
PROGRAMED TEXT 

MAP READING 
Part VI 

DIRECTIONS - (INTERSECTION, 
RESECTION, POLAR COORDINATES) 

WD-41 

AUGUST 1968 

UNITED STATES ARMY 

PRIMARY HHICOPTER SCHOOL 

FORT WOLTERS, TEXAS 



PROGRAMED TEXT 

PROGRAM TEXT 
FILE NO: 

WD-4l 
PROGRAM TITU 

Map Reading 
Part VI 

Directions-(Intersection, 
Resection, Polar Coordinates) 

POI SCOPE: Converting azimuths using declination diagram; plotting 
azimuths; determining location by resection, intersection, and polar 
coordinates. 

INSTRUCTOR REFERENCES: 

FM 21-26 

PREPARED BY: 

MAJ E. R. Cobb 
TFPL 

REVISED BY: 

APPROVED BY: 

f. 
Af)tUu'-J.<I!/ £~L4 
MARTIN ~~~ . rn4:r. 

. Dir. OCD 

DATE: 

21 Dec 67 

DATE: 

DATE: 

August 1968 



I 
" 

\ 

I 

TABLE OF CONTENTS 

--"-------------------------PROGRAMED TEXT NOGitAM TITLE: 
FILE NO: WD-41 Map Reading - Part 'VI 

---------------------------------------~-
CONTENTS 

1. PREFACE _____________________________ __ 

2. PERfORMANCE OBJECTIVES _____________ _ 
3. PROGRAM __________________________ __ 

Q •• _._-------------------------

.---,-----------.----"'~ 

b. 

t. 

d. _._-,---------,------
--------------------------------

e. 

-,--,----------------
4. SELF EVALUATION EXERCISE _________ _ 

5. ANSWERS TO SelF EVALUATION EXERCISE -----

6. ITEM!\, TO BE ISSUED/USED 
WITH PROGRAM Map of LEAVENWORTH, KANSAS 

7. . 1 ; 50 • .000 

8. 

9 

10, 

Map of LIPAN. TEXAS 
1:50,000 

Aeronautical Plotter 
-,-,-------:.:~~~:.:::.,:..;~~::.:.....-----

Coordinate Scale 
----,-------~~~~~~--------

-_. __ ._-------_._-----
.---'-----------~-----

II 

PAGE NUMBER 
iii 
1 
2 

26 
28 



PREFACE 

The instruction presented in this text (Part VI) teaches you how to convert 
magnetic azimuths to grid azimuths utilizing the declination diagram. It also 
teaches you three methods of determining locations: (l) Intersection, 
(2) Resection, (3) Polar Coordinates. 

The following materials are essential in answering the frames in this text: 

Map of LEAVENWORTH, KANSAS, 1:50,000 

Map of LIPAN, TEXAS, 1:50,000 

Aeronautical Plotter 

Coordinate Scale 

'" III 



PERFORMAlilCE OBJECTIVES 

Upon completion of Part VI you will be able to: 

A. Convert magnetic azimuths to grid azimuths. 

B. Convert grid aZimuths to magnetic azimuths. 

C. Plot grLd azimuths. 

D. Solve problems by using intersection and resection. 

E. Plot locations utilizing polar coordinates. 

,- ,.--,,' 
- _ i' .. > '." -' 
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PART VI 

DIRECTIONS (INTERSECTION, RESECTION, POLAR COORDINATES 

Set 1. CONVERSION OF AZIMUTHS 

FRAME 1 

Refer to your Leavenworth map. Use your plotter to measure the grid 
azimuth from BM 761 at coordinate 4195 4915 to BM 972 at coordinate 
4895 5160. The grid azimuth d's 71" ?,;;" 

(90 degrees) (See figure C, Frame 10) (11) 

FRAME 12 

Panel 4-13 indicates how intersection is 
i,n~rsection, you must take sightings on the 
_"';(,"",~ ____ known locations. 

2 

accomplished. To perform 
unmapped object from at least 



(129°) ,(22) 
, ;, '.'. " I ;' ",:, 

FRAME 23 

Plot the gri4 azimuth of 129° from position B. 
,; 

, ' 

" '1,,: 
'j, r .", ,I I 

FRAME 34 

You are standing on the Burlington'and Quincy railroad, ~omewhere between 
IATAN (295 712) and WESTON (3664). You make a compass sighting on ttiie '¢1iuif'ch 
steepl,e 4n t;he town, ,of KIG¥';p'QQ,~t 302J~ )1>295 and read a magnetic azimuth of 
21,$" ;~lIi~'hk's J.r)irUX~Jiit&#;MjofL111%'~"";Hr!lJ fL, ttlgi'J J.y le""". 

,_,_',I,',~_,,\ ::"{(')l_;o'l. ',;;.; rrrfff ~1'i,:t Li.O .J .. , . """oJ)/: L_:--,;(;t;.l,,)(;V -.ti"'~'·: "r-,")'" ,'l ... :,'.,r. '," "';1 

, t,,, 

""" ;:; 

. 'c.,. 



(71°) (When measuring 
nearest whole degree.) 

azimuths with the plotter, read the value't'd 
(1) 

the 

FRAME 2 :. ;- r .' :T , , .,' 

After determining the grid azimuth fro@ BM 
can determine the magnetic azimuth by (adding) 

~~~~~~"o be 71°, you 
he G-M angle. 

(two) (12) 

" ':.;," ~ - ,-. 

;) -.1' - '::.-' '-. !;; !" ' 'j • '" _." - -i~ , 

In the event you signt an unmapped enemy fieldfor~ificaticihwrli,ch is not 
identified on your map, you would'locifte it,on t'h'e mapasfollows: (Sele'ct 
one response) 

b. 

/ 

First take an azimuth from your known position, then move to a new 
location which can be located on the map. 

First take an azimuth from your known position, then move to a near­
by location. 

4 



, '.~ 

(Go.on .~q ,th~,ne.xt fqme),(;!3) .> .. : • • . ')!: ';" ~ 'r~· . 

.!.,'!.; .:'" '" ,':'.'., . 
FRAME 24 

Extend the two azimuths until t\f lines intftsecw;, T 
of the enemy gun emplacement is 1!- '11./1 If? II'] 

, " · Ii"" , " ,"" ' 

, 1 . )' 

(225°) (34) 

FRAME 35 

I 

grid coordinate 

· •• :,Pillot,\1:h"1pa\1ik!!ll1i~II)l<\>J;r1!l.'Af J~'+~i'J~~?h)'s ".fJ5~. ~ra1'lth!>. oh,u,ch ,1;0 

the . r:/a..tLlt:~~d:.· .•... '\~J""~' .......' 

5" \ 



(subtracting) (Note the conversion rules for converting grid and magnetic azimuths, which are printed adjacent to the declination diagram at the bottom of your Leavenworth map.) (2) 

FRAME 3 

When using the declination diagram to convert azimuths from one type to another, the angular values are "rounded off" to the nearest whole degree. When you have less than 30 minutes, you drop them off; 30 minutes or more, you round u~~ t.he next whole degree. The magnetic azimuth from BM 761 to BM 972 is,* 0., 0 . 

'7 I ~ 0 V '_, ~ 10 ,rY' 
2!;{"P-

. li \ 

(a.) (13) 

FRAME 14 

After observing the unmapped 
then orient the map and ~"Oi>!!e:!!S:~2C~~~:!~::g~-'~l"!~~~,"iI:!~~;U;;"".., 

6 
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(47186768) (The fourth ap.d eighth digits of the grid c,?ordinate may vary, 
± 5. This results from pencil line thicKness,slight errors in measuring 
angles, etc.) (24) , 

Set 3. RESECTION 

, FRAME 25 

Panel 4-14 (page 25) indicates how resection 
form resection, you must take sightings on 1L 
known location from your unknown location. 

FRAME 36 

is ac~omp1ished. To per­
or more objects of 

" Yo .... r localiion 'In 1;hl\, p~i~roadis i~~te,miI17d by the, intersection of. the 
gri~ l'a,ck,az~IJ11:1>th tNt, ~.pl.45,~'.,wiith ·~t ',railroB;d, ~ou are l~cated on the 
railroad at cootdtnati!,tf--:; y,,~ 'MI·, t.(,~' ' 
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(61°) (The G-M ~ngie qf9°30 1 is rQ~ndedup to lOb to~ake. this ~';nver~ion 
on your Leavenwortli map.) (3) 

FRAME 4 

Refer to your Leavenworth map. You are located at Fancy Bottoms.Sc~ool 
at coordinate 3395 6470. The grid azimuth from your ~osition to Coffin .... 
School, at coordinate 3065 6002, is ~J& 0. (;.,It(. .. 

. 
(determine your location) (14) 

FRAME 15 

Once your locat.ion has been d~t~rmi!ef' you would,th. e.::I.i-ke a sighting 
on th~ unmapped obj ect and thEm ~~===""-' _ the 4'14e.ti«.I.liJonyour map. 

8 



(two) (25) 

FRAME 26 

(3362 6631) 

FRAME 37 

) ~l . 

•...... Un,less you can i~E!'1~~fy ~1\ thE!l1)'ilpa:,k~fell.tl1l:'e.of1:w/l~ch you 
arE!,Jo<;,~.t~d;,· at·tea~t. .!L . .... ~~atures must be s:l~hted frpJ\l ¥Pllr ... , . 
unknown 16catibn't'o'a~c$~'ly accom\llish·i'Efse·ct:l:i:5n." . .' ... ' ..'" 

.9 
" 



(216 0
) (4) 

. "fhe>nia8!ieHcaiiimuth' of the lirle ftom'Fancy BottomS· School' td Cbffin 
School is MC, o. 

(plot [,iri.M'], azimuth' (sil!:htin~J) , '(15) 

FRAJ.il 16 

io 



(orient. map) (26) 

FRAME 27 

Do the following exercises in resection on your Leavenworth map. From 
your present, unknown location you can take acol)lpass sighting on the road 
junction at 3938 5180. Mark the road junction on t~e map, point A. The 
magnetic azimuth to point A is 281°. This means the grid azimuth will be 
~<ql6! 0. 

(linear, two) (37) 

Set 4. POLAR COORiJINATES " ., '",:1'" 

FRAME-: 3'8\ ,:i\l'blFOlUdAT1@N :P'llAME'J ',~:."i ':. h">'~(;)':,dl!W ',dJ -I,'! ~<jIH');.ii.}":~ .. I_:,_t,):,~ "-'-ur 
< ~'~ __ ~"" ,.·":<,{:"._.:,~".lF:,,ii "'~l I'f() 1)'J.lJuJq ;\:'j"f.:Jl';)itl:~:t, ()'.,;1 'if'J· ,j)~·r~'..1 :It: ~J"ii .. 

Often a requirement exists to give direction from one point ·to another. 
Rather than say: "Fly to the neltt curve in the road and turn left, then go 
about halfway to the lake, turn right and you wilf cross over the C. P." 
It is best to say: "The C. P. is located 4000 meters from the Zion Hill 
Church on an azimuth of 325°." Directions given in this manner are called 
"Polar Coordinates." 



FRAME 6 

(See conversion rule adjacent to declination diagram on Leavenwo~th 
(5) 

azimuth of a line from Coffin School to Fancy Bottoms School 

(sighting, plot [draw], azimuth [sightingJ) Jl6) 

FRAME 17 

The grid coordinate of the unmapped object can b: ft~t! ~in~~!rom. the 
point at which the two azimuths plotted on the map ~:;.1::::!fZ::.. 

". ,-, 
" 

, 

, ' 



(291°) (27) 

FRAME 28 

What is the grid back azimuth of 291.°1 
/'J'() 

FRAME 39 

I I I () 

Use your plotter and the bar scale OR your 1eavenwo!l:'tit tna,p to ae·tet'm:Lne 
what is located at polar coord:Lna,te 333,0 (!i;t'.id $i~itnlj!<th) .3.6,~(i) me·ter~ ft6irt 
the.mac~get"ry , ~~)19~~ i~ ~;r:I,~, s~~fn~.,frf~!IH' "'Bf,c;~"" ., 

J I,~ 



(This is the back magnetic azimuth of the magnetic azimuth you ca1cu­
in the previous frame; therefore, it may be obtained as 206 0 

- 180 0 = 
(6) 

FRAME 7 

Refer to your Leavenworth map. You are located at Coffin School at 
coordinate 3065 6002 and take a compass sighting to the water tower located 
at coordinate.3335 5890'1} Ii. I)'ur compass reading is· 103 0

1 the grid azimuth 
to the water tower is J ,I() o. ~ 14," 

(intersect) (17) 

FRAME 18 

-, J '(]o 

i ,'_.. ',_ ' 
Do the following exercise in intersection on your Leavenworth map. 

fi.rst known 10cati~~~~5 66!~. ~ coordinate identifies your 
tion as being at '"..~ ~ ,.. . Mark this position A. 

i: ( 
14 

Your 
10ca-



(1110
) '(28) 

FRAME 29 

Plot the grid back azimuth of 1110 from point A and extend the line te­

~drd ~ener~d rectiO~J;ZJur l0;;t0~'. T-iaW st~Pa~ resection is 

,dpr,t# ' :, '" . 

(~azelwood School) (39) 

F¥ME 40 

. What' are 
to the Moolle 

Answer: 

)!he·:po1;aIP<lcso-rdll.rtatQ$,.!frolll' uhe"Lartte1t S'chotlil (gl'.1d 'sqllare4'S50) 
School ('g1:'id' ,squal:!e' 145'4J6·H' '" ',' " " , 

. IYfJf) Z 11'( " 

lSi 



(113~) (Compass readings provide magnetic azimuths, therefore grid azimutl) = 
magnetic azimuth plus the G-M angle (rounded off). See note adjacent to 
declination diagram.) (7)' ,\ 

FRAME: 8 : ' ' 

Refer to your Leavenworth map. You are standing in the road junction atJ 
coordinate 3074 5180 and obserVe six radio towers at coordina.te :32855860. 
What is the magnetic azimuth of a line of sight from your position to the 
center radio tower? 

G"> 6:t~ 
b. 71 ~ 
c. 81 ~ 

(Flintlock Church) (18) , . ' 
FRAME 19 

Eromyqurpoeoition a.t t,he, church youtakea.co.mPass,s.ighting .o.f. S.3~ to 
an enemy gun emplacement. Using the deCl.inationdia,rgm on your map, you 
convert this magnetic azimuth to a grid azimuth of ~. 



(Take a compass sighting on as'eeond identified feature) '(29) 

FRAME 30 

You now sight on the second' 'iderit:l:UEid feature, a road j unction at 
4260 5225. Mark this road junction as point B. You then determine the 
magnetic azimuth to point B to be 33°. What is the grid' aZimuth?, * 30 

(180° at 3550 meters) (40) 
~ 

FRAME 41 

If yoti"were flying a gun sllip'and a grourtdcoinmander requested that you 
fire on a target which is on a compass hel'lding of 50° and 4000 meters from 
hi~ition ~UP 3,057 6).72), he would be requesting that you fire at the 
~i,G~ ,$~. . S-OD 

riD' f( 

.-~' 

'17 



(a. 61 0) (The grid azimuth is 71 ° '. . .To conv<;lrt from .. grid toO ~gnetic ad~ 
muth on this map, the G-M angle is subtracted. Therefore, the magnl;!tic azi­
muth = 71° - 10° = 61°.) 

Set 2. "INTERSECTION. 

FRAME 9 INFORMATION FRAME 

INTERSECTION is a method by which you can determine the locatio.n of an 
enemy gun, defensive position, etc, by plotting intersecting azimuths on a 
map. Accuracy in determining' the location depends, in part, on the degree 
of angle at the point of intersection of the azimuths that you draw on your . . 

·map. 

FRAME 20 

Use your plotter and. pJ,ot ~he gt;id sdm'1t)J,of 63.° f.om, positioq .A. 

1.8 



(43°) (30) 

FRAME 31 

What is the grid back azimuth of 43°1 

(Fancy B<Dttoms School) (41) 

FRAME 42 INFORMATION FRAME 

Thrciughout this text you have been 'meas'udhg azimuthS to the nearest 
whole degree and "rounding off" the G-M angle before computing azimuth con­
versions. This is the procedure that you should follow in solving problems 
on your Map Reading examinations. This procedure is normally accurate enough 
to solve the usual problems that you will encounter in flying. However, if 
you should find that you need a higher degree of accuracy, you will find that 
you can 'read azimuths to, the nearest 15' (15', 30', 45') by interpolating 
between the whole degree marks on your plotter and then use the exact value 
of the G-M angle for your conversions. 

19 



FRAME 10 ; '-, " 

Which se. t of azimuth (±;is 
angle of intersection? 

plotted below, produces the most acculfate,: ," 

1 '. 

a. b. C. 

(Go on to the next frame.) (20) 

FRAME 21 

You would now nwye, ,tQ"a~ecp",d, ~)lOW\l;,po,~;f.1;~oll" fQr eX,a}lfple., .fe>, 'ro,oJ::liinate 
4500 69.45 •. Label this, posi~ic;m;l\, 

j;'r.V-'>ii ;;jr/; <:;} ~t!J!JmJ~,,:t~ i,>,i'1Hl 

),;r,!.\~ -ne ;2iJ·J('.Uf- 5l-fJH$<i'; S~JGdfi;' <);"!-) t.:·,~ "f,;,'};, 

'~H~l)l:H':u~vl1\):) ,!1J~)\( 'jo} :)J,:~dh ~<. '.1)-



FRAME 32 

P1Glt.the' grid back. IlZi!1l11t}t o.f 2Z.3~ ... lj:xte1)dth,eplo.tted Hne. to i1)t.ersect 

with the back .az:Lm1,lth HnEl you ,haye,Q,ra~.fr.O!1l, poin~ A,..:Yp\1j1re l,ocat!,d .·.ate 

the intersection of these two lines which is at coordinate J(J .uef;/f:!J .' "0" +5 ..... 

l . ~ •. 

. END OF, ;PART VI.' .... , ': -', 

•• "' ,._, Co' ",.' .;,1 '.,'._,' : .', ,,' 

TURN TO PAGE 26 FOR SELF EVALUATION EXERCISE 

I 

• ,~' , .'1 , . .'." 
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(c) (10) 

FRAME 11 

Refer again to the figureiu'Frame 10,' As a general 'ru1,e,',the most 
accu~te intersection is obtained' wh~n' !l1!:imuth sight'ings are i s"pp,rol'lithately f() " .. degrees .apatt. 

RETURN TO BOTTOM OF PAGE 2 FOR FRAME 12 

(Go on to the next frame.) (21) 

FRAME 22 

From your new location at the'roadjun'ction (position B), you take a 
compass sighting of 1190 to the gun emplacement. You convert this to a grid 
azimuth of I 8'l II o. , ', 

RETURN TO TOP OF PAGE 3 FOR FRAME 23 

22 



(4146 5102) (The fourth and eighth digits of the grid coordinate may vary 
+ 5.) (32) 

FRAME 33 INFORMATION FRAME 

In rare instances, where you a're'standing ona linear feature, which can' 
be identified on your map, (e.g. a railroad, road, river bank, etc.) it may 
only be necessary to sight on one identified feature to perform resection. 
Use your Leavenworth map to perform the following resection problem to illus­
trate how only one azimuth need be drawn to locate your position when you are 
standing on an identified linear :feature. ' 

RETURN TO BOTTOM OF PAGE 3 FOR FRAME 34 

: : .. ;; 

23 



PANEL 4-13 

PERFORMING INTERSECTION 

Locating an unknown point by successively occupying two (or more) known 
pOSitiOI).S and .. sighting. on the, uJ;tk:nownpoi,nt· is. called INTERSECTION. 

Method: 

A. Orient map. 

I 
42 

B. Determine your location (at B), take sighting to unknown point (A), 
plot azimuth (B-A) on your map. 

C. Move to new point (C), determine location, sight on A, plot azimuth 
(C-A) on your map. 

D. Intersection of azimuths (B-A and C-A) on your map pinpoints map 
location of previously unknown point A. 

24, 



PANEL 4-14 

PERFORMING RESECTION 

Locating your own position by 'sighting on two known features is called 
RESECTION. 

Method: 

A. Orient' map.' 

B. Identify two (or more) prominent terrain features,(A and B)' and 
locate these on the map. 

C. Take compass sightings on features A and B.' 

D. Plot back grid azimuths of the compass sightings "on A'1and' 'B, on 
your map. 

E. Intersection of the back azimuths 'on your map pinpo,ints your,' 
previously, unknown position (X) • '" ". 

\ 
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SELF EVALUATION· EXERCISE 
Part VI 

This exercise will test what you have learned from this programed text. 
Read·.each question carefully and select the correct answer .. 

Use Lipan map. 

~1. What is the grid back azimuth when given a 6:~ azimuth 

/O:a~ 
~ 199° 

c. 137° 
~217° 

. ~.,O 
-1:;1i'. 
!l. () 1, 

2. What is the magnetic azimuth when given a gr~d azimuth of 155°? 

a. 164° I~S' 

4P- 146° -J 
335° 

--~.-,,,, 

c. / 'f?" 
d. 324° 

3. What is located at the intersection of a given grid azimuth of 228° from 
the Live Oak Church, grid square 8503, and a magnetic azimuth of 114.° 
from the road intersection in grid square 8003? 

a. Pond 
b. American Legion Memorial Highway 
c. Road intersection . e Windmill 

+1 

4. What is the coordinate of your posit:ilon if you see the.churchiin .grid 
square 8307 on a magnetic azimuth of 291° and you see the Ldve Oak 

. Church on a magnetic azimuth of 214° t9. . . , , 

a. 14S NL 0545 8745 
AI ~~ ~4S NL 8750 06,30 
~ .L4S (~n~ 8745 0545 

,d. 148\,06308750 

r'l <3" P§ 

~~c~ 
~1i/J 
. T~' . 

.'" , 

5. You ,sI'e somewhere along t'he American Legio.n Memo.t:iSil.,.HtghwSiY (Highway 
281) and you obtain a magnetic azimuth of 3,21 °i,)t~"tlhliliFSi:DliView Church 
in grid square 8220. What is the coordinate of your position? 

. $'-'" . 
a. 14S NM 8195 1835 9-'<7" 
If) 14S NM8374 17~7 ~ 
c. 14S NM 8405 2010 3JO" 
d. 14S NM 1835 8395 _ / f'~. 
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6. What are t\le Polar Coordinate,. from the Dobbs Valley Church (8415) to 
the Soda Springs Church (8816)1 

a. From Dobbs Valley Church, magnetic azimuth 77°, 4,500 m. 
b. From Dobbs Valley Church, nid azimuJ:h_V~ ... 4,000 yds. 

(!;;> From Dobbs Valley Church, magnetic azimuth 6&V4, 900 yds. 
d. From Soda Springs Church, magnetic azimuth 257°,4,900 yds. 

In order to convert a grid .azimuth to a magnetic azimuth using the 
following diagram, you would 

~ ~-'btract the G-M angle. 
~~ow the value of grid declination. 

c. know the value of magnetic declination. 
([) add the G-M angle. 

8. When finding a position using polar coordinates, you must have 

a. point of origin. 
b. distanC!e. 
c. direction. 
~ all of the above. 

, 
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1. d 

2. b 

3. d 

4. c 

5. b 

6. c 

7. d 

B. d 

ANSWERS TO SELF EVALUATION EXERCISE - PART VI 

• 

\ 

LIB33 Army-Ft. Sill, Okla. 
2B 


