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ABSTRACT

The four-part formula gives the relation between two angles and the two sides
adjacent to them around the spherical triangle. In the fact, the four-part formula, based on
the evaluating criteria of zero error propagation in steps of procedures, is optimal formula
for solving initial course angle in great circle sailing problem and for solving azimuth
angle in astronomical vessel position problem, respectively. Although the four-part
formulais very important in application of navigation but litter attention has been given to
the point in related literature. In this article, respectively derive the four-part formulae
from geometry, algebra and vector viewpoints and then use it to directly infer formulae of
Napier’'srule 2 of special spherical triangle.
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2.2

a S y a| cosa=-cospcosy+sinpsinycosa

a S y b | cospf=-cosacosy+snasinycosb

a [ 'y C | COSy=-CoSaCoSpf+Snasinfcosc

b a ¢ p | cosacosc=-cotbsinc—cotfsina

c a b y | cosacosb=cotcsinb—-cotysina

c f a y |cospcosa=cotcsina—cotysing

a f ¢ «a | cospcosc=cotasnc—cotasing

a 7y b a | cosycosb=-cotasinb—cotasiny

b y» a p | cosycosa=cotbsina-cotgsiny

(6.7]
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COS« COSC = cotbsinc—cot fsina

cosa cosb = cotcsinb—cotysina

cosfcosa=cotcsina—cotysing

cosfcosc = cotasinc—cotasing

cosy cosb = cotasinb—cotasiny

Cosy cosa = cotbsina—cot fsiny

Clough-Smith, J. H.
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3 AB D

AADC ABDC

cosa’ = —coshsinc+sinbcosccosa

cosa’ =-sinacosf

cosbsinc=sinbcosccosa+sinacosf
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(2 a,b,c,a,p

sinaxsinb
sng
(2 sinb

sha=

COSa COSC = cotbsinc—cot fsina

AABC

cosa = cosbcosc+sinbsinccosa

cosb = cosacosc+sinasinccosf

cosbsinc=sinbcosccosa+sinacosf

(2) (
(18)
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COSa COSC = cotbsinc—cot fsina

4 o) A,B,C AABC OA=a

OB=b OC=c a,b,c AABC A ,B,C

a-b=cosc, b-c=cosa, a-ct=cosb

‘axﬁ‘:sinc, ‘Bx(‘:‘:sina, |axé|:sinb

a 4 (axb) (axc)

cosa Sina cota
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_ cosa-—cosbcosc

cota = —
(abc)
cot o
(1d) a,p.c,a
©)
(abc) =sinasincsin 8
cosb = cosacosc+sinasinccos

(
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_ cosa-—cosc(cosacosc+sinasinccos f)
sinasincsin 8

cota

(1d)
cosfcosc = cotasinc—cotasing
(1e) a,y,b,a 3 % c
3
(abc)=sinasinbsiny ( )
cosc = cosacosb+sinasinbcosy ( )
(1e)
cosy cosb = cotasinb—cotasiny
2.3
5 (latitude of the
departure, LF ) (latitude of the destination, L)
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(difference of longitude, DLO) (course angle, C)
[9]

cos(DLo)cos(90° - L. )=cot(90° ¥ L, )sin(90° — L. ) — cot (C)sin(DLo)

sinDLo

tanC= .
[cosL, -tan(+L;)]-[sinL. -cosDLo]
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[

]

1]

L. =33°51.5'S

(Sydney, Australia)[33°51.5'S, 151°13.0E |

(Balboa, Panama)[08°53.0N, 079°31.0W]

L, =-08°53.0N DL0=129°16.0E

C=S73.9°E C,=106.1°
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6 (latitude, L)
(polar distance, pd 90°*d) (meridian angle, t)

(azimuth angle, Z)
[10]

tan 7 = sint
(cosL-tand)—(sinL-cost)

(Pub.N0.229)

[ 2 [L41°34.8N, 2017°00.5W] Alkaid

[49°25.7N, 003°14.2W |

[ ]
L=41°34.8N d=49°257N t=13°46.3E

Z=N46°06.4E Z,=046.1°

3.1

90° ( ) o0°
90° 1 0 ( 90°)
( 90°)

79



90° 5 3 ) (John Napier,

1550-1617 )

1 =

2 =

3.2
y=90° 7
2
1 y=90°
(49) (4b) (4c)
(4d)  (4e)
2
1
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(1f)

(1€)
(5d)

(5¢c)
(5d)

sna=sinasinc (4a)
sinb=singsinc (4b)
Cosc = cosacosb (40)
Cosa = Sin fcosa (4d)
cosf =sina cosb (4e)
tana=tana sinb (5a)
tanb=tan fsina (5b)
tanb=cosa tanc (5¢)
tana =cosgtanc (5d)
COSC= cot x cot (5e)
2 7=90°
(1b) (1c) 2 (58)  (5b)
(5e) a,pB,c (1a) b
a,c b (1) (5€)
p.c a (1d) (5€e)
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8

Sna =sinasiny (68)
sinf =sinbsiny (6b)
COSy = —COS« COS (6c)
cosa = sinbcosa (6d)
cosb =sinacosf (6e)
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tana =tanasin g (7a)
tan f = tanbsina (7b)
2 | cosy =—cotacoth (7¢)

tana = —cosbtany (7d)

tan f = —cosatany (7e)
2
c=90° (ad) (1a) (1b) (1¢) 2
(73a) (7b) (7d) (7€)
(7c) a,b,y (af) B
(789 ayy B (1f) (70) (1e)
(7d) b,y a (1e) (7c)

(polar duality lemma, PDL) (1]

(48)  (4b)  (4c)  (4d)  (4¢)
(6a)  (6b)  (6c)  (6d)  (Ge)
(58) (Bb)  (5c)  (5d)  (5¢) (ra (7)) (70
(7d) (7e)
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