decimal place) gives a location to 

the nearest 100 yards. When grid numbers have more 

than two digits, it is customary to drop all except the 

last two. Thus, crossroad 121 may be designated as be— 

ing at (96.4-68.4). When a point is easily identified, 

it is necessary to give only the coordinate square. 

Thus, crossroad 121 may be designated as being CR 121 

(96-63). 

Coordinate scale 

ae General (Refer to Fig. 39; also Wall Display) 

To facilitate the division of each grid square into ten 

equal parts, a coordinate scale is used. A grid card 

or scale, as shown in the figure below, permits coor-— 

dinates being found easily and quickly. Scales may be 

of cardboard, metal, or celluloid. For larger scale 

maps, the coordinate scale is divided into 10 units of 

100 yards each. For smaller scale maps, having grids 

5000 yards apart, the coordinate scale is first divi- 

ded into 5 equal parts of 1000 yards each. Bach part is 

then subdivided into 10 equal parts of 100 yards each. 

b. Reading coordinates of a given point (Refer to Fig. 39) 

Required: Find point P as illustrated on grid. 

Solution: First identify the grid square in which the 

Bae point is located. In this case (65-90). Now 
place the coordinate scale with its east— 

west edge along 90 grid line. Keeping this 

edge on grid line 90, slide the scale until 

its north-south scale runs through point P. 

The ¥Y coordinate is read on the horizontal 

scale at the point of intersection of grid 

lines 65 and 90. The X coordinate is read 

onthe perpendicular scale at point P. These 

readings are then written (66.5-92.7) fThis 

reading is to the nearest 100 yards. 

Plotting a point with given coordinates 

This process is the reverse of that described in. the 

paragraph above. 



DISTANCES, COORDINATES 

On a map, how could the word and figure scale "one inch equals 1 
mile" be expressed as a representative fraction? (There are 5,280 
feet in one mile.) 7? 623360 

Using a scale of one inch equals 2 miles, determine the length of 
the stream, below, between points A and B. Distance 42 2aw: 
miles. 

es of ee ey Ging ag me ei a tie i Cy ey ie 

Using the sketch in question 2 and the scale as stated, compute the 
time which would be required to fly directly between points A and B 
in a plane traveling 275 miles: an hour. : minutes. 

On a military grid map, the coordinates of a point A are 36.75-84.20 
and those of point B are 38.40-86.70. What is the distance between 
these points in yards? e « 

What type of projection is: usually used in construction of military 
grid system? _ 7 GOnco@ sl, 

What is the rule for reading coordinates on a military grid Map. 
—" ) r t i REAt Ric 

What is meant by the scale 1:5,000,000? 

| BS UD tas 
im Y OA, ‘ \ ELA "y 

Is a map with a scale of 1:20,000 considered as being a larger or 

smaller scale map than one having, a scale of 1:62,500? 

A Oa TD Apso . 
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FIG. 4g VALLEYS AND STREAMS 

i 

FIG. 48 HILL FIG. 49 DEPRESSION 

FIG. 50 SADDLE FIG. 51 HILL AND DEPRESSION 
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HuoSVATION, RELI#F, AND CONTOUR MAPS 

Ee. GENERAL 

A. Ground Form and Hlevation 

‘ 

1. Thus far, the map has been regarded only as: a represienta— 

tion on a flat surface, and only features: im a horizontal 

position have been considered. 

In order to be of practical value to military service, a 

map must indicate the appearance and shape of actual. ground 

forms within the area covered by the map. 

The representation of three dimensional features on a flat 

surface is known as relief. 

In connection with relief the subject of elevation becomes 

important. Hlevation is the vertical distance of any spe— 

cifie point on the earth's surface above a selected refer— 

ence plane, which for most maps is mean sea level. 

aioe = vai = y 

re 

> : 0 

B. Means of Representing: Relief and Hlevation 

1. Because a map is a flat surface, some form of conventional 

sign must be used to represent relief and elevation. 

2. Methods of showing relief and elevation: 

a. Hachures 

b. Hill and valley shading 

e. Color .tinting 

| d. Precise figures 

e. Contours (most commonly used) 

It. ELEVATION AND RELIEF 

A. Hachures 

Tawe iio See eens 

te. Definition 

Hachuring is a method of representation of different slopes 

by means of shading strokes drawn in the direction in which 

water would flow on the ground at the point represented on 

map. 

2. Characteristics (Refer to Fig. 44). 

a. Steepness of slope is indicated by length, weight, and 

spacing of the hachure lines, i.e., level spaces: being 

left blank. 

ETE SFR Sear 

ieaicaesicapenaiancanl 
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b. Heights are marked only at points the exact elevations 

of which are known. 

Uses 

a. Hachured maps are used extensively in Burope, but not 

in this country except in special instancés. Relief 

on the Strategic Map of the United States (Scale 1:500, 

000) is shown by hachures. 

bd. Advantages 

(1) They give a pictorial representation of the relief 

(2) Because they are generalized, they are more easily 

made than contour maps because actual elevation 

measurements are not required, ~ 

Cr. Disadvantages 

(1) Time. consumed in making not commensurate with in- 

accurate results obtained. : 

(2) On steep slopes, the hachures are 30 heavy that. 

they preclude the representation of other detail 

that may be of greater importance than relief. 

Hill and Valley Shading 

1. Shows relief features by means of shading. 

R. Seldom used because of skill required in constructing maps 

and inaccuracy with which details are shown. 

Color Tinting (Refer to Regional Aeronautical Chart) 

ibe Involyes the use of various colors, usually tints or shades 

of green and brown for general designation of altitudes. 

Several thousands of feet may be indicated by certain col- 

ors depending on the color scheme which is adopted. 

Uses 

Used frequently on physical maps which show relief fea- 

tures. Also used ®n aeronautical charts. 

Advantages 

C1) Gives a general idea as to the range of alti- 

tudes in an area. 

(2) Range of altitudes determined quickly. 



b. Disadvantages 

(1) Altitudes of specific points not determinable, 

(2) Care must be taken in order not to confuse various 

colors. 

Precise Figures 

}. 

g. 

Frequently, altitudes of outstanding or prominent mountain 

peaks and obstructions are printed on maps-and charts. 

Altitudes of cities, airports, crossroads, or other. points 

are given on some maps and charts. x 

Contours 

1. Definition 

A contour is a line on a map which represents an imaginary 

line on the ground all points of which are at the same el-— 

evation. 

Characteristics (Refer to Ludlow Quadrangle) 

a. Contours shown in brown on topographic maps 

Typical contours can be seen on topographic map (Lud-— 

low Quadrangle). 

b. » Contours constitute a medium by which ground forms can 

be easily visualized 

For example, note the shape of Bagg Hill in northwest— 

ern part of map (N. Lat. 42°14'30", W. Long. 72°28'30"). 
The direction of elongation of these hills can be deter— 

mined by a study of the contour arrangement. 

ec. Contours have a characteristic wavy appearance pec Root hoah DeSR DA inode oa AA ti 

This is caused by irregularities resulting from drain— 

age. Most contours exhibit this characteristic; spe- 

cific examples can be seen in the southeastern quad-— 

rangle of the Ludlow sheet. 

ad. Numbering of Contours 

Elevations of contours above the reference plane are 

shown by numbers, usually in terms of feet. In some 

instances, all contours are numbered; however, usually 

only heavy contours are numbered. Examples of the num— 

bering of contours may be seen on Minechoag Mountain in 

the center of the map. Note that only contours having 

values of fifties and hundreds are numbered. Note that 

there are many separate numbers in black. These are 

specific elevations, not contours, Such specific el- 

vations are printed in brown on many contour maps. 



Lec. VIII-4 

e. 

(1) 

ww 

Contour i nterval 

The contour interval is the vertical 

usually stated on the bott 

to Instructors. 

the 

map and is om of the map. 
(Note Put especial emphasis on 

to find it 

ying to read 

&@ contour map without knowing the contour interval 

is like trying to measure distance without knowing 

the scale.) On map of Ludlow Quadrangle, 

tour interval is 10 feet, 

"contour interval". Show cadets where 

on the map and stress importance. Tr 

the con-— 

the 

in 

as indicated below 

graphic scale. This means that all contours 

normal sequence -will represent changes in eleva-— 

tion of 10 feet with respect to contours adjacent 

to to this last 

statement in cases of hills and depressions where 

them. Some exceptions will be made 

closed contours are involved. 

The contour interval chosen depends upon the char— 

acter of the topography ( irregularities of the 

earth's surface), the amount of relief, the scale 

of the map, and the purpose for which the map is 

to be used. 

(a) f the relief is great, the contour interval 

chosen will be large. If the relief is small, 

the contour interval will be small. Thus, the 

common contour intervals with their correspon-— 

ding heavy lines are as follows: 

Contour interval Heavy 1: 

feet) 

1 5 and multiples thereof 

2 Wow i 

LO eG 3 : 
20 100 8 r r 
25 LOO a" zm : 

50 eoOn a ’ : 
100 5 O10 ese " # 

250 1250 be a 8 

500 2500 i i " 

In general, the contour interval remains the 

same for the entire map, although in very 

mountainous areas there are exceptions to 

thas) sre. 

(bd) Example 

In plains areas where relief is slight, an in— 

terval of 5 feet might be chosen; whereas, in 

rugged, mountainous areas, the interval might 

be 250 feet. Although contours would be 
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approximately the same distances apart onmaps 

of the two areas, the amount of relief repre— 

sented would be decidedly different. 

A small scale map usually will have a large 

contour interval — a large scale map a small— 

er contour interval. 

A map made for the purpose of planning drain— 

age changes will have a smaller interval than 

a map made for military maneuvers. 

Contour lines are closed curves 

Although all contour lines are closed curves, they do 

not all close within the boundaries of the map. Find 

the hill, just south of Ludlow City, along the western 

border of Ludlow Quadrangle and note that some of the 

eontours are closed lines, whereas others may be traced 

off the map without closing. The 350 and 360 foot con— 

tours close but the others leave the map. 

Contours never cross 

The contours on the east side of Chicopee River, just 

south of Red Bridge in the southwestern part of the cen— 

tral eastern quadrangle (North lat. 42°10'30", West 

long. 72°24'30") are very close together and indicate 

a steep slope, but they do not cross. 

Close spacing of contours 
————< << 

The close spacing of contours indicates a rapid change 

in elevation and is characteristic of bluffs or steep 

slopes. 

Excellent examples of rapid changes in elevation may be 

seen to the left of the valley near the center of Fig. 

43, and along the east side of Chicopee River in local— 

ity noted above. 

Se 

On contour maps steep slopes may be represented by con— 

tour lines so closely spaced that individual lines are 

not identifiable. On some maps, for convenience in print-— 

ing and interpretation, contour lines end before they 

merge on the steep slopes, and start again where the 

slope lessens. (See Ludlow Quadrangle in the general 

area of latitude 42°8', longitude 72°24'.) 

Distant spacing of contours 

The distant spacing of contours indicates a gradual 

slope. In case of very distantly spaced contours, a re— 

latively flat area is indicated. 

This is demonstrated in the northeast qyuadrangle of the 

Ludlow Sheet — the Washington School area. Also in the 

valley in the center of Fig. 43, and onthe peninsula in 

the foreground of the same figure. 
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Regular contours 
SSS pen a Se ree ee 

Unless contours are marked by hachures, they are regu— 

lar contours. If marked by hachures, they are depres— 

sion contours, and hachures extend toward center of de— 

pression. 

Kxamples of both types of contours are illustrated in 

the southern part of the western quadrangle of the Lud— 

low sheet. 

Regular closed contours 

A regular closed contour has an elevation one interval 

higher than the lower adjacent contour. 

(a) Any regular contours within a regular contour have 

successively higher values, increasing one contour 

interval with each contour. 

(2) Examples 

Notice the closed contours on the hill illustrated 

im) Sag. | ae. Bach of the regular contours increa-— 

ses in elevation at the rate of one contour inter-— 

val per line, or in this case 25 feet for each con— 

tour. This characteristic is shown again in Fig. 

50. The hill is indicated by 2 closed 10-foot con— 

tours. In Fig. 51 note that the first closed reg- 

ular contour has the value of 1400, or one inter— 

val higher than the lower adjacent contour. 

There are many excellent examples of closed con- 

tours in the Ludlow Sheet. 

Depression contours 

A depression contour takes for its elevation the value 

of the adjacent contour with the lower elevation,or one 

interval lower than the higher adjacent contour. 

(1) Any depression contours within a depression con— 

tour have successively lower values, decreasing one 

contour interval with each contour. 

(2) Examples 

In Figs. 49 and 51, two illustrations demonstrate 

the arrangement of depression contours. In the 

illustration labeled "depression" note that the 

first depression contour is closed and has the val— 

ue of the lower adjacent contour, namely 970, and 

each successive contour within the 970is decreased 

in value of one interval, which on the map is 10 

feet. Likewise, in Fig. 51, the illustration la-— 

beled "Hill and Depression", the first depression 

contour between the 2 regular contours has as its 

elevation 1390 feet, or the value of the lower ad- 

jacent contour. The inner depression contour is. 

1380. feet, or one interval lower than the first 

depression contour. 
TG 



WOES. VALI 

Contours crossing streams 

Contours extend upstream to cross. Contours character— 

istically form inverted V's when they cross streams. 

For ex amples regarding manner in which contours cross 

streams, see Figs. 43 and 46, and any stream on the map 

of Ludlow Quadrangle. In the case of every stream, the 

eontour lines bend upstream to cross, and it is there- 

fore possible in this way to determine the direction of 

flow of any stream crossed by contours. 

Ridges or urs 

The inter-stream areas are commonly known as ridges, or 

spurs, and are usually represented by the downswing of 

contours, as opposed to the up—swing of contours along 

streams. Such ridges or spurs are demonstrated in Fig. 

47. 

Configuration of contours at junction of stream 

At the point of confluence of streams, usually a Y will 

be formed with the leg of the 6 pointing downstream. 

because contours swing upstream to cross, and down on 

spurs to cross, the result is that when contours cross i 

streams immediately above their junction, an M will be 

formed by the contours. 

A good example of such a configuration of the contours 

may be observed on the east-central side of the map in 

Fig. 48. 

Saddles 

The term saddle is commonly used for low areas between 

two hills or for topographically low areas which have 

been caused by dissection incident to stream action. 

An example of a saddle may be seen in Fig. 50, and on the 

map of Ludlow Quadrangle at Minechoag Mountain in the 

central part of the map. 

3. Logical contouring (Refer to Pigs. 52, 58, 54 and 55) 

ae Methods 

(1) A topograpber may actually survey the location of 

the contours on the ground. This Lavorious and ex— 

pensive method is justified only when the greatest 

accuracy obtainable is desired. 

A topographer may survey enough contours to define 

ground forms and interpolate between them by eye. 

A topographer may run out only stream lines and 

ridge lines, getting "critical elevations". The 

contours may then be sketched by interpolating be-— 

tween the elevations. This is the most common me— 

thod of contouring. The sketching should be done 

in the field whenever possible, but may be done in 

the laboratory. 78 



Lec. VIII-8 

een any 

mately 

formly 

uniform. 

two ad: 

spaced. 

Therefore, 

elevations h 

3 

58, 54, and 55) 

-ollows 
r 

the contours 

Small marks in pencil, 

elected at 

that the 

ave been marked 

the ma— 

slope be-— 

critical points will be approxi- 

should be uni- 

known as ticks, 

are accordingly plotted between adjacent'critical points, 

their number depending on the known difference of ele-— 

Thus on Fig. vation. 

tions, 

the stream and the 873 ridge point, 

for example, 

the 800 elevation, 

The next step is to connect up the tick points point. 

with the contour line, 

vation 

ridge and to the stream lines. 

53 there have been indicated the 

ticks between the stream courses and the known eleva— 

six between the 810 elevation near 

near the ‘stream, 

and five between 

and the 850 ridge 

beginning with the lowest ele— 

and working uphill. Their trace conforms to the 

This last step should 

be performed in the field so that the topographer can 

view the area being contoured, 

by estimation, 

and be able to adjust, 

the actual trace and the spacing of the 

contours to conform to the minor changes of slope and 

direction. Pigure 54 indicates the method of drawing 

in the contours to conform to the basic terrain struc— 

Figure 55 shows the completed contoured sketch. ture. 

As a final stép, 

800 and the 860-foot contours. 

Interpretation of contour maps 

it adds to clarity to accentuate the 

a. Drill on interpretation of contour maps (Refer to Fig 

43 and to Ludlow Sheet). Place emphasis on interpre— 

ting elevations of contour lines in Figs. 49, 50, and 

a. Slope is the inclination of the land surfacé relative 

to a horisontal plane and is a junction of two factors— 

horizontal distance and vertical distance. 

The vertical distance between two points can be deter-— 

mined on a contour map by reading the contours and in- 

terpolating between contours when the points do not fall 

directly on the contour line. 

be scaled directly from the map. 

4. 

51. 

Slopes 

ake Definition 

g. How determined 

3. How expressed 

a. 

Horizontal distance may 

Slope is usually expressed in terms of percent (one unit 

of vertical distance in 100 units of horisontal dis— 

tance) put may be given in units, degrees, or gradient. 
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Profiles (Refer to Figs. 438 and 45) 

1. Definition 

a. A profile is a constructed cross-section of an area a- 

long an established line. Any horizontal and vertical 

scale may be chosen but usually the horizontal scale 

is the same as the map and the vertical scale is exag- 

gerated for ease in construction and clarity in inter— 

pretation. 

2. Importance and use 

a. Profiles are distinct, aids in visualizing topography. 

Wl ; bd. Profiles are useful in determining visible and invisi- 

ble areas from any given operation point. 

III. SUMMARY 

eR | 
| 

| | 1 

i i 80 : | 
: 
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CHARTS 

rs) of navigators. 

map of those portions of 

by water. : 

has been used. with reference to, maps, 

purposes of aerial as well as marine niav— 

57) 

sectional charts. 

inch equals approximate— 

used. 

chosen because meridians are repre-— 

converging toward a common point 

and the paraliels by 

intersection of the meridi- 

intersect at right angles, 

lines on the earth's ‘sur-— 

any single chart is so small that dis— 

directly by means of the graphic scales 

ders. On a chart of the country as a whole, 

scale error for nearly 90 per cent of 

United States is within 4 of 1 per cent, 

ible in practice. 

aeronautical data required in aerial navigation o— 

limited area. 

Entirely suitable for all forms.of air navigation, but are 

intended primarily for use in pilotage. 
a 

6. Much data concerning landmarks printed on these charts. 

Wis Most commonly used charts in aviation. 

Regional: Charts (Refer to Fig..57) S 

alee Entire U. S. covered by 17 regional charts. 

e: eae Bt 

Scale of charts is 1:1,000,000, or 1 inch equals approxi- 

mately 16 



Radio Direction Finding Charts (Refer to Fig. 58) 

1. 

R. 

6. 

Lambert conformal projections used for same reason Giver in 

A-8 above. : 

Provide aeronautical data required in aerial navigation over 

a wide area. 

Designed Pare vculaciy for air navigation as contrasted with 

pilotage. They were made necessary by faster planes flying 

greater distances. 

Most of landmark data appearing on sectional charts elimina— 

ted because, for purpose of these charts, clarity. is more 

important than’ completeness of detail. 

Aw ay ot 
Wess PrAG AAAS COTE 

Entire U. S. covered by 6 charts. 

Scale of charts is 1:2,000,000 or 1 inch equals Sopra ee 

ly 82. miles. 

Lambert conformal projections used for same reason given in 

A+~3 above. 

Used to facilitate the plotting of radio _bearings. 

To facilitate the plotting of radio bearings, there is prin-— 

ted around each radio range station a special compass rose 

oriented to magnetic north. 

Ds 
(. 

Areas of dangerous land elevations shown. 

Aeronautical Planning Charts 

1. Aeronautical Planning Chart of U. S. #3060A 
heronauyi ee. 

a. Entire U. S. covered by one chart. 

Die Scale of charts is 125,000,000 or 1 inch equals approxi-— 

mately 80 miles. 

Lambert conformal projections used for same reason given 

jn A-3 above. Standard parallels of true scale at lati- 

tude 33° and 45° 

a. f Cue Pords a high degree of accuracy in the measurement of 

( distances between widely separated points and may a 5 

\ be used for the plotting of radio bearings. 

e. About 40 of the principal broadcasting stations and 250 

of the most important airports are shown in ned, faedsl— 

jtating radio compass navigation, and the plotting of 

routes. 

‘CEA yy 



- Lec. 

Plotting of routes simplified by overprint showing the 

limits of each sectional chart, thus making it possible 

for the pilot to see at once. which sectional charts will 

be required for a projected flight. 

A straight line on this chart is a close approximation 

tothe path of a great. eirele, and f6r -all practical 

purposes may be regarded as the shortest route between 

two points. It-is especially suitable for measurement 

of distances, courses, and bearings. 

hee Thies o/7, eect ener ginets of the U. S. are shown. 

Aeronautical Planning Chart #3060B 

ae Same construction as for chart ¥3060A. 

b. Same uses as for #38060A. 

c. Chart #3060B is printed in color using gradient of ele- 

vations. 

Great Circle Chart of U. S. #38074. 

3s 

4. 

Entire U. S. covered by one chart. 

Scale of chart is 1:5,094,000 at the point of tangency, or 

1 inch equals approximately 80 miles. This scale, however, 

becomes considerably greater away from the point of tangen-— 

Cy. 

Gnomonic projection used. Scale is not constant. 

Chart is not suitable for measurement of navigation courses, 

bearings, or distances, but any straight line on this pro- 

jection represents a precise great circle track. The chart 

is therefore very useful for an exact determination of the 

great circle route over long distances. 

Airports, shown on Aeronautical Planning Charts, are also 

-shown on Great Circle Chart, although radio stations are 

omitted. 

Magnetic or Isogonic Chart Olea isl. 
octane ies ee ea ee ee 

1. 

Be 

Entire U. S. covered by one chart. 

Seale of chart is 1:7,500,000, or 1 inch equals approximate-— 

ly 115 miles. 

Lines of equal magnetic variation at 1° intervals are shown 

on this chart. 

there is no uniformity in the tyee of base map or projection 

used for magnetic charts because there 4s only a small va-— 

‘piation over a wide srea.and, as a result, a very precise 

base map is not necessary. 

XII-3 
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Night Flying Charts 

1. 

4. 

5. 

Special edition of Regional Charts with night flying chart 

printed on reverse side. 

All detail lost to view incident to darkness is eliminated 

from these charts, and only those features of interest in- 

night flying are “shown: 

Following data shown on charts: Major drainage, principal 

cities, radio aids to navigation, obstructions and beacon 

lights and airports at which all night operation of light— 

ing facilities is assured. 

Scale of chart is 1:1,000,000 at latitude 40°. 

Mercator projections used. 

Universal Plotting Chart 

4. 

Partiallyeconstructed blank Mercator chart for small areas. 

Has fixed latitude and distance scale, a compass rose, 4 

longitude scale, and other useful data. 

Seale of chart is 1 inch equals 16 nautical miles. 

One chart may be used for any Latitude and longitude and 

covers an area of 175 to 260 nautical miles. 

The chart must be developed to accomodate the area involved. 

World Outline. Charts 

World Long Range Air Navigation Charts 

cnn EE 

Entire world to be covered: by World. Outline Charts; all 

charts not yet published, however. 

Scale of series 1:5,000,000. 

Lambert conformal conic projection used. 

Chart size: 30" x 45". 

Entire world covered by this chart series; 

charts are not yet published. 

Scale of series 1:3,000,000. 

Mercator projection used between 60° N. Latitude and 60° 8. 

latitude. Lambert Conformal conic projection used between 

60° and 80°. Stereograpnic projection used for polar caps 

north of g0° and south of 80°. 



Lec. XII-5 

Chart size: 30" x 40". 

Charts are printed with outstanding radio stations, marine ; 

and navigation lights, isogonic lines and compass roses, but 

do not include airports or ,anchorages. 

K. Hydrographic Office Sectional Area Charts 

abr West Indies, Mexico, Central America covered by this chart_ 

* series. 

[f 2. Scale of series 1:1,000,000. 

38. Mercator projection used. 

40° <Cbartaiss ene 36 x 250". 

L. World Aeronautical Charts 

Sousa te eS i 
| 1. Entire world covered by this series; however, all charts are 

not yet published. : 

Beer ee 2. Seale. of series 1:1,000,000. 
Sine 

38. Lambert conformal conic projection used. 

| 4. Chart sise 22" x 29". 

| M. Africa Aeronautical Charts 
sa i aisha 

i 1. Continent of Africa covered by chart series. 

t | 2. Scale of series 1:2,000;000% | 

8. Modified polyconic projection used, 

| 4. Chart size 25" x 34". / 

() _ N, Buropean Aeronautical Charts 
| 

{ : P| 

yi! i 1. All of western Kurope covered by chart series although not | 

Hi J all charts have been published. 

Hi 2. Scale of series 1:500,000. i 

ye 8. Modified polyconic projection used. 

4. Chart sise 28" x 40". 

if 5. Elevations are shown by a system of purple layering. 
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/ 0. Pilot Charts 

‘1. Small scale charts of the upper air, showing prevailing 
winds (average), the percentage of foggy days, and other da— 
ta of interest to aviator. 

Flight Charts 

1. Courses of flights may be plotted directly on one of the 

charts listed above. Commonly sectional, regional, or uni- 

versal plotting charts are used as bases. 

ITI. REVISION OF CHARTS 

A. aps usuaily regarded as requiring relatively few changes.Charts 

entirely different. 

The thousands of miles of airways ( about 25, OOO miles ) are 
equipped with beacon lights, radio ranges, and other related 

features which may be changed quickly and this, therefore, ob- 

viously necessitates the revision of charts at relatively fre- 

quent intervals. 

IV. INTERPRETATION OF AERONAUTICAL CHARTS 

A. Colors 

Shades of green and brown indicate elevations of relief. 

0-1000 Green 

1000-2000 Light green 
2000-3000 Pale brown 

8000-5000 Light brown 

5000-7000 Medium brown 

7000-9000 Deep brown 

9000-up Dark brown 

Waterways 

Streams, oceans, lakes, or seas indicated by blue. 

Cultural features 

Towns, cities, roads, railroads, and any other works of man are 

usually indicated in biack. 

2 or Towns 

Less than 1,000 indicated by black circle. 1000-5000 indica— 

ted by yellow square outlined by purple. Actual shapes of 

larger cities drawn to scale and outlined in purple. 

Highways 

Prominent highways indicated by heavy purple lines. 

ondary highways indicated by lighter purple lines. 

roads indicated by broken purple lines. 

89 



Railroads 

Single track with single cross-ties. Cross-—ties 5 miles 

apart. 

Double track with double cross-ties. 

Race-—Tracks 

Indicated by oval appearance. Form good landmarks. 

oi Transmission Lines 

Basily identified from the air and therefore serve as aids 

in the location of positions. 

Indicated on map in red by "T's" (Poles) with lines (wire) 

between them. 

D. Relief 

Mountains, hills, valleys, and other inequalities shown either 

by colors or direct labels. 

Vv. SUMMARY 

Lec. XE 7. 



CHARTS 

How do charts differ from other forms of maps? 

2. Complete the following table: 

Type of Chart Area Covered Projection Used Chief Use 

Sectional 
1} of O Tik 4/500, ¢e0 Sarrbuut 4 confer y al Ab ai 

: 

OSA ia \ Aas 

Longin dilenese 
/ ] - Ef \ 

Radio D F fb 12 ov, | (aco haw 

Aero. Planning of / 

We Ss 

Great Circle of 

Mie, Ss 

Regional Lp >A); 

/ 

7 fh -( 

: ace 
Isogonic of U. §S. Moor 

PHA eve 

LAL TSS ag eaceoe ve (11000, 000 | raredtor Ries ii 

Universal Plotting 

World Outline 

World Long Range 

Air Navigation 

EB. O. Sectional 

Area 

World Aeronautical 

Africa Aeronautical 

European Aeronautical 

Pilot 

Flight 

What color tint on an seronautical chart represents an altitude of 

8000 feet? 

On an aeronautical chart how would a town with a population of 2300 

be represented? 

Indicate the symbol for a single-track and a double-track railway 

on an aeronautical chart? 
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INTERPRETATION OF ABRONAUTICAL CHARTS 

AERONAUTICAL INFORMATION 

A. Features shown in red 

Airports 

Beecon lights 

Radio ranges 

Radio identification signals 

Kind of Airport 

Whether army, commercial, municipal 

LF adjacent to 

lighting faciliti i landing at night 

Beacons 

Arrows, if present, indicate that course lights are 

present at that station on the ground. 

Adjacent ta beacon symbol are placed number of beacon 

and corresponding code signal which is flashed by the 

course lights for identification at night. 

Number of intermediate beaccn or field is obtained by 

dropping final digit of mileage from origin of airway 

on which it is located. 

If airport is equipped with beacon light, proper bea— 

con symbol is placed inside of airport symbol on chari. 

Landmark beacon, privately owned beacon, or commercial— 

ly operated beacon makes & revolutions per minute in-— 

stead of 6, as ‘in the case of airway beacon. 

Airspace Reservation 

1. Designated by executive order. 

Cannot be. flown over at any aititude. Examples are White 

House and Capitol in Washington. 

Danger Zones 

1. Designated by Army and Navy, and should not be flown over 

at altitudes below 5,000 feet. Included are such areas as 

bombing ranges. 
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H. High Explosive Areas 

1. Must be flown over only at altitudes such as to permit land— 

ing outside the area in case of complete power failure. 

Marked Areas 

285 Same symbol used on ground as on map for marking area. 

Radio Data 

1. Radio Stations 

a. 

b. 

Cc. 

d. 

Call letters of station and frequency always indicated 

on chart. 

Indications also made if the station is used in connec— 

tion with radio direction finding (radio compass). 

Magnetic courses to stations shown. 

Weather broadcast schedules shown for many stations. 

Radio Range (Refer to Figs. 59 and 62) 

Be The beam alone is a highway as definite as a road on 

ground-—and an even better guide because it broadcasts 

to tell one where it is. The government—operated radio 

range stations transmit radio beams in end-to-end suc— 

eession along the nation's airways. MHach range has 4 

transmitting towers, which are located around the sta— 

tion,forming a five-spot design which can frequently be 

identified nesr airports. 

Two towers transmit Morse code -- (dit-dah) for A; the 

other two transmit —. (dah-dit) for N. Like circular 

waves from pebbles in a pool, the radiating signals 

soon run into each other. Transmission is automatic, 

and so synchronized that the staccato dot-—dashes and 

dash-dots mesh to form a steady buzz or constant tone. 

This is the “on course" signal and is not confused with 

either of the other two signals. 

On the beam the A and N signal intensities are so near— 

ly equal that the ear detects no difference. Along each 

side, however, in a narrow "twilight" zone, the pilot 

hears the steady "on course" plus a definite overtone 

ofa Aor Nie That is what he follows. By doing so, he 

"keeps well to the right of the road instead of wander— 

ing down the middle". 

Periodically interspersed with each 12 A or N signals, 

the 

are 

and 

the 

station call letters will be given. Thirty seconds 

required for the transmission of the A or N signals 

approximately 15 seconds for the transmission of 

station call letters. Bach complete cycle of sig-— 

nals therefore requires 45 seconds. 
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Over each radio station there is a cone of silence, at 

which point neither the A nor N signal will be received. 

Coincident with the cone and literally shooting up in- 

side of it, an ultra-high frequency "Z marker" impulse 

lights a light on the instrument panel of the plane. 

Thus, the beam gives audible and visible check and dou— 

\ 
\ 

ble check of precise arrival over the station. This is 

desirable in night flying because it indicates that the 

plane is directly over the station. 

Radio beams are transmitted for several hundreds of 

miles, but after extending for a distance of approxi-— 

mately 250 miles become too wide for practical use. At 

a distance of 100 miles from the station the beam has a 

width of about 5 miles. It is therefore desirable aft— 

er planes have travelled this distance or less to fol- 

low another bean. 

A and N sides of beams are marked on charts. A signals 

usually indicate east or west quadrants whereas N sig-— 

nals indicate north or south quadrants. 

Radio Marker Beacons 

Located at critical points along the radio range cours— 

es. Low power transmitters which emit a distiictive 

signal on the same frequency as that of -the range on 

whichthey are located, and serve to inform the pilot 

of his progress along the route. Bquipped for two-way 

voice communication and are prepared to furnish weather 

reports or other emergency information. In case the 

airplane is not equipped with a transmitter, if the pi- 

lot circles the marker beacon the operetor will come on 

the air with the weather for that particular airway. 

The pilot indicates that he has received the informa— 

tion by a series of short blasts of his engine and pro-—- 

ceeds on his way. 

Fan Marker Beacons (Refer to Fig. 62) 

Ultra-high frequency stations, 75 megacycles (75,000 

kilocycles) and have no facilities for voice communica— 

ap bry ayy One to four fan markers may be located around 

any given range station , usually at distances of aboutl 

20 miles. Markers around a given radio range station 

are identified by a succession of single dashes, or by 

groups of two, three, or four dashes. Single dash iden— 

tification is always assigned to a course directed true 

north from a station, or to the first course in a clock-— 

wise direction therefrom; the groups of two, three, or 

four dashes are assigned ‘respectively to the second, 

third, and fourth courses of the station, proceeding 

clockwise from true north. Used for purposes of loca— 

tion. 
spy i eR kar eae 

K. Isogonic Lines 

1. Used for determining magnetic variation. 
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L. True Compass Rose (Refer to Fig. 60) : 1 

1. Oriented true north. 

2. Can be used in absence of protractor for approximate meas— 

urements of courses and bearings. On some charts, correc— 

tions made for magnetic variation. 

3. Because of convergence of meridians in Lambert projection, 

inaccuracy introduced if a compass rose is’used for meas~— 

urement of direction at a point more than 1° or Be tot: Mong 

| itude away. 

Ht M. Magnetic Compass Rose (Refer to Fig. 61) 

4 1. Two sets of readings. One on inner and one on outer cir-— 

cle. Frequently reciprocal bearings are plotted, thus ne- 

ih cessitating the two circles. 

Aili 2. Readings are magnetic. 

8. Usually used in connection with radio direction finding pro- 

cedure. 

(| ih N. Airways 

ities cl ia 
i alee "Garbo" system used. 

2. G-A-R-B-O refers to Green, Amber, Red, Blue, and Off air-— 

ways. 

8.  G-A-R-B-O also indicates the order of precedence of airways. 

i When airways cross, the one first mentioned takes precedence 

i} over any which follow as indicated in 2 above. The aircraft 

in the airway which takes precedence does not have to change 

| elevation whereas the aircraft in other airways must change ; 

| altitude. : 

| 4. Direction of Airways 

Green airways trend east-west (main transcontinental routes) 

oan : Amber airways trend north-south ( main transcontinental 

routes ) 

Red airways trend east-west ( shorter or subsidiary routes ) 

i] . Blue airways trend north-south (shorter or subsidiary routes] 

Off airways in directions other than main airways. 

5. Altitudes 
| 
| 

4 | 

hh Northbound fly at altitudes measured in odd thousands of | 

Hy feet. | 

Hh) Eastbound fly at altitudes measured in odd thousands of | 

feet. 

Southbound fly at altitudes measured in even thousands of 

feet. 

i Westbound fly at altitudes measured in even thousands of 

Wt feet. 

‘ih Off airways: 0° — 179°: odd+500 feet . 
Ht 180° — 359°: even + 500 feet 
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INTERPRETATION OF ABRONAUTICAL CHARTS 

Assume that you are making a flight from Kelly Field to the Houston 

Airport. Use San Antonio Sectional Chart in answering questions. 

a. What is the magnetic bearing from Kelly to Houston? 

Witaitadesi bh ec eadird ame disk am Ceiru sian kine aoe ennnNe Sa aL blb ei mrwlersrs 

What is the average magnetic variation along the course? 

What is the elevation of Kelly Field? Of 
Houston Airport? 

If direct course were flown, how many railroads would be crossed? 

List in.order the 'check points" (distinctive features, 20-40 

miles apart, used in checking position along course)which could 

be used in making a 'contact" flight (one in which landmarks 

are used for reference rather than instruments) of the course 

outlined above. 

What kind of projection is used on this chart? _ di 

In flying this course, would you be flying a great circle route? 

S A rhumb line route? 5 

If the Amber, Red, and Green airways were used, what would the 

SARE ETUC Ges Dik Er ee ce Sh Gault mem lal eS 

What are the identification letters of the San Antonio Radio 

Range’ Station? 2s eet SS ee 

Determine as precisely as you can the difference in latitude and 

longitude between the San Antonio Radio Range Station and Houston 

Nal sey sehie eye pesDiauarne SXSreuoy salgel TUE aly WES) Be Difference 

in longitude: 

What is the significance to a pilot of the two dashes at Losoya fan 

marker on the intersection of the Amber and Red Airways south of 

San Antonio? 

According to the color tinting on the San Antonio Sectional Chart, 

what is the highest possible elevation in the area covered by the 

chart? . feet. 

Why do pilots need true compass roses on sectional charts? 

What is the apfroximate population of Yoakum, Texas, (In Red Airway 

number 32)? EE 
(our De 
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\/ f= focal length 

beng = SN ee as ie 

H= lens height 

Fig. 63 COMPARISON OF FOCAL LENGTH AND CAMERA HEIGHT 

DIAGRAM OF PHOTO ARRANGEMENT 

Fig. 64 AERIAL PHOTO STRIP 
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INTRODUCTION TO STUDY OF AERIAL PHOTOGRAPHS 

MILITARY HISTORY OF AERIAL PHOTOGRAPHY 

A. Before World War I 

1. Civil War: - at least one photograph taken from a balloon. 

&. Franco-Prussian War (1870-1871): photographs taken from 

balloons. 

B. During World War [I 

ab Widely used by U. §S 

Uses andy! Pranic er 

-; schools were established in 1918 in 

g. Germans also developed Aerial Photo-interpretation. 

Gre Since 1939 

1. Great Britain and Germany have concentrated on aerial pho- 

tography and interpretation. 

40) U. S. now emrhasizing aerial photo interpretation. 

3. Air Intelligence School at Harrisburg, Penn. 

for this training. 

so Chet) isieho oj: 

IMPORTANCE OF ABRIAL PHOTOGRAPHS 

For military purposes, aerial photographs are frequently substitu— 

ted for topographic maps. The type of map which engineers would 

construct as a result of months of field work, would in most zones 

of combat be neither available nor practicable. Aerial photographs 

have a number of advantages over the conventional topographic map. 

A. They possess in pictorial form a wealth of detail which no map 

Can equal. 

B. They can be prepared in a short time by flying an area, taking 

pictures, developing, printing, and making a mosaic. 

C. Because they can be prepared in a few hours, they are up to. 

date, and in a combat zone, where conditions change rapidly, 

they show vital information which is not on any other type of 

map. 

D. They can be made of any area, even those inaccessible to ground 

mapping parties. 

BE. In combat areas, where high flying speeds are necessary, aerial 

photographs are an essential supplement to the observation of 

features and their relative positions. 
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F. 

H. 

They are essential to camouflage experts, who from scrutiny 
of aerial photographs can detect hidden installations and ob-— 
jectives which cannot be observed by any other method. 

By flying at high altitudes it is possible to cover a large 
area in a photograph and then by a process of enlarging the re— 
latively small original it is possible to obtain a map with a 

usable size and scale. 

Prerequisite to successful bombing missions. Needed in the 
planning of missions, determining types and priority of tar-— 
gets, by bomber crews in locating objectives, and in determi- 
ning results of bombing. 

Aerial photographs serve as a source of military intelligence. 

Over 804% of intelligence information comes from this source. 

Other information comes from radio interception, questioning of 

prisoners, neutral observers, enemy newspapers, and spies. 

TYPES 

A. Basic Types 

Vertical (Refer to Aerial Photograph Supplement) 

a. Taken from bottom of plane with axis of camera perpen-— 

dicular to the earth. 

Best form of aerial photograph for construction of maps 

because center of picture is accurate even though the 

edges are slightly distorted. 

Type of photograph used in making mosaics. 

Camera is operated automatically so that there is a 604 

overlap of pictures which is necessary for accurate 

work. 

Oblique 

Taken with axis of camera deliberately tipped from the 

perpendicular position. 

Be: 

(1) High Oblique-—-includes horizon. (Has nothing to 

do with altitude of plane or camera) (Plates 14, 

15, in Aerial Photograph Supplement) 

(2) Low Oblique--does not include horigon. ( Plates 

16, 17, in Aerial Photograph Supplement) 

In combat sones it is desirable to get pictures of as 

wide an area as possible in one flight, and under such 

conditions the three-fold arrangement of cameras from 

the bottom of the observation plane is adopted. 
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The chief advantage of oblique photographs is that be-— 
cause of the tilting of the camera a larger area can be 
covered. 

The chief disadvantage of oblique photographs is that a 
constant scale cannot be used for the entire map be-— 
cause objects in the background will appear small be-— 
cause of their distance, whereas in the foreground, be-— 
cause of the proximity to the camera, objects’ will ap-— 

pear relatively larger. 

Special Arrangements of Aerial Photographs 
ee gr er eer ce SR Na lg is 

1. Reconnaissance Strip (Refer to Figs. 64 and 65 and Plate 38 

in Aerial Photograph Supplement) ace I i EATON ARP Aaa 

&. Definition 

A series of overlapping photographs made from an air— 

eraft flying a selected course. 

Preparation of strip 

Strip fitted together by trimming off edges to elimi- 

nate distorted portion. This process removes 15% to 
20% of photograph. Photographs overlap each other 60%. 

Mosaic (Refer to Plate 4, Aerial Photograph Supplement) 

Definition 

Made by joining photographs taken at different camera 

positions. 

Individual photographs overlap 60% longitudinally and 

30% laterally. 

Composite (Refer to Fig. 66) 

Bo Definition 

Made with camera having one principal lens and two or 

more adjacent oblique lenses. 

Resulting photographs are transformed in printing so as 

to permit assembly as verticals with the same scale. 

Result is one large photograph of 4 large expanse of 

terrain. 

Special T-S3A camera used by Air Corps has one central 

chamber and 4 peripheral chambers, the 4 lateral cham— 

bers inclined at an angle. 

Transforming printer changes obliques to plane of ver- 

tical and result of exposure at 20,000 feet is picture 
of an area 20 x 20 miles. 
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Photomap 

a. Definition 

A single photograph, a composite, or a mosaic, which 

reproduced usually by lithography after the addition 

marginal data, scales, and other desired data. 

Photomaps may be reproduced in various colors; however, 

usually they are reproduced in brown, green, or black. 

Brown prints make very satisfactory fieid maps because 

it is possible to make corrections and notes on them. 

The dull finish of the lithoprints permits writing on 

then. 

They are used both in connection with ard in lieu of 

other maps. 

They are made quickly and can be reproduced in great 

quantities at very low cost. 

Photomaps are particularly desirable because the method 

of reproduction used permits reproduction without change 

in scale or loss of detail. Photomaps differ from oth— 

er maps in that objects are shown in true form instead 

of conventional signs and symbols. 

Pinpoint 

a. Definition 

A pinpoint is a photograph taken for the purpose of 

studying a particular object which is centered in the 

photograph. 

When taken from high altitudes, large areas are covered, 

because of the small scale. 

Stereo-pair (Refer to Figs. 67 and 68) 

a. Two consecutive and adjacent vertical pinpoints taken 

from same altitude, but from two different camera posi- 

tions, with overlap of 60% to 754. 

Primarily for study by intelligence officer. 

Used in study of relief or any object on which the. 3 

dimensional effect would be of benefit. 

IV. MARGINAL DATA 

A. Purpose 

An aid in reading and using photograph. 

Location 

On photograph near lower margin. 
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Style 

1. Varies within U. S. Army and in RAF. 

2. In some instances representative fraction is given; where— 

as, in other instances the focal length of camera and alti- 

tude are given. 

Localities are actually lettered on some photographs while 

on others military grid coordinates are given and still 

others utilize photo grid coordinates. 

D. Interpretation of Marginal Data (Refer to Plates 3,4,5,6,7,9, 

17, 36, in Aerial Photograph Supplement) 

1. Arrow approximately 1/£ inch in length in lower left corner 

of photo points north. Arrows not present on all photo-— 

graphs. 

Name of locality or nearest locality may be given. 

Serial number is given for purpose of filing. Photographs 

are filed under type under which they are classified such 

as vertical, oblique, mosaic. Photographs are numbered 

consecutively under each of the various types. 

Approximate grid coordinates of center of photograph. Some 

organizations use military grid coordinates; others use pho— 

to grid coordinates. The photo grid system of the United 

States consists of 905 one-degree yguadrangles each of which 

is further divided into 16 fifteen minute quadrangle. The 

one-degree quadrangles are numbered consecutively, from 

north to south, across the nation forming north-south strips. 

These strips are in successive order across the nation from 

west to east. The fifteen—minute quadrangles are arranged 

in the same manner, but are designated by letters ranging 

Racom: Avebon sb. (Refer to Fig. 69) 

Date. Usually given in following form: 12-25-42. 

Hour. Practice varies in the recording of the time on pho— 

tographs in that some use the 24 hour clock and others re— 

fer to hour as being A.M. or P.M. In any event, the exact 

time when the photograph was made is given. 

Scale or focal length of camera and altitude are given or 

the RF (representative fraction) will be given. 

Squadron or organization flying the mission is designated 

by numerals. 

M B in the marginal data refers to "minus blue" filter used 

in photography to eliminate the effect of haze caused by 

water vapor. 
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Wo 

Wales 

Wit. 

ORIENTATION OF PHOTOGRAPHS 

By comparison with other maps already made. 

By checking on well defined landmarks on the ground. 

By use of shadows: 

1. Hours 1000 to 1400 are the ones utilized in taking most of 
the photographs. 

From hours 1000 to 1200 the shadows will be slightly west 
of north in the northern hemisphere and west of south in 
the southern hemisphere; between hours 1200 and 1400 the 

shadows will be slightly east of north or south, according 

to the hemisphere. If taken before 1000 or after 1400 hour, 

the shadows will fall west or east of north or south cor-— 

respondingly greater distances. 

SCALE (Refer to Fig. 68) 

A. Secale is computed in the following way: 

focal length _ distance on photograph=_ 
comer ly 

lens height distance on ground 

Example: 

A 12-inch focal length at 3000 feet equals 

as Loo 

SUMMARY 

12 inches 

3000 feet °F 

al: 
or RF of which may also be written 1:3000. 

38000 feet 38000 



INTRODUCTION TO THE STUDY OF ABRIAL PHOTOGRAPHS 

Why are aerial photographs of particular importance to pilots? 

What are the advantages of vertical photographs as opposed to ob-— 

liques? 

What are the advantages of obliques as opposed to verticals? 

Are obliques or verticals of most value in determining exact loca-— 

cations of objects? 

Why are vertical photographs taken with a large (60%) overlap? 

What is a 'reconnaissance strip'? Under what conditions are re— 

connaissance strips taken? 

What is the advantage of mosaics as compared to pin points? 

photomaps distinguished from other maps? 

the difference between photographic prints and photomaps? 

Why are many photomaps printed in brown? 

How do photo grid coordinates differ from the military grid co-— 

ordinates? 

may shadows be used in orienting a photograph? 

Compute the scale of Plate 74, Aerial Photograph Supplement. 

What is the length (in feet) of the longest Jap ship? Do not 

include the wake of the ship in the calculation. 



USE AND INTERPRETATION OF ABRIAL PHOTOGRAPHS eS SBT UE a TES ee Nw a ee oy 

1b HOW TO HOLD AERIAL PHOTOGRAPHS 

A. Rule 1: vertical photograph so that the shadows a 

e re to : observer. This simulates lighting con-— 

ditions cisting at the ime the photograph was taken. 

held otherwise hi ground appears to be low ground 

to be high. Note the shadow of 

in Plate 8, Aerial Photograph Supplement. 

Orient the picture so that the shadow of the bridge is 

away from you — then reorient the picture so that the 

shadow falls toward you and note how much better the 

details of the bridge are observed. 

Rule 2: Always hold an oblique photograph in normal position 
(as camera viewed it). 

TE ees CALCULATION OF SIZE OF BUILDINGS OR OTHER OBJECTS 

A. Dimensions 

and width 

dimensions of any object on the photo is known, the 

and width of other objects shown can be calculated. 

the phogograp! known, the 

calculated by comparing the 

AERIAL PHOTOGRAPHS 

[Interpretation 

Frequently dissimilar objects, such as: roads, railroads, 

and canals which normally appear differently on maps may 

look alike on aerial photographs, thus causing confusion to 

the inexperienced observer. 

Difficult to distinguish the character of some objects on 

vertical views because of absence of perspective. 
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B. Purposes of Interpretation 

1. As a map 

Photographs are detailed representations of the terrain as 

it appears at a particular time. Many areas of the world 

Hi are inadequately mapped. Photographs serve as maps or give 

Hl. up-to-date information that can be applied to existing maps. 

Accurate mapping may be done by aerial photography if suf-— 

ficient’ time is available. (Refer to Plate 4, Aerial Pho- 

| tograph Supplement) Apiaig mg enn ene 

| | Re In planning bombardment missions 

Bombing attacks sre generally planned by aid of serial pho- 

1 Ba tography. Objectives are selected and located on aerial 

| photographs. (Refer to Plate 64, in Aerial Photograph Sup- 

| plement) 

He ai 3. In damage assessment 

a 
) Damage caused by aerial bombardment is estimated from aeri- 

ait al photograpis taken during and after the attack. (Refer 

1 to Plate 64, Aerial Photograph Supplement) 

| | - 4. Engineering pianning 

| In planning engineering operations that will be required in 

territory held by the enemy, but over which an advance is 

planned, "study of aerial photographs is essential. 

ai 5. In landing operations 

| Aerial photographs of beaches and the adjacent terrain made 

prior to a landing are of great value. (Refer to Plate 38, 

il; 8, 4, Aerial Photograph Supplement) 

Aerial Photograph Supplement) i 

a 
Bit 6. .Detection of camouflage 

Hk 

| This subject will be discussed in the seventeenth hour. 

i IV. PRINCIPLES OF IDENTIFICATION 

| A. Shape 

| In oblique photographs objects appear as we are accustomed to 

| seeing them. In vertical photographs objects appear in only i 

ti two dimensions and are difficult to identify. (Refer to plates i 

B. Relative Size 

Relative size of objects aids in interpretation of photographs. 

A truck on a road, « box-car, a residential house, or other fa- : 

miliar objects aid in estimating size of unfamiliar objects. i@ 
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1. Definition 

Tone is the shade of gray by which an object is represented. 
The tone is due to the amount of light reflected. The more 
light that is reflected, the whiter the object appears on 
the photograph. ' 

2g. . Explanation 

a. A smooth surface is a good reflector of light and ap- 
pears whitewhen the camera is in a position to catch 
the reflected rays of the sun. If light is not reflec-— } 
ted to the camera, a smooth surface will appear dark. 
Smooth water will be dark on some photographs and light 
on others. 

b. The majority of natural surfaces reflect datgnst in sala 
directions and appear intermediate in tone. 

¢. Any change in the texture of a portion of an object is 
evident on an aerial photograph through a resulting 
difference in tone when compared to other portions. 
Thus the trampling of grass in a field by walking across 

it alters the reflection of light and registers a dif— 

ference in tone on a photograph. (Note how easily 
paths and trails may be seen on Plates 2, 7, 26, 33, 
Aerial Photograph Supplement) 

D. Shadow 

1. Importance 

The interpretation of shadow is of exceptional importance 

on aerial photographs. 

a. Shape. The shape of an object is often easier to ob-— 

tain from the shadow it casts than by either the image 

or tone. This is because vertical dimensions shown by 

shadow may be more characteristic than the horizontal 

dimensions and tone may blend into the surrounding land— 

scape. 

b. Shadow may be the index to valuable military informa— 

tion, such as approximate height of towers and build— 

ings, the number of spans and type of bridge, the depth 

of cuts, the height of vertical eliffs, the. The pho- 

tograph must be held so that the shadows fall toward 

the observer. 

ec. Examples (Refer to Aerial Photograph Supplement) 

Note how easily the water towers may be seen and iden— 

tified by studying the shadows on Plate 4 (6.0-G.0), 

Plate 5 (left side of photo); Plate 29, (4.1-C.2); note 

how information may be obtained concerning the bridges 

on Plate 7 (7.9-D.6) and Plate 8 by studying the sha-— 

dows. 
EA 



Ves EPFECTS OF SEASONS 

Vy, Se nal changes produce Corresponding characteristic changes in 4 the physical appearance of terrain on aerial photographs. 
i ve | A. summer 

Kt 1. In summer deciduous forests show great matted expanses of 
treetops, hiding the detail of the terrain. Thiendsine oF. 
demarkation between forests and open areas 1s shar-’¥ de— i fined. 

f | 
i R.- Appearance of grass and farm land changes with the seasons. 

if B. Winter 
| 

Hl 1. Vegetation. Deciduous forests shed the leaves and light 
ul penetrates to reveal roads, trails, drainage, and relief, ; I with good effect. 

Ue 
ah &. Line of demarkation between forest and open areas not so 
qi clearly shown. 

Hi 3. Snow 

| a. Snow may completely blanket an area and cover the detail. 

| b. Snow reflects little light as compared to chalk or sand. ti 
Pai 
i ce. Details that show up in the snow. 

Hl 
i (1) Tracks. 

Hi (2) Discolorations such as blasts caused by gunfire. Hi 
i (3) Shadows of objects like planes show up well. } 
Bi 

(4) Wences and barbed wire entanglements usually show 
i! up in snow as band of gray. 

| VI. TOPOGRAPHICAL FEATURES 

i A. Relief 

) Single vertical photographs afford only a few clues in regard 
to relief Such clues are streams and ponds which indicate low 

i ground, High ground casts shadows on slopes and low areas but [ these shadows may be very misleading unless care is used in in-— 
terpretation. Direct evidence of relief may be obtained by 
stereo examination of overlapping pairs, of photos. (Refer to 
Aerial Photograph Supplement, Plates 26 and 27.) 
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B, Natural and Man-made Features Bernie es tater Ee, AOE EES 

1. Natural features appear as irregular lines without preci- 
Sion of form. 

2. Man-made features can be distinguished usually by the 
straight lines, geometric forms, and unnatural regularity. 
(Refer to Aerial Photograph Supplement, Plates 9,18, 326.3) SSE a Ee Nets A alee Cae 

3. Villages and towns are easily distinguished and appear 
about the same as they do on maps. 

4. Trails and paths appear as irregular white bands, lightness 
and width indicating degree of use. (Refer to Aerial Pho— 
tograph Supplement, Plates 10, 26, 77.) 

5. Trenches are readily distinguished by their traversed or 
Zigzag trace revealed by shadows of. the trench walls or by 
spoils. Shadows indicate depth. Shallow, dummy, or incom— 
plete trenches cast little snadow. 

6. Organized shell holes will generally be in pairs, construc— 
ted in well drained ground, and be connected by underground 
passages. Such shell holes are not difficult to distin-— 

guish from ordinary shell holes. 

7. Other military features may ordinarily be recognized by 

their characteristic shape and arrangement. 

1. Coniferous forests show up much the same in both winter and 

summer. Deciduous forests show up as dark masses in the 

summer that shut out all detail below. In the winter some 

: C. Vegetation 

| 
| 

] detail of the ground below may be seen through the trees. 

i 2. Nurseries are sometimes taken for ammunition dumps as they 

usually appear as a series of rectangular beds surrounded 

by paths. 

8. Brush appears similar to light woods but may be distin-— 

guished by sparseness and lack of height. 

4. Orchards may be distinguished by the regularity and ar- 

| rangement of the trees. (Refer to Aerial Photograph Sup- 

i plement, Plate 32.) 

a 
5. Farm crops difficult to distinguish on small scale photo- 

| graphs. 

6. Pasture land shows up as medium tone with considerable yel-— 

low that gives mottled appearance on photograph. Varia— 

tions in tone will indicate relief by showing up drainage 

. and moisture. Such fields may be used as landing fields. 

(Refer to Aerial Photograph Supplement, Plate 5.) 
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Water 

1. Bodies of water 

Show up as darker or lighter than Surrounding land depen-— 
ding on amount of reflection. 

| 

i 2. Streams 

Hi, a. Presence shows up by dark or light irregular lines.. 
1 (Refer to Aerial Photograph Supplement, Plates 9, 56.). 

b. In arid or semi-arid climates streams show up by the 
linesof vegetation along them. 

Mud flats along streams ordinarily look darker than wa— 
i | ter and may have light spots due to pools of water. 

(c)oees 

i 3. Factors affecting light reflection on water ) 

\ a. Still water is normally dark but if sunlight is direct 
ly reflected the water may show up as light or blurred. 

4 b. Wind on water gives a lighter effect and the ripples 
| ordinarily show up. 

{ 

ec. Muddy water is lighter than clear water under ordinary 
BL conditions. This is very noticeable in estuaries and 

may give evidence as to whether tide ig coming in or 
going out. 

d. Oil on water gives a lighter tone than usual. 

E. Buildings 

= 1. Show up as indistinct roof images but can generally be def— 
initely distinguished by shadows. 

VII. SUMMARY 
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USE AND INTERPRETATION OF AERIAL PHOTOGRAPHS 

Why is it important to hold vertical aerial photographs with the 

shadows toward the observer? 

‘On Plate 28 (Aerial Photograph Supplement) locate the B-17. The 

wing spread of a B-17 is 108 feet and 10 inches. Using this scale 

determine the greatest length of the pool at 3.1-F.0. 

The Bremen is 898 feet long and has a beam102 feet. The Europa is 

890 feet long and has a beam of 102 feet. With this information 

calculate the RF scale on Plate 62. 

Plan a bombing attack on the area shown in Plate 65. What specific 

points would you select as primary objectives? 

Why will a road or trail often show a lighter tone on an aerial 

photograph than a field of yellow grass? 

Quiet bodies of water usually appear inky black on aerial photo-— 

graphs, but sometimes water is lighter and may be almost white. Hx— 

plain why water shows up in different tones. 

Orient Plate 8 (Aerial Photograph Supplement) with the shadows away 

from you. (a) Does the railroad west of the bridge appear to run 

in a cut or on a fill? (b) Now orient the photograph with the sha— 

dows toward you and check your conclusion. 

Draw a rectangle about 4 inches long and 31/2 inches high to rep-— 

resent the area shown in Plate 38. Sketch in the streams and trib-— 

utaries. 
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INTERPRETATION OF AERIAL PHOTOGRAPHS AT SE a Saeed Te Fd hoot ea de 

ANALYSIS OF PHOTOGRAPHS 

This hour will be spent in analyzing various photographs in the 
Aerial Photograph Supplement with especial emphasis on the recog— 
nition and interpretation of features discussed in the fourteenth 
and fifteenth hours. 

A. Photographs of General Interest 

di bP Vaewe bin Point, 

a. This is a high altitude photograph with the main objec— 

tive centered in the picture. Scale would be correct 
for the central part of the picture but the scale would 
be distorted at the outer edges. “ 

2. Plate 4, Mosaic 

a. Marginal data -— analysis 

V indicates the picture is a vertical view. The photo-— 
greph is really a mosaic and the V should be replaced 
by M. 70 indicates that it is the seventieth vertical 
picture filed for coordinates 467K. 467K are photo 
grid coordinates and indicate the location of the cen-— 
ter of the photograph. 53 is a number assigned to the 
organizationthat took the picture, 9-4-42 indicates 

the date on which the picture was made. 1545 indicates 
the hour at which the picture was made. 12-10,000 in— 
dicates that the picture was made with a 12-inch lens 
at 10,000 feet. This gives a RF of 1:10,000 or 10, 000 
inches on the ground equals one inch on the photo. Note 

that the word 'restricted' appears on the photograph 

because the area involved is a military objective and 

therefore photographs of the area are classified as re-— 

stricted and for official use only. 

b Orientation 

The picture may be oriented by the shadow cast ty the 

water tower (6.0-G.1). The picture was taken at 1545 
and the shadow points east of north. 

Ce Mosaic 

This picture is obviously a mosaic made up of the cen— 
tral part of several separate pictures to give a uni- 

form scale and minimum distortion. Note the difference 

in intensity of cloud shadow where two prints have been 

joined in the upper right hand corner, The sharp break 
in the shadow at 8.2-D.O and the difference in tone in 

the lower left corner are also evidences of separate 
photographs having been joined. 
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d. Highways and building area ea a Ti Sige SE Re eS ah 

The exact location of all roads, trails, and highways, 
and the size, shape, and distribution of buildings may 
be easily determined from the photograph. 

e. Automobiles 

Note the appearance of cars parked along the roads and 
in the parking lots in various parts of the picture. 

f. Cultivated fields 

ry In the lower left corner of the photograph, several 
plowed fields are discernible. 

3. Plate 3, Oblique 

&. Marginal data 

The data may be interpreted in the same way that it was 
in plate 1. Note that the O stands for Oblique. 

Die Cloud and cloud shadows 

In the upper right portion of the picture is a misty 
cloud that casts a dark shadow on the ground. 

c. Building area 

It should be noted that the obliques give a better con— 
ception of perspectives than do vertical pictures.This 
is true of buildings as well as many of the other cul-— 
tural features and even of topographic features. 

d. Drainage 

The main stream of the area may be seen in the left 
central portion of the photograph and in addition sev— 
eral of the tributaries may be seen in the lower left 

part of the picture. 

e. Perspective 

Note that this photograph represents a single exposure 
by the camera. In the background objects become small- 
er than those in the foreground. This is true, for ex— 
ample, of the buildings which appear to be quite dif- 
ferent in size in the foreground and background. fThis 
means that the scale on the photograph would vary over 
the picture, whereas on a mosaic such as shown in Plate 
4, a uniform scale may be used. On Plate 4, all build- 
ings. over the entire field are the same scale on the 
photograph. This demonstrates the uniformity of scales 
for vertical views, and the characteristic of perspec-— 
tive for oblique view. i 



Lee. XVI-3 

Plate 83, Vertical 

a. Label 

Note the north arrow which precedes the label line on 
the bottom of the photograph. This is a vertical view, 
apparently the 541st vertical picture of an area, the 
center of which has coordinates 444J. The numeral 1 
after the J indicates that it was taken by the First 
Photo Section, U.S. Army (located at Brooks Field). The 
picture was taken on November 5, 1986, at noon with a 
12-inch cone from an elevation of 7,000 feet. 

Dre Race Tracks 

You have been told earlier in this course that race 
tracks are easily seen from the air and form unmistak— 
able features. On this photograph two race tracks may 
be seen, one near the lower margin in the center and 
the other near the central part of the photograph. Note 
that even though the old track has been abandoned Diberaes 
still distinguishable. Note also that there is a white 
circle which indicates that a landing field sis present. 

| Cr Fences 

Along central right margin note the position of fences 
HiIl as indicated by relatively straight lines along which 

no vegetation appears. 

Hl d. Trails 

Along central left margin notice dim lines indicating 
| positions of roads or trails. 

(Or Waterways 

The position of the main waterway may be seen extend— . 
ing trom the central upper margin on the map across the 
west central portion to the bottom. Note that water ap- 
pears dark on the photograph. 

Hh} iD. Plate 18, Vertical 

A a. Drainage 

This photograph demonstrates the appearance of streams 
and their tributaries, typifying the branching pattern 
which may be found on many aerial photographs. Notice 
that the areas between the streams are flat, and that 
roads are found, not along the streams, but on the up- 
lands. (Refer to Plate 17, an oblique showing divides 
and deep valleys, 

Naeem En cme ry hE 
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b. Cultural features 

Notice the scarcity of the cultural features on this 

photograph. They consist of roads, one group of houses, 

anda few fences, whieh you will be able to find as a 

result of changes in vegatation along the fence lines. 

This vegetation change results from differences in 

amount of grazing on the sides of fences. 

6. Plate 32, Oblique 

Qe Label 

This is an oblique picture, the second exposure made in 

the series, of an area the center of which has the grid 

coordinates 470-0. The picture was taken on August 20, 

1942, at hour 1840, or 6:40 p.m., from an altitude of 

8,000 feet. A 12-inch cone was used in taking the pic-— 

ture. . 

b. Perspective 

Because this is an oblique photograph, perspective is 

again well demonstrated. In the background, the sec— 

tions of land appear much smaller than in the fore- 

ground as a result of the change inthe distance. No- 

tice also that the highway which begins in the central 

portion of the bottom margin and extends to the right, 

exhibits the characteristic of perspective in that the 

: road appears to be Narrower to the right. 

e. Orange groves 

One outstanding characteristic of the photograph is the 

presence of regularly spaced trees which are in reality 

orange groves. This demonstrates the ease with which 

orchards may be detected from aerial photographs. Note 

along the road, approximately 1-1/2 inches above the 

lower left corner, that palm trees line both sides of 

the road. The fact that these are palm trees is easi- 

ly detected from this view; however, it would be diffi- 

cult to make this observation tad the picture been a 

vertical view instead of an oblique picture. 

d. Irrigation ditches 

Extending from left to right across the photograph are 

several irrigation ditches which are lined by thick veg— 

etation. Note the sinuous or winding character of these 

ditches. 

e. Cultivated fields 

Those fields which are in cultivation are easily detec- 

ed because of the absence of woody vegetation on then. 
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Airport 

An examination of the airport area reveals the presence 
of runways, wind indicator, sheds to protect planes, the 
air depot and other buildings connected with the air-— 
port. One plane may be seen on the field, and another 
may be seen partially obscured by the improvised hangar. 

i 
idl 

i) 

g. Orientation 

lal Notice that there is no north line indicated on the pho- 
i tograph. It is possible, however, by observing the di- 
| rections of the shadows and by knowing the time of day 

when the photograph was taken to orient the picture ex— 
i actly. For example, observe the shadows of the trees in 
i the lower left part of the photograph. It is obvious 
i that the shadows. are long. This would be caused by the 
| taking of the pictures either early in the morning or 
| late in the afternoon. As we know that the Picture was 
i taken at 1840, it is obvious that the shadows would be 
, to the east or slightly north of east. The main high— 
; way, which extends across the lower left corner of the 
| photograph, apparently extends north-south with the 

north end toward the bottom of the picture. 

7. ‘Plate 10, Mosaic 

a. Label 

ter grid coordinates 3048. The photograph was made by 
the First Photo Section, U.S. Army, at one P.M. on Feb— 
ruary 22, 1929. The picture was made with a 12-inch fo-— 
cal length from an altitude of 5,600 feet. 

} 
; 

i 
| 

’ 

/ 

iW This is a vertical view of an area which has as its cen-— } 

} 

| 
1 

Ht b. Matching of pictures in mosaic srbial i Nivea: ee ee oe Nc mi ia cine gaa 

This picture is obviously a mosaic or a composite which 
Hi is made up of several photographs which have been 
Hi matched and later photographed as a unit. The lines 

along which the pictures were matched can be found eas-— 
ily. Two of them are very prominent and extend from the 

| 

top to the bottom of the photograph, It seems as if on— 
ly portions of three pictures were used in making this 

‘mosaic. As a result, it was not possible to match the 
pictures exactly because of distortion along the edges. 
In order to have obtained perfect matching, from one 
photographto another, only the central portions of each 
photograph should have been used. It is customary to 

| use only the central 40% of the photographs, as has been 
explained previously. Distortion usually shows up as 
offsets in streams, roads, fences or other lines which 

[| appear on more than one photograph of the mosaic. 
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oO ° Highways 

The main highways are black on the photograph, because 
they are paved roads and are covered with asphalt. The 
unpaved roads appear lighter in color,as may be noticed 
in the hospital area. 

(a bes Drainage 

Along the entire lower portion of the photograph may be 
seen several streams which appear to be braided or in— 
terlaced. The smaller tributaries of the main stream 
begin toward the left of the picture and enter the lar-— 
ger tributaries as they flow to the right, indicating 
that the main stream flows from left to right. The main 
stream appears to grow larger toward the right of the 
picture because of its width on the photograph. This 
is another indication that the stream is flowing to the 
right and not to the left. 

(24 Orientation 

Because the picture was taken at 1:00 P.M., the shadows 
formed by tall objects would appear to the north of the 
objects themselves. Thus, by examining the shadows of 
the tanks which are found in the left central portion 
of the photograph it is possible to orient the picture 
approximately. 

Fy . Vegetation 

It is significant that no part of the area invelved in 
this photograph is under cultivation. It is equally in-— 
teresting to note that, even though the region is not 
cultivated, there still seems to be little vegetation 
present, even along the streams. This would indicate 

1 that the photograph was taken in an area which has an 
| arid climate because it is normal in humid climates for 
| the banks of the streams to be heavily wooded, even 

though the stréams may be intermittent. 

if B. Photographs to Illustrate Special Features 

i. Plate 19, Night Photo 

ae Night pictures are possible at reasonably low altitudes. 

b. The lighting is obtained by dropping magnesium flash 
bombs. 

as The night photos have the element of Surprise, and thus 
: often obtain valuable information that might be hidden 

in the daytime. 

om Heavy Industry Photographs 

| = Plate 18, Railroad yard and terminal facilities 
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(1) Can be identified by the shape of the buildings and 
the maze of tracks. 

(2) The round house turntable may be easily identified 
at 8.6-C.9 and would be a primary target. If the 
turntable were put out of Commission, it would se— 
riously cripple these yards. 

(3) Note the number of freight cars present as an in-— 
dication of the activity of the yard. 

3. Aircraft and Airdromes 

a. Plate 34, Templehof Airdrome, Berlin. 

(1) Note evidences of bomb damage in the Vicinity of 
this airdrome. 

(2) Note the 'T' shaped blast shelters. These have 
been built to simulate & small house project. 

4. Marine Interpretation 

a. Plate 70, Harbor of La Havre, France. 

(1) Note the bombs bursting on the ships. This pic- 
ture gives an opportunity for interpretation of 
installations and identification of ships. 

5. Damage Appraisals 

a. Plate 64 

(Gabe) This picture is a good illustration of the value 
of aerial photographs in selecting a bombing tar— 
get and in appraising the damage after the attack. 

b. Plate 61. Damaged Heinkel Factory in Germany. 

(1) This is a good picture to illustrate damage as-— 
sessments from bombing. Hach building must be con- 
sidered separately. From a study of this photo- 
Graph, a skilled interpreter can make a very ac-— 
curate estimate of the amount of:damage to the 
plant. 

Ie SUMMARY | 



INTERPRETATION OF AERIAL PHOTOGRAPHS 

1. On Plate 4, Aerial Photograph Supplement, the RF is 1/10,000. Plate 
2 is a pin point of the same area but the focal length of the can— 
era and the height are not given. Measure between two established 
points on Plate 4 and the same two points on Plate 2 and calculate 
the RF of Plate 2. é 

feet 2. Plate 4. What ie the airline distance between the center of the wa— 
ter tower (6.0-G.0) and the center of the street intersection on the 
northwest corner of the main parade ground (2.5-D.7). 

3. Plate 4. How may the hospital area (vicinity of 1.5-E.5 and 1.5-G.0) 

be distinguished from the other building areas? 

4. Plate 4. Using the time of day at which the picture was taken, and 
the direction of shadows cast by buildings and the water tower 

(6.0-G.0), determine the bearing of a point on the main road at 

(5.0-D.3) measured from another point along the main road at (0.5—D.3). 

5. How many radio towers are there at the station, in the area of 

O.5-E.O0 on Plate 4? 
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INTERPRETATION OF ABRIAL PHOTOGRAPHS AND CAMOUFLAGE 
oe aN CAN OUT AGE 

INTRODUCTION 

A. Definition of Camouflage ee eS OM OULL age 

1. Any and every means of hiding or disguising & military in- 
stallation from the enemy and misleading and confusing him as to its true character. 

BS History 

les Camouflage made necéssary by the development of the airplane 
and the desire to conceal military installations from the 
eyes of the observer and the camera. 

Cc. Purpose 
Pasa SS 

1. Conceal new installations and delay recognition by photo- 
graph interpreter. 

®. Confuse the pilot and bombardier by: 

a. Delaying recognition of the target. 

b. Preventing precision bombing. 

J. Suecess of Camouflage 

1. Hasier to deceive the human eye than the camera lens, thus 
easier to confuse the observer than the photograph inter— 
preter. 

Re Pilots often find it difficult to locate their own highly 
camouflaged bases when returning from a mission and have to 
be guided in by radio. 

8. The photograph interpreter, with magnifying lens and ster— 
eoscope, can spot camouflage with comparative ease. 

{ETHODS OF CAMOUFLAGE 

Le Concealment 

1. Completely concealing an object by constructing overhead 
cover or lateral screening. 

2. Examples 

a. Concealing aircraft 

(1) Under trees 

(2) In tents covered by foliage 

(3) Under elaborate structures of netting 
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b. Burial 

(1) 

(2) 

B. Blending 

Fuel stores 

Personnel shelters 

1. The process of making an object indistinguishable from its 
surroundings by breaking up its form and shadow. This meth— 

od is particularly valuable where the terrain pattern is in- 
tricate. 

Example — blending an airfield with pattern of sur- 

rounding terrain by painting: 

(1) 

(2) 

(3) 

(4) 

(5) 

Roads; avenues of trees. 

Canals (on one field the Germans painted a lake}. 

Hedges, fences, furrows. 

Regular pattern of subdividing farm fields. 

Bach installation at airfield may have its own 

disguise. 

C. Decoy (a German specialisation) 

1. Methods 

a. Making an object appear to be something else. For ex-— 

ample, constructing an airplane hangar so that it looks 

like a barn. 

Using dummies to mislead the enemy as to troop disposi-—- 

tions and to draw his attention away from actual posi- 

tions. 

Examples 

(1) 

€2) 

(3) 

Near a real airfield, set up a decoy field complete 

with runways, car tracks, dispersed areas, dummy 

aircraft, field markers, etc. 

For night bombing set up rows of lights away from 

real field; these lights are switched off after 

the enemy sees then. 

Set up mock airfield and treat runways with mate- 

rial so that it will give faint glow. 

D. Fundamental Requirements 

1. Proper choice of position, taking into account the mission, 

easy access without making telltale tracks during installa-— 

tion or importation of supplies, ease of concealment, etc. 
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Good camouflage discipline, including: 

a. Discipline of Personnel in preventing paths, trails, cutting trees, or leaving foreign objects exposed. 

to date. 

3. Proper erection of camouflage material 

| b. Maintenance of camouflage material and keeping it up 

| 4. Proper choice of camouflage material 
| 
“|II. BXAMINATION OF AERIAL PHOTOGRAPHS ILLUSTRATING CAMOUFLAGE 

i A. Examples (Aerial Photograph Supplement) I] Mit. ee Eee A) 

i 1. Plate les Camouflage technique 

i ae The collar button is easily seen in BA Oi ales pay i Untfee sel faye i}: the button is’ over near the edge of the rug and is more it difficult to locate. In Pig. 3, the button is near the center of the rug but is difficult to locate. MThis ig . an illustration of camouflage by blending. 

ii 2. Plate 76, Camouflage illustration 

The four tanks are easily seen in Fig. -40. They are dispersed and partially blended in with the sand in Fig. 41, and fairly well concealed ina gin Aes 1 
i 8. Plate 62. “Bremen 

a This picture illustrates deceptive painting of permanent 
installations. Note arrows pointing to best examples. 

4. Plate 80, Hamburg 

a. This picture illustrates camouflage installation dupli- cating an actual installation and the covering up of a lake to make it look like several city blocks. This is to confuse the bombardier and cause him to bomb the 
dummy installation. 

Hi 5. Plate 81, Tank farm at Brest, France, 

a. Note the partially concealed tanks, If they were all i treated in this way they would be difficult to identi- 
Liye 

6. Plate 43, German refinery 

\ ais Note the covering of the canal and the attempt to make the refinery buildings look like ordinary city blocks. 
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7. Plate 77, Poor camouflage discipline 

a. An example of well camouflaged field guns but poor ca-— 
mouflage discipline. By following the tracks across 
field the location of the guns is easily found. 

TVs SUMMARY OF DISCUSSION ON AERIAL PHOTOGRAPHS 

Vis REVIEW 



INTERPRETATION OF AERIAL PHOTOGRAPHS AND CAMOUFLAGE 

What is camouflage? 

‘&. Why is camouflage much more important in this war than in World 
War I? 

3. Are aerial photographs or human observers more effective in discov— 
ering camouflage? 

i -» What is meant by camouflage discipline? Why is it necessary? 

5. What is more easily detectable from an aerial view, an object or 
its shadow? 

oO) . Under which of the following conditions would a motor vehicle be 
most likely to be overlooked: dheg On a surfaced road; 2. Tene 

| field with low scattered bushes; 8. On plowed ground; 4. On a 
grass covered field? 

es An airfield runway is painted to blend with the surrounding grassy 
Hi plain. Would the runway be detectable on an serial photograph? 
| Why? 
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