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Abstract

The great circle is of special importance as the shortest distance between two points in navigation. Navigating
officers must always be able to calculate the path of the great circle and the turning points on that path. One of
the drawbacks of calculations in the path of the great circle is the large volume of calculations and the uncertainty
of the correct result. In this research, using the method of composite triangles, the path of the great circle is
solved, and two general methods for calculating the rotation points of the great circle, which include a) calculating
the rotation point with equal longitude difference and b) calculating the rotation point with distance difference
equal is used. Next, using the method of equal longitude difference in calculating the points of rotation, a fast
and reliable relationship has been developed to calculate the points of rotation. The premise of the developed
method is that the point of rotation is always equal to the difference in longitude between the origin and
destination. The developed method has the advantage that it will be able to calculate the turning points on the
path of the Great Circle by calculating only 5 sentences from Norris's book in a much shorter time and with fewer
calculations.
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1. INTRODUCTION

The sailing course is an angle between the true north and the ship's head. In normal maps, the road angle is
constantly changing and therefore not navigable. The great circle route as the shortest route between two points
cannot be used by sailors due to the constant change of route. Mercator first designed a map in 1569 where the
lines drawn for the ship's route had the same angle along the route (rhumb line route). Today, this map is known
as the Mercator map and is used for navigation. The path of the great circle on the Mercator map is a curve and
the line is not straight, so it is impossible to draw it on the Mercator map without knowing the intermediate points.
The accepted method for navigation on the Great Circle is that points of the Great Circle are selected and a rhumb
line route is drawn between the selected points.
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With the advent of computers and navigation aids, the solution of navigation problems by computers was
proposed, one of the most important of which is solving the great circle problem by computer, for which a suitable
algorithm should be considered. Solving the great circle with the vertex point is called an indirect method;
because to solve the rotation points, additional operations are needed to find the vertex point; Therefore,
researchers looked for direct methods that require less computation.

2. MATERIALS AND METHODS

First, the mathematical basics of the rhumb line path must be explained, and then the mathematical basics of the
great circle path must be discussed. Rhumb line navigation is a navigational that is used to calculate the course
and speed of a ship from one latitude to another latitude. The reason why this type of navigation is known as
plane navigation is that the earth is considered a flat surface, so this type of navigation in a long distance (distance
more than 600 miles) does not have the necessary accuracy and it is necessary Corrections for the sphericity of
the earth should be made on the problem. Spherical trigonometry formulas are widely used to solve various
spherical geometry problems in various fields such as navigation, aviation, geodesy, and astronomy. However,
current spherical trigonometry formulas only express relationships between the sides and angles of a single
spherical triangle. Many problems may involve different types of spherical shapes, such as spherical
quadrilaterals and spherical polygons, which cannot be solved directly by adopting single spherical triangle
formulas; Therefore, the combined spherical triangles approach is a suitable method for solving the path of the
great circle.

3. RESULTS

The great circle is of special importance as the shortest distance between two points in navigation. The path of
the great circle on the Mercator map is a curve and the line is not straight, so it is impossible to draw it on the
Mercator map without knowing the intermediate points. The accepted method for navigation on the Great Circle
is that the points of the Great Circle are selected and the rhumb line route is drawn among the selected points. In
the navigation on the great circle, turning points on the route should be calculated using existing methods, then
a rhumb line should be drawn and calculated between the turning points of the route. An important point in ocean
navigation that uses the great circle route is determining the turning points. Most of the methods can not be used
in training texts and cannot be used practically by an officer on the watch while watching the bridge. To solve
the problem using the vertex method, both a longer path and more calculations are needed to reach the vertex
point and after that, we need to perform the calculations related to the turning point, which increases the amount
of calculations, in this research by using the method of combined triangles, the path of the great circle has been
solved, and two general methods have been used to calculate the turning points of the great circle, which include:
a) calculating the turning point with an equal longitude difference

b) calculating the turning point with equal distance difference.

In the following, using the method of equal longitude difference in the calculation of turning points, a fast and
reliable relationship has been developed for calculating turning points. The default of the developed method is
that the turning point is always located in the middle of the longitude difference between the origin and the
destination. The developed method can calculate the turning point width by only calculating 5 sentences from
Norris's book.

4. DISCUSSION AND CONCLUSION

In the new method obtained in thin research, it can be seen that the officer of the watch succeeded in calculating
a turning point between the origin and destination point by calculating only 5 terms from Norris's book. This
method is significant and useful from two perspectives:

a) The calculation of the latitude and longitude of the turning point is very simplified and there is no need for
long calculations of the vertex point, And the coordinates of the turning point are solved directly.

b) There is no doubt about the correctness of the calculations and the obtained result is completely true and the
officer of the watch does not need any additional arguments to calculate the turning point.

According to the defined relationship, the officers who are sent to ocean navigation, no longer need to calculate
the midpoints of the route through the vortex method for navigation in the ocean, and they can easily use this
relationship to find the turning points on the path of the great circle.
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using the default Finding the difference in longitude of the turning point with the origin and red points,
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using the default Finding the difference in longitude of the turning point with the origin and red points,
turning points using the default knowing the distance from the starting point to the rotation point

G US) ey bS] 030l by darkic 0l s (59, (oo
09 Pygly g Slilte by dvslre (gl 0250 ol
0l 00Dy drusgd gy ] ol 00> drwgl (Gl pile 4 50
Sl 2l 5 $olisS s yloj 10 &S Cunl Cojo cpl sl
delre |y daddiac o pld yre (59, 15 2 LIS g2 dalgs 26 oS
D5 50 318 o )90 Al 53 g, (il S
321y X olsids abais Crdgo s oo (V) alas 1 o2lizl |
DIl g gilwosls jolateds D908 duwlote deddas 0l s 5
(V0 alaily) 395 oo 4ib oy alis (sl 12 (258 (YY) daly 2

Dlong (XT )=

Dlong (FX ):% Dlong(FT)

adgl o)) 3,5 gaaio i Sy dorkic opls 51 Axd] ol Lucia
3 X s (5,5 5 e 2 (1) e o (3 43 A
(V8 dal) oS o Sl (FT)

AW

P9y bl g deddie 0pls dlis Jo (IS JSS 90 YL

2 &S 1Bbe 34 BB el aas 0391 (2019) Hsieh et al.
P S Gy A e bl e (oye SIV 55 (sl IS
@S 5 ob g 2 08 g Gl sleoph Mo WS b
S el Il LB b, ) oslizal b s gy ol ko0
4 ene by > asla a5 cuwl cpl by ) ()l ys @M
855 558 ddas 0l jue 59y 52 BlE (wd dnulre
Mohammadi et al. dlis ;5 a5 auS solitwl WSSy 59,
o ol W il oad ey (S5)9 gy laille (2021)
bl& s cly eudius (39, (2019) Hsieh et al. 55, olul 5

(v0) dal

ObS Gl bl NS &S Cul porde cudy Vb 1358

b a5 Cand gxe b 0,9 ol b o FT (LS s FX
Conl potda ol il 48,5 )15 deulac 0 Iy pune bawg 3 X
91 b sglune ol s slaciSlis] (gl iy oo o

VP lcusli (090 0 ylods (g g Comun 0590 d‘;’u”}r}by

g3 ool 5 4ol Juad



Ol)&o‘hg Sodxo

sin(DlongX T )tg (lat F)+sin(Dlong XT )tg(latT )

S ¥ 6955 Sl pigy 3l odliwl b dowlis 0315 pamo J>

tg(lat X )=

sin(2a) = 2sin(«) cos(«)

tg(lat X )=
sin (DlongXT )[tg (lat F ) +tg(lat T )]
2sin(Dlong XT )cos(Dlong XT )

tg(latW )=
tg (lat F)+tg(latT)
2cos(Dlong FW )

o by bawgs (V) 5 (VF) (1)) slaalasly (V) 5 (%) sl s
A4 0ld uLMAJ wﬂol w}:ul JLl u)b)u..m s 9.) 9 04

28lod b oSS olpdl sl (V) dlasly cansl 25 el 5
o g4 00l gaadad 5l Laslgy duslore (glyy (o0l cBg oS
toloea L5 s Jghiz 51 o3lizl L & sl gl (V4) el
(V) dlasly oS ©j90 53 goar Jos 3929 35 ol () > s
(Slos g on o3lizal 3lte Laly, 5| casl p3Y 5 cpnad 4 o
LK ool Gln 098 opo Sos 4 Jidd S g0 3 a2
ops Jolbs ]y COlBb pleS 9 gear Jobs pj bl 5l oalizal
S oo o

tg (latF +latT ) =

sin(latF + latT )
cos(latF) cos(latT )

tg(lat X )=
sin(latF + latT )
2cos(Dlong FX ) cos(latF) cos(latT )

sin(2Dlong XT )

a5

(V%) dal

iwalS o0 03l (YY) dlaly L) (V) dal g5
(YY)

95 0 2l (VA) dlay (V) bl 53 (VV) bl 3l o3liasl L

(VA) ol

3950 ol (Y1) Laleg dlasly (YA) alasly 3,5 ool b

(v4) dal)

Gl Slosle Bjlas sly w9 ool dasly (YA) o,

5 ookl b aS s XT g FX (leS 93 X oy dulos 51 e
ol jBle ()laS 93 &y g5 oo |y LalaS” ol 51 p1aS 5 (Y4) alay
ol o o (Sl il s ) 3tz b g 3,5
20y el Sy glaJolo BMBI L olgzds sluss 4y 1y deulae

doddiae glopld pumne oty )3 Jos Bjlas (gl (V) byl 5 delol
Dgas oo 03wl (twd Sluwls )

Slasle )3 by (o9 dawgi Giagh cul sl Sl Ban
ol o3kl BB wgilBl (63,95L,5 13 ol anly ol yuue (slp

(¥+) akai,
e Cand 4 (V) alady (YR) dlaly 5 (¥+) abasly o> )13 L
() sl

23,8 odlaol (YY) alaly 51 lg5 oo (YY) alasly 2,5 00l (gl

VP lcusli (090 0 ylods (g g Comun 0590 d‘;’u”!r}by

g3 ool 5 4ol Juad



Ol)&o‘hg Sodxo

sin(latF + latT ) =
latF + latT
)co

. latF + latT
2sin( s(

Meanlat = M

tg(lat X ) =
sin(Meanlat ) cos(Meanlat)
cos(Dlong FX ) cos(latF ) cos(latT )

5l yols dsly (VF) ey jd Cll das )3 g (g5luwdund )y
5 lows dayd Vo ale ) oy 430 0 g Jlod 4> 0 V8 dbais
@ pile (2alod b laSS pudl WS o Cune (yf 423 FY
Jobo 5l el b .Cuwl deglie 0 pld puanne (g9 Lid 2 bl duslore
4wl |, dlONg s Meanlat sl aaio 5 fae LIS o)e
(Y0 dal)) S (0
dlong =(lonT —lonF)/2=
(062°W —005"W )/2=

028° 30' W
meanlat =
latF ;IatT _ 10;36 o3 N

S ¥ 6955 Sl pigy 3l odliwl b dowlis 0315 pamo J>

(1Y) s

Do o Juols (VF) alasly XY alasly &y dogi b uao

(1Y) s

(V) s

@loys b 5> ey S Sl oslinl b plgie |y (1F) abai
oxled Ly 3 OlaSS pudl bawgs gl dlaly cnl cwl s 03,87
a5 pudl el ol 3 oolizal nly s el oolizal LG
S o ) 9lid dly (gl (b s (SRS (2 3 Kl 0
S 5l oolazwl b (YF) dlayly 5o call alads ose ko aoldl >
PUTL S bl bawsgs anas opls o () Boad > 95

(Vo) dlas

(Y ablay)) S ey & alaly cpd)bo 51l Gy CLST 1 ookl b (VF) ey s (ol

log(tg (lat X )) =
log(sin(Meanlat) cos(Meanlat )) —
log(cos(Dlong FX ) cos(latF) cos(latT ))

log(tg (lat X )) =

log(sin(Meanlat )) + log(cos(Meanlat )) —
log(cos(Dlong FX)) —

log(cos(latF )) — log(cos(latT ))

(A alaly) ol YU alay (o il b 45 S g e

vy

(V%) dlasl

ARV ) ol (¥5) day (s3hoosle

(1Y) dal

] ID)\/ u.u)y uL.{)‘ bJLO.u.»lL)YL: djml)&dl).: u;l)JLu

VP lcusli (090 0 ylods (g g Comun 0590 d‘;’w”!rﬁ}f

g3 ool 5 4ol Juad



Olye 5 G0 57 8955 Sl iy, 5l 03wl b degdic 0215 ymme S

log(tg (latW )) =
log(sin(23)) + log(cos(23)) — (YA) dla),
log(cos(28° 30")) —

log(cos(10)) — log(cos(36))
> g S l 38 palie gl L
log(sin(23)) =159188
+ log(cos(23)) =196403
155591

(v4) k]

log(cos(28° 30)) =1.94390

+  log(cos(10)) =199335
+  log(cos(36 —=190796 )
g(cos(36)) - 155591
184521 ;o4coq .
171070

log(tg(latX )) =171070 = latX =27° 11.3' N
lonwX =lonF +dlongFX =5+28" 30'=33" 30

Do oo > VY alaly o call alads ST, g dlais g 5l eslaiwl b aeldl jo

long F =005"W lat F=36" N
= P=dlonge; |long T = 062°W , |lat T = 10° N \QE

dlong = 057° dlat = 026

PF =colat F =54°
PT =colatT =80
FT =dis_;

dpbn dwbre (F)) dal) Ojgo & dale g i dlai 95 O Cdlune Jladke (g9 elio (gl (ool bl jloslizel
(Mohammadi et al., 2021)

hav dis_, =
hav (dlat) + (FV) alal,

hav (dlong) x sincolatF xsincolatT

aA

VP lcusli (090 0 ylods (g g Comun 0590 d‘;’u”!rﬁg

g3 ool 5 4ol Juad



Olye 5 G0 57 8955 Sl iy, 5l 03wl b degdic 0215 ymme S

hav dis_, =
< hav (dlat) +

hav (dlong) x cos latF x cos latT
logX = loghav (dlong)+ logcoslatF + log cos latT
)5 dslxe ) YU dall) glodlex 15 o0 g8 QLS jl oolil L
log hav (dlong) =log hav057° =135733
logcoslat F =logcoslat 36° =190796
logcoslatT =logcoslat 10° =199335
- log X = =125864 _. nat = =0.18140

hav (dlat) = hav 26° = 0.05060

0.05060
+0.18140
0.23200 = nat=57" 35.3 _.

dis. ; =57 35.3 = 3455.3miles

:(Mohammadi et al., 2021) 5,8 avwloe 5 &g 4 1y adgloly g o ployoles bl 3l odlisul b

hav A =

[hav (colatT ) — hav (dis —colatF) ]x () aka,
cscdis x csccolatF

W‘MJQ_C b):{l.)w).) dm.lsl b‘) A 4.:9‘)
X =hav (colatT )— hav (dis —colatF)

hav (colatT ) =

hav (80" 00) =0.41318
hav (dis —colatF) =
hav (03" 35.3 ) =0.00098

.. log X =161511 X =0.41220
log X =1.61511
+logcsc 57° 35.3 =0.07355
+logcsc 54°00.0 =0.09204

. 178070 .. loghavA=178070 .. A =101 57.0

]

VP lcusli (090 0 ylods (g g Comun 0590 db)uﬁ;r}"}f

g3 ool 5 4ol Juad



Ol 9 oxe 57 8955 Sl iy, 5l 03wl b degdic 0215 ymme S

A JSE )0 25 sy w5 dise abas aglill 5B (59,8

el gly pu 0l Canl p3Y (V abais) uS5 g abais o> (1
(Mohammadi et al., 2021) ol 015 03,g] yus 0l

| |9EI |

i | e
'._ HU'A}_,:I-H ._._,r' ‘_']U'Pyl

Y T F,
" LATF R“

o

oSS dlall oldl g o e o (Sl g o pld-A IS
Fig 8- Napier circle to solve the latitude of the vertex point

F’il :dlonng RV :diSFy 1 PV =CO|atV, A =101 574

Wlued yaie 93 ghld pud opld )3 puaic j8) sliie yaic 93 L b oS ol (uSy9 2Wdlin (o, meie PV YL a5

l) bxl.} )..AL.C O ).uu 4]4}‘) ul}’@A Jim Pl )A.AJ a).g".) )l sl
Job bl ply pate 4 ogiaw dal jllxil 3 85705 )18

2wl o0 03liw] (Cawl SUdie puais 93 5

sinPV =
cos(90—A) x cos(latT )= (F7) ko
sin(101.95%) x cos (36")

D90 el pj 7pb & g S bawg YU dlaly 5)lge
log sin(101° 57.4') =199048

+logcos 36° 00.0' = 190796
- logsin PV =189844 __ PV =52"19.4 _ latV =37 40.6 N

sin latT = tan (90 — A:) =< tan(90 — F;l)

1 ~
— =tan (90 —A)x ——
tan(90 — P,) sin latA

tan(P,) = cosec (latT )cotan (T )

log tan(P)) =

log(cosec36°) + log(cotan 101" 57.0)

VP lcusli (090 0 ylods (g g Comun 0590 d‘;’u”}r}by

g3 ool 5 4ol Juad



S ¥ 6955 Sl pigy 3l odliwl b dowlis 0315 pamo J>

dl)m 9 (S o0
log(cosec36°) = 0.23078
+log(cotan 101° 57.0) =132561
155639
o B =19 481 _ longV =14  48.1E ..
D)5 duoles |y (id x> dlai (Sye lg5 o (A JSWS) yu 0l 5l eolawl b
S i oWl e S Slp i ople -t U
Fig. 9- Napier circle to solve the latitude of the rotation point
I:;1 =DLo,, =
DL
%7, DLo,, =

?2??° 2?2 N

57 oo aan o petat X —
~ +197 481 =48'18.1 {330 20 W

PV =52 19.4
_sin(90—P) = tan(PV)x tan(latX)
tan(latX) = cos(DLo;) x tan(latV)

log cos(48°18.1) = 182296

+log tan (37" 40.6') = 188759
log tan(latX) = 171055 __ latX =27 10.9 N

o=

27° 109 N
33 30 W _

dbis 4 by sloambne cusl jl o1l g g o 0 0SSy9 P9yl e Jo (gl 2980 0dmlin a5 5obolon

S (o Mg 3] sl Slolne o> o ey sl |y 23 2 b & b cul s e Sl o g S Ysk juue oo
Vo)

VP lcusli (090 0 ylods (g g Comun 0590 U‘J’U}Jrﬁg

g3 ool 5 4ol Juad



Ol)&o‘hg Sodxo

Goluo (oldl s Jobo OMBT 5y 3l odlaiwl b delsl y3 ol onis
bl dgslore gl (ytalae g oy dlasl) G (352 BB dplons )
Ol 0dds 001> drwgl Bgy (1058 Ly Cuwl 0 00D drusg IS >
O wldly Job MR Chinio )0 o )lsen (5 > dlad S ol
O duwles b s odds 03 dmwgs b9y DS oo )3 lalte g lae

S sl |y 482 alal (50 g e puyg LS dle

QLRSS judl & 395 o0 oumliio ool Cusy > 29 5

e & 3890 (uyg5 QUS| dler B dplone L LS (a3l b

35 5 ey ol ol 0 o U s e (o 35 dlai
ol Ao 5 a>gr b6 Jlais

g oid o3l Jluw (i3 dal (e g Jsb dwlo ()
daiy Olaie § Cus wSS)g dbts SYeb Ol 4 g5l
WIDM&WQ)y&mw&P

4 dond g )l 2939 Glusbre Cono (S S (¢
@ G S el 5 sl Bate Condly S ool s
D)l s i aled) el gl BLS] Y] S8z

Saex b Sopp Olpedl 0ad iy daly 4 a2 L
Sl S5 Wb e plisl (wgldl (63)5L)0 & &S ol (oDl
e Sl 0SSy9 Ghey Bk I e Sl bl dnslxe 4
bla alaly cpl 5l oolazel b sl o snlyas 9 15,0051y Lugildl s
s Ml.’?u’ ‘) doulae b):{‘.) o (69 un>)>

Refrences:

Chen, C.L., 2016. A systematic approach for
solving the great circle track problems based on
vector algebra. Polish Maritime Research,
23(2), pp.3-13. https://doi.org/10.1515/pomr-
2016-0014

Chen, C.L., Hsu, T.P. and Chang, J.R., 2004. A
novel approach to great circle sailings: the great
circle equation. The Journal of Navigation,
57(2), pp.311-320.
https://doi.org/10.1017/S0373463304002644

Chen, C.L., Liu, P.F. and Gong, W.T., 2014. A
simple approach to great circle sailing: The
COFI method. The Journal of
Navigation, 67(3), pp.403-418.
https://doi.org/10.1017/S0373463313000751

Cutler, T. J., 2004. Dutton's Nautical Navigation,
Naval Institute Press Annapolis.

\ey

S ¥ 6955 Sl pigy 3l odliwl b dowlis 0315 pamo J>

SlS &4 bgrye 93,5 35 slas adds +/Y Glubro oyl donis

S 5 L

29k 5 ala 93y Alold (0 JobS lgicds derlis 0l

29 o Al (59 doglas 0l prne Cunl 51355 3 (glosg Cen ]
2 (g9 p o o) il 23l ped Bl s g Cl imie S
GOnddy9e g Cal (et (Slo b Sl MBI (g 59518 50
o213 jl (bl & ol ©jg0 s daslas 0> (595 (62)55L 0 sl
oy 55 bl o Y ceely pme g odboli] doddac
b e 55) 0352 BB Lk dadae 01> (55 (6290 ) 29800
G blE G e 5 00D dnabre 35250 (Sl Sl edlitl
S P e A 298 Ao gy (Y Gy e
i bl a5 A5 s o3l darlic 0.l s 31 48 gl
9 5 1) djeel oygie , edlitwl cublB la by, 81
b SRS o 3 05k S by es ©jpod Wl e
e @2 Syg (09 3l Al > sl 90 eoliul (il b
ot S99 ot 4 B sl Sl (i Slawle o g 5 Y5k
plsl |y sz a4 bypye sl Cusl Sl ol 5l g
b gy ol 50 a8 o I il 38) oy Slowlore w45 puby
M3 > 3y90 dedae opls s (S slacdie (g, 5l oslitl
daghas oply (IS b awsle il (IS gy 9 5 ol S
il Job GMI | sy A dusls (Gl ol &S
o3litol (ggluo alols OISy i o dlai dpasloea (0 5 (55lens

Green, R. M., 1985. Spherical
Cambridge University Press.

Hsieh, T.H., Wang, S., Liu, W. and Zhao, J., 2019.
New Formulae for Combined Spherical
Triangles. The Journal of Navigation, 72(2),
pp.503-512.
https://doi.org/10.1017/S0373463318000772

Jofeh, M.L., 1981. The analysis of great-circle
tracks. The Journal of Navigation, 34(1),
pp.148-149.
https://doi.org/10.1017/S0373463300024322

KATZ, V. J. 2014. History of mathematics, Pearson
New York.

Mohammadi, A., Zadeghabadi, A., Hoseini Arani,
A. and Khazaei, A., 2021. Challenges of
calculating the vortex point of the great circle in
international seafarers training guidelines.
Journal of Research on Management of

astronomy,

VP lcusli (090 0 ylods (g g Comun 0590 d‘;’u”!r}by

g3 ool 5 4ol Juad


https://doi.org/10.1515/pomr-2016-0014
https://doi.org/10.1515/pomr-2016-0014
https://doi.org/10.1017/S0373463304002644
https://doi.org/10.1017/S0373463313000751
https://doi.org/10.1017/S0373463318000772
https://doi.org/10.1017/S0373463300024322

Ol)&o‘hg Sodxo

Teaching in Marine Sciences, 8(4), pp.151-165.
doi: 10.22034/rmt.2021.136612.1696

Murray, D. A. 1900. Spherical Trigonometry, for
Colleges and Secondary Schools, Longmans,
Green and Company.

Nastro, V. and Tancredi, U., 2010. Great circle
navigation with vectorial methods. The Journal
of navigation, 63(3), pp.557-563.
https://doi.org/10.1017/S0373463310000044.

Navy, R., 2008. The Admiralty Manual of
Navigation: The Principles of Navigation.
Nautical Institute.

Smart, W. M., and Green, R. 1977. Textbook on
spherical astronomy, Cambridge University
Press.

SNYDER, J. P. 1997. Flattening the earth: two
thousand years of map projections, University of
Chicago Press.

Snyder, J. P. and Voxland, P. M. 1989. An Album
of Map Projections: US Geological Survey
Professional Paper 1453, Department of the
Interior.

Vis, M., 2018. History of the Mercator projection,
Bachelor's thesis.

153

S ¥ 6955 Sl pigy 3l odliwl b dowlis 0315 pamo J>

VP lcusli (090 0 ylods (g g Comun 0590 d‘;’w”!rﬁ}f

g3 ool 5 4ol Juad


https://doi.org/10.1017/S0373463310000044

Ol 9 oxe 57 8955 Sl iy, 5l 03wl b degdic 0215 ymme S

S Cowgm
5 laitns 2185 093 by gl oo (538l (5l sl (Sioe 2 o0 8955 oy (Fowd e bl ST
ol Sy only alold (355 Iy o 2ldli> boye 5 Jsb : E ‘
e dho g agly pais oz il a5 cosl Slabaly rond loa J5er8

9

LUyl oo 4 1y (dsm 25 55 [V =T US8) 658 elio o Jlgie

A

(Yo oA (o iVlol 33 (5 o oIl ygiwd) (Aowd Hlg dhaly 10 (59 5 Sdin (s3> A-T e
Fig. A-1- The components of a spherical triangle in a four-part relation (Admiralty Navigation Guide,
(2008

o bl o a4y (V1) ) o5 ygos ) Jgto (a2gl5 9 9 e 99) augly 5 ol 2 Jlag 42 (tond Jlaz oy

(V1) el
cos (1S) cos (IA) =
sin(IS) cot(OS)—
sin (1A) cot (OA)

oo 25 9 4 C oD gl 93 (gl Ty b ogians abail, Lol )18 ol (ol ol SL3l LB 5 ©)g0a ) o]

cos b = ]
(V=1) dlas

COS C COS a +

sin ¢ sin a cos B

cos ¢ = (1) o

cos acos b +
sin asin b cos C

S o ol (V1) bl 5 (Y1) alad 511, cos b
cosC =
cosa(cosccosa + sincsinacosB) +
sinasinbcosC (F-T) alas

V¥
VP lcusli (090 0 ylods (g g Comun 0590 d‘;’w”!rﬁy

g3 ool 5 4ol Juad



Ol 9 oxe 57 8955 Sl iy, 5l 03wl b degdic 0215 ymme S

Dy Jols pjaaly Loy Clles (Sl

cosc = cosc(1-sina) +
sinacosasinc cosB +

sinasinb cosC 0-1) e
2')
logse B 25 a5 255050 Bl W oy b b 5 CO%C s
sinacos ¢ =
cosa sina sinc cosB +
sinb sina cosC (5T oo
2')
. ot e (g ; . . _sina _
Dgus oo Juol> i aaly g cowl Glo BB dloa ol 1 51 3929 YU dlalee &Mer (olos sle
sina cosc =
cosa sinc cosB +
sinb cosC (1) alas,
. .. .. sinc _ - .
Db e Juols 15 Cylie g foulS o pands Ol 1y (F-1) abasly b )b
. cosc
sina — =
sin ¢
cosa cosB +
sinb cosC
stne (V-1) day

o 1y oy alaly (59,8 cdio )3 o poginws daily (bl

sin B sinC

sinb sinc

%

sinb sinB

sinc sinC (A—T) dj@])

ol e Cass &y abaly (V1) dlayly ) (A-T) dlasly (o iSGls L

sin ¢
cosa cosB +
sinB cosC
sinC (\_]) dla)

Dous oo Jols i daly YU alaly o o)y (SwlL

Ved
VP lcusli (090 0 ylods (g g Comun 0590 d‘;’w”!rﬁy

g3 ool 5 4ol Juad



Ol 9 oxe 57 8955 Sl iy, 5l 03wl b degdic 0215 ymme S

sina cotc =cosa cosB +
sin B cotC (\,_]) day,
g o Juols owd Jloa iy Coles ;D g paiS o Jitie ;503 Ceows @ |y (Vo=T) dslee Cowly o pg3 alox

cosa cosB =sina cotc—
sinB cotC (=T e,

ol b g blgs g eMS! 9 yalme Lol a8 sl (V1) dsles s (VV-T) dolee

Vo5
VP lcusli (090 0 ylods (g g Comun 0590 d‘;’w”!rﬁy

g3 ool 5 4ol Juad



