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6.1 gnwwuo~nr~nauTan~~~rrna~~~"nouIan  
6.2 ~ ~ ? ~ l ~ b b ~ t f Z L l t M l J ~ ~ ~ n l f  ~ ~ M ~ " T Q ~ I U ~ ~ M ~ ~ U I M ~ O J ~ ~ ~ ~ ~  

6.3 ~~uani;lbbatftot~i~uo~n~abGfab4amiu~~~a~iu 

6.4 bbU7YIl Jbb~tfZLltYll ~2103fl7f L ~ M ~ O ~ I U ~ ~ M ~ ~ J  ?761Ua~@ 

5aael~za\i6E)az61~1m~3~~ q - 

~ n " ~ a i n 6 n w u n d  6 a u u k  u"n8nwmui.m 
1. a^sLIiuR"nwwuaanf~nau~fln mnomouhudrrnoudb6uau'o~ l a ~ b a w i t  

n a i u ~ m e u a ~ ~ c i u ~ ~ u " ~ m ~  ~ h r u i ~ W s u  riiarl;n 1ratri iao~3;auo~~nln q u u  
EaIanl6 

2. o % u i ~ ~ n w w u ~ . ~ m u ~ ~ " n ~ ~ ~ ~ n 1 6  
3. ~ Q ~ H ~ ~ ~ ~ Y Q ~ ~ ~ ~ Z ~ ~ J ~ Z M ~ I ~ ~ ~ ~ I ~ ~ ~ M ~ ~ J ~ A ~ ~ H @  ~ a ~ O ~ 1 f J h ~ ~  

L: uorn1.i u o n u u a r n ~ u o ~ ~ o n ~ u u a n i ~ ~ u m ' ~  (initial course) ~ a t ~ u a n i ~ ~  IUL~!J 

(course arrival) ru i irnt i ,~In q 

4. b b S Q ~ J ~ ~ ~ l f ~ 1  ~LM?WIJ b b ~ ~ ~ t ~ t n l ~ ~ 0 ~ n l f b ~ ~ ~ ~ ~ d ~ l ~ f i ~ l ~ ~ ~ ~ ~ n  

~ ~ o f i ~ n t i u n n n i u u u a a ~ n a u  b ~ n 6 v ~ i u n ' u  ~ ~ ~ ~ u ~ ~ m ~ ~ ~ o n ~ u ~ b u a ~ u ~ u u n ~  

a t  GanIBlu 
U 

&add 
5. b b ~ ~ ~ ~ d b n l ~ ~ l b b ~ ~ n l ~ L ~ ~ t f  t ~ t Y l l ~ 2 1 0 ~ n l f  bhU.dfOlI~~7'6fln h n f  lUYlU 

~ : U = M I - ~ Q U ~ ~ I  200 la16nz~aIdi' 
6. ~ ~ ~ ~ ~ J P ? " ~ I ~ M I L L ~ ~ ~ I J ~ ~ ~ ~ M ~ J ~ ~ J ~ I ~ L ~ U L P ~ ~ Y M E ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ J ~ ~ ~  

bqjk' q l l l lRI  



unnd 6 

, undszundbiu?n"llbb~?n33 Q (course) uarszurn3d (distance) 

u ~ n s ~ n a u r r r h  

d 
6.1 # n ~ ~ ~ v ~ ~ w ~ ~ n a 0 l l a n 1 1 a ~ ~ i ' ~ ~ 0 1 a ~ ' ~ l a n  

h u h  7 \dub ~n~.nd~LIiita'nuw:d~u~it~n~~~~~n'u~LIn~tf (ellipsoid) 

<tau r i 7 ~ ~ u t i u ~ c i o t n i ~ m ~ i u ~ n ~ o t ~ ~ ~ ~ i ~ Z ~ n i ~ ~ a ~ i u ~ t ~ ~ 3 = : t ~ ~ ~ 1 ~ ~ ~ t ~  ttcihnfu~iud 

%tni .m~iugn.bt \J~~uin~n ui~luni~6nriiu~ruu'no=:f o i ~ t ~ i l ~ ~ ~ n ~ O u n ~ t n ~ i u  
8 ~ d o ~ i n i ~ u n ' ~ ~ ~ i k o n 7  ~ ~ a r i i u ~ t ~ ~ i u u u  7 o e n u l . m r i l u n n ~ i u f ~ n " u ~ ~ u ~ ~ l l i ~ ~ ~ n ~ f i ~  

8 ~%tn.ranmu (spherical trigonometry) uiri~~~~n'dqpi\bi n f t n ~ ~ ~ + ~ ~ n u ~ ~ n u u  ~ f i ~ f ~ n - i i  
J d V  n f  JnIJulIJn (terrestrial sphere) % J U I R U ~ ~ U ~ U ~ ~ ~ ~ J U ~ ~ ~ ~ ~ U ~ ~ U  7,917 \ud 

TauLInilmnnyu~ou~~ubJiu~sw'n~i~ ~ ~ ~ ~ i l i u n ~ ~ d i u ~ u u ' n c ~ i ~ d ~ i  unu c d ~ )  

uoahn ~ ~ n u u o ~ l 1 ~ n 6 o e d k ~ 2 l ~ n d ~ n  2 l a  g ~ ~ ! h ~ f u n d i  #21~n!n!o (north pole) d~o: 
8 luuunu8iu P. u ~ r ~ n ~ ~ ~ d ~ ~ i u n ~ i  u r I ~ n I i  (south pole) d~o:~!uwnu~iu P, ( i ~  JLI 6.1 .I 



tEiupdgm (quator) L 
u o d b n .  M ? Q Q I ~ ~ ~ ~ ~ I ~ M ~ I ~ ' ~ @ ~ L L L ~ ~ H ~ J ~ I  cGuqu$clr Go ?~nnuInq/dij P. unr 
P, riJu#?~urod 

lhlu%fluu (meridian) 8 0  ~ ~ J ? J ~ B U I H ~ / ~ ~ I ~ & I ~ ~ # J I O J  ~ u ~ & ~ n n n * J a o d  

~ i l u p a # ~ ~ u b r ~ z p ~ & ~ a  &u8o ~ H ~ U ~ R * A  la  7 uuintn&ddIa& m ~ d o n n : ~ - a ~ n n u  
PAP,  11 L R ' U L U ? L & J U U O J  A (8Jd 6.1.1) 

J r r r  chu iduu iumn (first or prime meridian) r ~ r ~ ? i O i u d d ~ u ~ o ~ a ~ ? n n r u ~  

(Greenwich) drnnnojnqw w n ~ d  6.1.1 l o  ~ciwruiriiuuuoc G ~ i o r c i u  p a p ,  filo iGu 

ru^rr4uurf uur ndurod 
d r u o ~ ~ ~ n ~ ~ u r u i r ~ u u ~ a n ' ~ c ~ u q u o ' ~ ~ ) ~ c ~ y u ~ ~ n  ~ d + u  r r o n C ~ y u u o ~ j n  (-1% 

distance of points) U ~ ~ ~ ~ ~ ~ O I ~ L ~ ~ ~ U $ ( I ~ I I ~ I ~ R ? " C ~ ~ & ~ ? ~ ~ ? I U ~ I ~ Q I I ~ L ~ U L ~ ~ L ~ ~ ~  

u'uros 

nzsiigm (latitude) V Q J ~ O ~ R  q uuk?lan iio 3rurb~yunnrhquo'~~13ld~11a11gu 

L U ? L ~ U U P U ~ J ~ R X ~ (  $ T ~ L $ L I U L L ~ U & U  L I U J ~  6.1.1 A L ~ ~ R U Q J  A /i&l y8-J A'OA H?Q 

d?ul&l A I A  Y O J L ~ U L U ~ L ~ ~ U Y O J  A ~ Z ~ ~ R U O I ~ R ~ L ~ J Q Q ~ L ~ U ~ ~ ~ ^ ~ ~ ) L H ~ Q  (north latitude) 

n'~trr8gcl!n'(south latitude) ~ d d ~ ~ ~ n ' U d l ~ ~ d n d l ? d ~ ~ ~ ~ ~ ~ ~ ~ ~ d n f  d n ~ u d ? u d o d r ~ i i o r ~ u  

ptJ!~m?o~%Gupcg~r b& 7 '1d hmrR~a1~icol3~1rilui1uauu~n unrklm~lgal6 
I~Yd~riJui~u-aunu ~ i a o ~ r a z l n ? h r y r i ~ d ~  ~~Go~So ln ' n lR '  d u  la' so0 LHQQ renu so0 

rrnrdQ so0 16' rcnu - so0 rOu5u 
L: E u a t i ~ ~ r r n i ~ ~ n r i i p  ~ . . n ' u  L,B. >L*) n ~ u h c i l l  f i io d l  L, - L, rilgan~ao~uu 

o d u u m ~ n n n u i u u  ucioipa#~~~~$~o~61~mi!~nr~nsun'u ~ W ? ~ I H I ~ I J $ M ~ ~  
Ll + L* 

?~nnurcinduu~uriurku~uU'~~~~ r.rir?undil U U ? ~ U I ~ V Q J R ~ ~ ~ ~ H ? O L L ~ ? ~ ~ I ~  

(parallels of latitude or parallel) 9Rqn ') P ~ ~ U U L L U ~ Y U ~ U L ~ U ? ~ ~ ~  d Q ~ ~ f i l ~ ~ ~ ~ ~ ~ d l < ~  

aa-asiigm ~ o ~ $ t u d = )  ~ o ~ p a h  q d d n n  f i o  Y~n~nnd#~knrz~dtbl~~ri"ub~?~#uu 
d~icllu~a~fu ~ u ~ c i u i u s r i ; u d u u s n  rinr$uuunui?u n i i n o ~ i g n a o ~ g ~ I n  7 Q~PZ~ILI~I J  

~1 r t ~nnrZuoon~.ronnnr?'umnuo~~ku~u?~Oiuu~f u r n  rrhuddlpa q uuodn~AnclrS~an 
~~of fnnr iunnuo~rh3~~uu~fuu. rn  nuudn.rcii b u i i d ~ . r m i ~ ~  o0 d d  tsoO l u ~ d  6.1.1 

RQJQRYQJ A %a y u ~ a d n ~ ~ n ~ ~  G'PA' ~ i o  ~ f i ~ d 3 u I k  GIA.  durm 

M A  337 205 



g n d ~ a o ~ ~ ~ n  ao a:a'uoon uatariian b0 LMQQ ii~d4uu~adou pn (a, b) Iuaruiu 

w e  d '  

ua:lndOao~~gn ao arTuoon L L R L A Z ~ P  b0 Ia n~dauu~~doug~~ (a, - b) Iua:uiu 
d .a 

alul~nuulnn (terrestrial triangle) ~fi l l~u~~~uuddiun 2 ~nuuwu6?lan LLA: 



d d 
Yl3ma8.J 2 3d 30 R ~ & I L % ~ R U U L % J ~ ~ J ~ B U  APB ?kl APB A I U L M ( I U U L % J Y ~ ~ J ~ ~ U  AP.B 
3 d A  d d d 3 
U ~ ~ ~ b ~ b r ( l ~ L ? U n ~ l  B ~ U I P ~ ~ U O ~ ~ ~ I  (terrestrial triangle;) ' l l ~ 1 l ~ L ~ ~ ~ ~ ~ l n 9 1 0 t ~ l \ d ' b ~ ~ l  

stutmc (distance) 3rni1qam1~~~22cnau'bnd ( m ~ u ~ l a u o ~ ~ ? ~ ~ C i J  AB) d ~ d n i ~ n f i ~ n u a  
1Ji~dlu~d "\u8nnn~a" (nautical miles) 

= 6,080 q m  
d w a  A d ouc o l r 3 ~  (nioolnl~wu) Lnaoun~dnlu~enaulndarni~aqa 2 JRILRI? LLU?IIIJ 

(course) uoc~3on'iio y u ~ r n i ~ c ~ h w i ~ i i u o d ~ o c ~ f o  n'u2tnauln&h Ikudni uw-anlr 
or%o1nGnrw8a\dn1cw'~~ra'uoon ( l u n n ~ u ~ B u u ~ % n ~ )  

lU$d 6.1.3 $ Q ~ I M ~ J L S ~ ~ W ~ I J ~ ~ ~  A Id& B U U ~ W I J L ~  u$U (initial course) ~ $ 9  
d 

uu2nlrd A {iio y u PAB uaruu~n~cumriir (course an ar"va1) niauuanlrn B yu 
P.BC 

I U J ~  6.1.4 L ~ O B I M ~ J L ~ U ~ I J O I ~  B w A U U - J ~ J L ~  U ~ U  i l i o ~ ~ ~ m ~ a d  B GO 



odni~finneiunn ud~ua~uofua~ni~finnriuaan 

& l f ~  360' - (A, + AJ = 360' - (122' 15' 42" + 144' 58' 30") 

dufi7lan 
tda A ii ( n e i i ~ a  30' 25' tvfia, I Q J S ~  400 ne.iwnn) 
ucrr B ii (aeign 750 10' t ~ k a ,  (1aR3a 400 i l r q ~ n )  



A rua A 11 (arlga 3 0  25J16,  a a ~ t g a  no0 nrlicaon) 





iiauofnGao~3gn 740 i t  n-iunn 

~iif rraiiuofGso~$p 1570 58' 18' n::Tunn 

uonlniGao~$~n 370 34' 1 8 ~ ~  az?waon 
4 #a ua-Cuuuaotlgr 1510 13' ar-iuoon 





daul6.3 FG . = d?uliY.~ DB x secL 

M% DL, = p sec L 

liu;o 

u a i ~ ~ u o a a a j l p  (lucl~) = ~rurnldnluuu2uwu ( luh-u)  . 

x Ounu6qo~a:ign 

63sdi.r 6.2.1 ~iolim&usJ"M~d~~uuu~~u~u~o~a:~g@~ 440 m8 h.l~~~n~fima:Twon 
r ~dus:u:nlt 55 luktba ~ ~ ~ 1 ~ 1 6 1 ~ ~ ~ d d b ~ o ~ d n d u u ~ ~ ~ d d u u f i ~ a ~ ~ ~ ~ a ~ d i ~ i 1 ~ ~ ?  

ad o 
36111 

a1np.J 6.2.1 k i i l  
P = 55 lu6w:i~ ldw~~fima:%oon 

L = 44" 30' 

pln DL0 = ,p sec L 



91 n DLO = p sec L 
" 8 
VlJUU P = DL0 x cos L 

= 135 cos 50" 





auyaii ~ioii~idaduld~ilua:u:nid d lu8n:~a sliuau~uo~mnaukqj oin ~~ 
A Id& B 643d 6.3.1 

' i  

' I  '~ 

, b q d  6.3.1 oin B ~ in~ i iWuuiu~~da:~~n~d~n~uktuku ik tuu id iu  A 

ru. gn D aa:I~iiiuwi~tudr+m A I d t i ~ l i k ~ ~ t u ~ u f i ~ s l f d  F C u l ~ t u ~ u i d u u d h u  B 

I d l f i ~ t u q u f i ~ n s d  G uhorIci-I 

1 = A D  ~ ~ u d n d ~ u u u d a d u o d a f ~ ~ n ~ ~ o w a d i d u ~ d ~ t ~ ~ n  



LL:? d  = AB  LOU^ fufnl Jf  f M < l  J A nYfl B 

p = DB L ~ U ~ : U ~ ~ I J ( I I U I L U ~ U ~ I ~  ( Y O J R L G ~ )  
#I 

1 = AD L ~ U ~ I L ~ R O U U ~ R J V O J R ~ ~ ~ ~  ( W R ( / I J ~ I Q J ~ ~ L ~ ~ R )  

LLRL c = L BAD L S U ~ U O Q J L L U ~ ~ I J  (course anye) 

s i n ~ i u ~ i i u l u ~ u a ~ n  ABD &G D L ~ U ~ U D I ~  

92\1<dl 

( 1 )  1 = d c o s C  

(2) p = d s i n C  

P (3) tan C  = - 
1 



r i ~ ~ d h u ~ d i i  ~ ~ ~ ~ r i ~ ~ r G ~ r i ~ l & f u  ~f lddniu B i i a ~ m i ~ ~ r G a r i a  

Q~WIJI~VQJ A I u j d  6.3.2 Ifii i i i ~ ~ l ~ u ~ ~ ~ a ~ t l a ~ ~ ~ i i ~ ~  Ba I I u g n a ~  LrGa r i a  

I PURI LMGQ, ~ : L ~ ~ ~ I J D I I U U U ~ Y ~ I U ~ : : ~ ~ ~  ;a p I~Linr~an:Tuaan uaruu7nic (yam13 

~iiudo) 6a c0 ( r i a  ~ r G a  c0 ~~Suoon)  

fiedi, 6.8.1 ~ioriird~uduIdluuuanla 300 ( r ia  a a  300 ar-iuaon) ain 
d d 

IR A m u  (a:iign 450 ~ r i i a ,  aa~agm 700 n:Tunn) ~ddu.rtarnic 120 lu6minna f i ~  

o i n ~ d  6.3.3 ABD L~~WIIULM~LIU~ ~ a i n l d i  D L f l ~ ~ ~ ~ l f l  

IBW~~RIMURIL~  d = 120, LC = 300 8~1631 

= 120 sin 30" 

= 60 YluBSnz~a ngalitaan 

Lbl:  I = d cos C 

= 120 cos 30' 



z 91n I d = -  
cos C 

- - 80 
cos 55" 11 ' 





LEE W 



i l r y n u o t n l a ~ u ~ ~ o n ~ u ~ ~ u ~ ~ o i ~ ~ n ~ u ~ ~ ~ d  hrflwn'at~&qiu$duqCunii~~n" 

ilu~iuodrn~iuubtnadnflu (Iaudnio~nl::~~luaiu~~iou~6~na~nflu~%~) uid?uu?iilry~i 
A' AP: a P: W P :  ~ u a ~ u a ~ u u t ~ t n a t n f l u u ~ : u u a ~ ~ ~ o ~ a o ~ ~ ~ ~ a ~ ~ ~ a ~ ~ ~ d ~ ~ ~ u ~ a o a  hu61pn A us:: B 

P: oilunftnatn~uriiuqn'u~~iq ~ : l + p n ~ a u o ~ n ~ ~ n a t n s u u u ~ ~ u ~ a u ~ a  ad61 A n'u B od 
P: d 

nusm:tnatnsuuri? o ~ ~ o r l ~ # ~ l a u ~ n w t ~ f l u ~ a u o a n " l ~  I 

l u ~ d  6.4.1 l a  A LLsrla B a f l lm f~n~n f l u~~~o#$  b u ~ w ~ i u ~ ~ ~ u u ~ 6 ~ n a ~ n s u  

AP.B i i d ? ~ d l t  9 646 
b = h w I &  AP. = go0 - RLQR A 

LLnr D L ~  = LAP.B = ~ s d i t a : ~ i i ~ n o A ~ a  A Cu B 

I ~ L I  6.4.2 l a  A Q~IUI~J~I~RUIX LLI:~R B o ~ I u n f ~ n ~ ~ n ~ u ~ ~ i ( o  IRUIU 
J c n u ~ ~ n u u ~ % ~ n a ~ n ~ u  AP.B dd-~wdi~  7 (i~d 

b = (i?%bIf?t AP..= 90' + f l ~ i z 9  A 

a = d?wIf?J BPp. = 90° - fl:iga B 

LLflE DL0 = L AP.B = ~~IJ~~M~IJRQJ?I~R A n'tl B 
A' 1uurntdaiuLniuu~6~~itnfls~ AP,B iici~usiic 7 n j w  

b' = Eh%bIf?J AP, = 90' - fl~C3. A 

a = d?uInS BP. = go0 + R Z Q ~  B 

LLR: DLo = L AP,B = W f l d l ~ ~ ~ M ~ l ~ f l ~ J ? I ~ ~  A n ' ~  B 
W P :  I l y d  6.4.3 l a  A UR:P(I B o~lun:~natnfiulomt~ buluaiu~~duudtnatnw 

AP,B ddqd i t  7 ci~d 
b = d?%bI& AP. = 90' - flt?ign A 

a = E?ddf% BP, = 90' - fl:13@1'~ 

LLflE DL0 = L AP,B = ~ f l d l ~ ~ t ~ ~ l ~ f l ~ ~ ~ ~ ( 1  A n'u B 

h u b u d ~ : ~ d  (ad s.4.i:~LI 6.4.2 UR::J~ 6.4.3) ii 
d = d?uI&I AB = ~ L L I L U U ? J ~ ~ ~ U ~ H ~ ~ L R ~ J  A {¶.I B 

L PnAB = L L U ? Y ~ J L ~  ~ i i ~  



i ia~i14 6.4.1 L ~ Q [ ~ ~ H C W U ~ U ~ I J ~ ' I ~ ! L L U ~ ~ ~ ~ I U I H ~  nn+~l?a<nnb @ut~h Harbor) 

d ~ d  (8rGgn 530 53' L H ~ ~ D ,  fl~dsgn ,660 35' nrfwnn) h J k ~ u a ~ u a f w  (Melbourne) dtd 
(arRga 370 50' 1;. aa~:ga 1440 59' n-kaan)  

) 



1 cos - (a - b) 
1 tan-(A+B) = 2 1 cot - C 
2 1 2 

......:... (1) 
cos - (a + b) 

2 
- 

1 sin - (a - b) 
1 tan-(A-B) = 2 1 cot - C 
2 1 2 

. . . . . . . . . . (2) 
sin - (a + b) 

2 

1 sin - (A + B) 
LLfJI' 1 tan - c  = 2 1 tan-(a-b) 

2 1 
. . . . . . . . . . (3) 

sin - (A - B) 2 
2 

h u  A, B n i l h i n  (I). (2) ufJe c  ilki in (3) 

oin (I) IN1 

1 cot - (a- b) 
1 tan-(A+B) = 2 .  1 cot - C 
2 1 

cos - (a + b) 2 
2 

- - ( ~ 0 s  45' 51 ' 30") (cot 240 13 t )  

(cos 81 O 58' 30") 

1 sin - (a- b) 
1 tan-(A-B) = 2 1 cot - C 
2 1 sin - (a + b) 2 

2 

- - (sin4J0 51' 30") (cOt240 131) 
(sin 8 1 * 58 ' 30") 



1 sin - (A + B) 
1 tan-c = 

2 1 
2 

tan - (a - b) 
1 sin - (A - B) 2 
2 

- - (sin 84' 50' 51 "1 (tan 450 51 1 30") 
(sin 58' 10' 30") 

A~L (dl641 
(i) ~turnqdn'odn-niia ioa 45' 8" - 6045.13 bh~flll 

(ii) uuan~~~~uti'u iia 
3600 - 1430 1 22" = 2160 58' 38" H ~ O L H ~ J E I  2160 58' 38" ~ltfiaan 



d = dauI6~ GA = 530 53' 

A  = L D A G  = 180' - 143'1'22" 

Iaunguo ~ ~ u d u i  q e l i i l i  

tan a = sin d tan A ......... .(6) 

cos D = cos d sin A 

tan g - tan d - - 
cos A 

oin (6) lei 
tana = sin 53" 53' tan 36" 58' 38" 



= (cos 53" 53')(sin 36" 58' 38") 

tan d tang = - 
cos A 

- - tan 53O 53 ' 
cos 36" 58' 38" 



1 cos - (A - C) 
1 tan-(a+c) = 2 1 
2 

tan - m 
1 2 cos I- (A + C) 
2 

1 I 1 )  
sin - (a+c) 

1 2 1 I I 
LLAZ cot - M = ......... 

2 1 
,, tan - (A - C) .(11) i 1 

2 sin - (a-c) 
2 

Tnu a, c HIIXPI~ (9). (lo) ha.- M ~71R'aln (I r )  
i I 

I I  



o m  (9) 76'41 
1 

1 
cos - (A - C) 

tan-(a+c) = 
2 1 

2 1 
tan - m 

cos - (A + C) 2 
2 

- - c0s64048' 11" tan18031 30" 
cos 78" 13' 11" 

1 tan - (a - c) 
2 

1 sin - (A - C) 
2 1 tan - m 
1 sin - (A + C) 2 
2 

11" tan 1803' 30" 
sin 780113' 11" 

0'90485 (0.32604) 
0.97894 

1 sin - (a + c) 
1 tan-(A-C) 

1 sin ;; (a - c) 2 



- - sin340 12' 33" (fan640481 11") 
sin 16" 46' 15" 

d 
(ii) UW?YllJYl3(1 M GO 180°+27" 9' = 207" 9' 



2.2) '~JLIO~~SILM&I( IF I  (northern-most point) ~ O J L # ~ Y ~ I U ~ ~ J L ~ U L ~ O  

550 45' LMQQ, aoAgn 370 34' nriuaon) 



huh q ' ~ d u h  I ~ n ~ ~ i i i ~ ~ i i t r i n a m : ~ o u ~ ~ ~ I n f i i i u ~ ~ u ~ ~ n ~ ~ i  (ellipsoid) ~1 

RS$U iin?~diud)i~dn?~ n ? 1 u ~ n 8 a ~ ~ c ~ ~ ~ ~ l u n i r ~ a t i i u 3 ~ ~ ~ ) : ~ a ' ~ d n f ~ i  udiiniu ~~ 
s i u d & t n ~ m ? i u ~ n d i a d ~ u ' ~ ~ u i n ~  n6?~unis~nti?u?cu~n~=:$'~~f1~1'1~~n~ilunr ~~ 

t: nlu ~ ~ o i i n i ~ ~ ~ f i ~ f ~ ~ i ~ i ~ n i ~ ~ n ~ i ~ ~ ~ ~ i u u ~  7 ~ : ~ i ~ i ~ n ~ i ~ o i n ~ i ~ ~ i ~ u ~ ~ ' t l ~  
, ~ 

\. bl3~nn&~~L$4n34fllU (spherical trigonometry) U I ~ ? L I L L ~ ~ ~ ~ H I ~ &  nfdnlud~a'LLnu~ln 
I 

rfU ~3iLiNnil n3dnluhn (terrestrial sphere) I ~ O L ~ U ~ I U ~ U ~ ~ ~ I ~ N I ~ ~ ~ : ~ ~ ~  7,917 IN& 
~~ 

, Ian~~nti l f i  n~yu~au~~uw'iuqu5n~i~ B ~ ~ m i u  n t~u4~u~uk&1 unu (axis, 
~~ 

\ i~ 
ua&n unuvod~nnd~:n'~i i?If~nd~a 2 9a gcmddunii hIan~aao cno~t+i pole) 8 4  

s:rtisuunuhu pn ufi:8ngY~&n.5i #qInnl& (soah pole) ~JP:LQIIWLL~W&?U P, 
I ,~ 

&dad 6. I .  l ' 1  
I I 



& 
I#U~JUC~J~% (equator) ko 2~naulnq/~uIan ~ ~ ~ : ~ i ~ u o ~ ~ ~ n ~ u l n ~ ~ u n ~ a i n  

n'tlrrnuuo ~ l a n  niooi~12#n~ia~nuiuI 
P 

'P,, 118: Ps LOU~&ULOJ 
d 

l6UlN~18~U (meridian) n7J2 
LOupn#~(iuun:pni;u~ liuto ci1~5.1 1andIiIri~w#2 ~71a:dunn:~ 

a~nau P,,AP, <I L#ULU~L~UUUOJ A ( Q J ~  6.1 . I )  j 

d d do. 

I ~ l ( l N ~ I ~ ~ U l ~ ~ l l 5 f l  (first or prime meridian) RO ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ n d l ~ 1 1 ~ q t i l 1 2 n n 7 ~ ~  

(Greenwich) IJxtnnOjnqw a i n ~ d  6.1.1 60 L ~ U L U ~ L ~ U U Y O J  G M ~ Q L ~ U  P,,GP. ARo 
I 

rff'uru3~Guu~3uu.r nu'u~o~ 
V 

~ d o ~ ~ 1 n ~ ~ u ~ u i ~ l u u ~ n n ' u L ~ u ~ u 5 ~ ~ ~ ~ 3 u y u i n  njlrw 7:u:~i~quuo~pn (angu- 

Isr dislance of points) uuuii2Ianain~h~u$n.r ~ i u i ~ o % ~ & & ~ u n ? i u u i ~ n i u ~ ~ u ~ u ~ ~ ~ u u  

w'w10J 

a-iigm (lalilude) uo~pnln 7 uufi2Ian RQ ~ : u r ~ i ~ ~ u a ~ n ~ i u g u S q m ~  ILJmiu 

iguLuiL~uuaufi~ntu rin~Quuttnuhu L I u p ~  6.1.1 ariijmuo~ A i / t o y ~  A'OA H ~ O  

hUl#'iJ A ' A  YOJL~?ULU~L~UUYDJ A I I : ~ ~ ( I Y O J ~ R L L ~ J O O ~ L ~ U A : ~ ~ ~ L H ~ O  (r~ort t~ laliludc) 
d a 11 d d 

h~:8jnl) i  (south latitude) ' I ~ J Y U O ~ E U ~ I ~ R ~  n d i ~ " n ~ ~ u o ~ 1 u n ~ ~ n ~ ~ n ~ u ~ 2 u n o ~ ~ ~ ~ o  

~ t ? u ~ u ~ ~ m r ~ ~ t l o l K ~ A q u S ~ a ~  Inn& 7 ~ l l d i a : R ~ n ~ n f l o l Q d i I J u ( i u ~ n  uar 

n ' i a : ~ j n ~ n ? ~ d i ~ ~ u ~ i u ~ u a u  niooioo:lfif~:yriiii tn f lo~io lk  fl& r d y l i  5oo 

L M U ~  LLnu 500 L L R : ~ ~  soo 18 LLnu - 500 LOUKU 
t: 

WR~IJ~:H~IJR:~]R L, fh L, (L, > L,) @ l u ~ l ~ l J  n'todl L, - L, 81p~nJaoJ 
t: 

i fuo~uuni~nr~nauLiiu2tu urir i ipnnSao~tuo~0l ' i~~1i '~n~~n~uriuuh ciiwarii~uu 

t o  LI + L2 

~ t n a u r ~ ' n d u u i u ~ ~ f i ~ u ~ ~ n ~  ~ 7 i d u n i i  ~~u~uu iwuo~arR~a nio LLU~YUIU 

(parallels of latitude or paraIIe) pnyn 7 ~ ~ u u ~ ~ u ~ ~ u i u ~ ~ u ~ r i ' u  LioudriiarR3Rrn'lnS11~rii<u 
d t: a a 4 7 p  (longitude) Y O J ~ R ~ I  7 uufi2lan < t o  y ~ n 7 ~ n a u n % ~ ~ a n 7 r n i l ~ ~ h  

t: ~ui~iiuudt-iiupnuu fYuL#uLuilbuL:uu7n u'ntQuuunuhu A ( i iaa~i~nuoqnIn 7 011 
d r i~\dni~~~n:iuoonn~annn:iumnuo~L~uLu~~~uuL~u~~iouiuu.rn uhuriiipn 7 J u o ~ n i ~  

~~nneiuoonn3a~nn:iunn~o~~#u~u31Guu~fuurn niuucin.rfi ~nuddi7:nii~ oo BJ 
1aoo Iql~ 6.1.1 ao~;jn A 64o y u ~ i ~ n 7 ~ n a u  GIP,,A' ~ S o 6 R o d ~ u l t Y ~  G'A'  &UL~J 

t: 
WA(~IJI:~~IJRO~~R A ,  5u A, (A, 7 1,) niuii.'u i i lmi i  A ,  -1, f i ipnn~ao~ 



t: o ~ d i ~ o i n ~ i u ~ u i ~ l u u ~ ~ u ~ ~ ~ n l d I u i ~ n i ~ ~ ~ u ~ n ' u  ~~si0ipantao~o~H1~o1n~Cu~ui~~uu 

~f uu.rnldlufi~ni~m~an'uu'iu~~~~ d w ~ e i i ~ ~ u f i # o  d i d ~ o u n i i . r r ~ i i a  A, +A, 

d l  360° - (A, + A,) (dilaQou n i l  f i ~ l d l l f ~ u l ~ b )  

o d ~  ~ C u ~ u $ n . r u ~ : ~ ~ ~ u i ~ ! u u ~ f  U L L J ~  ~diuu~nGouunulnooiG~u~~ 2 unu 

doduu8ufi71~n Lu~~uquBgn.n~iuw~Ciou~~nu x u~:iciu~ui~~uwAuu.rn ~ d i u u  

~n8ouanu v ~ o ~ f : u u ~ n o o f ~ w ~ ~ n ' a ~ i n ~ u f : u i u  f i fu  d i ~ : f t g ~ u ~ : d i a o d ~ 3 ~ 1 ? 1 0 ~  
I .  

l a  A f i i io ~ ~ O D ~ R L U ~ V O J ~  A ~ R D ~ ~ ~ J T ~ U L L ~ U L ~ ~ ~ W U ' ~ ~ ~ L L R : L L ~ ~ L ~ ~ L U ~  ~!uu~fu 

u.rn ~rnd~~:lgol~diuu~nijoun'udi~noof~~un y I ~ ~ : d i ~ o ~ i ~ a ~ ~ d i u u ~ n b a u n ' u d i  

lnoofR'am x n i f r i i n u ~ ~ r % ~ n ~ n f l n ~ ~ ~ : ~ : i 3 6 1 ~ 6  ~o~?gan:3uoanu~:~a~Bgam:?'umn 

f i ~ ~ l i u n ' u m ~ o ~ n u 1 u u ~ n ~ ~ ~ : ~ n ~ i l ~ ~ u 1 u ~ u ~ a ~ c i 1 l n a ~ f G ~ ~ m ~ o ~ ~ ~ 1 l ~ ~ r ~ 1 u  ~dw 
lad~~o~?ga aO m:?uoan LLR:R:~~R b0 ~nfio fi~diuu~aiiougcl (a, b) Iw.r:uiu 

g a d u ' ~ o ~ i 3 ~  aO m:iumn L L R : R L ~ ~ ~ ( ~  b0 ~nflo h l j ~ u u ~ ~ i i a u ~ c l  (-a, b) IU~:UIU 
p a d i i ~ o ~ ~ g a  aO ~:%mn U R E R : ~ ~ ~  bO I 8  f i d i u u ~ n ~ o u 1 ~  ( -a, - b) Iuf t u l u  

t t ~ : ~ a d d n a ~ ! ~ h ~  m:~uaan UR:N:~JR b0 18 fi~d?uu~nba~1a (a. - b) Iu 

'I:u1u 
d 3 

iill¶Jmatl¶Jlafl (terreslrial triangle) L ~ ~ L U ~ L ! U ~ ~ ~ I ~ ~ ~  2 1. U U W U ~ ( ~ ~ R ~  LLR: 
8 . 4  A ~ ~ u ~ k f f f u n i ~ u o ~ ~ d n ~ u ~ v I ~ n L ' ~ ~ o u ~ ~ n " d n o d ~ u  ~ r ~ i I ~ ~ a n i u ~ n d u u ~ ~ ~ n . r ~ n a u  

2 ad &dad 6.1.2 



o i n ~ d  a. 1.2 i8ii  ~ ~ t u ~ ~ . ' u w C ( h u ~ ~  A n ' u ~ ~ ~ u i ~ l u u ~ i u  B ua:d?u 
v Jt: ln~naun i ivo~~~nautn~d~dour= :n i~~  A cu B (40 i?ulAj AB) riil#~iincnu~niuu 

~ G ~ n r ~ n a u  2 no R I U W ~ U U L ~ J ~ ~ J ~ ~ ~  AP.B KU AP,B\ n~nnduu~ii~n~~nclu 
Y aA J J A 

APnB U ~ ~ D L Q ~ : L ~ u ~ ~ I  A I U M N U U ~ ~  (terrestrial triangli) ~JRIULHIUUI.T~~~P:I~I 

i~I#nir:u:n~~ (distance) r z n 1 1 ~ g ~ n i u ~ ~ u ~ ~ ~ n n u I n ~  (n~iuui?ro~li?ulO AB) 

4!~dn~iu'nriinumI~~1u~d "Iu&:LR" (nautical miles) b" 
1 W n i a o ~ d ? u l D ~ ~ n ~ u I n ~  = I 'lu&nne~s 

= 6,080. 40 



luad 6.2.1 nuuii41 daa'~~d~uriul l~n~~~ii l~~:~uaan Ianiuh~qinla D L L ~ U  

ldtfIur:u:n~~ p lu6n:~a ihpa B ~ ~ J P I ~ L ~ ~ ~ ' I ~ L L ~ ~ I ~ Q I I ~ u u ~ ~ u I u v ~ J R ~ ~ ~ ~ ~  

h a r l g a r a ~  B 4~~n16ur i1~:~gnuo~~a~f  u6u D ~ r ~ h ~ n ~ r o : n r i u d i ~ a ~ ~ ~ a u a ~  B 

d1aah~uocao~8~ar t~ i1J  B r h  D ~JLIUULL~U#~U DL h Tal##a~~,,iaum 
J 1- A ,  

FG ~ J L O U ~ L U : ~ U L $ ~ ~ U ~ ~ Q ~ ~ ~ L ~ ~ ~ O I ~ L ~ U L ~ ~ L ~ ~ U ~ ~ I U ~  D LLR:: B (i(l6u~iVupi 

1QIr 44q:l#4i 

D L  = p sec L 

~ 3 a  U~(/IJVOJ~OJ?JJ~ (idai) = ~ : U : ~ ~ J ~ ~ ~ L L U ~ Y U I U  (h l in:~~)  

x ~rtt~uciuo~a:Cga 

8.3 ~ ~ ~ a n i ~ ~ ~ ~ ~ ' ~ ~ u ~ n i ~ u o ~ n i ' ~ ~ ~ ~ I " r ~ ~ i ~ ~ ~ ' w a ~ i u  



A' ni . r~n~wi~:u:ni~m)r (u~1~~ndIo,~dntn ' i~~u~:u:ni~ui~  ~ ~ i h o ~ i n ~ w i  
~~uriquTti4 Z~i:Ldo~oiniiqIamilunfdn~u u~fiitru:nihdiguGu:niJh 7 LAO 

A' miua:nqnIunir~ntiiu~w ~ ~ i W n I ~ i ~ u ~ : u : n i  JUUWU~IU (plane!) {du In"&? 7 

I d  ~ i~ :u :n i~uu i i~ tndo : io i~w i3 io~n~ i .  200 I u i n n ~  ~.nCiP:IfiOu~:u:niwu 
X 
W k f  I U  

X J' luvtufiu~!of:uiv (plane) U L ~ ~ u ~ ~ ( I I L L I : L # ~ ~ ~ ~ ~ v ~ ~ R : ~ ~ c I  s:unu(l?u 
v At: ~a*uauiuniu~~uquou l u a w : d ~ ~ u ~ u i ~ ~ u u ~ ~ t ~ a a u n ( ~ ~ ~ i n n ' ~ ~ ~ r ' ~ ~ u ~ i ~ n ~ Q u  iio: 

pnunu6~uLkuuuiumu~~uqia fiad 6.3.2 

d = AB ~iJuf:u:ni~f:~ii3 A fi B 

p = DB I~U~:U:~IJ(IIUUU~UUIU (uo~ariig.) 

t = AD L O U ~ I L ~ ~ U U U ~ R J U D J R : ~ ~ ~  (WI~JYO ~ ~ t i i g ~ )  UR: 

c = L BAD ~ilu~uuo ~uuqnid (course angle) 

oinaiu~~duu~uain ABD 4 ~ 1 j  D ~Duyu~in ~:lMl 
( I )  t = d cos C 





DI, = L AP,B = W ~ ~ I J ~ E H ~ I J R O J ~ ~ I I  A 6.1 B 
w e  r h a d  6.4.3 9. A LLRt9R B 0 d l U t ~ t l I 7 J n R ~ l t l n t ~  ~IIUIURIULH~UUL~JY~~J~RU 

r 
AP,B ~ d ? U t / l t  9 8tU 

b = d?UI/it AP, = 90' -llt63. A 

a = d ? ~ I & t  BP, = 900 - R E ~ ~ ~ F I  B LLR: 

DI, = L AP,B = W R ~ I ~ ~ ~ H ~ ~ J R O J ~ ~ R  A f l l J  B 

~ n u ~ u u d ~ r p l  (ad 6.4.1, ad 6.4.2 acl:~d 6.4.3) 

d = daulk AB = 7 t ~ : w ? ~ n ~ u k $ 7 : ~ j l t  A fiII B 

LP,,AB = L L U - J ~ ~ J L ~ U ~  L L R ~  

L PnBC = rruan7taru: fit 


