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W 2000.0 A.1 CHECKOUT or rm: J 

Time is entered in the subroutine in terms of a Julian 
date. In order to convince ourSelVes that we could do this 
correctly, we obtained the solar/lunar positions for an 
arbitrary date and time from "The Nautical Almanac" (see 
Figure A-i), and compared them to the subroutine's output. 

The time was: 

ALMANAC: 22 November 1986 : 1 2 : 0 0 : 0 0  UT 

. SUBROUTINE: Julian Date I -5114.5 
Day a 326 
UTH . 12 _ , 

The position was entered as: 

LAT I 0 ; LON - 0 

and the computed vectors in UP, EAST, NORTH were: 

.. 11 . 

1.38465722202 10 
I 

SUN I -8 .41132285467 10 ft 
10 

-5.08431288119 10 

p a 
1.39266021515 10 

s 
MOON - -3.41443987035 10 it 

a 
1.62445237254 10 
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TIDE 

NAUTICAL ALMANAC 
FOR THE YEAR 

1986 

1986 NOVEMBER 22 (SAT.) 

om. SUN MOON 
6.“ Dee. G.H.A. 0 Dec. (1 ".8. 

G I O I O I I 9 I I I 

22W 183 30.8 520 01.3 298 04.2 11.5 N25 16.9 06.8 54.3 
01 198 30.6 01.8 312 34.7 11.6 25 10.1 07.0 54.3 
02 213 30.4 02.4 327 05.3 11.6 25 03.1 07.1 54.3 
03 228 30.3 . . 02.9 341 35.9 11.6 24 56.0 07.3 54.3 
04 243 30.1 03.4 356 06.5 11.7 24 48.7 07.3 54.3 
05 258 30.0 04.0 10 37.2 11.8 24 41.4 07.5 54.4 
06 273 29.8 520 04.5 25 08.0 11.8 N24 33.9 07.5 54.4 
07 288 29.6 05.1 39 38.8 11.9 24 26.4 07.7 54.4 
08 303 29.5 05.6 54 09.7 11.9 24 18.7 07.8 54.4 
09 318 29.3 . . 06.2 68 40.6 11.9 24 10.9 07.9 54.4 
10 333 29.1 06.7 83 11.5 12.0 24 03.0 08.0 54.4 

348 29.0 07.2 97 42.5 12.1 23 55.0 08.1 54.4 
12 3 28.8 520 07.8 112 13.6 12.1 N23 46.9 08.3 54.5 
13 18 28.6 08.3 126 44.7 12.1 23 38.6 08.3 54.5 
14 33 28.5 08.8 141 15.8 12.2 23 30.3 08.5 54.5 
15 48 28.3 . . 09.4 155 47.0 12.3 23 21.8 08.5 54.5 
16 63 28.2 09.9 170 18.3 12.3 23 13.3 08.7 54.5 
17 78 28.0 10.4 184 49.6 12.4 23 04.6 08.7 54.5 
18 93 27.8 520 11.0 199 21.0 12.4 N22 55.9 08.9 54.6 
19 108 27.7 11.5 213 52.4 12.4 22 47.0 09.0 54.6 
20 123 27.5 12.0 228 23.8 12.5 22 38.0 09.1 54.6 
21 138 27.3 . . 12.6 242 55.3 12.6 22 28.9 09.2 54.6 
22 153 27.2 13.1 257 26.9 12.6 22 19.7 09.3 54.6 
23 168 27.0 13.6 271 58.5 12.7 22 10.4 09.4 54.6 
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Figure A-l.  Solar/lunar positions for  22 November 1986 
from "The Nautical Almanac". 

The hour angle and declination are computed asi 

(-EAST) 
GHA - atctan 

UP 

NORTH 
DEC NORTH a arctan 

SQRT(UP‘+EAST') 
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The comparison shown in Table A-1 convinces us that we 
are handling t ime properly. 

Table A-1. Solar/lunar positions. 

GHA DEC 

SUN .. 
AImanac ;3° 28.6' S 20° 07.7' 
Subroutine 3° 2 8 . 8 '  S 20° 07.8' 

MOON 
AImanac 112° 11.4 '  N 23° 46.5' 
Subroutine 112° 13.6' - N 23° 46.9' 

A.2 LISTING AND CHECKOUT 

There are three solar/lunar gravity effects: 

(1) gravitational attraction, 
(2) distortion, and 
(3) tides. 

'The positions of the sun and moon and their gravitation- 
al attraction at a point on the Earth are computed by this 
subroutine according to the NSWC.algorithms. 

The corrections for the solar/lunar distortion effects 
are not done according to the NSWC algorithms; instead, at 
the suggestion of W. Robertson, we merely multiplied the 
computed gravitational attraction by 1.16 to get 86. 

The tide effect is ignored in this subroutine. 

One check case was run comparing the value computed by 
this subroutine with that computed by WMR.GRAVTIDE, which is 
a validated gravity-effects program used at CSDL. Both pro- 
grams compute three components of the gravity effect; only 
the vertical component is used. The comparison is shown in 
Table A-2. - 



Table A—2. Check case. 

CLP WMR 

UP 0.96 nano-g 0 . 9  nano-g 

NORTH -33.66 - 3 4 . 1  

EAST 1 2 . 4 8  12.7 

w 
This program was specified and written by C . L .  Pu. 

Ila-P1431 JOB I“,CLP1431 ,TI"( .30) ,RIBIWI12KJO‘I'IPVICLP1CJ1 
INOIPARN W W  
I /  IXIC M I L  
l/C.3YSIN DD :- 
13 W CLP.W1 

T N I S W W S M I N T I U ‘ W S I M D M  
To m mVITV “SID Cl I N T I “  BY NAVAL 
m m  mans CINTIR. 

THIS a m  Is USID AS A W I ”  CALLID BV PICA 
CALIBRATIQI PROGRAM TO “ I "  0 AT CSDL TD new“ 
SIN MD M AMIGO. 

INIT W I } .  W.W,WS,D,J 

“TD-42 . 3.43 
LCD-2|. . .3 
Ill-0 

PRINT N80.SP2 
LAW: m M I C  LATI‘I'UN (CSDL) 
LOO: I” “MIC MITIDI (CSDL) 
N : 2W “MIC ALTITIDI (63“.) 

PRINT M.LATD,LUO,H,SP2 
LA‘I'D I . “  H 
NIL-O 
PRINT NSO.SP2 
UTH.I.ITN,UTS.DAY'IW WIVIRSM. TI“ mmzms. 

SIMSJMV U TI. VIAR 
PRINT NSC.SP2 
U‘I'N'IASTIRN STAIIMRD TI“ 4' 5 III M 
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IASTIRNDAYLINTSAVINTIKi'AR 

PRINT M,UTH,UTN.UTS,D.8P3 
UTH UTN UTS D 
PRINT N50,"! 
J'QMIAN DAYS PM noon 
PRINT mama” 
J 

”mun 
I'.“1I18101 
1-1-3. « 1 a  
nut-p11 no 

as 
ans-1 .327124 so 

11 
tau-4.3027: 10 

PRINT NSC 
A'SINIM AXIS IARTN lLl-IPSOID 
I'IOGNTRICITV IARTN ILLIPSOID 
PRINT N86.8P2 
coo-man's HAVITV COSTA!" IN NILLIflAL-IITIR SQ 
“'M‘S MAVITY WANT IN awn-um 8Q 
PRINT M.A.I.OB.H.SP2 
A I as an 

LAT-02R LATD 
“T'COS ( LAT) 
SLAT'SIIN LAT) 
LOO-02R LOO 
emu-cos ( LN) 
M'SIIN LU!) 

SIN-1°20 
-G 

PPN'1O 
SCALI'SP'N PPN so 

PRINT ”0.92 
SW10” MIN/S PIR CN/S SQ 
SGALI'OGNIRSIW Fm H I M .  TO NIMIS 
PRINT m.sm.suu.sn 
SIN SCALI 

LIIIVIRSAL TI“ IN M 

RTFM/MISC” 

”'9 



m-w'ron-‘r/uoo 
II TUT m a  24,”?‘1UY-24,D-W1 

m 0' DAYS man 42“ 

MEN/24 

m m  w a s  

Till/mu 

m e n  um 3 2 m  1’!" ( M )  

oat-24110.54u1nuo1ua1uu 1' 
2 '0 3 

4-.“3104 T -I.2 10 T 
MUST/SW1“? 

I ' M - H i m . . 7 0 1  
IFALPHIIB.”TOJ 

2F ALP" L311“ 24.” To 2 
mun-24 
U To 1 
N 1'0 I 

II ALP" "‘2,” 1D 4 
m m u  
N 7° 3 
NIL-O 

NIL-O 

ALP" ZN nuns 

ALP-ALP" 18 

m “ V  N Sill 

«337.339.333.003 IN 

IL'm.m+.“M4 I. 
0-3 m 

SO'SI'NU) 
WMHIR) 
“ '2  fl 
san-smmm 
can-comm) 

[CLINIC M ! “  U SIM 



“I'M-#1.!‘II 80+.020 820 

"LICJITV OP [CLINIC 

"8'33.“0- .oooouon IN 

0331’” W SI." rm IM‘I'H 3N m 3 :  Illm 

W1.m14-.O1I71 cannon“ can 

3331'” W Sill rm IM‘I'H ( W )  

11 
ISM 1.4mm 10 

"8.028 IFS 
803-81!“ IFS) 
CIR-COS ( IFS) 
ALP-92R ALP 
W'COS(ALP) 
W'SIPNALP) 
LAN-02R I.“ 
cum-ecu LAN) 
W81!“ LAM) 

P0817!“ VIM nun 1'0 “ ( W )  I" wanna. 
um 

”'33 CL“ 
VS'RS an  SLAM 
R'RS SIPS SLAM 
X81'CALP XSW VS 
YS1I-SALP XSW Y8 
X8243.“ X3109." YS1 
Y32'-SW X81” Y31 
82.3 

sun's MIT!“ " M  II VIRTZGIL.IAST,W (V,I .N) 
r m  AT POINT O0 nun 

XS'CLA‘I’ XSZ'FSLAT 32 
B'-SLAT XSZ'O'CLAT 232 
YS'YSZ 

bum-sun i-I I SLAT SLAT) 
van/om 
”1'(H*H)¢LAT CLO. 
YP1'(|‘+H)CLAT sum 
,1'((1-I I)lIOH)SuT 

" I ' M  ” 1 M  "1 
VPZ'-SLOI ” 1 m  VP1 
22'21 

99
 



P0887!“ Vim 3 POINT on m I" (V, I ,N) m 

XP'CLAT " I N T  ”2 
VP'VPZ 
2P'-SLAT XPZOQAT ’ 2  

mz-(xs-xp) (XS-XP)¢(VS-VP) (VS-VP)*(B-ZP) (3")  
nan-asp: 387(R3P2) 
m-xs X30" 73923 8 
mass ”7(33) 

M A M I M O F M A T P O M M W  
W W  

DOSX'HS( (XS-X?) Inn-xsmsa) 
DOSV'W( (VS-VP) IISPS-VS/RSS) 
9082‘“( (13-?) IRSPS-ZS/RSS) 

m 0' “ I ” !  w a s  non 41000.0 

Till/30323 
W21I.32m12§7.“3 7+..2. SIN(DIR(134.M'FH“.II 7 ) )  
UNI-1.27 SIN(DZI(288.2-l13338.3. 7 ) )  

+ .“  81N(02I(238.7+ 390334.23 7 ) )  
WW.21 sxmnzmzu.mo7.7 7 ) )  

-.1. 81N(02R(337.3+ 38m.“ 7 ) )  

name M I M I  OF noon 

LM'Lfl-J1 smtnannu.m.os 7 ) )  

3.7.8.13 SIN(02R(83.3M83202.0I 7 ) )  
+.2. SIN(D:I(23|.2+ m . ”  7 ) )  

[OLIPTIC “TIMI OF noon 

WIT-.2. SIN(DZR(31I.3M.1O 7 ) )  
- .17 SZN(DZR(217.I- ”332.2 7 ) )  

VPII.M+.OI1I COS(D¢R(134.W1“.II 7 ) )  
+300: coswzn(zu.2-41uas.u 7 ) )  
in”. costna(m.7uoosu.za 7 ) )  

fi l m ” .  P M  

VPI'VPI'LMI COS(D!R(28..m.‘I-7 7 ) )  

9137‘“ PM m 70 noon IN mm mt: 

”1/88.!(08 VP!) 

D I S T M W T H T D M I N W  
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W A  

CIIT'QS(DZR BIT) 
SUIT'SIINDZR II‘I’) 
cut-comm Ll) 
SLI'SIDNDZR Ll) 

9083'?!“ VIC?“ mm: 1'0 noon 3N m u m  m 

yon-m CIIT GLI 
W1W(.8178 CI" “ . 3 " .  SUIT) 
241W( .3878 CII'I’ ”.8173 SIT) 
M ' W  XI‘H‘SALP VH1 
war-w “1%? VII 
82'2" 
“SIM mam VIZ 
mi-SW m m  VH2 
ans-n2 

moon's P083?!“ m mu m 3' (V, I .N) nun 

”MT NWT m 
WM 
” -3“? NWT M 

manna-xv)(m-ewu-VI-Hw-vnHa-ruan-a) 
Ion-m2 sanmz) 
Inga-xx mm man at 
lop-m sun-mm 

V I T A M I N G W A T P O W W I M T H  
W 

aux-a.“ (XI-")II'S-Xll/IIS) 
nun-um (VI-VF) [R’s-Willa) 
, m (  (ZN-2P ) [ma-nuns) 

“ T A M I O I N M ‘ W A T P O M M I M W  
m u m s - W  

l a m - m m  
m-nosvm 
W W W  

WV!” 9 1 3 m  I. To D I M ! “  at m 
m I l l  

F m  TD M T  IFFICT U AMIGO 1'0 
memo: DISM‘I’IW m m  70 “.mmnt: 
VII‘I'ICAL'L‘IB 
“mu-.53 

nos-1.1a DOSX SCALI 
”1.1. nun sou 



RAVITY W I N  IN H IM/8  

sum AT INIT .81- 

\
 I 

FORTRAN LI 51'! N6 

This program was written and checked out by D.  Millard. 
I t  i s  a translation of  the MAC program. 

6 
W M (  

0 T 
Y 003 .00 . “ )  

m l  

M W M M I W U M M M ' T A W M  
m m m v m m m l m m  IY NAVAL m m  
m m .  

a m  “81' 

.g
 

SIC TI“ m a n  man ‘l'U'I'D 

V I M  m 1 :  

"8 MIC” RAD/S CAVITY mount: a:  TO I l l  
9“ MICRO RAD/3 CAVITY m e n u  I. to m 
M I I “  RAD/8 CAVITY MICTIOI M 10 " 0  noon 

m DAYS non Jaooo Fm MIT.JAID(IIMIOIT) 
("Id M L T R O F  1 c m “ .  SIN; MIDIMCALII.) 

TR ( I )  SIG TI“ W W3 OPIN 

INITIALIZATIW I” III-I 

PRINT m SUIT“ 
“ODITIC LATITUDI 
“MIC M I M I  
“ T I C  ALTITUDI 
WIVIRSAL TI“ m ,  u m .  u m :  

0
0

0
0

0
0

0
O

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
6

0
6

0
0

0
0

0
0

0
0
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JO “ I . ”  M V S M J W  

m I'll-l III/ 
m ”It?!” [0/ 

E 
"
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s
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e
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'I'D 

EC
 

E 5
 

A—ll 



RIM-*8 

A-lZ 



p l  

EE
EE

EE
EE

EE
 

lauxvauucl (DATAH). W )  
I m  (“11(2), LATE) 
W I V W  (“11(3), LOO) 
m u m  (“11(4), H) 
“ fi l m  (0411(5). UT") 
WIVALINCI (DATA(I),  U1") 
m u m  (“11(7), UT!) 
m u m  (“11(8), N) 
m u m  (”11(0), &)  

3F mum .IQ. 1 )  no 1'0 109 

m XIII-I 

nun (I'll-I. moo, W”)  I .  MTA(1) 
U 1'0 10 
ecu-rm 

' 0370137.” 
.“181819100 

1 ' 3.141302033333000 
.D 

(
.

1
!

)
 

I n 

m ' P1/1IO.N 

' 1 32712402: 
4.3027901"? 

' 1020. N 
1%. 
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H? ' DWLATD 
L04 ' P M  

C 
SLAT ' DSZNHJT) 
CLAT ' MSG-AT) 

6 
sum ' ”INN-GI) 
cum ' 06080.“) 

C 
c 

'I'UT ' U'I'H 0 INN/n.” 1' HTS/3m.” 
6 

mo ' TU‘I' 
c 

D ' N 
C 
C 

PRINT 1010 
6 

PRINT 1cm. LATE, L”, H. UT“, um. "TS, ‘I'U'I'O. M ,  .n 
C 
C 

1mm ' 1 
C 

C an m INITIAL-12M!“ 

C 

uncanny: 
C 
C 
C m u u m m ( M ) n ? m 3 1 m r x u m m m u v s ( o )  
C 
C 

Tll'l’ ' m+wuomno 
C 

II (1111' .Ol. 24.”) 11!." 
c 

1131' I 1111' - 2‘.” 
C 

D ' 0 9 +  1 .”  
C 

" I !  
c 
C 
C "set." 1'!“ IN DAYS I'm 42000 (IN) NO “ I “  w a s  (1') 
c 
C 

IN I . )  ¢ D + T U T I 2 4 . N  
c 
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00
 

0
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0
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0
0

0
 

00000
 

0 
0

0
 

'l' ' Ill/38828.” 

m w m s z m r m m m  ( ‘87)NOM (M) 

"1' I 24110-34041” '0 M 1 M . I 1 W  
X ¢ .ouwaoo-m - (I.3D-I)m3 

ALP" ' M 9 “ T I M . ”  

IF ( m  .61. 0.”) PRINT 1080. “SLUITALPH 

m w w - m m o n n a m  

3F (AI-PH .H. 24.”) “IN 

110 ALP" ' ALP" - 34.” 

IF (Al-PH .fll. 34.”) U 1'0 110 

[1.8. IF (Al-PH .L'I’. 0.”)  11m 

120 ALP" ' ALPH O 24.00 

1' ( M  .L‘I’. 0 .” )  fl 1'0 120 

no IF 

mun ALP" IN " m  (ALP) (1| alt/nun) 

ALP ' W15.” 

IAN AMI-LY W SUI (O) nuns 

O ' 387.82!” 9 . u s m  

IAN m1?“ 0' SUI 

IL ' 280.4“ + . 3 5 0 6 ”  

1' ( m  .67. 0.”)  PRINT 1070. ALP". ALP, 6 .  IL 
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“0000
 

00000
 

0
0

0
0

0
 

0 
SO ' ”Slflfl) 

a I 9608(.) 

830 ' ”IDNN) 

020 I ” ( . 2 )  

IGJPTIC mm»: W all 

W i l l - 0 1 . 0 1 ” “ .  .oaooo-szo 

“LIN!" or ICIJPTZC 

IFS ' 23.43” - “.49-0 

0331’” M 31“ TO um IN “ M I C  LISTS 

m ' 1.0001400 - .O1I71W - . 0001”  

R8 ' W1 . m m m u  

("mammals 

1' ( m  .01’. 0.”) PRINT ’0“, “.08.“,88 

m - a m  

so: - oummi 

an - nouns) 

au- - a m  

up - 03mm." 

can - mun) 

uu - o m  

sun - numuu) 

CLAN ' 0008(LAI) 
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00(10i
 

n 
0

0
0

0
 

"SIT!“ m m TD SIN ( M )  II ' 8 ! ! a  m 

B i ' M ‘ M  

v31 u m  + m 

X S Z ' M 1 ¢ S M 1  

m " M 1  ¢ non-v31 

SIDI’S MIT!" VICTQ II VETS“. MIT. sum: (V,I.N) P M  
AT POINT OI "TH 

n-mrma+sunzsa 

V S ' Y S Z  

3 '-SLAT*X82 ‘0' u m :  

a m  3 “TH.”  - N W T )  

H ' A / m  

”1 ' (H + m-eum 

W1 ' (I. 4 uncut-sun 

P1 ' H1 .”  - M ) “  O FDISLAT 

X?! ' ” " 1  '0' m 1  

"2 ' - m 1  Q ” " 1  

P Z ' F 1  

MIT!“ m or POINT OI nun IN (V,I.I) PIA. 
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0
 

XP ' m m :  4' SUN”! 

V P ' V P Z  

2 ‘-8LATIXP2 1' c u m  

3' ( m  .61’. 0.”) 
X PRINT 1060. 3.”.3.XP1,VP1,,1.XP2.VP2,92.XP,VP,, 

m :  I (X8-XP)'(XS-XF) 4‘ (VS-VP)¥(YS-VP) 1' (ZS-F)¥(ZS-U) 

RIP! ' m m n m z )  

W X S ¢ V S I I V 3 ¢ M  

“new“ R82) 

931' ATM!“ N 81" AT POINT OI "TH 

max ' WHXS - XP)/(RSPS) - XSIRSG) 

MY I WHY: - VP)/(ISP3) - YS/RSG) 

- aim) out: ' ” ( ( 3  - union's) 

m m  0' JUL!“ W I I S  rm 42000.0 

1’ I I'd/30523.90 

m m :  M “  N noon 

LI ' 218.32” + “12.7.8.3”? 
X + a.2ms:u(nm( 134.9” 0' m1u.um)) 

LI ' LN - 1.MZN(D2R¥(ZIO.ZN - «autumn 
X + mmzmnmuamm + 3003344300“) )' 

Ll I LI 4‘ o.21oo~oszmommu.m + MULWTH 
X - c.1msm(nm(3n.sno + 38”..““1’” 

U ' LN - o.11mszmnm(1u.sno 4- m m s m n  

[CLIPTIC LATITIDI at noon 
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I n  ' s.13ms:u(m¢u.3no + 433302390031» 
X ’0 .mxmom(m.zoo + m.lm1') )  

II'I’ ' BIT - .mmwmmuaoo '0 “8.18”?” 
X - ammmmtmmm - 401333.293") 

m u .  PAIN-LAX 

VP! ' . m  0 .ousmtomnu.m O m 1 u . m n  
X 4‘ .mmmusmzoo - 413338.38W1'H 
X + .oonmeos(nm(m.m + 8““.23WH 

VP! ‘ VP! '0 .ooumeommumJoo '0' “ U A W ”  
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M I T Z M W I M W T O M I N M W M  

081N(Dm) 

3008(DM) 

' DSI'NBW) 

e
e

g
-

g
 

-mnunzuu0 

1 - m  

‘ i M( . m m  - . I M )  

H1 ' " ( . 3 8 7 8 l  9 . m m )  

m ' ” m 1  1' m 1  

VIZ '-SALP*XI1 4' m 1  

$ 2 . 3 1  

nqqammu-rununu 

M “summon # m 
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“ ' 8  P081720! VIM um a m  2" (V,I ,N) m 

x u - m n x m a - s u m  

zu "SI-AT.“ #- c u m  

m ' (XI-XPMNXN-XP) * (“fl-VPNNVI-VP) * (shaman-v) 

" 3  I m m n m z )  

M d - V I F W t u a  

W 1 1 ” )  

” A M I Q O F W A T P D M M I M T H  
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