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A Study on Direct Computation Methods of Astronomical Positions
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Abstract The Celestial Navigation is one of methods to obtain vessel’s position at sea. Based on sextant
altitude, Nautical Almanac and Sight Reduction Table, calculation altitude(Hc) and azimuth(Z) are computed
and by plotting equal altitude lines of celestial bodies on the nautical chart, then fixed position can be obtained.
These processes to obtain vessel’s position are very complicate and can be took some errors and can be
consumed much time and are required Sight Reduction Tables and Nautical Charts. Therefore I have sought
Direct Computation Method of vessel’s position from Navigational Triangle based on Celestial Navigation, and
reviewed several papers from IHO International Review and Journal of the Institute of Navigation, and
compared results of computation for Astronomical Vessel Positions. I have suggested simple algorithms and
programmes to obtain Astronomical Vessel Position using portable calculator.

Key words Celestial Navigation, Astronomical Vessel Position, Navigational Triangle, Meridian Angle,
Azimuth, Parallactic Angle
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Figure 1. Spherical triangle of Celestial Body
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Figure 4. Celestial Navigation Process
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Figure 5. Position Line Plotting on the Chart
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Table 2. Comparison of computation results for various Astronomical Vessel Positions

Ao

= A MERSS Casio fx5800P 4+&Z23}
DR L 9°01.5'N, A 130°30.0' W
IEOszl({lAgl;I)? d1=-26°01.5"S, h1=31.32173°, GHA1=178°45.8' 9°02.6' N
d2=-29°47.3" S, h2=29°41.7", GHA2=82°22.4' 130°33.2° W

9°02.7'N, 130°33.1' W

TEAZE 0] 5 2-80h2m555(303° 0.8M)

KOTRARIC
K-12(1980)
32°36.5' N, 28°23.0' E

DR L 33°16.6'N, A 27°40.0'E

d1=-17°30.8" S, h1=15.86838°, GHA1=274°27.2
d2=-17°28.5" S, h2=39°44.1", GHA2=327°08.9
BEZAIRE ol 54

Running Fix

3h30m48s

(141° 52.7M)

32°36.5'N, 28°23.0'E

KOTRARIC
K-12(1980)
34°47.2' N, 38°08.8' E

DR L 34°51.5'N, A 38°06.4' W
d1=-10°34.7' S, h1=30.85898°, GHA1=78°13.9’
d2= 11°38.7'N, h2=65°27.3", GHA2=29°08.8'
BN ol e4E

34°47.2'N, 38°08.7 E

S.W.GERY
Direct Fix(1997)
24°35.6' N, 81°46.4' W

DR L 24°328'N, A 81°47.8' W
d1=-11°08.2" S, h1=47°33.8", GHA1=105°14.1"
d2= -20°47.7' N, h2=28°54.8' , GHA2=39°43.5'

24°35.6'N, 81°46.4’ W

S.W.GERY
Direct Fix(1997)
35°00.0' N, 020°00.0" E

DR L 35°00.0'N, A 20°00.0'E
dl= 7°24.4'N, h1=30.3861°, GHA1=37°52.9
d2=-11°07.7" S, h2=20.77519°, GHA2=285°23.0

35°00.0' N, 020°00.0'E

TienPenHSU
STM(2005)
41°39.1'N, 017°07.3' W

DR L 41°348'N, A 17°00.5 W
dl= 49°25.7'N, h1=77°34.9", GHA1=003°14.2"
d2= 45°58.4'N, h2=15°19.3", GHA2=131°24.8’

41°39.1'N, 017°07.3' W

K.Gibson,
Running Fix(1994)
38°14.2'N, 073°35.7 W

DR L 38°30.0'N, A 73°43.0' W

dl= 22°21.7'N, h1=62.23333°, GHA1=46°58.4
d2= 22°22.64' N, h2=68°19.7", GHA2=90°49.9
Running Fix

2h55m27s

(49° 17.5M)

38°14.2'N, 073°35.7 W

EEEEE
=2 o(1968)
36°06.3" S, 080°43.8' W

DR L 36°23.0°'S, A 080°53.0' W

dl= 17°19.2" S, h1=29.510°,GHA1=15°00.4"
d2=-17°21.0" S, h2=59°36.2", GHA2=53°40.5
Running Fix

36°06.1" S, 080°43.6' W

2h34m41s
(25° 25.0M)
C.L.Chen DR L 39°00.0'N, A 157°10.0' W
AVP(2003) dl= 74°10.6' N, h1=47°13.6" GHA1=103°43.0 39°00.0' N, 156°21.7 W
39°00.0' N, 156°21.7 W d2=-11°08.4" S, h2=32°28.7" , GHA2=126°05.7
S.W.GERY DR L 39°04.0'S, A 002°26.0' E

Direct Fix(1997)
39°04.2" S, 002°25.9'E

dl= 7°24.4'N, h1=30.3861°, GHA1=37°52.9
d2=-11°07.7" S, h2=20.77519°, GHA2=285°23.0

39°04.2" S, 002°25.9E

. KOTLARIC, S.M.(1980), Celestial Fix by

Calculator for all bodies and positioning problems
without or with intercepts and azimuths,
International Hydrographic Review Vol. LVI(2),
pp-125-136.

. GERRY, S.W.(1997), The Direct Fix of Latitude

and Longitude from Two Observed Altitudes,
Journal of The Institute of Navigation, Vol. 44,

No.1, pp.15-23.

. CHEN, CL, HSU, T.P,. CHANG, J.R.,(2003), A

Novel Approach To Determine The Astronomical
Vessel Position, Journal of Marine Science and
Technology, Vol. 11, No. 4, pp.221-235.

. HSU, T.P., CHEN, C.L., CHANG, J.R.(2005),

New Computation] Methods for Solving Problems
of the Astronomical Vessel Position, The Jouranl
of Navigation, Vol. 58, No. 2, pp.315-335.

. U.S. National Imagery and Mapping Agency
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11.

AZ917) 0] A7)

(2007), Sight Reduction Table for Marine
Navigation, Vol. 1-6.

. Bowditch, N.(2019), The Americal Practical
Navigator, U.S. National Geospatial Intelligence
Agency, Vol. 1-2.

- =AR(1971), AEFefeh, s HieteiAE=A
Fu.
shaAl, 2ol (1983), AZA19le] A= Al
AR HAkste] #et A, s g ot

- A192(1989), AEZdHe dAakste] wRt A
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= 0olA el 47b ) AEeIx 2Pl o
) FUSH Y AZL4S Frhg AL (Casio
£x5800P) 2 AAE Vg2 ofelel Axfaeh

1. $Hx}H(Intercept method)ol| 2|8t siiE =tz

[AHI

20049 F=Z9x 41°348'N, 17°00,5 W $X]o)| A
20h02m56s0] AlkaidS #=3}31, 20h03m58s0]] CapellaS
otefjel o] #|ZE3IUTE o] Aul2 FA| 288°E 6.8 E 9]
&0 7 gal|=o|tiHol correction =(S(6.8)xt(1m2s)x
cos(318.8-288)+60=0.1")

Body ZT HO Dec GHA Zn
1 77349 49°25.7 | 003°
Alkaid 20-02-56 Holmd’ ‘N 142 318.8
77°35.0
2. o1a 4 | 45°584 | 131° R
Capella 20-03-58| 15°19.3 ‘N 28 047.9

D) ASALE £ AL 93 ALta=(He) %
WAZH2) A&

He = sin” (sinZ sind+cosZcosdcosLHA)

(sind—sinZsin He) )

_ -1
Z =cos™( cosLcosHe
Body 1. Alkaid 2, Capella
a Lat. 42°N 42°N
al -17°14.2' W -17°24.8' W
Dec 49°25.7 N 45°58.4' N
LHA 346° 114°
HC 77°45.3 15°43.6/
V4 47.9° 318.7°
Ho-Hc 104" A 227.9° 243" A 138.7°

17w

4N

- -a:--:iL'rl\-“h“\\{:f’z‘r

SEDEE ERAEghY

(2) AROHRAA Ee FE5HADAA HA 19
AAAd dig 39 9 AZE cHY A=
BA=E At

CH 9w = AF 9= £ YA(AL ) = 42° - 0°
6.97 = 41° 53 N

AQ =D cos C=-697 (AL : Y#, D: Az
(32, C: D)

CA A% = AF A% + A7(ADlo) = -17° 14.
2’W - 0° 1037 = -17° 24.6' W

ADlo = D sin C + cos Lm = -10,37

(ADlo: 7, D: AZ)

BH(HERIA = F=5AD0NA A 19] 91X
Aol gt 9] 2 AZZ DR A= A=E
A4t

DA 9% = A- % = YA(AL ) = 42° - 0°
18.26" = 41° 41.7 N

Al =D cos C=-1826 (AL : YA, D: Ag
3=, C: LD

DH Ax = A¥ Ax + A7(ADlo) = -17° 24.
8 W + 0° 21.53" = -17° 03.3’ W

ADlo = D sin C + cos Lm = 21.53'

(ADlo: 7, D: A&, Lm: SE%(L+Ly)+2)

(3) CHI DHIA F AR A=<} HHE &
vl CD = tan-1(ADlo cos Lm + Af ) =
125.43°
Ag] CD = AQ + cos C = 19.32

(4) AC A3t BD AoA Zzh #¢lo] Hmsts
Aol wA3h= AE Et dtH, EFo] F3t
= As7t 9o
A C, D, E7} wte A47h o] Wiztat Blo] Azl
A4ty
2 C = CE¥$17 - CD W9)zt
= 137.9 - 1254 = 12.5°
2 D = CD 9%9]Z} - DE #9]7}
= (125.4+180) - 228.7 = 76.7°
Z E = DE %97 - CE %%
= 228.7-137.9 = 90.8°

e CD X sin C
7 EAo =
D3} EX¥e] A2 DE Sy

= (19.32 sin 12.5)+ sin 90.8 = 4.18’



AZ91) HH Ay

(5) EX 9] 947 A4t

DHA 9] 9 AZ|Z DI Y=}t H=E ALt
gt

EX 9% = DA &= + $AH(40)

41° 417 N - 0° 2.42
= 41° 39.3'N
A0 =D cos C = -242
Ed A% = DA A% + AA(ADlo)
-17° 033’ W - 0° 4.152
-17° 07.45" (17° 07.45" W)
ADlo = D sin C(¥"94) + cos Lm = -4.152’

(A

200449 =% 41°34.8'N, 17°00,5 W x| A
20h02m56s°]] AlkaidS #=3}31, 20h03m58s0] CapellaS
ofelel 2ol T2s}eAh. o] AlMRe ThA] 288°2 6.81E0)
28 o7 30|t Hol correction =(S(6.8)xt(1m2s)x
cos(318.8-288)+60=0.1")

Body | ZT HO Dec | GHA | Zn
1 77349 ygers.7 | o03e
Alkaid |20°02°56|  Hota N | ey | 3188
77°35.0
2. via . | 45°584 ] 131° R
Capella | 20-03-58| 15°19.3 O P

Ho, $=%%}(correction) = Speed(knot) x AGMT x
cos RAz @))]
(6.8 x Im 2s x cos 30.8) + 60 = 0.00167656 = 0.1

Ho, corrected = Ho, + Ho, correction = 77°34.9" +
0.1" =77°35.0" ?2)

AGHA = Abs(GHA, - GHA;) = 131°248 -

003°14.2" = 128°10.6 ' 3)
AX, =
2 |sin- ! ! Rsin (R—L,,,)
sin Sn(0° —Tlo,) cos d, cos Rsin(R— Ly,
= 45.03549506 )
90° —Ho,)+d, +L
P 02)2 b lon g1 11583333

Zr =

: L —d , AGHA
2 {Sm" \/Sln2 h 5 Lt sin? 5 cos d, cosd,

= 74.52784802 (5)

o] wit At 15

A=2 sin"\/ .1 ;cos Fsin(F—d,)
sinzx cos d,

= 32.03989162 (6)
zx+d, +d;

r= — = 84.96475734

B=

2 |sin"} ! ! G sin(G— Ho, ,,)

s sinzz cos Ho, s &S Otad

= 12.87727854 7
zx+ Ho, + Ho, ,,

G= — = 83.7176740

X2 = A ~ B(®H = 19.16261308 (8a)

X2 = A+ B (3 = 4491717016 (8b)

QA TE: Tk X2 < AX2 o|¥, X2 = A ~
Bo]il, ofyH X2 = A + B oJth

L=

Ho, —d X2
90° —2 [Sirfl \/Sin2 22 2+ sinQTCos Ho, cosd,

= 41.65498573 (41°39.3' N) )

L = + o] %9|North), - o] ¥¢|(South)7} 2
.

MA, =
2 | sin~} ;L U si (U—H )
s sin(90° —d,) cos L 08 U8 %2
= 114.2956649 (10)
Ho,+(90° —d,)+L
U= 3 = 50.50165972
LHA, = MAy(A7) = 114.2956649 (11a)
LHA; = 360 - MA2(57) (11b)

A = LHA, - GHA, = 114.2956649 - 131°24.8'
= -17.11766847 (17°07.1' W) (12)

A 7} + Zrol®W E7(East), - go]w A7 (West)o]

AZHESTM)O &7t AE9AE 1H&
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[AHI

20049 FZ9x 41°34.8'N, 17°00,5 W $X]o)| A
20h02m56s°l AlkaidE #=3}31, 20h03m58s0] Capellas
ofefle} o] Wit o] Aute THA] 288° 6.8 0]
£ 07 gal|=o|tiHol correction =(S(6.8)xt(1m2s)x
cos(318.8-288)-60=0.1")

Body T HO Dec GHA Zn
1 77349 49°25.7 | 003°
Alkaid 20-02-56 Holmd’ ‘N 14 318.8
77°35.0
2. o104 | 45°58.4 | 131° .
Capella 20-03-58| 15°19.3 ‘N 248 047.9

@ 1A« FHAZE Por, Sy, S0l thsf 24 2l(D)
5 7o 34
cos D = sind, sind, + cos d; cos d, cos(HA) (1)
D =cos™ '[sind, sind, + cos d, cos d, cos(HA)]
= 74.52784802

@ 2eA : FHMAE Por, Sy, Siofl His) KAt
(@) 7= 84

sin(HA)
cosd, tand, — sind, cos(HA)

1 sin(HA)
cosd, tand, — sind, cos(HA)
=32.03989161

@ 3TA : FHAZE Py, Sy, Si = Py, Sy, S10]
o 11268 )& ok B4

sin 1, — sin f, cos D

tana, = 2)

a, =tan

cos By = cos H, sinD 3)
o | ATINECSD ) 67087206
ho=cos | 1%
@ 41:/_]—7:“ : %ji‘” S294 -?—]i]Z]’(mz EE] Mz)‘%‘ _;LB—}__E z
/L]
my, =a, ~f3, = 19.16001865 )
My =a,+8, = 44.91976457

® 5HA : FHHZHE Por, So, Py Ea= Por, Sy, Py

of disf #1=(Lp: % Lp)E Ft= &4

sinip, = sind, sinH, + cosd, cos H, cosm, (5)

Ip, =sin” ' (sind, sinH, + cosd, cos H, cosm,)

= 55.40160526

sinZp, = sind, sin A, + cosd, cos H, cos M, (6)

Ip, = sin” ! (sind, sin , + cosd, cos H, cos M,)

= 41.65334232 (41°39.2' N)

* % ) =S AR s
THoF Abs(DR Lat- L;) < Abs(DR Lat- L) ¢]
W, Ly o] A9A ol ohiw L, 7} e,
L =+ o] E9|(North), - o] F$](South)

7} =t
® 6TA : FHAZLE Por, Sy, Py = Por, Sy, Py
of gl A t)E ot 54,

sinm,

tant, = cosd, tan H, — sind, cosm, Q)
. sinm,

by = tan [cosaﬂztanH2 — sind, cosm, }

= -33.88092411

180 - (-33.88092411) = 146.11907589

sin,

tant, = cosd, tan H, — sind, cos M, ®)
. sinm,

fy =tan [COSthan]{z — sind, cosm, }

= 65.70686103 = 114.2931390
tan(-0 ) = tan (180°-0 ), wa}A (-0 ) = (180°-
6)= oA

180 - (-65.70686103) = 114.2931390

5w AU

A =t — GHA, = 146.11907589 - 131°24.
8 = 14.70574256
Ny =t, — GHA, = 1142931390 - 131°24.

8 = -17.12019437 (17°07.2" W)
LHAs(t) = 360 — t:(57)
LHA, = t(X7%)
A7+ ol FA(East), - grolW AF
(West)o] Fch

¥ % 7 AES AgAe] s
ek Abs(DR Lon - A 1) < Abs(DR Lon - A
) o|9H, A o] XYX|o|aL ojYH, A, 7F
Fok

4. Direct Fix0fl o[t At=4tH

£-2 Direc Fixol o3 459148 A&shs 114

olct.

[AH

2004 F==91% 41°34.8'N, 17°00,5 W 9]l A
20h02m56s°l AlkaidS #=3}31, 20h03m58s0] Capellas
ofefjo} Zro] B|&3}GTt o] AU FA] 288°= 6.8 E 9
&g o7 3lg=o|¢thHol correction =(S(6.8)xt(1m2s)x
cos(318.8-288)+60=0.1")

Body zT HO Dec GHA Zn
1 77349 49°25.7 | 003°
: -02- . o
Alkaid 20-02-56 Homd, ‘N 142 318.8
77°35.0
2. o104 | 459584 | 131° 5
Capella 20-03-58| 15°19.3 ‘N 248 047.9




AZ91) HH Ay

» A "z}
D A9H A 1D B 2709 40H 7 )
Aol At
t,, = GHA,— GHA, = 131°24.8" - 003°14.2"=
128°10.6 3)
@ 9JA} ol (pseudo coaltitude, A 104 HA
274A19] SJAF A1k, hpp) Atk
hay(ty: dyy dy) =
sin ! [cos t,, cosd, cosd, + sind, sind, |
= 15.47215198
@ A 18] A LUGP)ellA S7(polar distance) ThEt
S1A17HA) At
A(d“zv d, hu) =
cos™ ! [(sind, — sind, sinh,, ) + (cosd, coshy, )]
= 34.53321078 %)
@ AA 19] A (GP)ol|A] A (zenith distance)o]|
iRt AAIZH(B) At
Blhy, hys hyy) =
cos™ ! [(sinh, —sinh, sinhy, ) = (cos h; cos hy, ) |
= 88.97483601 (6)
® A 12] AAGPAA A Fajkzel 91
ZHPy) AL
P, = A ~ B = 54.44162523 @)
A 19) 2GRN s Faatzhael 913
ZH(Py) ALt

“)

P, = A + B = 123.5080468 ®)
© 4 ez e) BEA YL A

[’1(P17dl7h’1): ©)

sin” ! [cos P, cosd, cosh, + sind, sinh, ]

= 55.40160526

ShR Walzie] BEAL YELY) ANt

LBy dyy 1) = (10)

sin” ! [cos P, cosd, cosh, + sind, sinh, |
= 41.65334231 (41°39.2"N)
e F N =S X9IRY whEA
glok Abs(DR Lat- L)) < Abs(DR Lat- L»)
o|H, L, o] Af|A|o]L, ofH L, 7} FHrh
@ A 19] A 9A(GP)o A 5 etz o] ke
AdZH(t) AL

tl (h17 d17 Lj) =
cos™ ! [(sinh, —sind, sinZ, ) =+ (cosd, cos Z, ) |
= 17.94240923 (11)

AA] 19 A\SUGP)IA 315 iz el 2o
A7ZH(t) A4

Wio] B A 17
t:)(hvdlez) =
cos [ (sinh, — sind, sinZ, ) =+ (cosd, cos L, )]
—~ 13.88352770 (12)
= ALk
5 23] 1Gplyol B2 A3(zn > 18099

5.

[e]

g

Al T&(Zn=318.8°) =,
A1 =(t) -~ GHA, , A2 = (-2) - GHA,
A 1(Gplyo] TEAS] F5(Zn < 180°)°]
Al BESEY,
Al:tl_GHA],Xz:tz_GHAl

# AR 9 H9IZHD) AL
He = sin” ! (sinZ sind + cos Lcosdcos LHA)

_,, (sind—sinZsinHc)

7 =
€08 cosLcosHe
A el el A=)

A1 = (-t)) — GHA; (13).
(-17.94240923) - 003°14.2
-21.17907590
SHE @ o HE(A )
A2 = () — GHA, (14).
= (-13.88352770) - 003°14.2
= -17.1201 9437 (17°07.2" W)
#5740 AEF A9A) W
ek Abs(DR Lon - A 1) < Abs(DR Lon - A
) OI¥, A o] MfJXjolaL, oy, A, 7F
.

Casio fx—5800P A[A7| MEQIX| =23

Casio fx-5800P Ail7]] o3t H=9]%]
ofefje} Zt.

[

233

(Mode) 5 : Prog

(Program Menu) 1: New

(File Name?) [DIRECT FIX]

(File Mode) 1: COMP

Clr Memory : “DIRECT FIX”
Lbl 1 :

“DR LAT”? — Z[1] : “DR LON”? — Z[2] :
“DECI1”? — Z[3] : “HO1”? —Z[4] : “GHA1"? —
Z[5] :

“DEC2”? — Z[6] :
Z[8] :

“T12” : Z[8] - Z[5] : Ans — Z[9] :

If Z[9] >180 : Then 360 — Z[9] : Ans — Z[9] :
IfEnd :
“HI2” :

: 30 — Dim Z :

“HO2”? —Z[7] : “GHA2”? —

sin™(cos(Z[9]) cos(Z[3]) cos(Z[6]) +
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sin(Z[3]) sin(Z[6])) : Ans — Z[10] :

“A” : cos™((sin(Z[6]) - sin(Z[3]) sin(Z[10])) =
(cos(Z[3]) cos(Z[10]))) : Ans — Z[11] :

“B” : cos((sin(Z[7]) - sin(Z[4]) sin(Z[10])) +
(cos(Z[4]) cos(Z[10]))) : Ans — Z[12] :

“P1” : Z[11] - Z[12] : Ans — Z[13] :

“P2” . Z[11] + Z[12] : Ans — Z[14] :
“LAT1” : sin’(cos(Z[13]) cos(Z[3]) cos(Z[4]) +
sin(Z[3]) sin(Z[4])) : Ans — Z[15] :
“LAT2” sin"(cos(Z[14]) cos(Z[3]
+sin(Z[3]) sin(Z[4])) : Ans — Z[16] :
“T1” @ cos™'((sin(Z[4]) - sin(Z[3]) sin(Z[15])) =
(cos(Z[3]) cos(Z[15]))) :Ans — Z[17] :

“T2” . cos™((sin(Z[4]) - sin(Z[3]) sin(Z[16])) =
(cos(Z[3]) cos(Z[16]))) :Ans — Z[18] :
“LONG1” : ( Z[17] - Z[S5]) : Ans — Z[23] :
If Z[23] >180 : Then (-360 + Z[23]) : Ans — Z[23]
: IfEnd :

If Z[23] <(-180) : Then (360 + Z[23]) : Ans —
Z[23] : IfEnd :

(Z[17] - Z[5]) : Ans — Z[24] :

If Z[24] >180 : Then (-360 + Z[24]) : Ans — Z[24]
: IfEnd :

If Z[24] <(-180) : Then (360 + Z[24]) : Ans —
Z[24] : IfEnd :

If Abs(Z[23] - Z[2]) < Abs(Z[24] - Z[2]) :Then
Z[23] — Z[19] : Else Z[24] — Z[19] : IfEnd :
“LONG2” : (-Z[18] - Z[5]) : Ans — Z[25] :

If Z[25] >180 : Then (-360 + Z[25]) : Ans — Z[25]
: IfEnd :

If Z[25] <(-180) : Then (360 + Z[25]) : Ans —
Z[25] : IfEnd :

(Z[18] - Z[5]) : Ans — Z[26] :

If Z[26] >180 : Then (-360 + Z[26]) : Ans — Z[26]
: IfEnd :

If Z[26] <(-180) : Then (360 + Z[26] : Ans —
Z[26] : IfEnd :

If Abs(Z[25] - Z[2]) < Abs(Z[26] - Z[2]) :Then
Z[25] — Z[20] : Else Z[26] — Z[20] : IfEnd :
“SELECT PO” :

If Abs(Z[15] - Z[1]) < Abs(Z[16] - Z[1]) : Then
Z[15] — Z[21] : Else Z[16] — Z[21] : IfEnd :
If Abs(Z[19] - Z[2]) < ADbs(Z[20] - Z[2]) : Then
Z[19] — Z[22] : Else Z[20] — Z[22] : IfEnd :
“FIX LAT=" : Z[21] A

“FIX LON=" : Z[22] 4 Gotol

cos(Z[4])

6. Casio x—5800P HELIX| T2 AR =A

(1) Casio fx5800PE ZFs3icth.

(2) AA719] Modez Eoj7tt}.

(3) AlX712] Mode, 5: PROGE Eoi7ich

(4) Program Menu, 2: RUNS.&2 Eoj7tc}

(5) =271 DIRECT FIXZ Eoj7it}.

6) th=1F 2ol g8 8 ¢AYE = &, % Key
£ =7, =9 (DR LAT, DR LON)&} A1
°] DEC1(&¢]), HOl(IZ=11%1), GHAL(Zg]Y
AAZAN T AA29] DEC2(A9]), HO2(HS1L
Z1), GHA2(ZHYAAIZADE 8iEd gtor ¢
g3l1, EXES F2rt
DR LAT?, DR LON?, DEC1?, HO1?, GHA1?,
DEC2?, HO2?, GHA2?

(7) uFA9F GHA2E HEslal EXE7|E =
FIX LAT($%)9} FIX LON(HE)o] =%

=(°) 99z A9 S #AE &,

=

1)

]

=2

z 718 FEH, 9= 9 F=9 3ol
2 gHibEch

(8) WheF = HA&] HEARbe] T3t Adute] o] F7F
9] ¥ A (Running Fix)o] " Q3shH, v} Aoz
Aikste] A2 #E5TE A Y] WSk (Hoy)
7RI
Ho; «a = Hoy + 4h
Ah correction(3) = S x T x cos(Zn - True
Co)]+60
S: Aek &£ (RE), T: T=A
AA A=), True Co : AlHF

(9) o] RN A7, F9l, E2%= - F=5
A8tk

(10) o] =233 Stanley W. GERY 9] Direct Fix
o FAL AgHAC, £ Ao Fuaz
AAF ANAE FEAA 7P ke 9
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