


Solar Eclipse Computer Program Accurate to 1/2 Mile

The computer program shown below was used to solve for the center line of solar
eclipses along the earth’ s surface It was originally written in Fortran 4 and it worked on
both DEC KL-75 and VAX mainframes. The program was one of the most accurate
programs ever written for the purpose of solving for the solar eclipse center lines. The
goal set for this computer program was to obtain a center line accurate to within 1/2 mile
on the earth surface! This goal required the programmer to expend atotal of 1,500 hours
of personal time. Scientifically speaking, it required the programmer to include the
effects of atotal of 392 gravitational perturbationsincluding those from the sun,
relativistic phenomenon, five planets, and the non-spherical shape of the earth.

Theimproved accuracy in this program was partially met by solving for acenter line
using a unique cal culation approach. Instead of solving for the Brown's fundamental
plane published in many orbital physics textbooks, this program sought to solve for the
intersection of the moon's shadow with an oblate spheroid, i.e. slightly flattened sphere.
This was accomplished by first intersecting a spheroidal shaped earth using the assumed
larger equatorial radius. The “true” radius of the earth calculated from the intersected
latitude was then used to recal cul ate the moon shadow intersection using a new sphere
using thisimproved earth radius. The convergence towards the %2 mile goa of the shadow
on the earth’ s surface was surprisingly fast and only required 2 loops per longitude

Copykight995:E.Cedones

2 mins of CPU time on aDEC KL-750r ~ 2 secson a VAX, than the
conventional standard fundamental plane approach described by Brown. On the other
hand, the benefit of this approach wasthat it allowed for the rapid correctionsin the
errors of solar eclipse calculations from errors in the known shape of the earth’ strue
shape —new information now readily available from multinational GPS satellites.

Edwin C. Jones, MD, PhD (AE4TM)

http://ecjones.org/
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TOTAL SOLAH ECLIFSE PATH PROGRAM
MAIN FROGRAM
SO0LVES TOTRLITY PATHS

BY EDWIM C. JONES
1984-19B5%

DOUELE PRECISICN DATE ET,ELEV, RLAT RLOMG, DELTAT.ALT,
DIFLO,DIFNOD, BHOLON , RMOLAT , SOLONG , DIAMON , DISP . RHELD , RHRLA , RRNGE,
ANGDIA,PHASE ,RA DECL , PAROFF ,CDATE ,CET, S0OPARA , FARMON  DAJUL ,DAFRC,
COMFL,COMPZ, DTFN,DUR, CDA, CT,RRA ,DIFND , UUU1 , UUUZ , UUU3 , UUUF,
UTIME,RAD,RLST,TINC ,D4J, DAF DAN,YR,DASTA,RED,RFR, ADDIT,
RADIUS  RGLST,EARX ,EARY.EARE ,RMOX , RMOY ,RMOZ VARL VRERB VARC .50,
WART ECLLA ECLLO END,SIDEL, ACCUR ,GRREE , RMOXI , RMO¥I , RMOXF  EMOYF,
EAREL ,EARYI ,EARXF ,EARYF , S0LAT ,RMOZI RMOZF,DIS . TT, DIAMF
REAL*E NUO, NUL
REAL CHEK
CLEARING THE VARIAELES BELOW ...
DATE=C.a0D0
ET=0, 000
ELEV=0.0D0
DELTAT={.0D0
ALT=0.0D0
DIFLO=0.000
DIFHOD=0,000
RMOLON=0.0%00
RMOLAT=0,000
S0LONG=0.050
DIAHON=0, A00
DISF=0.004
RHELO=0-0%0
BHRLA=0.0DU
RANGE=0. 0BG
ANGDIA=0. ODO
FHASE=0. 000
Ri=0,0D0
DECL=0.0D0
COATE=0,0D0
CET=0. 000
SOPARA=0_0ODO
PLEMON=0, 000
DAJUL=0. 000
DRFRC=0.0D0
COMP1=0,0D0
COMEZ=0 ., OL0
CIFK=0.01n0
DUR=0, 000
COA=0. 000
CT=0.000
REA&=0, 000
DIFKHD=0.0D0
GUr1=0a. OnG
UUUZ=0. 000
UuUI=0. ono
PUUF=0.0D0
UTIME=0.000
RLST=0.0D0
TINC=0.0D0
DAJ=0.000
DAF=0. 000
DASTASD,ODO
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RED={.0d0L0
BEADIUS=0.000
RGLST=0.000
EARX=0., DO
EARY=0.0D0
ERRZ=0.000
BHMaX=0a. 0no
BEMOY=0.000
EMOZ=0. DDA
VaRR=0.004d
VARBE=0, 00O
VARC=0C.0DO0
s0=0. 000
VART=0.0D0
ECLLA=0.0DQ
ECLLO=0.000
END=0. 000
SIDE1=0.a0n0
GRAZE=0 . 0D0
BHEOEI=0. 000
EMOYI=0.0D0
RMOYF=0,0D0
RMOYF=0, 0had
EARXI=0,0D0
EARYI=0.0D0
ELRHF=0 . 000
ERRYF=0 .00
SOLAT=0.0D0
BHOZI={0.0D0
BHOEF=0. 00
AIT=0.000
DIAMP=]. 000
EPR=0. 000
ADDIT=0. 000
CHEE=3,0

ECLIPSE LaTA IS5 FLACED IN A& FILE CALLED PATH.DAT
THIS FILE I[5 DEFINED AS UNIT=24

T B O e

OFEM (ONIT=24,FILE='PATH.DAT ')
DIS=1.0000
NUQ=0. 0a0bo
NUL=0_00D0
450 WRITE(%.500)
500 FORMAT(' SOLUTION TYPE ? O=CENTER LIME, L=WORTH LIM, Z=SOUTH LIM'}
ACCEPT *,GRAZE
IF (GRAZE.EQ.Z.000) GRAZE=-1._000
IF {GRAZE.EQ.=1.0D0) GOTO 455
IF (GHRAZE.ED.D.0DD) GOTO 455
IF (GRAZE.EQ.1.0D00) oOTO 455
GOTO 4580
455 WRITE(S,1000)
100 FORMAT (' ENTER DATE{M.DY) AND ET{H.MS5)'}
ACCEPT * DATE,ET
WRITE(S,2000}
2000 FORMAT(' ENTER ELEVATION DEFAULT (FEET ABOVE SERLEVELY')
ACCEPT * ELEV
2560 WRITE(S,2550D)
2EEQ FORMAT{' DO ¥OU WANT ToO INFUT DELTA T 7 (D=NO, 1=¥YES) ')
ACCEPT *,CHEK
IF (CHEK.EQ.l1.0) GOTQ Z570
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IF {CHEK.NE.0.0} GOTO 2560
CALL JULDAY{DATE,ET,DARJUL,DAFRC,DAM,TR)
TT={DAJUL+DAFRC-2415020.000) /34525, 000
DELTAT=24.34900472,31800*TT+29.950D0*TT**2
GaTo L70
2570 WRITE(S, 3000}
3000 FORMAT (' ENTER ET-UT IN SECONDS')
ACCEPT * ,DELTAT
170 WRITE(S, 4000}
4000 FORMAT(' ENTER TIME INCREMENT IN MINUTES')
BCCEPT *,TINC
IF {TIMC.GT.30.00.0R.TINC.LT.0,0200) GOTO 170
TINC=TINC/1440, 000
RAD=57.2957795100D0
FAROFE=0.000
RLAT=0.0D0
RLONG=G . 0D0
DAN=0 . 00
YR=0.JD0
LaF=0
1 SECOND ACCURRCY WITH ACCUR=1.1GD-5
ACCUR=1.16D=5

L]

ECLIFSE MCON 15 CALCULATED RELOW

(i R ]

B0 LOP=LCE+1
CALL EVENT{DATE.ET,RLAT ,RLONG,ELEV, DELTAT ,ALT DIFLO,DIFND,
+ RMOLON, RMOLAT, SOLONG , DIAMON, ISP . RHRLD , RHRLA , RANGE , ANGDIA,
+ PHASE RRA,DECL,PARDFF,CDA,CT,SOPARL  FLEMON  RLST, NUD,NI1 ,GRAZE
+ SOLAT.DIS)
CALL-JULDAY (DATE ET DAUSUL DAFRC (DANITH, YERR
COME L= ORI UL+ DAFRC
CALL JULDAY(CDASCT,DAJUL, DAFEC, DANUM, YEAR)
COMEZ2=DAJUL+DAFRC
c 1 HINUTE ACCURRCY WITH ACCUR=6.96D=4
IF (LOP.GT.100) ACCUR=&.%6D0-4
2.5 MINUTE ACCURACY WITH ACCUR=1.74D-3
IF (LOF.GT.300) ACCUR=1.74D-3
IF (DABS{COMP1-COMEZ).LE.LCCUR) GOTO S0
DLTE=CD4
ET=CT
GOTS 80
=1 CALL SCALE(DIFMND}
IF (DIFND.LE.20.D0% DIFN=DIFND
IF (DIFNWD.LE.180.00.AND.RDIFND.GT.90.D0) DIFN=180.D0-DIFND
IF (DIFND.GT.180.00.AND.DIFND.LE.270.00) DIFN=DIFND-180.00
IF (DIFND.GT.270.00) DIFN=3a0.D0=-DIFND
IF (DIFN.LE.LlB.5200) GOTC 100
UOT9=SHGL{DIFN)
WRITE(S,5000) 0OT9
5q00 FORMAT(' A SOLAR ECLIPSE IS5 NOT POSSIBLE |*,/.' DIFFERENCE IN MODES
+ =' F7.2)
STOF
140 UCT10=5SNGL (DATE)
UUD1=IDINT(ET)
UIUZ=I0DINT (100. DO*(ET-0UU1Y )
UUU3=IDINT (1.DS*(ET=-UU01=1,0-2*U0U2})/10.0D0
UUUF={0UU1+UUUZ/ 60 .. DO+0UU3/ 3600, 00 )
UTIME=0UUF-LELTAT 3600, OR0+1 . DO/ 3600, 000
IF {UTIME.LT.0.00) UTIME=UTIME+Z24.0D0
IF {UTIME.GE.Z24.D0) UTIME=UTIME=-Z4.0D0

Lo
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UUT1=IDINT{ UTIME }
UUU2=UTIME-IDINT (UUUL+0.500)
UUU3=3600 . DO*ULL2
UUO2=IDINT (UUU3/60.ang)
UUU3=IDINT (10 .DO* (UTD3-U0U2*50.00))/10, 000
UTIME=UUTL1+1.D=-2*UNIZ+1 . D=-4*UUns
UoT1 L=5NGL{ UTIME)
WRITE(24,10000) UQT1O, UOTLL
10000 FORMAT(' SOLAR ECLIPSE DATE =',4¥,F10.8,/,' NOON OF ECLIPSE =',
+ BX,F8.4.X,' UTY)
UO0T12=5NGL{RRA)
U0T13=5NCGL{DECL)
UOT14=5NGL{ELEV)
UOT15=5RGL(DELTAT )
WRITE{24, 10500} UOTLZ UOTLZ,UOTL4, UOTLS
LBE200  FORMAT(' WOOM RIGHT ASCENSION =' FlD.4,' HOURS',/,
L]

-+ HOOM DECLINATION =' 5K ,F10.4,' DEGHEES',/.
+ ' ASSUMED ELEVATION THROUGHOUT ECLIPSE =', FLO.2Z,
+ ' FEET!,/,' ASSUMED ET-UT THROUGHOUT ECLIFSE =' ,5X F&.1,
+ ! SECONDS')
IF {(DIFN.LT.L5.5ZD0) GOTO 110
ROCCUR=0.0

UOT16=SNGL{DIFN]
WRITE(S,&000) UOT1&
aOO0 FORMAT(' A S0LAR ECLIPSE I5 POSSIBLE !',/,' DIFFERENCE IN NODES =/,
+ F7.32)
UDTL17=3NGL(DIFN)
WRITE{Z24,7000) UQT17
To00 FORMAT({' A SOLAR ECLIPSE I5 POSSIBLE !'',/,' DIFFERENCE IN NODES =',
+ 22X, F7.2)
GOTO - 120
110 UOT187SNGLADIFN b
WRITE(S, 8000) USTIA
2000 FORMAT(' A SOLAR ECLIPSE MUST OCCUR !',/,' DIFFEHENCE IN NODES =',
+ F7.2)
UOT1S=SNGL{DIFN)
WREITE{24,9000) UOT19
2000 FORMAT{' A S0LAR ECLIFSE MUST OCCUR |',/,' DIFFEREKCE IM WODES ='.
+ EX,F7.2)
ROCCUR=1.0
IF (GRAZE.EQ.-1.0D0) GOTO 20C
IF (GRAZE.EQ.1.0D0} GOTo 305
WEITE(24,10001)
10001  FORMAT(' CENTER LINE SOLUTION !',/)

GOTG 120
205 WEITE{ 24, 10002
laoog FORMAT{® SOUTH LIMIT SOLUTION [*',/)
GOTO 120
308 WRITE(Z24,10003)
10003  FORMAT({' NORTH LINIT SOLUTION 1',/)
120 PAROFF=01. 0D

WRITE(24,12000)
12000 FORMAT (3X, 'LONGITUDE' ,3X, 'LATITUDE ', 2¥, 'CONJUNCTION® 2, 'ALTITUDE ',
+ 2k, 'SOLAR DIAM' 3X, 'LUMAR DIAM',K 2X, 'DURATION',ZX,'PATH WIDTH',Z2E,
+ 'SIDE',2X,'TYFE'}
WRITE(24, 6 12504
12500  FORMAT{SH, 'DEGS',8X, 'DEGS® ,&6X, 'UT-H.MS5' 4%, 'APP DEGS' , EX,
+ 'DEGS',BX,'DEGS', 8K, 'MINS' &M, 'NS=MI',/, /)

]

L ECLIFSE FATH IS5 CALCULRTED BELSW



130

140

150
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CALL JULDALY({DATE ET,DAJ, DAF,DAN ¥E)
DASTA=DAJ+DAF-.10416700-DELTAT,/ 86400 .0D0
END=DAJ+DLF+. Z0B23400=DELTAT/ 86400 , 00O
DASTA=IDINT(Z288.00%({DASTA+DELTAT /&6400.00}+0.500) f288.0D0
CALL CALEM{DASTA DATE,ET}
Lonp=2
[START=0
LooP=LOGE-1
IF (ISTART.EDR.0) ALT=D.0DO
IF (LDOP.EQ.0) LOOP=2
IF (LOOP.EQ.Z) GOTD 140
CALL JULDAY¥(DATE,ET,DRJ,DAF ,DRN,YR}
IF (ALT.LT.10.0D9) DASTA=DAJ+DAF+TINC/L.0DO
IF (ALT.LT.ZE.0D0.AND.ALT.GE.10.0D0) DASTA=DAJ+DAF+TING/Z.0DO
IF (RLT.GE.Z5.0D0} DASTA=DAJ+DLE+TINC
IF (DRSTA_GT.EMD) coTo 165
CALL CALENW(DASTA,DATE,ET)
CRLL JULDAY{DATE ET,DAJ DAF,DAN,YR)
CALL LSTL(DAMW,DAJ, YR, ET,DELTAT.C.00D0, RGLST,NUOD)
RADIUS=2963.204B63D0+ELEV/ 52580 . 000
GOTO 150
RADIUS=3963.204B83D0* (0.92832707300+0. 00167543800
DCOSE 2. D0*RLAT) -0.00000351900%DCOS {4 . DO*RLAT } +
0.000000008D0*DC0S5 (6. DO*ALAT ) J+ELEV/S2B0 . 0DD
CALL EVENT{DATE,ET,RLAT RLONG,ELEV,DELTAT,ALT DIFLO,DIFND,
RMOLON , RHOLAT , 50LONG, DIANON ,DISP , RHRLO , RHRLA , RANGE . ANGDIA,
PHXSE  RRA DECL PAROFF,CD4, CT,SOPARA , PARMOM  RLST  NUD, NUL, GRAZE,
SOLAT ,DIS)
EARE=DCOS{{50L0NG+150.00} /RAD }*DIS*02, 9571303606
EART=DSIN{ {SOLONG+180.00) /RAD V*DIS*G2 . 5571303606
EARES-D3IN{SPUAT JRAD) *DIs*02 9571300606 ‘
RMOR=EARK+DC00S RMOLON fRAD Y *DISPF23 8664  BBOFDEOS { EMOLAT FRAD )
RMOV=ELARYFOSIN (RAOLON, RADY*DISP* 23864 . SOD™DE0S { RMOLAT fRAD)
RMOZ=EARZ+DSIN(RMOLAT,/RAD ) *DISP*Z3B864, 500
VARA=RMON**2+RMOY** 2+ RMOZ** ]
YARE==2. 00" (RMOX™EARK+RMOY*EARY +RMOE*EARZ )
VARC=EARE*#*Z+EARY**2+EARZ**2-RADIUS**2
SO=VARE**2-4  DO*VARA*VARC
[F (50.LT.0.DO.AND.ISTART.EQ.0) LOOP=2
IF (SQ.LT.0.D0.AND.ISTART.EQ.0) GOTO 130
IF (SQ.LT.0.DO.AND.ISTART.EQ.1) GOTO 160
VART={ =VARB=DSQRT(S0) )/ (2. DO*VARA)
MUST USE DOUBLE PRECISION FOR THE NEXT 24 LINES |
REDH=RHOX*VART
RMOY=RMOY*VART
RMOZ=RMOZ *VLRT
RMOXI=IDINT {BHOX)
RMOYI=IDINT (RMOY}
RMOZI=IDINT{RMOZ}
BMOXE=RMDN=-RHMOKT
BMOYF=RMOY~RMOTT
RMOZF=RM0OZ-RMOZI
ERRXI=IDINT{EARN)
ERRYI=IDINT{EARY)}
EARZI=IDINT{ERRZ)
EARHF=EARM-EARHXI
EARYFSERRY-EARYI
EARZF=ERRZ-EARZI
RMOXI=AMOXI -EARXI
RMOYI=RMOYI-ELRYT
RMOZI=REMOZI-EARZ]
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RMOXF=RMOXF-EARXF

RMOVF=RMOYF-EARYT

RMOEF=RMOZF -EAREF

RMOX=RMOXI+RNOXF

RMOY=RMOTI+RMOYEF

RMOZ=RMOZI+REMOZF

RADIUS=DSQRT [ RMOE**2+RHOY** 24 RMOZ %42 )

ECLLA=DASIN{RMOZ/RADIUS ) *RAD

ECLLO=DATAN{ RNOY/RMCGX ) FRAD

CALL ATANAM{RMOX,6RMOY ,ECLLO)

CALL COCONV(DASTA ECLLC,ECLLA,RLONG,RLAT,1.0B0D, NU1)
REDUCTION FROM GEQCENTRIC TC GEODETIC LATITUDE IS BELOW

RED=-1.924286110-1*D51N({2.DO*RLAT 143,231 38880-4%

DSIN(4.DO*RLAT }=7. 22222 22D~ T*DESIN{6 . DO*RLAT)

RLAT=RLAT-RED

RLONG={ RLONG-RGLSTY*1 %, 0D0

RLONG=RLONG+1580.,0D0

CALL SCALE(RLONG)

RLONG=RLONG=180.0D0

CALL LET1(DAN,DAJ ¥R,ET,DELTAT,RLONG,RLST,NUO)

SIDE1=({RLST~-REA}*15.0D0+1&0. 000

CALL SCALE{SIDE1}

SIDE1=DAHS{SIDEi=180.0D0)/15.0D0

SIDEZ=-1.0

IF (SIDEL.GT.6.0D0D) SIDEZ=1.0

CLLL HORIZ{RLST,RLAT, ERA, DECL,ALT)

IF (LOOP.EQ.l)} GOTO 130

ISTART=1

FFR=RADIUS*DSIN{ALT/RAD )

ADDIT=RPR*DEIN(DIAMON/RAD)/{3963. LBD0,/DTAN | PARMON/RAD I -RFR )

ADDIT=RAD*DAES (DASTH{ADDITY) )

DIZNF=2.DOUMRADSDASINGD . 272 281 DO%DSIN ( FARHON ARAD 3)

DIAMONASDIAMON+ABDET

DIAMP=DIAMP+ARODIT

RHRELO=RHRLO-0.24956T00% (1 . 0D0+0, 0900*DARS { DCDS ( SOLONG/RAD) ) b*

DCOS{ (RLST-RRA)*15.00/RAD ) *DARS{DCOSY { RLAT+REDR ) /RAD) }

DUR=DAES (ANGDIA-DIAME ) *50. DO/ OSORT { RHRLA®* 2+ { RHRLO-0. 041069/

DIS*&2 ) %&z)

WIDTH=TAN(AES ( ANGDIA-DIAMON ) /RAD)*4. Z7T068E -5/ TAN | FARMNON /RAD )

WIDTH=92 . 9ES*ATAN{WIDTH) /ABS (COS{ (RLAT+RED-DECL} /RAD) }
CORRECTION FACTOR BELOW ...

WIDTH=0.,99098400*WIDTH

UOTL=SHGL { RLONG )

UQT2=SNGL{RLAT}

TUU1=IDINT (ET)

TUD2=IDINT (100, D0={ET-ULU1 )

UUU3=IDIRT(L.D5*{ET=-UUUl-1.D-2*U0uz4)/10.000

UUUF= (UUU1+U002 /60 . DO+UUDE/ 3600 . D0

UTIME=DUUF -BELTAT /3600 .400

IF (UTIME.LT.0.DO} UTIME=UTIME+2Z.0D0

IF (UTIME.GE.24.00) UTIME=UTIME-24.000

UOUL=IDINT{UTIME }

UUU2=UTIME- U1

TUU3=3600 . DO™ITZ

UUU2Z=IBINT(UUUZ /60 . 000 )

UUOS=TIDINT ( 10. DO* {UDE-0UUZ*60 .00} 3 /10,000

UTIME=UDUL+]1 . 0= 2*0UTZ+L . D-4*IDINT ( OUT3+0. 500 )

UOTS=5NGL{UTIME)

UCT4=5HGLS ALT)

UOTE=SNGL{ANGD IR )

DOTE=SNGL{D ILMON)
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TYFE=-1.0
IF {DIAMON.GT.ANGDIA) TYPE=1.0

UOTT7=SNGL [ DUR}

IF {SIDE2.EQ.-1.0.AND.TYPE.EQ.-1.0} GOTO 161

IF {SIDEZ.EQ.-1.0.AND.TYPE.ED.1.0) GOTQ 1BZ

IF {SIDEZ.EQ.1.0.AND.TYPE.EQ.-1.0) GOTO LE3

IF {SIDE2.EQ.1.0.AND.TYPE.ED.1.0) GOTO 164
STOF

WRITE(S,L5000)

WRITE(Z4,15000)

FORMAT(/,' COMPLETE')

STOF

IF (RCCCUR.EQ.L.0Q) GOTO 175

WRITE(Z4,15500)

FORMAT(' A PARTIAL SOLAR ECLIFSE MAY OCCUR !')
GOTO 160

WRITE(24,15550)

FORMAT(' A PALRTIAL SOLAR ECLIPSE MUST QCCUR 1!)
GATO 160

STOF

WRITE(Z4,14001) UOTL,U0T2,UQTS, U0T4, V0TS, UOTE, UOTT , WIDTH

FORMAT(X,F10.3,2¥,F9.3,F12.4,F10.2 ,3F12.4 4X F7.2,5%, 'FR' , 4K, 'AN')

GOTO 130
WRITE(24,14002) UOTL,UOTZ,UQTS, UOT4, UOTS, UDTE, UOTT ,WIDTH

FORMAT{X,FL0.3,2%, F9.3,F12.4 F10.2,3F12.4 4% F7.2,.5%, 'FR' . 4%, 'T0")

3TO 134
WRITE(Z£4,14003) UOQTL, UO0TZ, UDT3,UST4 , UOTS , UOTe, UOTT , WIDTH

FORMAT(X F10.3,2X,F9.3,F12.4,F10.2 ,3FL2.4 4X F7.2,5%, 'BA' ,4X, 'aN')

GOTO 130
WRITE(Z4,14004) UOTL,UATZ, UST3,UOT4E, 0TS, UOTE  USTT , WIDTH

FORMATS BoFL0n 3« 28 F 95 IF12 04 . F20€2, dFL2 . B 4% F7.2, 5% ' Bary &y '\ ra'd

BOTO 130
END

SUBROUTINES FOLLOW
EFOCH 1900.0 ORBITAL ELEMENTS USED
UNLESS QTHERWISE I[NDICATED

HAIN SUBRCUTINE
SOLVES SOLAR ECLIPSE CIRCUMSTANCES FOR & SINGLE LOCATION
AND TIME ...

SUBROUTINE EVENT (DATE,ET,RLAT,RLONG,ELEV,DELTAT .ALT ,DIFLG,
DIFHNOL , RHOLCHW , RMOLAT , SOLONG , DIARMON , DISP  RHRLO ,RHRLA , RANGE ,
ANGDIA PHRSE  RA ,DECL, PAROFF,CDRTE ,CET, SOFPARA, FARMON ,RLST,

NUd , HUl , GRAZE, S0LAT .DIS)

DOVELE PRECISICN DATE ,ET,RMOLGM,BMOLAT, SOLONG,DAJUL, DAFRC,
FJULDA, RLST ,ELCNG,ELAT ,BA, DECL, SOLAT , TRA, TDECL . CDATE , DIS .
CET,RLAT ,RLONG ,ELEV ,DELTAT ,ALT ,DIFLO, ANGDIA, PHASE , FARCEF , DANUM,
EYELR, RANGE . SOFAR2 RHRELA ,RHRLD,DISF,DIAMON, PARMON , DIFNOD, CEN,
TOFF,COMJ, CCJUL , CCFRC , 2RA, ZDECL , BHRSUN , GRAZE , RFR,ADDIT . BAD
REAL*H NUD, NUL

DAJUL=0.0D0

DAFRC=0.000

FJULDA=0, DO

ELONG=0.0D0

ELAT=0. 000

TRA=(. 000

TDECL=0.0D0

DANUM=0 . 00

EYEAR=0.0D0
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CEN=0. 000

TOFF=0.000

CONJ=0. 000

COJUL=0. 0Dd

CCFRC=0,0D0

ERA=0.0DD0

EDECL=0.0D0

RHRSUN=( . 000

RPR=0.0D00

ADDIT=0.000

RAD=57.295779510000

CALL JULDAY{DATE,ET,DAJUL,DEFRC DANUM,EYEAR)

FIULDA=DAJUL+DAFRC

CALL L5T1(DRNUM,DBAJUL,EYEAR ET,DELTAT,RLONG,BLST HUD)

COJUL=DAJUL

CCFRC=DAFRC

CALL ORBIT(DAJUL,DAEFRC, BHRLA, RMRELC, FHASE, DISPE,DIAMON  PARMON
+ DIFNCD,TRA,TDECL  RA, DECL, ANGDIA , SOFARA NUO ,NUL,DIS)

RHRSUN=RLST-RA

IF {PAROFF.EQ.0.0D0) GOTCQ 700

CALL PRRALL(RLAT,ELEV RLST R& DECL,SOPARA, RHRSUN)

To0 ZRA=FRA
ZDECL=DECL
CALL COCONV{FJULDR , S50LCHNG SOLAT,ZRA, EDECL, =1.0D0, MNU1)
IF (PAROFF.EQ.0.0DO) GOTO 800
CALL PARRLL{RLAT ,ELEV, RLST,TRA, TDECL, PARMON  RHRSUN )

800 CRLL COCONV{FJULDA,RNOLON ,RMOLAT, TRA, TDECL, -1.0D0, NU1)
CALL HORIZ(RLST,RLAT,RA,DECL,ALT)
RPR=3956.aD0*0SIN(LLT/RAD)

RDDIT=RFR*DSIN (DIAMON/RAD)/ (3963 . LE&D0/DTAN{ PARMON/RAD) -RFR )
ARIDIT=RAD*DARS [ DASIN(ADDIT))

C THE 0.9958D0 15 & (CORRECTION/FACTOR BELOW. .
AMCLATSRMOLAT+GRAZE™) , 995BD0*DARS { DI AKDN+ADDIT-ANGDIAY /2. OLO
CEN=RMOLON-S5CLONG+1E0. 000
CALL SCALE{CEN)

CEN=CEN-1B0.0D0
TOFF=CEN/ ( (RHRLO-0.04100) %24 . 000 )
CONI=F JULDA-TOFF

CALL CALEM(CONJ,CDATE,CET)
DIFLO=RHOLON=SOLONG

HETURN

END

C COMPUTES THE JULIAN DATE FOR A GIVEN CALENDAR DATE

SUBROUTINE JULDAY(DATE,ET,DAJUL,DAFRC , DANUM, YEAR)

DOUBLE PRECISION DATE ,DATEN, DRJUL ,DRFRC  ET, T, RHONTH , DANUM , YEAR ,
+ DAY, RMONE  YEARP B .D,HOURS , RMINS ,SECS ,EMULT .FEYR, CHK , ACHE

DATEN=0.050

C=0.0040

EMONTH=0.0D0

DAY=]. 000

EMONP=0. DO

Y¥EARP=0. 00

E=0.000

D=d. 050

HOURS=0.aD0

BEMINS=0.0D0

SECS=0.0D0

EMULT=10. 000

FRYR=0_0D0



180

10

o anr

Fage 9

RCHE=0,0D0

CHE=L.0D0

IF (DABS(DATE).EQ.DRTE) GODTQ 1HO

DATE=DAES {DATEH)

ACHE=1.0D0

CHE=-1.4D0

RHONTH=IDINT{D:ATE)

DEY=I0INT{100.D0* (DATE-RMONTH) }

TEAR=IDINT( { {CHE#{1,.DE* (DATE-RMONTH-1.D-2*DAY) ) }+ACHE }+0. 500 )
RMONP=RMONTH

YEARP=YELR

IF (RMONTH.EQ,1.CDO0.0R.RMONTH.EQ.2.0D0) YEARP=YEARF=-1.0D0
IF (RMONTH.EQ.Ll.0DO.OR.RMONTH.EQ.Z2.0D0) RMONP=RMOMP+1Z.0D0
DATEN=YEAR+L.D=2*RMONTH+1 . D=4*DAY

E=0.D0

IF {DATEN.GT.1582.101500) B=2.DO-IDINT{YEARF/100.00)+
TDINT(IDINT (YEARF,/100.D0}/4.00)
C=IDINT{365.2500*YEARP)
p=IDINT(30.6001D0%{RMONP+1.D0) }
DAJUL=B+C+D+DAY+1720094 , 5DO

DAFRC=ET

HOURS=ILINT(ET"

FHINS=IDINT{100.D0* (ET-HOURS) )
SECS=IDINT(1.D5*(ET-HOURS-1.D-Z*RMINS) }/10. 000
DAFRC=(HOURS+RMING /60 .DO+SECS,/3600.00) /24 . 0DO0
RMULT=h2,0D0

FEYR=YELR/4.0D0

IF (FRYR.EQ.IDINT{FEYR}) EMULT=RMULT=1.0D0

IF (RMONTH.GT.Z.0DO) GOTS 10
DANUM=IDINT{ { RMONTY- 1. 000} *RMULT/2.0D0 )

GOTO 3D .
DANBM=TITINT (20, 6D0* { RMaNTH+1 AOD0) } ~RHMULT
DANUM=DANUM=DAT

RETURN

END

METHCD #1
COMPUTES THE LOCAL SIDEREAL TIME FOR A GIVEN TIME AND LOCRTIODM
HOTE: ACCOUNTS FOR NUTATION .

SUBROUTINE L&T1(DANUM,DAJUL YERR ET DELTAT.RLONG,RLST,NUD)
DOUBLE PRECISION DAJUL,ET,ELST,T,R,HLONG, DANUM, YEAR DELTAT,
&,0C B,TO HOUES EMINS,SECS,DHRS,G5T,CORR

RERL*E muUd

T=0.000

R=0.000

B=0. 000

TO=0,0D0

HOURS=C,0D0

EMINS=0.a00

SECS=0,0D0

DHRS=0.0D0

GsT=0. 000

CORR=0,0D0

A=0.06ETO9AD0

C=1.00273800
T=(DAJUL-DANUM- 241 5020.D0) /26525 . 000
B=h.64606560D0+2400 . 051 26200%T+0 ., 000025ELDD*TH**2
B=24.00=(R=24 .D0*(YEAR-1900.00))

TO=A*DANUM-E

HOURS=IDINT{ET)
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RMINS=IDINT{100.D0%* (ET-HOURS) }
SECS=IDINT(1.D5*{ET-HOURS-1.,D-2*RMINSY) /10, 0D0
SECE=SECS=DELTAT
DHRS=HOURS+RMINS /60, DO+SECS ! 3600 . 00O
TO=TO+C*DHRS

GST=TO

IF {TG.GT.24.00} G5T=T0-24.000

IF {TO.LT.0.DO) GST=TO+24.0D0
RLST=GST+RLONG/ LS. 000+0.9174640600*HUD /15 . 000D

CORR IS A FUDGE FACTOR TO MAKE RLST AGREE WITH THE EPHEMERIS |
CORE={ (DAJUL-2415020.000 ) *4 . 86058250-7 %=0, 00002100
RLST=RLS5T+CORR

IF (RLST.GT.Z24.00% RLST=RLST-24.000

IF (RLST.LT.0.DO) RLST=RIST+24.0D00
BETUEN
END

METHOD #2
COMFUTES THE LOCAL SIDEREAL TIME FOR A GIVEN TIME AND LOCATION
NOTE: ACCOUNTS FOR WUTATION
HOTE: WGT AS ACCURATE AS METHOD #1 !

SUBROUTINE LSTZ (DAJUL ,ET,DELTAT, NUD, ELONG,RLST)

DOUBLE PRECISION DD,DAJUL,T,ET,DELTAT,RLONG,RLST,HOURS,
BMIHNS ,S5ECS, AT, LEES

REAL*E FED,NUOOD

DOo=a. 000

T=0.004

HOURS=0 ., 000

BHINS=0.000

SECS=0 . 0D

GEET=0 000

DHRS=0.0D0
BD=0.000
DD=DAJUL-2415020.0D0
T=DD/36525.,0D0
ED=IDINT{DD/1000.000+0, 500 )
DD=00-1000.000*KD
HOURS=IDINT{ET}
BMINS=IDINT{100.D0%(ET-HOURS )
SECS5=IDINT(1.05*% (ET-HOURS-1.D-2*KMINS) }/10.000
SECS=5E05=-DELTAT
DHRS=HOURS+BMINS /60 . DO+SECS, 3600, 0DD
DD=DD+0OHRS /24 . 0DO+DELTAT /86400 . 000
GET=27%.690983D0+0 . 9BEA4TIIE4D0AD0+ 265, GATIZC4DO*ED+
T*%Z/2583.0D0
CALL SCALE{GST)
GST=G5T+15 ., ODO*DHRS+0. 91 74640600 *NU0
CALL SCRLE{GST)

THE -11.9860228%00 WAS ADDED TO MAKE RLST AGREE WITH JAW Q1

1980'5 EPHEMERIS APPARENT VALUE |
RLST={GST+RLONG) /15.0D0=11.9860228900
IF (ALST.GT.24.00) RLST=RLST-Z4.0D0
IF (RLST.LT.0.DO) RLST=RLST+24.0D0
RETURN
END

SCALES AWNGLES WITHIN O AND 360 DEGREES

SUBROUTINE SCRLE{ANGLE)
DOUBLE FRECISION ANGLE
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ANGLE=ANGLE- { 360 .D0*IDINT{ ANGLE/ 360 .00} )
IF (ANGLE.LT.0.D0) ANGLE=ANGLE+360.00D0
RETURHN

END

COREECTS FOR ARCTAMNGEWNT AMEIGUITIES

SUBRCOUTINE ATANARM(X, ¥, K ANGLE)

DOUBELE PRECISION ANGLE,X,Y.QUAD

QUAD=0 QD0
BANGLE=ANGLE-{340.D0*IDINT{ANGLE,/360.00]) )=360. 000
IF (¥.LT.D.DO) GOTO 20

IF {¥.LT.0.DO) QUAD=90.0D0

IF {X.GT.0.D0) QUAD=0.0DO

IF {¥.EQ.C0.D0.0OR.Y.EQ.0.DO) GOTO 50

GOTD 40

IF (X.5T.0.D0Y% QUAD=Z70.0D0

1F (¥.LT.0.D0) QUAD=180.0D0

IF (X.EQ.0.DO) &GoTo 50

IF (QUAD.LE.ANGLE) GOTO 50
ANGLE=ANGLE+1S0. 000

GOTO 40

1F {¥.EQ.0,.D0.AND.X.GT.0.D0) ANGLE=Q,(0DO
IF (X.EQ.D.DO.AND.¥.GT.0.00) AKGLE=40.0DOD
IF (¥.EQ.0.D0.AND.X¥.1LT.0.00)} AMGLE=180.00D0
IF (Z.EQ.0.D0.AND.Y.LT.0.0D0) ANGLE=270.0D0
RETURN

END

CORRECTS FOR GEOCENTEIC FAEALLAN

SUEROUTINE \FPARALLGELAT,ELEV ,RLST AL DECL, PARL \RHRSUN)

DOUBLE PRECISION RLAT,RLST, R4, DECL,ELEV,FREA,U,RHP, PSIL,PCOL,
ANGHE ,E,DIFF ANGHRP,RAD,RHESUM,SGN,RAl ,DECLI RAZ DECL2 . U2,
PSILZ PCOL2 ,DIFF2  ANGHEZ, FCOS,ALTBaK, ALTPOL ,ALTFRO,ALL,ALZ,
DDCL, TH2

U=0.000

RHP=0.000

PSIL=0,000

POOL=0.000

ANGHE=0 . 0D

R=0.000

DIFF=0.000

ANGHRP=(. DDD

SGN=0.0D0

RA1=0.0D0

DECLL=0.0D0

RAZ=0.0D0

DECLZ=0.000

f2=0 000

PSILZ=0.0D0

PCOL2=0.0D0

DIFF2=0,0D0

ANGHEZ=0 . 000

FCaS=0. 000

ALTRAK=0., 000

ALTPOL=0.000

ALTERO=0.0D0

AL1=0.0D0

AL2=0.0D0

DOCL=0. (00
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THZ=0.0D0
RAD=57 . 255772510000
IF {DAES(RLAT).GT.90.00) 3OTO 320
U=DATAN{O.99664700%DTAN (RLAT/RAD ) ) *RAD
C SOURCE OF UNDERFLOW BELOW —====RHP--—-- MO HARM !
RHP=ELEV®4.77880=5
P5IL=0.996647D0*DSINJU/RAD ) +RHP*DSIN { RLAT/RAD)
PCOL=DCOS (U/RAD ) +RHE*DCOS ( RLAT /RAED )
ANGHRE=LS5 ,DD* {RLST-1RA)
R=1.D0/DSIN{PARA/RAD )
DIFF=DATAN(PCOL*DSIN (ANGHR/RAD)/ (R™DCOS{DECL/RAD )=
+ FPCOL*DCOS{ANGHE/RAD) ) y*RAD
ANGHRP=ANGHR+DIFF
DIFF=LIFF/15.0D0
RA=RA=DIFF
DECL=EAD=DATAN (DCOS { ANGHRP /RAD )% (R*DSIN(DECL/RAD)-PSIL)/
+ (R¥DCOS({DECL/RAD)*DCOS { ANGHR/RAD) -PCoL) )
RETURN
C SOLVES PARRALLAX FOR ARTIC REGIONS
320 SGN=1.0D0
IF (RLAT.LT.0.DO} SGN=-1.000
U=DATAN(D.936647D0*DTAN { (5GM*150.00-RLAT ) /RAD) ) *RAD
c SECOND SCURCE OF MIWCR UNDERFLOW BELOW !
RHF=ELEV*4,778ED-B
PSIL=0.336547D0 D5IN (U/RAD } +RHE*DEIN( {SGN*1580. DO-RLAT ) /RAD )
PCOL=DCOS(U/RAD } +RHPFDCOS{ { SGHN*180 . DO-RLAT } /RAD)
ANGHR=15,D0* (RLET-RA )
R=1.D0/DSIN{FARA/RAD)
DIFF=0ATAN(PCOL*DSIN{ANGHR/RAD) /{R*DCDS (DECL/RAD) -
+ PCOL*DCOS ( ANGHR /RADDY ) | *RAD
‘BNGHRP=ANGHR+DIEF
DIFF=DIEF /15 .0D0
RAl=RA-DIFF
DECLI=READ*DATAN{DCOS { ANGHRF /RAD) *{ R*DSIN{DECL/RAD) -PSILY/
+ (R*DCOS{DECL/RAD)*DCOS{ANGHR/RAD}-PCOL) )
c U2=DATIH(C.9%654TD0*DTAM { SGH*Y0 ,D0/RAD) y*RAD
U2=5GN*%90 , DO
FEILZ=D.99664T700%D5IN (U2 /RAD }+RHP*D3IN{ SGH~%0 ., D0/ RAL }
PCOLZ=DCOS (U2 RAD )+RHP*DE0S ( SGN*90 . DO /RAD)
DIFFZ=DATAN(PCOL2*DSIN{ANGHR/RAD)/ (R*DCOS{DECL/RAD ) -FOOLZ*
+ DCDS(ANGHE/RADY) }JARAD
ANGHP2=BNGHE+DIFFZ
DIFF2=DIFFZ/15.0D0
RAZ=RA-DIFF?
DECLZ=RAL*DATAN (DCOS [(ANGHF 2 /RAD) *{ R*DSIN{DECL/RAD ) -PSILZ) /
+ (R*DCOS(DECL/RAD)*DCOS{ ANGHE /RAD ) =POOL2) )
FCO5=DC0S (360 . DO*FHRSUN,/ (RAD* 24 . OD0) )
ALTBAR=DASIN(DSIN{DECL/RAD ) *DSIN{RLAT/RAD)4DCOS{DECL/RADV*
+ DCOS(RLAT/RAD}*DCOS(15. DO*RHRSUN/RAD) *RAD
ALTPOL=DASIN{DEIN{DECL/RAD)*DSIN{SGN*90.00/RAD | +DC0S (DECL/RAD b
+ DCOS(SGN*90.D0/RAD) *DOOS (15, DO*RHRSUN/ EAD } ) *RAD
ALTFRO=DASIN(DSIN{DECL/RAD ) *LSIN( {SGN*1580.00-RLAT) /RAD )+
+ DCOS{DECL/RAD)*DCOS( (SGN*LE0.DO-FLATY /RED)*
+ DCOS{L1S.DO*RHRSUN/RAD) ) *RAD
Eh=2.DO*RAZ-RAL
RA=RA*LE . ODO
CALL SCALE(RA)
RA=RA/L15.0D0
AL1=(ALTPOL+ALTFRO) /2. 000
ALZ=(ALTPOL+ALTEAK)/Z.0D0O
IF (DABS(RALL}.LT.1.D-6.AND.AL] .GE.Q.D0) ALl=1.0D-&



L B o e I

01

IF (DABS{AL1).LT.1.D-6.AND.AL1.LT.0.00% ALl=-1.00-6
EOCL=DECLZ-DECLL

THZ=DOCLA*DSIN(ALZ/RAD) /DSIN{ALL/RAD)
DECL=0ECL14DABS{ FCO5)# (DDCL+THE

RETURHN

END

FEEFOEME COORDIMNATE CONVEESIONS SASED ON THE FLALG
IF FLAG = =1.0 , EQUATORIAL TO ECLIPTIC CONVERSION
IF FLAG = +1.0 | ECLIPTIC TC EQUATORIAL CONVERSION
NOTE : MAKES WUTATICK AND PRECESSICH COREECTIONS
HOTE: EPOCH 2000.0 EQUATION FOR PRECESSICN USED

SUBROUTINE COCONV{FJULDL ,ELONG,ELAT,EL, DECL  FLAG,NU1)
DOUBLE PRECISION FJULDA,ELONG,ELAT,RA,DECL,EFS,A.B.C,D,
FLAG,Y.X,RAD

REAL*S Nui

EPS=0.0D0

2=0.0DD -

B=0.000

C=0.000

B=0. 0B

¥=0,000

®=0.000

RAD=57.295779510000

T={FJULDA=2451545,000) /36525, 000
EPS=23.43929100-(46.815D0*T+0, 0006DO*T*=2=0. 00181 DO*TH*3)
3600 . 000

EPS=EPS+HU1

IF (FL&G.EQ.L.0DC) A=ELONG

IF [FLAS.EQ . L.OD0Y BSELAT

IF [FEAGAED. +1.0D0) a=Ra+16.0D0

IF (FLAG.EQ,-1.000) B=DECL
Y=0SIN(A/RAD)*DCOS(EPS/RAD ) -FLAGSDTAN{E/RAD )} *ISIN({EPS/RAD)
¥=DCOS (A/RAD)

C=DATREN (¥ /X ) *RAD

CRLL ATANAM(K,Y,O)
D=RAD*DASIN{DSIN(E/RAD}*DCOS (EFS/RAD )+

FLAG*DCOS {B/RAD) *DSIN(EPS/RAD) *DSIN{A/RADY )

IF {FLAG.EQ.1.0D0) RA=C/15.00D0

IF {FLAG.EQ.1.0D0) DECL=D

IF {FLAG.E¢.=-1.0D0) ELONG=C

IF {FLAG.EQ,-1,0D0) ELAT=D

RETURN

SHD

CRLCULATES THE AFFARENT ALTITUDE OF THE SUMNSHMOON

SUBROUTINE HORIZ(RLST,RLAT, R, DECL,ALT)

DOUELE PRECISION RLST,RLAT,RA . DECL,ALT,ANGHR ,TALT,TZEANG,
AZERNG , RAD

ANGHR=0 . 0DO

TALT=0.0D0

TZEANG=0 . OD0

AZEANG=0,0D0

RATI=57 . 295779510000

ANGHRE=(RLST-RA}*L5.0D0

TALT=RAD*DASIN (DSIN({DECL/EAD }*DSIN{ RLAT/RAD )+
DCOS {DECL/RAD) *DCOS (RLAT/RAD ) #DCOS ( ANGHE/RAD } )
TEEANG=%).D0- TALT

AZEANG=TZEAMNG
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IF (TZEBNG.LT.T75.D0) AZFRNG=TZEANG=0.01E16D0*DTAN { TZEANG / RAD )+
1.861D-5*DTAN(TZERNG RAT b %]

IF {TEEHNG-GE.TE.DBG.RHB.TEERNG.LE.ED.E?DE} AZEANG=0.957200%
(TEELNG-T5.00 1474 . 940700

ALT=90, DO =AEEANG

RETTRN

END

COMFUTES THE CALEMDAR DATE FROM THE JULIAM DATE

SUBRCUTINE CRLEN{CJULDA, VDATE, VET)
DOUBLE PRECISION CJULDA,VDATE,VET.A,
DAY ,FRC, TIME , RHOURS ,RMINS , SECS, YEAR,
A=0.0D0

B=0,0D0

F=0.0D0

c=0, 000

D=0.000

E=1{. 0010

G=0.000

ToaY=0.0bna

RMON=0. 000

DEY=0.0D0

FRC=0, 000

TIME=0.0D0

RHOURS=0, 000

RMINS=0.000

SECS=0.0D0

YEAR=D, QD0

CKE=1.0D0

BCEE=0, OD0

I=I0INT{ CTULDA+C 500§

F=CJULDA+(. SEO-BFLOAT (1)
E=DFLOAT(I)

IF (I.GT.2299180% A=IDINT((DFLOAT(I}-18&7216.25D0)/36524.2500)
IF (1.GT.2299160) B=DFLOAT(1)+1.00+A-IDINT{A/4.D0)
C=E+1524,0D0

D=IDINT({C-122.1D0)/3565.25D0)

E=ILINT(345,25004D)

GEIDINT({C-E)/20.600100)

TOAY=C-E+F=IDINT (30, 6001D0%G )

IF [&.1T.13.5p0) RMON=G-1.0D0

IF {G.GT.13.5D0) RMON=G=13,0D0

IF {RMON.GT.2.500) YEAR=D-4716.000

IF {RMON.LT.Z.5D0) VEAR=D=471%.0D0

DAY=IDINT({TDLY)

FRO=TDAY-DAY

TIHE=24 .0DO*FRC

RHOURS=IDINT (TIME)

RMINS=IDINT{&0.D0O%{ TIME-RHOURS )
SECS=IDINT(10,.D0%{3600.00% ( TIME-RHOURS-RMINS/60.00) ) /10,000
CEX=1.0D0

ACKE=0.0D0

IF (IDINT{YEAR+0.5D0}.LE.0.D0) CHE=-1.0D0

IF (IDINT{¥EAR+0.500}.LE.0.DOY ACKK==1.0D0

YDATE=CKE* (RMON+1.D-2*DAY+1 . D=&ATRINT {DABS { YEAR+ACKK Y +0. 500
VDATE=IDINT(VDATE*L1.D&+0.500) /1. 006
VET=RHOURS+1.D=-2"RMINS+1.D-4*SECS

RETURN

END

.'Fll i

C.DI,E.G, TDAY , RMON,
KE  BCKE

H
L
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CALCULRTES THE EQUATORIAL FOSITIONS OF THE MOON AND STM.
WOTE: USES BROWN'S LUNAR THEORY AND NEWCOMB'S THEORY.
EFOCH 1%00.0 RASSUMED UNLESS OTHERWISE INDICATED.

NOTE

1. BASED PRRTIARLLY ON 1%50.0 LAU SYSTEHM OF ASTROWNOMICAL
CONGTANTS ANDY PARTIALLY ON "J.MEEUS'S TARBLES OF MOON AMD

SUH. "

(5]

ACCORACY TO 3/4 MILE IF DELTA T IS ACCURATE TO 5 SECONMDS.

o

1

3. ACCURACY TO Lf2 MILE POSSIBLE WITH ADDITIONAL LUNAR IATITUDE

TERMS AMND TWO ADDITIOHAL ADDITIVE TERMS.

SUBROUTINE ORBIT(DAJUL ,DAFRC,RHRLA , RHRLO, PHASE,DISF,DIAMON,
PARMON, DIFMOD,MEY  MDECL , SRA, SDECL , DIASUN, PARSUN, NUO , NUL1 R}
DOUBLE PRECISION DAJUL,DAFRC, RHRLA EHELO, PHASE ,DISP DIAMON,
PARMON , DIFNQD, 5RA , SDECL , DIASUN, PARSUN DD, T,V,0.5,X,PI,
PT,BT.R,RAD.¥.A.B,C,0,E,F, RADD, RADMP , RADM , RADF , RADJ ,RADV,
REDS RADQ, RADOM  LTF

REAL*H MRA,MDECL,KD,LP,M,MF,L,OM,J 0B, NUD, NUL,LT, LEF
RHRLA=0.0D0

RHRLO=0 000

PHASE=0.0D0

LISP=0.0D0

DIAMON=0. 00O
PARMON=0.CD0
DIFNOR=0. 000

MEE=0.000

MOECL=0C.000

SEA=Q, 000

SDECL=0.0D0
OTASUN=0 ., 000
FARRSHN=0-0E0

LU =0 /000
HU1=0. 000

R=0. 000

Do=0. 000

A0
OD
LOL
LD
I H

L1 | N | e

I & o o.a o

RALD=0,

RADME=0.0D0

RADN=0.
RALF=0.
RADI=0.
RADV=0,
RADS=0.
RADO=0.

BRDOM=0, QD0

ED={.0D
Le=0.0D

L ant

Qoo

Doo
ooo
ooa
ooa
il
Coa

o
{
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M=0.000

MP=0 000

L=0.0D0

OM=0, 000

J=0.000

OB=0.0D0

LT=0.0n0

LEP=0.0D0

LTP={1.0D0
RAD=57.2857795100D0
DO=DAJUL-2415020.00
=D0/36525. 000
KD=IDINT(DD/1000.D0+,.5D0)

DD=D0-1000. DOI*KD+DAFRC

FURDAMENTAL ARGUMENTS OF BROWN'S LUNALE THEORY ARE BELOW .
LP=270.434358D0+13. 176396526800+ DD+216. 396526 BD0~KD-T**2 /582 . 60
+TH*3/526.0D3
CALL SCALE(LF)

M=258.4758300+. 98560026 TODO*D0+265 . 00285 9D0*KD-T**2 /6566 . TO0-
T**3 /33,004

CALL SCALE(M)
D=330.73768100+12.1907491914D0*D0+5310, 749191 400*ED=T*%2 /556 . 400+
T=#3/6526.003

CALL SCALE{D}

F=L1,250BE8300+13. 22935045D0*DD+269, 35044900%KD=-T**2 /311 .4D0~-
T*=3/3 . 0D6

CALL SCALE(F)

HP=236.104008300+13. 0649924470000+ 104 . 992445500 *KD+T**2

LOS . BDO+T#**3 /69500 . 60O

CALL SCALE(MP}

L=278 .a966B0N0+ . 985647335400 *DD+265 a4 T33E4D0SKD4TH%2 /32300 , 300
catl SCRUENE) ' )
OM=255.18327 500~ 052855522 200*DD-52. 953922199400 Ko+ T**2/

481, 2D04+T**3 /5, 005

CALL SCALE{GM)

V=53.0703700+ . 516521365500*DD+256, 521 3455D0%KD

CALL SCRLE{V)

J=221.64742D0+ . 90251791 TEDO*0O0+182 ., 51791 7800FED

CLLL SCALE(J)

P=165.9490500+. 4615761 716D0%D0+101 . 5761 716D0ED

CALL SCALE(Q)

5=193. 1323004 .9521494604D0*DD+232 . 149460400 KD

CALL SCALE(S)

LUNAE ABEREATION COREECTION BELOW
LP=LP+0.018D0*DCOS (MF= 2. D0*0) /3600 . 000
LP=LF+0.007D0*DC0S (2. D0%*D) £ 3600 . 000

ADDITIVE TERMS OF BROWN'S LUNAR THEORY ARE BELOW .
F=F=DSIN{ (OM+Z89.6500= 90D0*T ) /RAD) /1935, 500
¥=DSIN( (84.110D00+1&. Z0900*T) /RAD) /11612 . 900
LP=LP+X
ME=MF+%

D=D+x

F=F+X
H=DSIN({235.669D0+150,679D0+T) /RAD) /15189, 9D
LP=LP+X

ME=HF+X

D=0+

F=F+X
E=DSIN{(3L5.600+B95,300*T )} /RAD) /17EZ2. 000
L=L+¥

M=H+X
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X=, 26600%DSING (31.6D0+119.D0*T ) fRAD) /3600, 0D0
L=L+X
M=M+x
¥={1.882D0-.01600%T) *DSIN{ (57 .24D0+150., 2700%T ) /RAD ) f 3600, 000
L=L+X
H=M+H
H=D5IN( (OM+Z75.0500=2 . 3000%T) /RAD)
F=F-3/231.07D0
MP=MP+X/3208.5600
H=¥/127E5.800
LP=LF+¥%
D=0+%
F=F+X
H=DSIN(OM/RAD)
LP=LP+%/495 800
MP=MP+%/385 . 5600
D=D+X/495 . D0
F=F=¥/40.585700
KEDSING (346 . S6D0+L32. 8TDO*T-  009173100*T=*2 ) /RAD ) /252, 280D
LP=LP+X
MP=HMF+X
-D=D+X
F=F+x
E=DSIN{ (51.200420.ZD0*T ) /RAD)
LP=LF+X/4286.0D0
ME=MF+E/1224 Q00
D=D+X,/497 . 200
M=M=H/56Z.500
F=F+¥,/17142.9D0
L=L-¥/66Z.500
OBLIGUI TE-0F THEEPLIFTIC L& CALCULATED BELOW USING- THE
EPGCH 2000 .0CE0UATION FOR/THE OBLIGUITY. .
T=T-1.0D0
OE=23 439291 00-T/Th . BOG2300-T** 2 k. 2506+
T**3/1964127.0D0
T=T+1.000
E=1,00-,002495400*%T - _DOADOT S23D0OATHES
TERMS FOR BOTH WUTATIONS ARE BELOW .
NUO={=(17.232700+.0173700%T ) *D5 TN (OM,/RAD)+{ . Z0BED0+ , J0D0ZD0+T ) *
DSIHS (2.00%0M) fRADY -1 . 27300505 IN( (2. DO*L) /RAD) -, 202T00*
DESIN{{Z.D0O*LE)/RAD}+,126D0*0DSIN{M/RAD )+ . 0BTSDO*DSIN{HE /RAD ) -
L049TDO*DSIN( { 2. D0*L+M) /RAD ) +. D21 4D0*D5TIN( { 2. DO*L-M) /RAD) )/
IEA0.0D0
NU1={(%.2100+.0009100*T }*0C0S (OM/RAD) - { . 090400 =, A0O04DO*T &
DCOS{ (Z.D0%0M) JRADY+. 552D0*0Cos( (2. DO0%L) /RAD Y +
LOBBADOMDCOS( {2 .DOXLE ) /RAD )+ . D2LED0*DC0S ( { 2. 00*L+M) FRAD ) -
.0083D0*DC05 ¢ (2.D0*L-M) /RAD) ) /3600, 000
DBE=0B+MU1
BEGIN CALCULATING LUNAR ELEMENTE ...
FI=342Z.54D0
CALL SCALE(D)
CALL SCALE(MP)
CALL SCALE(M)
CALL SCALE(F)
CALL SCALE(J)
CALL SCALE(V)
CALL SCALE(S)
CALL SCALE(D)
RADD=D/RAD
RADMP=MF/RAD
RADM=M /RLD
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BADF=F/RAD
RADJ=J/RAED
RADV=Y/RAD
RADS=5/RAD
RADQ=0/RAD
RADOM=0M/RAD
CALT ATERMS (RADD, RADMP ,RADM,RADF, RADJ ,RADV,RADS,RADG,E,LT)
CALL EXTRAA(RADD, RADMF ,RADM RADF,E,LTP)
CALL CTERMS(RADD, RADMP,RADM, R&DF , RARJ,RADV,RADS,RADG,E,FT)
LF=LF+LT/3600.000+LTF/3600. 000
FI=FI+FT
PI=PI+PI**3/25E27Z.DE
CALL BTERMS{RADD,RADMF,RATM, RADF RADJ,RADV,RADS,RADQ,E, BT, RADOM)
E=BT/ /3600, 000
B=B*{1.00-.000466400*0C0S (OM/HAD) }*{1.00= 00007 5400%
DCOS{ (OM+275.05D0-2.300*T) /RAD)Y )% (1 .D0- . DOODOBRSSADOR
DCOS{ (OM+289 . 65D0= . 9DORT) /RAD) )

LUMAE CORRECTION FACTORS BELOW ...
E=B+0.00001200
LP=LF-{.0001 7600
FI=F1=0.09700
LE=LF+HU0
LEP=LF
HOECL=DCOS (B/RAD) *DSIN{LE/RAD ) *DSIN{OB/RAD)+DSIN(B/RAD*
DCOS(0B/RADY
HOECL=RAD*DASIN (MDECL )
T=DS5IN(LP/RAD)*DCOS{OB/RAD ) -DTANS B/RAD }*DSIN(OB/RAD)
¥=DCoS(LP/RAD)
MEA=RAD*DATAN{ Y/ %)
{CRLL ALTAMAM(X,Y¥,MRA)
MERA=HEA/15.0D0
PARMCH=FI/Gp00 . 000
DIAMON=10, 079900, 3600, 0D0+0 . 27 245300+ FARMGH 1 #2000
DISF=0.01&65944D0,/DTAN ( FEARMON/ RAD )
RHRLA=4.9320=2*DC0S5(F/AAD }
EHRELO=E ., 71470503 *DSIM [ DIAHON S RAD ) %2
DIFHOD=F

BEGIN CALCULATING SOLAR ELEMENTS
E=.01675104D0%E
R=1.00000003D0%{ L. O0+R=*Z /2 .00~ (R-3.D0*R**3 /8. 000 )*
DCOS{M/RAD - {R**2 /2 . D0-A**4,/ 3, 000} *DC0OS( (2.00%M) /EAD ) =5, pO*
R*=3*DC0S( (3,D0*M}/RAD) /5. 000-R**4*DC0S [ (4., D0AM) /RAD} /3. 000}
CRLL DTERMS{RADD , RADMP, RADM,RADF , RADJ, RADV RADS EADQ,LT,T)
L=L+LT/3600,000
CALL ETERMS (RADD, RRDHP RADM, RADF ,BADJ, RADV ,RADS  HADG, LT)
R=R*{1.D0+LT/L.0O7)
CALL FTERMS(RADD,RADMP, RADM RRDF RADJ, RADV, RADS ,RADQ,LT)
T=LT/3600.000
L=L+Z502.D0*({8.8D0/R ) *DCOS(B/RAD ) *DEIN{ {LP-L} /RED ) / {PI*3600.000 )
LT=LT+2502.D0% (&, 8D0/RY*DSTIN{E/RAD) /{PI*3600.OD0)
R=R+.012120000+(5.B800/R)~DCOS (B/RAD ) *DCOS( {LP-L} /RAD) /PT

SOLAR ABERRATION IS CALCULATED BELOW .
L=L-20.4700% (1,004, 0167 5104D0*E*DO0S (M/RADY ) /3600, 000
L=L4+NUD

SOLAR CORRECTION FACTORS BELOW ...
LT=LT-0.0000407040
L=L+0 0000170

R IS o TO 51X PLACES .
PHASE=C.500*%{1.00-DCOS( (LEE-L}/RADY)

SOLALE DIAMETER ALLOWS FOR IRRADIATION...

DIASUN=0.53398500/R
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FARSUN=(&.794D0/R) /3600 .0D0
SDECL=DCO0S(LT/RAD ) *DSIN{L,/RAD ) *DSIN{ OB/ RAD Y +DSIN{ LT /RAD)*
DCOS({0B/RAD)
SDECL=RAD*DASIN(SDECL )
¥Y=DSIN{L/RAD)*DCOS (0B/RAD ) -DTAN{ LT/RAD Y *DSIN (OB /RAD)
®=DCOS{L/RAD)
SRA=RLDFDATAN{Y/X)
CALL ATAMAM(XE,¥.SRA)
SRA=SRA/15.000

CONVERTS R.4L. TD IAU EARTH/MOON MASS-RATIO (81.30% SYSTEM
SRA=SRA+2Z.78D-7*DSIN{D/RAD)-5.560-7
RETURN
END

THE FOLLOWING 51X SUBROUTINES ARE PERIODIC TERMS

DEVELOPED TN EROWN'S LUNAE THEOREY AND NEWCOME'S
S50LAR THEORY ...

B BRSSO SR e b o o o o s e

CODED: S50OLAR AND PLAMNETARY TEEMS IN LUNAE LOMGITUDE

SUBROUTINE ATERME{D MF,M.F J,V,5,0,E,CORL}

DIMEMSION AC(T2Y

DOVBLE PRECISION AC,D,F,.V,5,.0.E,COR1,HAVE]

REAL*E MEF M,J

DATA (AC(I),I=l,29)/45B6.46465,2369.9112 6658.147485,411.60865,
£11.657319,205.962346,191.95263,165. 144714, 147 .686127,
125.153814,109. 672472,55.172668,45. 0985013 ,39.52T71821 ,
38.4269101,30.7737402 ,28.4735382,24.4213217,18.6117905,
18.0234253, 145772727 .04 . IBREET T ,13,900151&,13.1937268,
5. 701190849, 38564065 B.62087178 , 8. 46555023 8. 09651 362/
DLTA (AC(T),I=30.54)/
7.64800415,7.48574532,7.413459909 6. 380861 ,5.73925206,
4.39072671,3.99584563,3.21441261,2.92025975,2,735841624,
2.57940525, 2. 5304558 ,2. 49393617, 2.1505719,1.97900173,
L.87733107,1.749%971685,1.43976153,1.29694013 , 1. 26834622,
1.2242%453,1.189584224 1. 178465502, 1.166B0709, L. 1361%002/
DETA [AC(I),I=55,72)}/

L.OBT50754, 1.050%58R%, .992520473, . 950931494, ,821L07809%,
.75BE89967 , 680376443, .661591745, (642343176, 637925399,
.587800332, 584435151, . 570455938, 559361546, . 556846665,
55094513, .5395769,.0.179/

DATA HAVE1/0.0DOD/

RAD=E7.295779510000

IF (HAVEL.EQ.1.0D0D) GOTO 10

HAVE1=1.0DD

RC{3y=AC(3}*E

BC{G)=AC[EY*E

AC{B)=AC(B)*E

BRC{9)=AC(9)*E

BC{L1)=AC(11)*E

AC{17)=AC(17)*E

RC{LE)=AC(1B)*E

ACT20)=RC (20 )¥%E

AC{21)=AC(Z1)*E

AC{2E)=AC(2Z5)*E

ACC2TI=AC(ET)*E

AC({29)=AC(Z9)*E*=2

AC{30)=AC[3D)*E

RCL31)=AcC(31)*E+=2
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AC(32)=AC(32 )} *E#*D
AC(35}=AC{35)%E

AC(38)=hC(38)*E

AC(39)=AC(39)*E

AC{40)=AC(40)*E**2

AC{41)=AC (41 )*E**]

AC{AZY=AC{42)%E

BC{43)}=AC{43)*E

AC{4A5Y=AC{45 ) *E

BC(47}=AC{47 }*E

AC(49)=R0(49)kE

AC(52)=AC{52)*E

AC(EZ)=RC(53 ) kER*Z

RC{55)=AC(55)*E

AC{BO)=AC(R0 ) *E**Z

AC{61)=AC(E1)*E

AC{64)=AC{64)*E

AC({BB)=AC{GE)*E

RC{TO)}=R0{70Y*E
COR1=.Z9ZD0*DSIN{ 2. DO*MP+M+1580. 000/ RAD)
COR1=COR1+.311D0*DSIN(2 .DO*H+MP+1A0. D0 /RAD)
COR1=COR1+.482D0*DSIN (3 . DO*MP+M+180. ODO/RAD )
COR1=CORL1- . 49200*D3IN(HE) - . 24900%D5 T (2 . DOFHE ) -
-524D0*DSIN(3 . DO*ME }+ . 51D0*DSIN (M) - . 343D0*DSIN (3. DO*H)
CORL=COR1-.E7DO*DSIN(MP-M}+ . 254 D0%DSTN( 2. DOF(MP-H} )
CORL=COR1~-.%921D0*DSIN{HP+M+180 ,0D0/RAD } -

. 295D0"DSIN(Z . DO~ (HP+M ) }
CORL=COR1+AC{&E ) *DSIN{ 2. *F-D)+AC(6T ) *DSIN(E . *D=2 . *KF )+
AC(GE}*DEIN(M-D)+AC{A% ) *DSIN{ 2. *HE-2. *I+2  AF ) +
AC(TOYADSIN(3 . *MP+M+180, /RAD)+AC (71 )*DSIN{ 2. *MP-2 . *D-2 . XF b+
AC(T2}*DSIN(2.7F-2. *D+MP+180. /RAD)
CORVEOORLAAG (BE*D5 T 2. *D=4 [SHF)+

AC (ST IMDSINY V) +ACTE0 ) *DSIN(HP=2 . ¥+ 3, #D ) SAC{ELT*DEIN{S . AME-11)+
AC(BZ)*DSIM{3.*V+2.*D~HP 1 +AC(E3 }*DSIN(J+1. 2 /RAD )+
RC{6d ) *"DSIN{MP-M-4 . *DJ+AC (65 }*DSIN( 2. *MP+D+1E0. /RAD)
CORL=COR1I+AC{S2 ) *DSIN{2. *D+2 . *MF=-M)+
BRC{S3)TDSIN(Z . *M+MP+150. /RAD )+
AC{G4}*DSIN(Z.*D-MP+2 . *J+180.3/RADJ+AC [ E5 ) *DSTH (M+D-HE ) +
AC(SB}*DSIN(2 . *D+3 . *MP ) +AC (57 ) *DSIH(HP+2Z, *D+2. *F+180, /RAD)
COR1=CORL+AC(43 }*DSIN(2. *D=H=2, *F }+AC{ 44 1 *DSIN{MP+4 . *D )+
AC(45)*DSIN{4.*D-M)+AC({ 46 V*DSIN{ 2. *HF-0) +

AC(AT ) *DSIN{2.*F=HM-2,*D)+AC(481*DSIN{ 2. #F-2. *MF )+
AC({49)*DSIN{M+D+MP ) +AC (SO DSTIN (2. *NP-2. %0+
AC{5])*D3IN{4.*D=-3, *NF)
CORL=COR1+AC{3G)*DSIN{2. *MP+2 . *F+180. /RAD }+
AC{3T)™DSINCI. *D-HP+180. /RAD )+
AC{3B)*DSIN(M+2.*D+MF+ 180, /RAD I+
AC(39}*D5SIN(S,. *D-2 ., *MP-M} +AC (40 ) ADSIR{ME-2 . *M}+
AC(4L}*DSIN({HP-2.%H=2.*D}+AC{42)FDSIN(M+2 . #D=2, *NP)
COR1=CORL+AC(30}*DSIN(Z. *MP+M+180. /RAD )+
AC{31)*DSIN{2.*H+180. /RAD+AC (32 )*DSIN{ 2. *D-MP=2 . *H)+
AC(33)*DSIN(MF+2.%D=2 , #F+150. /RAD)+
BC{34)*DSIN{Z.*F+2 . *D+180. /RADI+AC( 35 | *DSIN({ 4. *D-H-ME)
COR1=COR1+AC{20)*DEIN{M+D }+AC{ 21} *DSIN (MP=M+2 , *D )+
AC{22)*DSIN(Z.*D+2 . *HP )4+RC{ 23V *DSIN(4 . D)+
ac{24}*DEIH(E.*HP-;.*D+1Eﬂ.;RADJ+&E(253*DEIH[2.*HP~H}+
AC(Z26 }*DEIN(MP-2.*F-2.*D)+AC( 27 )*DSIN{ 2. *D=-H=-2 . *NFP ) +
AC(2B}*DSIM{MP+D+1B0. /RAD ) +AC(291*DSIN{ 2. %D~ 2. *M)
CORI=CORI+AC( 1L }*DSIN(MP+M+180. /RAD)+

AC[1Z)*DSIN{2, *F-2.*0+180. /RAD)}+AC{13 1 *DSIN( 2. *F+HP+180. /RAD )+
AC{14)*DSIN{ 2. *F-MP+180, /RAD}+AC{ L5 Y*DSIN (4. *D-MP }+
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AC{LlE)"DSIN{4.*D-2 . 7HP)+AC(17 }*DSIN{M+2 . *D-HP+180. /RAD)+
AC{LE)=DSIN(2.*D+M+180. /RAD)+AC(19}*D5SIN(MPF-D)
COR1=CORL+AC(L}*DSIN(Z . *D=-MF)+AC(2 P DSIN(Z.*D )+
AC{I}*DEIN(M+180. /RAD)+AC(4)*DSIN(2. *F+L80. /RAD ) +
BAC{S}*DSIN(2,*NP=-2.*D+180. /RAD)+

AC{6}*DEIN(Z. *D-M~MP H+AC{T }*DSIN(Z . *D+MP }+AC{ 8 1 *DSIN (2. *D-M 3+
AC(9}*DSIN(MP=M)+AC{I10)*DSIN(D+EB0. /RAD)
CORL=COR1+2Z63%.55000%DSIN(MP)+769.0LCD0*DSIN( 2. DO*ME} +
3E.L24D0*DSIN (3 . DOMME Y +1 . 938D0*DS TN 4. DA*HE | +
.113D0*DSIN{ 5. DOFHE)

RETURN

END

CODES 1-4,.6: SOLAR AND PLAMETARY TERMS IN LUNAER LATITUOE

SUBROUTINE ETERMS(D,MP,M,F.J,.V,5,0,E,CORZ,0OM)

DIMENSION BC{AR)

DOUBLE FRECISION BC.E.D,F . V,5,0,COR2,0M, HAVEZ

REAL*E MP M, J

DATA (BC{I),T=1,29)/158461 .48, 6.299,1010,17%9,9949, 694461,
623.557799,199.485222 ,166,5787583,117.261605,61.9121347,
33.3581678,31.7626528 , 79.6B87429,15.5643,15.1219735,
12.1405507,8.90103066 ,8.00114798,7.46270134,6.75657343,
6.578%97955 &, 48%90536 ,5.65362957 ,5,35725523 , 5, 33076548,
5.09630773,4.86072925,4.79456044 , 3.98147168,3.67486076/
DATRE (BC{I),I=30,54%/
2.99851677,2,81395146 ,2.4133191 ,2.15154504 , 2. 1461975,
1.77373266,1.62393555 , 1 582652, 1. 52289975 ,1.51572666,
1.32351672,1.20534627 , 1.158984224,1.1398067 ,1.098212,
1.02120686, .82659L787, .B10664018, 806132078, ,804227109,
79390622 5. 66ARTTHIN 5  B5T1L 5381 (642343176, . GEI013708/
DATA {BC{I), I=55.69)

L59813022), . 59228949, . 474279554, . 427995999, 41767511,
.53B7824784, . 348127556, , 34281833, , 377044827, .318683717,
.31181878, .3063B3178,:.301420758, .291022736, .2731826656/
DATA (BC(I),I=70,86}/

266504247, 254777211, . 243250174, .239032676, . 216774323,
LZ1DE91026, . Z0TB3856]1, .17127265%4, . 152213808, . 146118429,
140373286 L 1403733%6 , 140373296, . 136033863, . 134011111,
.1258559444 129859444 )

DATA HAVEZ/D.OQDOD/

RARD=57,295772L100D0

IF (HAVE2.EQ.1.0D0) GOTO 20

HAVEZ=1.0D0

BOYLZ)=BC(12)*E

BC{LIZ)=BC(15}*E

BC{IH)=BC(16 ) *E

BOSLT)=BC(17 ) *E

B L2)=BC(18)*E

BC(19)=BC(19)*E

BC{Z21)=BC(Z1)*E

BCL22)=BClZ2)*E

BC(24)=BC(Z4)*E

BO(25)=RC(25)%E

BC(26)=BC(Z6)*E

BC(35)=BC(35)*E

BC(40)=RC(40)*E

BC(41}=BC(41)*E

BC(43)=BC(43)*E

BC( 44} =BC[44 ) ¥EX=]2

EC(46}SBC{46)*E
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BC(47 }=BC(47)*E

BC(48)=BC{48)*E

BC(491=BC(49)*E

EC(S50)=BC(50)*E

BC(52)=BC(52)*E

BC{53)=BC(52)*E

BC{55)=BC(S55)*E

BC{59)=RC({5%)*E

BC{60)=BC{6D)*E**2

BCO{&2)=BC{62)*E

Br{ad }=BC{64)*E**Z

BC{&5}=RC{a5Y*E

BC(ET y=BC{a? ) E

BC{E59}=RC{G0 ) *Erk]

BC(73)=BC(T3)}*E

BC(74)=BC(T4}*E

BC(77)=BC{T7}*E

BC{78)=BC(T7A}*E

BC(B3 )=BC( &3 ) NE%*]

BEC[86)1=EC(B6)*E

CORZ=.083D0*DEIN{F+Z.00%0M)
COR2=CORZ-.137DO*DSIN(MP+F )+ . 03100*DSIN{ 2. DO*HP+F ) +
-091DO0*DSIN{4 . DOXMMP+F |- . 26200*0S TN (N+F =, DSED0*DSIN{ 2 . DO*HM+E)
CORZ=CORZ+.16500*DSIN (MP=M+F )
CORZ=CORZ-.10100*DSIN (HP+M+LBD. QDO /RAD4F )

CORZ=CORZ+, 358D0*DSIN (HE-2 . DOAM+F)
CORZ=CORZ+.117D0*DSIN( 2 . DUO*M+HP+180. 000,/ RADHF )
CORZ=CORZ+.0TEDO*DSING 3. DO*ME-M+F )

COR2=CORZ+ . 119D0*DSIHN (3. DO*MP+M+ 180 . D00,/ RADHF )
CORZ=CORZ-,026D0*DSIN{ 2. D0*ME-M+F}

COR2=CORZ+. D553R0ADSING 2 . DOFME+M+LE0 D00/ BAD+F )
CORE=GORZ+BL(BIIFDSIN(F=2. %052 M} +BC{ B4 Y*DS TN (2. #D-F =40 "NF )%
BC{SS}*D5IN (2. *F=2 *MFP1+BC ({861 *DSIN{ 2. *"HE=F-N+2 . X7}
CORZ=CORZ+BC{TR)TDSIN{F+4 . *D=M}+BC{ T} *DEIN(2Z . *D-F+3 *HF )+
BCLB0)*DSIN(Z.*D+3 . *F+180. /HAD 1+

BC(BL ) *DSIN(F=HMP+DI+BC{BZ I *DSIN{F+2 _*D4+3. *MP)
CORZ=CORZ+BC(T2)*DSINC2. *D-NP+3, *F+180. /RED )+
BC(73)*DSIN{H+F+MP+2 . *D+180. /RAD Y+
BC(74)*DSIN(F+4 . *D-M-2 . *HP }+BC (75 ) *DSIN{MP+F+4 . *D )+
BC{76)*DSIN{F-MP+3.*0+180. /RAD )+

BC{77)*DSIN{4. *B-F+N=-HP+1580, /RAD)
CORZ=CORZ+BC{B5 ) *D3IN(F-M-2. *MP }+BC( 66 J*DSIN (HP+F-3. *D )+
BC{GT7 )*DSIN{ 2. *MP-M-F +BC (65 ) *D5IN{ 3. *F-MP-2.*D )+
BC{GRY*DSIN(MF+F=2.*D+2.*H+1B0. /RAD }+
BC{70)*DSIN(F+4.*MP }+BC{TLV*DSIN(F+2, *D-3, *MP )
CORZ=CORZ+BCY{57 ) *DSIN (HP+4 . *D-F)+BC(58) *DSIN{ME+F-D)+
BC{59}*DSIN(4.*D=F=H ) +BC{60)FDSIN{Z. ¥O=2 . "M+F )+
BC(ELY*DSIN(F=3.*D)+BC(62 ) *DSIN( F+d . *D-H-MP )+

BC(B3 }*DSIN(Z.*D-HF~3 . %F }+BC{ 04 ) *DSIN({Z.*D-MP+F-2.*M)
CORZ=CORZ+BC (50 ) *DSIN(MP+F-2. *D-4} +

BC(EL)*OSIN (NP+F+D+1B0. /RAD )+
BCIS2)*DSIN(F+2. SMP+M~2  *0+180. /RAD )+
BC(53)*DSIN{H+F+2. *"MP+1B0D. /RAD }+BC (54 ) *DSTH( 4. *D-F-2. *MP )+
BC(S5)*DSIN{4 . *D-F-M-MP 1+BC{ 56 ) *DSIN{ F-MP-D)
CORZ=CORZ+BC (40 }*DSIN(M+F+2.*D-MP+150. /RADY
BC{41)*DEIN{H+F+Z. *D+180. /RAD+BC {42 ) A\DSTN{F+4 ., *D)+
BC{43)*DSIN{Z . *D-M+F+HP 1 +BC (44 ) %DSTN{ 2. *D-2 . *M-F |+
BC{45)*DSIN{MP+3.*F+1A0. /RAD )+

BC{46 )*DEIN(F=2 _ *D-N-HP)+BC (4T ) *DSIN{F=M+2 , *MP }+
BO{4B}*DSIN([4M-F)+BC (49) *DSIN{H+F+D}
CORZ=CORZ+BC{34)*DSIN(E . *D-F+Z,*MP)+BC (A5 ) *DSIN(MF=-M=-F+2 . *0 )+
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BC(36 )} *O5IN( 2. *HF-F=2 . %0} +BC{37 y*D5IN(3 . *MP-F )+
BC{ZB)*DSIN(Z. *MP+2.*D+F )+BC{ 39 ) *D5IN( 2. *D=F=21, *NF)
CORZ=CORZ+BC( 25 1 *DSIN(F=M-MP }+BC{ 2B} *DSIN(F-M)+

BC(27 )*DSIN{F-D)+BC{ 2B} *DEIN (3. *MP+F )+
BC{Z29)*05IN{4. *D-F }4BC{ 30} *DSIN{F=-MP+4 . *D )+
BC{3L)*DSIN({MF=3.*F)+BC{3Z2)*DSIN{F+4.*D-2. *HP )+
BC(33)*DSIN{2.*D-3.*F)
CORZ=CORZ+BC(18)*DSIN(MP+F-2. *D+M+180. /RAD)+
BC(19)*DSIN{MP-M+F }+BC({20}*DSIN{4 . *D-F-MP )+

BCCZL ) *DSIN{M+F+180. fRAD J+BC( 22 }*DSIN(MP=-M=F ) +

BC{Z23 ) *DSIN{F+D+180. /RAD)+BC{ 24 }*DSIN (M+F+MP+180. /RAD)
CORZ=CORZ+BC(10)*DSIN(Z. *D-F+ME }+BC{ L1 ) *DEIN( 2. *NF=F )+
BC(1Z2)*DSIN{Z.*D-M-F)+BC(13)*DSIN(Z.*D-F-Z.*MP )+
BC(14 1 *DSIN{MP+F+2.*D }+BC({15 YV *DEIN(F-2 . %D~} +
BC(16)*DSIN{Z.*D-MP+F-H)+BC(1T)*DSIN{ 2. *D-M+F)
CORZ=CORZ+BC(1)*DSIN{FY+BC{ 2y *DSIN(3 . *F+180. /RAD }+
BC({3)*DSIN({MP+F J+BC{4 ) *DSIN (MP=F ) +BC (S ) *DSIN(Z. *D-F}+
BC(6)*DSIN(E . *D=MP+F )+BC (7 )*DSIN{ 2. *D-MP-F )+
BC(8)*DEIN(Z.*D+F)+EC (9 ) *DSIN{ 2. *MF+F)

RETURN

END

CODES: S50LAR AND PLANETARY TERMS IN LUNAR PARRILAX

SUBROUTINE CTERMS{D MP,M.F,J,V.5,0,E, CORE}

DIMENSION CC{72)

DOUBLE PRECISION CC,D,F,V,5,0,E,CORP HAVER

REAL*S MF . H.J

DATA {CC{I} . I=1,32)/34.311626,208.2332988,.399851245,0.0,
»3035T71512,1.44375509,3 . 08616319,1.91790658,1.1529927,
c2T7831ITL . 949408085, A05296227 (0. 07. T1BB5674; 1600874992,
T 22T2389 V22R621978 ) 299851677 0. 0). 148114547, . 230178443,
2831376847, 260877622, 1169842248, . 126834622 .0.0,0.0,
L10932916, .09164093464 . 103930554 ,0.0, . D4A3264264

DATA (CC{I).I=33,72)/

L04BO0TR41E2,0.0, .0673642377,0.0, .0385959915 . 0483264264,
N322216802,0.0,0.0,0.0,0.0,.0432284506, . 0337691957 ,0..0.,
g..9.,0.,0,,0.,0.,0.,0,,0,,0.,0.,0.,0.,0.,0,0.,0.,0..0..
0.,0.,0.,0.,0.,,.08319686815/

DATA HAVEZ/S0.0DO/

RAD=57, 285779510000

IF {HAVE3.EQ.1.0DD) GOTO 30

HAVE3=1.0D0

CCi3)=CCc(3)*E

CClE)=CC{B)*E

CC(8)=CC(8)*E

CC(9y=CC(o)*E

Col11=Coli1l M E

CCl1TI=CCiLT }*E

CC(18)=CC(18}*E

CC(20)=0C( 20 ) "E

CC(21)=CC(Z1)}*E

CCIZE)=0C(25)*E

CC(29)=CC(29) *EA*2

CCi30)=CC(30)*E

CO{32)=0C[32) *EXX

CC{35)=CC(35)*E

CC{38)=CC(3B)*E

Co{38)=00{39) *E

CC{45)=CC{45)*E

CORP=CC (66 }*DCOS{2. *F=D 1 +CC{6T }*DC0S (6. *D-2. *MP }+
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CO{BB}*DCOS (M=Di+CC{a3 I *DOOS (2. *MP -2, *D+2, *F 1+
CCLTO}*DCOS (3. *HP+N+180. /RAD 1+CC{71)*DCOS{ 2. *MP~-2 . *D-2 . *F} +
CC(T2)*OC0S (2. *F-2. *IHNP+150. /RAD)
CORP=CORP+CC(S8 ) *DC0S (2. %D~ *MP )+
CC(58)*BCOS{V+CC{60 ) *DCOS(MP-2 . *M+Z . *D )+
EC{Elj*ncas{3.*HP—H}+CE{52}*DEDS{3.*v+2,*D~HP;+
CC{B3)*DCOS4J+1.2/RAD)+CC{ 64 ) *DCOS {HP-H-4. *D )+
CC{a5)*DCCE{ 2. *MP+D+150, /RAD)
CORP=CORP+CC{5Z)*DCOS{ 2. *D+2 . *HP-M)+

CC{53}*DCOS(Z. *M+HP+180, /RAD }+

CC(54)*DC0S (2. *D=MP+2.*J+180, 3/RAD }+CC (55 ) *DCOS { H+D-HE 1+
CC{56}*DU0S (2. *D+3. *MP ) +CC{57 ) *DCOS (HP+2, *D+2, *F+180. /RADS
CORP=CORP+CC{43}*DCOS (2. *D-M-2, *F )4

CC(44 ) *DO0S (MP+H4 . *D ) +CC{45 ) *DC0S {4 . *D=H ) +CC{ 46 }*DC0S (2. *HE-T ) +
CC(AT)*DO0S2.*F=-M-2. *D)+00{43)*DC0S (2. #F-2. *"HE )+

CC(49) *DO0S {M+D+NE ) +8C (50 ) %0005 (2. #NP=1. *0 )+
CC{51)*DC0S{4.*D=3  *MP)
CORP=CORP+CC(36)*DC0S (2, *MP+2. *F+180. /RAD 4
CC{37)*DO0S(3.*D~-HNF+180. /RAD ) +CC{38) *DCOS (M+2 . *D+MP+1580 ., /RAD)+
CC{39}™DO0S(4. *0-2 , *MP =K ) +CC{40)*DCOS {HE= 2, #M i+
CC41)*DC0S(MP-2.#M=2, *D)+CC{42 ) *DOOS (M2, *D-2, *MP)
CORP=CORF+CC{ 30} *DCOS{ 2. *MP+M+1 50, /RAD )+

CCI51}*DC0S (2. *M+1B0. /RAD}+CC{32)%DCOS (2, ¥D-HP-2.*M)+
CC(33}*DCOS(MP+2.%D-2.*F+180. /RAD)+

CC(34)*D00S (2. *F+2.*D+180. /RAD)+CC (35 ) *DCOS{ 4. *D-M-ME}
COREP=CORP+CC (20} *DC0S (M4+D ) +CC( 21 Y*DCOS{MP-H+2. %D )+
CC22)*DCOS{ 2. *D+2. *MP }+CC({ 23 ) XDCOS (4. * D) +

CC{24)*DC0S{ 3. *MP-2 . *D+180., /RAD)+CC( 25 ) *DCOS{ 2, *ME-M) +
CC{26)*DCCS{MP-2 *F-2,*0)+00{ 27 140005 (2. *0-H-2. *HP | +

CCY{ 283 *DC0S {MP+D4180. /RAD ) +CC (29 ¥ D005 (2. *0=2 . *M)
CORP=CORP+CC{11)*DO0S (MP+M+180. /RAD |+

CCLLZY*TEas(2° FF-2 . *D+1B0. /RAD) ACC{ 13 ) *D00S (2. *F+MP+150. /RADD#
SO} #0008 (2, *F=MP+180. /RAD y+Co{ 15 *neos | 4, *b<ne) +
CCL181*DC05(4.*0-2 . *HP )+CC( L7 ) *DCOS{M+2 . *D-MP+180. /RAD 1+
CC(18)*DC0S( 2. *D+M+1ED . JRAD 1 +CC( 19 4 2D00S {HE=D )
CORF=CORP+CC{1)*Do0S (2, 5D-MP }+CC{ 2 y*DCOS{ 2. *D )+
CC(3)*DCOS{M+180., /RAD }+CC(4)7DCOS{ 2. *F+180. /RAD)+
CC{5)*DCOS{2. *MP-2. *D+180. /RAD I +CC (6 ) *DODS (2 . *D=H=NP )+
CCY7 PDCOS (2. *D+ME 1 4CC(8 ) *DCOS ( 2. *D=M 1+

CCL9)ADCOS (MP-M)+CC(10 1 *DC05{D+180. /RAD)
CORP=CORF+186, S598D0*DO0OS{HF )+10.165TD0*DOAS { 2. DOFHE )+
»B21500*DCOS5{ 3. DO*ME )+ . 0401D0*DCAS | 4 . DOAME )+
LO0ZED0*DCOS { 5. DOXMP )

RETURN

END

MEWCOMB'S TERMS IN SOLAR LONGITUDE

SUBRCUTINE DTERMS{D MP.M F,J .V ,5,Q,COR3,T)

DIMENSIGH DC{43)

DOUBLE PRECISION DC,D,F.¥V,5.0,.C0R3,T

REAL*E MF M,J

DATE (DC(I),I=1,43)/4.835,5.526,.666,.21,.084, 2, 497,
1.559,1.024,.154,.152, .144,.123, .116, .075, .074, .419,.1404,
-32,.112,.273,2.043,.129,1.77, 585, .5, .425,.204,.154,.106,
.101,.065,7.208,2.731,.164,2.6,1.6]1, .554, .21, .1&63, .0B,
.073,.073,.069/

RAD=57 .2957 74510000

CORZ=DC(39)*DCOS{J+M+110.2/RAD}+
DC{40)*DCOS (4. *J=2  AM+E3 .9 /RAD }+
DC[41]*DEDSiJ-E.*H+IE?.QHRED}+DCiéE]*DEDE{E.*J-E-*H+?5.?IHED}+
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DC{43 ) *DCOS (2. *I+N+263.9/RAD)
CORZ=COR3+DC{ 32 *DC05{ J+91.09/RAD ) +

DC{33)*DC0s (2. *J+270. 25 /RAD )+DC{ 341 *0C0S (3 . *J+265. 2 /RAD )+
DOL3SY* D005 (T-M+174. 77 /RAD ) +DC{36 ) *DCOS{ 2. *J-M+29Z .6/RAD )+
DCCITY*DCOS(3 . *F-N+177.31/RAD }+DC{38Y*0COS(3 . *J=2 . *M+193 . 2/RAD)
COR3Z=COR3+DC{27 ) *DCOS({5.%Q-2 ., *M+1B5. 5/RAD )+
DC{2B)*DC0S (6. *0-2., *M+185. /RAD )+
DC{29)*DpCos (7. %0=3 , *M+53, 3/RAD )+

DC{30}*DCOS(6. *0-2 . *H+53 . 9/RADY+DC( 31 ) *DCOS (5. *0-M+139 .3 /FAD)
CORZ=CORI+DC{20) %0005 (0+90. 6 /RAD )+

DCY{21}*DCOS(2. *0+59. 76/RAD+DC({ 22V *DC0S{ 3. *Q+273. /RAD )+
DC{23)*DC0S (2. *0=-N+306.27 /RAD } +
DC{24)*DCOS (4. *0-2 . *M+185. 82 /RAD ) +

DC{25)*0C05 (4. *0-M+316.94/RAT }+DC{ 26 ) *DC0S{ 2. *0=H+317 . T/RAD )
COR3=COR3+DCY{ 14)*DCOS (V4M+87 . 5/RAD) +

DC{LS Y DCOS(W=M+355.6/RAD )+

DC{16 ) *DCOS (5+90. 34 /RADYHDC (17 Y DC0S{ 2. *54270. 1 /RAD )+
DC{18)*DCOS (5=M+259. Z2/RAD)4DC{ 19 *DCOS{ 2. F5-H+273 . L /RAD)
CORZ=CORI+DC{ BY*DCOS{3.*V-2 . F¥+50, 85 /RaD ) +

DC(9 I *Do0S (E. W= . *H+34 . 1 /RAD b+
DC{10)*DC0S (4, %V=2  *M+Z27.4/RAD) +

DC{1L}*DCO0S (4. *V-M+79. /RAD ) +DC{12 ) *DCOS{ 5. *V-2, *M+225 ,8/RAD }+
DC{13)*DC0S (2. *V+M+90. 7 /RAD)

COR3=CORZ+DC{ L )*DCOS{V+30. /RAD+DC(2)*DCOS{ 2. *V+90. 12/RAD ) +
DC(3)*0C05 (3. *V+270. 41 /RAD J+DC{ 4} *DCOS (4 . *V+89. 8/RAD ) +
DCCE)I*DC0S (5. *W+270. 1 /RAD 400 (&) "DCDS (2, *V=-H+257 . 75 /RAD 1 +
DC(T %0005 { 3. FV=-H+T7. 96/ RAD)
COR3A=COR3+(6910,.057D0-17.2400%T-, 05200*T#*2 V2 *DSTH (M) +
{72.338D0-.361D0T)*DSIN(2.D0*M )+ (1, 05400~ ,001DO*T ) #

DSIN(3 . D0*M}+ . D1BDOFDSIN(L ., DO*M)+0. DLEDO*DSIN(D)

RETURN : '

END

HEWCOME'S TERMS IM SOLAR RANGE

SUBROUTINE ETERMS(D.MP.M.F.J.V.5,.0, CORS)

DIMEMSION W44}

DOUELE PRECISION W, D,F,V,5,.0,COR4

REAL*B MP.M,J

DATA (W{I}, I=1,44)/54.32,157.54,24.06,8.86,3.75,1.84,34.47,
20.01,4.51,4.47 ,3.668,3.25,2.16,2.16,1.59,1.36,1.2,9.B8,3.73,
2.56,3.45,47.36,3.687,11.01 ,4.95,3.48,3.2,2.46,2.42,2.05,1.38,
1.2,162.73,92.7,6.47,33.6,15.49,5.62,4.79,4.01,2.6,2.37.1.584,
1:7¢

RAD=57.Z957735100D0

CORE=W {39} *DC05 { J+M+23 . 6,/RAD ) +

W40 ) *DC05 (3. %J=2, *M+103 .3 /FAD }+

W41l ) *DC05(4.*J-2, *M+353 .9 /RAD }+W (42 }*DC0OS {2 . *J+M+1T3.6/ARD 1+
W{a3}*DCOS(J-2.*M+278. L/RAC}+W (44 ) *DCOS (4. *J-N+86 . 1/RAD)
CORG=COR4+W {34 ) *DC0S (2. *J+180, 22 /RAD )+

W{3E ) DCOS (3.4 J+175.9/RAD ) +H {36} *DCOS {2  *J=M+202 .55/ RAD ) +
W{3T3*DCOS {3, *I-M+B7. 23/RAD ) +W (38 ) *DC0OS ( J-M+250. 2/RAD)}
COR4=CORG+W {25 ) *DC0OS (3. *0-M+227 . 8/RAD Y +

W26} *DCOS (2. *0-M+40.9/RAD J+W {27 ) *DCOS{ 6. *Q-2. *H+94 . 9/RAD } +
W{28}*DC0S (5. *Q=M+49, 3/RAD ) +W{ 20} *DCOS{4.*0-2 . *H+277.6/RAD Y+
W{A0*DC0S (5. %0=-Z, *M4+05, T/RAD )+ {31 ) *DCOsS{7 . #0-2. " H+276 . B/RAD } +
W32 YADC0S (2. *0+M+1 . 3/RAD)+H {331 *DC05 (J+1 . 1/RAD)
CORA=CORA+W{ 14 )*DCO5({4 ., *V-2 , *M+138.4/RAD}+

Wi15)* D005 (V-H+139,.4/RAD}+W (16 ) *DCOS (5. *V=N+166. T/RAD )+
WilTI*D00S(2.*V-2,*M+340. 6/ RAD ) +W{ 15 ) *DCOS (5+. 36 /RAD )+
Wil9)*DC0S (2. *5+180, L/RAD ) +W (201 *0C05 (2. *5-M+182 . 6 /RAD } +
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W21 }*DCOS(Q+.6/RAD ) +W{22}*DC0S (2. *0- . 3/RAD )+
W{Z3)*DC0S({3.*Q+182. 3/RAD )+ W (24 } *DCOS (4 . % 0-H+226 . 92/RAD)
COR4=CORG+W (1 ) *DCOS{V+W{ Z)*DCOS(2. *V+. 12 /RAD ) +
W{3)*DCOS{3. *V+180. 27 /RAD }+W (4 ) #DC0S5 (4. *V- . 11/RAD}+
W{5)*DCOS{5.*V+180, /RAD )+W (6 } *DCOS (6.%V~- . 3/RAD )+

W{7)*DCOS (3, *V-H+347 .95 /RAD ) +H{ B} *DCOS (2. *V-H+16B.5/RAD)+
W{3)*DCO5{4.*V=-H+345.B/RAD)+W {10} *DCOS (3, #V-2, *M+142.2/RAD )+
W{ll)*DOOS{2. *VeM+. 2/ RAD)+W{ 1 215DCOS (5. V-2 . "N+ 139.9/RAD i+
W{13)*DCOS{V+M+355 . 9/RAD)+7 . OD-B%0COS({D)

RETURN

END

HEWCOME'S TERHS IN SOLAR LATITUDE

SUBROUTINE FTERMS(D . MP M, F,J.V,5,0,CORS)

DIMENSION FC{1B)

DOUBLE PRECISION FC,D,F,V.S5,0,CORS

RERL*S MP.H,J

DATA (FC{I),I=%,16)/.21,.092, .067,.031,.029,.023,.019,.014,
014, .012,.012,.166,.023, .01&8, 017, 016/
RAD=57 . 295779510000

CORS=FC(2)*DCOS{2.%V-Z.*M+233 . /RAD }+

FCLL10}*DOOS (2. #V+271 . /RAD4FC{ 11 }*DCOS{ 4. *V-2 . "H+244 . FRAD 1+
FCi12}*DCOS(2.%J-M+268.6/RADMFO{ L3} *DOOS{J-2, *H )+
FCOL14}*DO0S(3.#T-2.*M+182. /RAD ) +FC(15)*DCOS (J+5. /RAD )+
FC{16)*DCOS(J-M+272. /RAD)
CORS=CORS+FC{1)*DCO5{3. *V-N+64 . 5/RAD ) +FC ([ 2) *DO0S (V-H4+64. 6/RAD )+
FO(3)¥DCOS{2.*V-M+244 . 8/RAD ) +FC () *DCOS{4. *V-M+65.4 /RAD } +
FC(5)*DCOS{V+M+116 . /RADY+FC{6}*DOAS (2. *V+N+ 295, /RAD )+
FC{T)™DCOS(5. *V-2,*H+233 . /RAD ) +FC{ B ) *DCOS (3, *V+H+114. /RAD)
EETURN

END:

CODEQ: ADDITIONAL SOLAR AND PLANETARY TERMS IN LUMAR LONGITUDE
EXTRA TERME WITH COEFFICIENT RAMNGE .5 TO .15 ARC SECONDS

SUBROUTINE EXTRAA(D,MF M.F.E,CORG)

DOUBLE PRECISION D MF.M,F E,CORG
CORE==.393*DSIN{MF-5.00%D ) -, ZBSHEADSIN{M+4 . DO®D ) +
ADI*DSIN(I.DO*D)+. 213*D5IN (2. DO*HE+4. D0*D )+, 2AIXEN
DSIN(ME-M+4.00%0) -, 1B0*E*E*DSIN( 2 . DO*N+ 2. D0*0) - . 151 *E*E*
DSIN(Z . DO*M-4,.D0%D )+, 150*E*DSIN(M+3.D0%D } -, 293%
DSIN(3.DO*ME~-&.00%0) -, Z90*EFDSIN{ 2. DO*MP+M+2 . DO*0)

CORE=CORE+, 360*E*DSIN( 2 . DO*MP-M-4 .DORD) -, SL1*E=E*
DSIN(MP+Z.D0*M-4.00%0) - . 344*E*=I*D5IN( 2. D0O*H=2 . DOXD )=
LS01*DSIN(MP+2 . DO*F-4 ., D0*D b+, Z02*DS 1IN (MP=2 . DD*F -4, 0 *0 )+
CALE*E*DSIN(M+2.D0*F)+. 384*E#DSIN({H-2 . DO*F-2. D070} +
LEAAFEXDSIN(HP+H-3 . DO*D )=, 276 *E*DSIN{MP-M~3 . DO*0 )
CORE=COR6+.255*DSIN(Z . DO*F+D)+.254DEIN{ 2 . DOXF=3 . DO*D -
-48Z*E*DSIN(S . DOAMP+H-2.00%0) = . LAS*EADSIN (3 .DO*MP-M~-2.00%D) =
LZOTHEXERDSIN(Z . DO*HE+2 . DOYM-2 . D0*D ) - . LIE1*E*E*
DEIN{2.D0*MP+2.DONM=-4 . DO*D )+ . ZE4*EXE*OSIN (2, I*MP - 2. DD*M-2 . DO*D }
CORB=CORE=. ZROME**IFNSIH{MP+3 . DORN-2.00%*D ) - . 455%
DSIN(Z.DO*MP-2.D0*F+2.D0*D0 }+ . L73*DSIN{ 2. DO*MP -2  DO%F-4.D0%D)+
- 263*E*DESIN{MP+M+2 . DO*F |+ . 426 EXDSIN(MP+M -2 . DO*F-2. DO*D ) - . 304*%
EXDSIN(HP=-H+Z.D0*F ) - . 3T2*E*DSIN{MP-M-Z.D0O*F+2 . DO*D 1+, 4158%
DSIN(4.DO*F}-.352%E*DSIN (2. DO*MP-H-D}-.330*DSIN{ 3, DO*MP+2 . DORF)
RETURH

END

1 END. OF PROGRAM 1
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