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Abstract

This note is a description of the subprograms DOP,
which calculates the Doppler velocity of an earth-bound
observer, JULDA which calculates the Julian day-number,
MOVE which calculates precession, COORD which performs
coordinate transformations, and the GRM series of sub-
programs which deal with Doppler velocities in terms of
a standard galactic rotation model. These subprograms
are written in basic FORTRAN and should be useable on a

wide variety of computers.
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Franklin C. Hudson
Chief, Lincoln Laboratory Office
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SUBRUUTINE DOP (RAHKSIRAMINIRAGEC»DUEC sDMINeDSFraniYR oMM 1Y,
2 NHUT s NMUT o NSUT» ALAT»OLONGPELEVe XLSTeVSUNVI‘O1IeVOBRSIV1)

LOP CALCULATES THE VELOCITY COMPONENT OF THE OBSCRVER WITH RFSPECT

TO THE LUCAL STANDARLO OF REST AS PROJECTED ONTO A LINF SPECIFIED EY THF wIOHT
ASCENSIUN AND DECLINATION (RAHKS» RAMIN» RASECe JD=Ge DMINe [SEC) E£POCH OF
DATEs FOR A TIME SPECIFIED AS FOLLOWS+ HNYR = LAST TwWO DIGITS OF THE YEAR
(FOR 194X A«De)o DAY = DAY NUMBER (G4T) s NHUT» WMUTs NSUT = HRSs MINs SEC
(GMT). THE LOCATION OF THE OBSERVER IS SPECIFIEN 8BY THE LATITUGCE (ALAT).
LONSITUUE (OLONG) (GEODETIC) (IN DEGREES) AND ELEVATION (ELEV) (7* METFKS)
ABOVE McCAN SEA LEVEL. THE SUBKOUTINE OUTPUTS THE LOCAL MEAMN SIDFREAL TIMF
(XLST I DAYS)e THE COMPOHEWT UF THE SUN'S MOTIO ! wITH RESPFCT TO THE LOCAL
STAIDARU OF REST AS PROUECTED UNTO THE LINE OF SIGHT TO THE SOURCE (VSUN IN
KM/SEC) AS WELL AS THE TOTAL VELOCITY COMPONENT V1 (KM/SEC). POSITIVF
VELOCITY CORRESPOUNDS TO INCREASING DISTANCE BETWEE:.] SOURCE AMD OSSERVFR,.

THIS VERSION OF UUP TAKES INTO ACCOUNT COMPOMENTS OF THF O-GFRVER'S

MOTION OUE TO THE ROTATION OF THt EARTH» THE REVOLUTION OF THF EARTH=M( O
BARYCENTER ABOUT THE SUNe AND THE MOTION OF THE EARTH'S CETF? AROCUT THE
EARTH=100N BARYCENTER. THE PERTURBATIONS OF THE FARTH'S 0PHIT DUF 10 THE
PLANETS ARE NEGLECTED. THE A3SOLUTE PRECISION OF THIS VERSION OF UOP IS
ABUUT 0,004 KM/SECe bUT SINCE THE DOMINANT ERROR TIRM IS SLOWLY VARYINGe THF
RELATIVE ERROR WILL BE CONSIDERABLY LESS FOR TIMES UP TO A “FEK 2P SO,

KREFERENCES+ MCRAE® D¢ Aer WESTERHOUTs G.» TABLE FOR THE REDUCTIOM OF
VELOCITIES TO THE LOCAL STANDARD OF RESTe» THE OBSFRVAT.LRY.
LUNDe SWEDENe» 1956
SMART» we Mer TEXT=BOOK ON SPHERICAL ASTRONOMY» CAMRRILGE
UNIV. PRESS» 1962,
THE AMERICAW EPHEMEKIS AND NAUTICAL ALMANAC
THE LUPPLEMENT TO THE ABQVE

VERSION OF Juhe 1969



[aNalisNgNe)

(g N e

THE FOLLOWING CALCULATIONS DEAL «ITH THE SUN'S ““OTION NITH W SPECT TO THF
OCAL STANCARD OF REST.
THE VELOCITY OF Tite SUN wITH RESPECT TO THE LOCAL STANDARL OF REST IS THE
CONVENTIONAL VALUE OF 20.0 KM/SEC TOWAR:: RA = 18 HrSy DEC = 20 DEG (19n00).
AAA=18,0%3,1415926535712.0
D30 0%3.1415326535/7180.0
AOVE PRECESSES THIS ODIRECTION TO DATE
CALL MOVE (1900¢19Q00+NYRr1eNJAYPAAAPDDe  DELAYDELDNINDC) MCVE
AAAZAAA+DELA
DD=UJ+DELDD
THIS VELOCITY IS CONVERTEC TO CAKTESIAN COMPONENTS
X0=2U.0%COSF (AAA) *xCOSF (DD)
YO=20.0%«SINF(AAA)xCOSF (DD)
20220« 0%SINF (DY)
RAL1 IS THE RIGHT ASCENSION (REVS=DHAYS)
RAL1Z(RAHRS+RAMIN/600+RASEC/3600.0)/724,0
RA IS Tak RIGHT ASCENSION (RADIANS)
RAZZ2.0%23.1415926535%xrA1
JEC IS THE DECLINATION (RADIANS)
JEC=3,1815926535% (DU G+SIGNF(DVIN/60,0+0SEC/360).0¢DDMG)) /18040
CCer CSr AND S ARE THE DIRECTION CISINES CORRESPN..DING TO RA AND DEC
CC=CUSF(DEC) *COSF (RA)
CS=COSF(DEC)=SINF (RA)
S=SINF (DEC)
VSUY IS THe PROJECTIOM G.ITO THE LINE OF SIGHT TO THE STAR oF THE Sul.'S
MOTION JITH RESPECT TO THE LOCAL STANDARD OF REST (KM/SEC)
VSUMNZ=X0*CC=-YO*xCS=20%S

COOROINATES OF THE OLSERVERe LATITUDE (RADIANS)e 84D LOMSIYUNE (REVSZDLYS)
CAT=ALAT®3,1415920535/7180.0
WLONG=0OLONG/ 3600
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THE FOLLOWING CALCULATLIONS LEAL ©ITH Tk TIVE
Tl £POCH IS 1900 JANUARY UeSH UT = JULIAN DAY 24154920.0
UU i Tk TIME FROM THE cPOCH Tu JAN 0.0 OF THE CUKRFNT fF &R (DAYS)
DUS (JULDA(19UU+NYR) =2415020)-0+5 JiLrNA
TU IS DU CONVERTED To JULIAN CENTURIES
TU=DU/ 365250
UTJA IS THE GMT FROM JAN 0.0 TO THE PRESENT (DAYS)
UTDASNDAY +(NHUT/24  04NMUT/ 1440, 0+NSUT /864000
SMD (SMALL D) 1S THE TIME FROM THE EPOCH TO THE PRISENT (LAYAR)
SHAUSIU+UTDA
T IS SMU CONVERTED Tu JULIAII CENTURIES
T=54,/36525.0
START Is THE GREENWICH MZAN SIDEREAL TIME ON JAN 0.0 (DAYS)
(THE LXTRA 129.17934 SECS CORRESPONDS TO THE 0.7 CELTURY SULBTRACTED FROM Tite
THE PKECISION IS THEREJY IMPROVED.)
STAKT=Z(0¢0+38¢0760.04+(U45:.830+129.1794+A6L4018U4.542%x(Ty=0,7)+0,0029
S *TU%22)/3600.0) /24,0
C1 IS THE CONVERSION FACTOR FROM SOLAR TIME TO SIDLRFAL TIvE
Clz(23.0+50.0/60.0+4,09054/3600.0)/24,0
GST Is THE GREENWICH MEAl, SIDEREAL TIME (DAYS)
OST=5TAKT+UTDA/C]
XLST IS THo LOCAL MEAN SIUEREAL TIME (FKOM JAN 0) (DAYS)
XLST=GST=wLONG
XLST=XLST=IFIX(XLST)
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THE FOLLOWNING CALCULATIONS OFAL +1TH THE OBSERVER'S OTINL #1TH
RESPECT TO THE EARTH'S CENTLR.
REDUCTIUN OF GEODETIC LATITUDE 10 GEOCEMTRIC LATIT.DE (ARCOFCONDS)
JLATZ=(11.,0260,0432,7430)%SINF(20%CAT)I+141633%51F(U*CPT)
2 =0U02u*SINLF(5.0%CAT)
CONVERT CAT TO GEOCENTRIC LATITUUE (RADIANS)
CAT=CATHULAT®3,1415920535/3600.,0/180,0
RHC IS THE RADIUS VECTOR FROM THE EARTH'S CENTER Tu THE (uSTRVER («ETE. S)
K =03781600%(0,996852707340.001676438%CCSF(2.0*CAT)=0,0"N003519
2 *COLF(4+0%CAT)+0,00000000R*COSF(6,0%CAT) ) +ELCY
ANU VHO IS THE CORRESPONULING CIRCULAR VELOCITY (MLTFRS/GINEAEAL NAY)
VRi10Z2.0%3,1415926535%1119
CONVERTED TO KILOMETERS/SEC
VRHOZVRHO/24,0E3/3600.,0%C1
VOLS IS THE PROJECTION ONTO THe LIMNE OF SIGHT TO THE STAP CF THE VELOCITY
OF THE OBSERVER wWITH RESPECT TO THE EARTH'S CENTUR (KM/SEC)
VOLSZVRHO*COSF (CAT) *#COSF(DEC) *SINF(2.0%3.14159265358(XLST=-RAL))
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THE FOLLOWING CALCULATIUNS DEAL wITH THE EARTH'S NRBIT ARGUT THE SUN
AM IS THE MEAN ANUMALY (UF THE EARTH'S ORBIT) (RANIANS)
AMZ(358.4758340.98500U2670%5MN=0.0001508T#82=0,100003%T»s3)
2 *3.1415926535/180.0
PI IS ThnE MEAN LONGITUCE OF PERIMELION (RADIANS)
PI=(101,220834J.,0000470684%SMD+0.000453¢Ts%240,30NN034T+%3)
2 *3.1415926535/180.C
E IS THe ECCENTRICITY OF THE OKBIT (DIMENSIONLESS)
ESUeU1675104-0.00004180*T=0.,0000001268T%%2
Al IS Tk mEAN QBLIQUITY OF THE ECLIPTIC (RADIANS)
AI=(23,452294=0+0130125*T=0,00000164*T**2+0.000100503+T++3)
2 *3,1415926535/7180.0
VS IS THE TRUE ANOMALY (APPROXIMATE FORMULA) (RADIANS)
(EQUATION OF THE CENTEK)
VOSAM+ (2. 0%E=0,25%E#53)aSINF (AM) +1,25%F %2 2xSINF(2,0%AN) +
2 13¢U/12¢08E%23+SINF (3,0%AM) +
XLAM IS THE TRUE LONGITUDE OF THE EARTH AS SEEN FROM THE SUN (RADIANS)
XLAMZPI+VS
ALAM IS THE TRUE LONGITUDE OF THE SUN AS SEEN FROM THE EARTH (RADIANS)
ALAMZXLAM+3,1415926535
BETA IL THE LATITUDE OF THE STAR (RADIANS)
ALONG IS THE LONGITUDE OF THE STAR (RADIANS)
CALL COORD (04000400 =3,1415926535/2.003,1415926535/2.0=A1,
2 RA*DECe ALONG»BETA) COORD
AA IS THE SEMI-MAJOR AXIS OF THE EARTH'S ORBIT (KM)
AA=149598500,.0
AN IS THE MEAN ANGULAR RATE OF THE EARTH ABOUT THE SUN (RALIAYS/DAY)
ANZ2,0%3,1415926535/365.2564
HOP IS ri/P FROM SMART = THE COMPONENT OF THE EARTH'S VELOCITY PERPENDICULAR
[C THt RADIUS VECTOR (KM/DAY)
HOP=AN®AA/SGRTF(1.0-c*%x2)
CONVERTED TO KM/SEC
HCP=HOP/86400.0
vV IS THE PKOJECTIUN ONTO THE LINE OF SIGHT TO THE STAR OF THE VELOCITY
OF THE ctARTH=MOON SARYCENTER WITH RESPECT TO THE SUN (KM/SEFC)
VZ=r{uP*COSF(RETA)* (SI4F (ALAM=ALONG)=E»*SINF(PI-ALO"G))
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THE FOLLOWING CALCULATIONS DEAL ¢ITH THE MOON'S CR:i IT AROU' D THE
EARTH=MOON BARYCENTER
OMGA (OriEGA) 1S THE LONGITUDE OF THE MEAN ASCEHDING 'ODE GF THE LUJIIAR ORRIT
(DEGREE>)

OMGA =259.183275=0,0529539222%5VD+0.002078%T**24(,N00N02+T**3
OMGAR 15 OMGA IN RADIANS

OMGAR=OMGA*3.1415926535/180.0
AMON 15 OMGA PLUS THE MEAN LUMAR LONGITUDE OF THE MOON (DEGRFES)
(SHOULD BE 13.1763965268)

AMUNZ270.434164+13.,176396527 *SMD=0.001133%«T*%2+0,0000019sT*%x3

GAMP (GAMMA=PRIME) IS OMGA PLUS THE LUNAR LONGITUDt OF LUNAR PERIGEE (REGREFES

GAMPZ3344329556+0+1114040803%SMD=0,010325*T*%2=0,000012%Tx*3
PIM IS THE MEAN LUNAR LONGITUDE OF LUNAR PERIGEE (TO RADIA!S)
PIM=(GAMP=0MGA) *3,1415926535/180.0
g IS THE ECCENTRICITY OF THE LUNAR ORBIT
EM=0,054900489
OLAMM 15 THE MEAN LUNAR LONGITUDE OF THE MOOM (TO RADIA'IS)
OLAMM= (AMON=OMGA) *3,1415926535/180.0
AIM IS THE INCLIMATION OF THE LUNAR ORBIT TO THE ECLIPTIC (RADIANS)
AIM=5,1453964%3.1415926535/180.0
AMM IS THE APPROXIMATE MEAN ANOMALY (RADIANS)

(IT IS APPROXIMATE bECAUSE PIM SHOULD BE THE TRUE RATHER THAI THE MEAM LUNAP

LONGITUJUE OF LUNAR PERIGEE)
AMMEOLAMM=PIM
VSM IS THE TRUE ANOMALY (APPROXIMATE FORMULA) (RADIANS)
(EQUATION OF THE CENTER)
VSHiSAMM4 (2, 02EM=025%EM®%3) xSINF (AMM) 41 o 25%EM* % 2% SINF (2, 0% AMM)
2 +13.0/12.0%EM*%x3%SINF (3. 0%AMM) *is 00
ALAMM I3 THE TRUE LUNAR LONGITUDE OF THE MOON (RADIANS)
ALAMM=P IM+VSM
ANM 1S THE MEAN ANGULAR RATE OF THE LUNAR ROTATIUN (RADIA!.S/NDAY)
ANM=2,0%3.1415926535/27.3216051
AAM IS THE SEMI=MAJOR AXI1IS OF THE LUNAR OBRIT (KILOMETERS)
AAMZ00.2665%6378,388
BETAM IS THE LUNAR LATITUDE OF THE STAR (RADIANS)
ALGY 1S THE LUNAR LONGITUDE OF THE STAR (RADIANS)
CALL COORD (OMGAR¢0.0DrOMGAR=3+1415926535/2,0¢3,1415926535/2.0=AIMr
2 ALONG/BETA» ALGM/BETAM) coorn
HOP~ IS H/P FROM SMART = THE COMPONENT OF THE LUNAR VELOCITY PERPEHDICULAR
TO THE RADIUS VECTOR (KM/DAY)
HOPM=ANM*AAM/SQRTF (1, 0=EM%%x2)
CONVERTED 70 KM/SEC
HOPMZ=HOPM/86400.0
VMON 1S THE PROJECTION ONTO THE LINE OF SIGHT TO THE STAR OF THE VELOCITY
OF THE EARTH'S CENTER WITH RESPECT TO THE EARTH=MOON BARYCENTER (KM/SEC)
(THE 81,30 IS THE RATIO OF THE EARTH®'S MASS TO THE MOON'S \“ASS)
VMONZ==HUOPM/81 +30%COSF(BETAM) x (SINF (ALAMM=ALGM) =FMxSINF (PIv=ALGM))
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VISV+HVSUN+VMON+VOLS
RETURN

THIS> PROGRAM OMITS ThE PLANETARY PERTURBATIONS OW THF EAPTH'< QPRIT, THFSI
AMOUNT TO ABOUT C.0U3 kM/SEC AND ARE THOUGHT TO 8E THF LARGEFST CONTRIBUTING
TO THE ERROR IN THE VELOCITY.

BN
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FUNCTION JULDA(iNYK)
FHIS FUNCTION COMPUTES THE JULIAN DAY NUMBER AT 12 HRS UT ON JANUARY 0
OF THE YEAR NYR (GREGORIAN CALENDAR). JULDA 1S AN INTEGER BFCAUSE OF THIS
DEFINITIONs FOR EXAMPLE» JULDA = 2439856 FOR NYR = 1961,

NYRMIZSNYR-1

IC=NYRM1/100
JULDA=1721425+365%NYRM1+NYRM1/4=1C+IC/4
RETURN

END
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SUBROUTINE COORD (AO»:300AP'BPe " 1981y A2,B2)

THIS 5UuROUTINt CONVERTS THE LONGITUDE=LIKE (A1) A:D LATIIUDF=LIKE (BR1)
COORDINATES OF A POINT ON A SPHERE INTO THE CORRZSPONDING COORDINATES (A2»
82) IN A DIFFERENT CCORDIMNATE SYSTEM THAT IS SPECIFIED 8BY [HF COONPDINATES

OF ITS VRIGIN (AOr» BO) ARD ITS NORTH POLE (AP, BP) IN THE ORIGIMNAL COOHDIMATF
SYSTEi4s THE RANGE OF A2 wILL BE “ROM =PI TC PI.

ALL ARGUMENTS ARE IN RAUTAHS,

ZXAMPLLS OF USE
PI = 3.141592653>
PId2 = PI/2.0

EXAMPLE I-=-=TO CALCULATE AZIMUTH AND ELEVATION FROM HOUR ANGLF AND OECLINATION
CALL COORD (PI+PIO2=LATITUDE»0.0rLATITUDE HOUR ANGLEDECLINATINN,
2 AZ1 WTH»ELEVATION)

HZV IF AZIMUTH I3 DESIRED IV THe RANGE (G TO PI SET
ALZIMUTH = AZIMUTH + (PI = SIGMF{(PI,AZIMUTH))

cXAMPLe II-=TO CALCULATE HUUR ANGLE AND CECLINATIO FROM AZIMVUTH AND
ELEVATIUN

CALL COORD (PI+PIO2-LATITUDE»OeOr/LATITUDEPAZIMUTHIELEVATIC i»

2 HOUIt ANOLEYDECLINATION)

EXAMPLE III-~TO CALCULATE LI AND 3I FROM RIGHT ASCLNSION AND DECLINATIUN
(EPOCH 1900.0)

AP = (12+0440+0/60.0)%PI/12.0
(I.E. 12 HOURS 40 MINUTES CONVERTZD TO RADIANS)

B8P = 23.0%PI/140.0
AD = (18.0+40.0/00.0)%P1/12.0
#0 = 0.0

(REFER TO KRAUS» Per RADIO ASTRONOMY, MCGRAW HILL» NEW YORKe» 1966+ 3UT FOR
FURTHER REFINEMENTSs SEE ALSO ALLEN» Ce Wer ASTROPAHYSICAL CUANTITIES
ATHLONE PRESS» LOWNDON» 1963.)

CALL COORD (AO»BO+AP»BPeRIGHT ASCENSION'DECLIVATIONsLI»tI)
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EXAAPLe IV==Tu CALCULATE RIGHT AGCENSION AND DECLIMATION (FPGCH 1900.0) FROM
LI AND i1
IN GENERAL» WHENEVER WE KNOW THE FORWARD TRANSFORMATION (EXAMPLE III AisQVE)
WE MAY DO THE REVERSE TRANSFORMATION WITH AT MOST Twn EXTRA PRELIMINARY CALLS
TO COUkL TO CALCULATE THE COORDIMNATES IH SYSTEM 2 OF THE POLF ANMD ORIGIN IN
SYSTEM L. BUT OFTEN IT IS POSSIRLE TO GET THESE NEEDED COORNDINATES RY
INSPECTION. FOR EXAMPLE,» BP WILL REMAIN THE SAML FOR THE FORWARN AND REVERSE
TRANSFORMATIONS. FOR THIS EXAMPLE WE SEE BY INSPECTION THAT

APP = 6.0%PI/12.0

BPH = 28.0%PI/180.0
(THE SECOND P REPRESENTS PRIME.) AND wE MAY CALCULATE AOP AnD BOP FROM

CALL COORD (AOrBOrAP)BPr0«0r0.00AOPBOP)
WHERE THE AO» ETC. ARE FROM EXAMPLE III. THEN TAE ACTUAL COMVERSTON IS

CALL COORD (AGCP'BOP»APP¢BPP»LI+BI+RIGHT ASCENSIONIDECLINATION)

cXAMPLE Vv==T0 CALCULATE LII AND BII FROM RIGHT ASCENSION AND DECLTMATION
(EPOCH 1950.0)

AP (12.0+49.0/00.0)%PI/1240
8P 27.4%P1/180.0
AQ (17.0+42.4/60.0)%P1/12.0

B0 = =(28.0+55.0/60.0)%P1/180.0
L COORD (AOr30+AP»BPrRIGHT ASCENSIONeDECLINATIONLII,BII)

EXAMPLE VI==TO CALCULATE RIGHT ASCENSION AND DECLIMATIO'I (EPOCH 1950.0) FR0™
LII AND BII
FIRST CALCULATE APP AND BPP FROM
CALL COORD (AO'BOrAP»BP»0.0rPI02+APPBPP)
THEN CALCULATE AOP AND BOP FROM
CALL CQORD (AO1BO+AP»3P+0+0¢0,0¢rADP»BOP)
wHERE THE AOr» ETC. ARE FROM EXAMPLE V. THEN THE ACTUAL CONVFRSION IS
CALL COORD (AOP BOP APPIBPPILIT»BII/RIGHT ASCENSIOMsDECLIMNATIOHN)

10
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EXAMPLE VII==TO CALCULATE (ECLIPTIC) LATITUDE AND LONGITUI F FrOM PIGHT
ASCeliLTUN AND DECLINATION
tPS i> THE OBLIGUITY OF Tk ECLIFTIC wHICH IS ABOUT 23.4438 NFSREESe BUT IT
VEPE S O THE &£POCH. SEL THE AVIPRICAN EPHEMERIS Al) JAUTICAL ALMANAC,
EPSZe3.003%PI/IB0.0
CALL COOKD (0e0r0.0r=PI02¢PI0G2=EPSeRICGHT ASCF'ISIOHWDECLT iATION
2 LATITUOUE LONGITULE)

THE "oTATION USES S OR C FOR SINE OR COSIME OF THE CORRESPINNING VARIALLE»
FOR EXAMPLEs SHO = SINF(HO)e ETC.

NOTE THAT THE INPUT PARAMETERS ARE PARTIALLY REDUNDANT. FOR EXAMPLE, IF
AP, 8P+ ANU AO ARE SPECIFIEDs THEN THERL ARE ONLY TwO DISCRETF VALUES
POSSINLE FOR BO (EXCEPT FOR A FLv OEGENERATE SPECIAL CASES). SEE BELOL FAOR
wHAT T0 DO IF IT IS NECESSARY TO PRECALCULATE A0 ALD RO.

IFe INSTEAD OF AO ANL BOr THE LOMGITUDE OF THE ASCENDING NODF IS KNUW I
BOTH Trt OLD (AN1) AND NEw (AN2) COORDINATE SYSTEMS, THEN AO AND BO “MAY RF
CALCULATED by A PRELIMINARY CALL TO COORD

CALL COORD (0402000 AN1=AP»BP¢=AN2+0,0°ACU+BO)
THEN THIS AC AND BO MAY BE USED FOR A SERIES OF ORNDIMARY CALLS TO COORN AS
DESCRIbeD ABOVE.

IF APs» BPe» AND A0 ARE riOwWMNe THE! THE TwO POSSIBLE VALUES OF B0 MAY KE
CALCULATED FROM
SHUT(SBP % 2,0*CBP*%2«CAPAO*SGRTF (]I «0+CAPAOX%2))/
2 (SpPrx*x2+(CBP*CAPAD) %%x2)
WHERE CAPAQ = CCSF(AF=A0) AND THE OTHER NOTATION IS EXPLAI'F - AFOVE, & 0
WHERE THE 9% IS TU BE REPLACED BY + AND ~-.

IF aP» BPs AND BO ARL KNOWNe THE™ THE TwWwC POSSIBLE VALUES OF AQC MAY RE
CALCULATED FROM

CAPAUZ(1.0=SbU*SEP) /7 (CBO*CBP)
BOTH ANGLES WITH THIS COSINE ART POSSIBLEI.

11



SBOSSINF (BO)
CBO=COSF (BO)
SBP=SINF (BP)
CHBP=COSF (uP)
SB1=SINF(B1)
Col=COSF(B1)

S82=5BP*SB1+CHP*CB14COSF (AP=A1)
B2ZASINF (S82)

(NOTE BO 1S NOT NEEDED TO CALCULATE R2)
CB2=COSF (B2)

SAASSINF (AP=Al)*Cb1/CB2
CAA=(SB1=-582%SuP) / (CE2*CuP)

Cup3=580/CBP
SBB=>INF (AP=AQ) *Cu0

TA202=(1+0-CAA#CBB=SAA*SBB)/ (SAA*CBB=-CAA*SBB)
A2=2,0*ATANF (TAR0R2)

RETURN
END

12
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SUBROUTINE MOVE (NYRIPNYRFeMOe .DAYRA»LCr  DELRYDELDYNDC)

MOVE CALCULATES Tile CORRECTION (DULR) IN RIGHT ALGCINSIOIN ( .A4) AMND THE
CORRECTLION (DELD) IN DECLINATION (L) (ALL IN RADIANS) [0 KE ANOEN TO ThE
MEAN COURDINATES FUR EPOCH NYRI (i +5e¢ 1950) TO GIVHE THE APPARENT POSITIONS
OF A DATE SPECIFIEL 8Y THE YEAK (WYRF» E«Ge 1968)¢ MOHTH (~0y 1 TN 12), A'D
DAY (NDA) e 1IF THE DAY=NUMBER IS KNOWNe USE IT FOR NDA AND STT MO = 1.

MOVE ALLO CALCULATES THE EQUATION OF THE FQUINOXES (NCe I 2TMUTES OF TIVF)
WHICH “AY BE ADDE() To THE MEAW SIDEREAL TIME TO GIVLC THE APPARENT SIDE: EAL
NIME (AciNA=469)s DELR AND DELD CONTAIN CORRECTIUNS FOR PRECESSIOMN: ANlNUAL
ABERRATIONs AND SOME TERMS OF NUTATION. IF RA A%D D AREC FCk THE MEAN EPOCH
(IeEe HALFWAY BETWEEN NYRI AND NYKF) THEN THE PRECISION OF OFLR AND DELD IS
ABOUT <& ARCSECONDS (SEE WNEGLECTED TERMS IN ESE-44)e 1F RA £nND D ARE EITHFR
OF THL _ND POINTS OF THE INTERVAL» THEN THE PRECISIOM MAY 1: SOMEVHAT wORSC.
AENA = THE AMERICAN EPHEMeRIS AND NAUTICAL ALMANAC (THE BLUS 300K).

ESE = THE EXPLANATORY SUPPLEMENT TO A30VE (THE GREELN RBONK).

SNU=LINF (D)
CSD=COSF (D)
TIND=SNU/CSD

CSRICOSF (RA)
SNR=3INF (RA)

AL IS A APPROXIMATE DAY NUMBER (I+E. THE NUM3ER OF DAYS SINCE JANUARY 0
OF THE YEAR NYRF),
AL=30*(MO=1)+NDA

TO IS THE TIME FROM 1900 TO NYRI (CENTURIES)
TO=FLOATF(WYR1=1900)/100.0

T 1S THE TIME FROM NYRI TO DATE (YRF,» nMOr NDA) (CENTURIES)

(365.,2421988 1S THE NUMsER OF EPHEMERIS DAYS IN A TROPICAL YFaRn)
T=(FLOATF (NYRF=NYR1) +AL/365.,2421988)/100.0

2ETAO 1S A PRECESSIONAL AMGLE FRO- ESE=29 (ARCSECONDS)
ZETAU=(2304.250+14396%TO) *xT+045024T*%240,018%T*%3

JITTO FUR £
ZZ2ETAQ+0 791 Txx%x2

AND THETA
THETAZ(2004+682=0¢853%TO) *T=0,U426%xT*%2=0,042%T*%3

AM AND AN ARE THE M AND n PRECESSIONAL MUMBERS (SFE AEHA=SUe 474) (RADIAR)
AMZ(LETAO+2) *4,.848136811E-6
AN=T ETA*4,848136811E=6
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ALAM IS AN APPROXIMATE MEAN LONGITUDE FOK THE SUN (AFNA=50) (RADIANS)
ALAMZ(0.985647*AL+278.5)%0.0174532925
SNL=SINF (ALAM)
CSL=COSF (ALAM)
DELR IS THE ANNUAL ABERKRATION TEKM IN RA (RADIANS) (ESE=47.4p)
(091745051 = COS(OBLIGUITY OF ECLIPTIC))
(=9.,92413605E=5 = K = 20.47 ARCSECONDS = CONSTANT OF ABERKATION (ESE=U#))
DELR==9+92413605E=5* (SNL*SNR+0.91745051*CSL*CSR) /CSD
PLUS PRECESSION TERMS (SEE AENA=50 AND ESE=38)
2 +AM+AN*SNR*TND
DELD IS DITTO ABOVE IN DECLINATION
DELD==9¢92413605E=5% (SNL*CSR*SND=0+91745051%CSL*SNR*SND
(039784993 = SIN(OBLIQUITY OF ECLIPTIC))
2 +0+39784993*CSL*CSD) +AN*CSR

THE FOLLOWING CALCULATES THE NUTATION (APPROXIMATELY) (ESE-41,45)
OMEGA IS THE ANGLE OF THE FIRST TERM OF MUTATIOMN (ESE=44) (APPROXIMATE
FORMULA) (DEGREES)
OMEGA=259.183275=1934.142*%(TO+T)
ARG IS OMEGA CONVERTED TO RADIANS
ARG=OMEGA*0.,0174532925
DLONG IS THE NUTATION IN LONGITUDE (DELTA=PSI) (RADIANS)
ULONG==843597E=5%xSINF (ARG)
00BLQ IS THE NUTATION IN OBLIQUITY (DELTA=-EPSILON) (RADIARS)
00BLU= 4.46T78E=5%COSF (ARG)

ADD NUTATION IN RA INTO DELR (ESE=43)
DELR=DELR+DLONG*((+91745051 +0.39784993 *SNR*TND) =CSR*THD»*DOPLN
AND DEC.
DELD=DELD+0.39784993 #*CSR*DLONG+SNR*DORLGQ
DC IS THE EQUATION OF THE EQUINOXES (MINUTES OF TIME) (ESE=-u43)
DC=DLONG=*210.264169
RETURN
END
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SUSKOUTINE GRM1 (ELII VRe RSeRCePSI)

DIMENSION RS(2)ePSI(2)
SJYURUUTLNE GRM1 (GALACTIC ROTATION MODEL = 1) ACCERPTS THF GALACTIC LONGITUDF
(ELII Iy ODEOREES) AND THE DOPPLER VELOCITY WITH RESPRECT To THE LOCAL STANDARND
OF REST (VR IN KM/SEC) ANL RETURNSG THE DISTANCE FROM THZ Sud (RS) e THE
JISTANC: FROM THE GALACTIC CENTER (RC) (BOTH IN KPC)e AND THF GALACTOCFNTRIC
LONGITUUE (PSI IN DEGREES). THE RANGE OF PSI WILL BE =120 TO +180 DEGREE’.
FOR MANY VALUES OF ELII AND VRe THERE WILL BE A LISTANCE AMIIGUITY AND THE
TWO POSLIBLE DISTANCES #ILL BE RETURNED IN RS(1) AND RS(2) AnC THF ASSOCIATEN
ANGLES In PSI(1) aND PSI(2). IF RS(1) IS NEGATIVE OR ZERO: THEN THERE IS
ONLY ONc SOLUTION AND IT IS IN RS(2) AHWD PSI(2). IF BOTH RS({1) AND RS(2)
ARE NtoaTIVE OR ZZrR0Or THEN THERE ARE HO SOLUTIONS TO THE EQWJATIONS: I.£, THF
GIVEN vrR IS IMPOSSIBLE FOR THIS ELII.
SEE SU3NUUTINE GRA3 FOR FURTHER DETAILS,

PI=3.,1415926535
TPI=2.0%*P]
ELIIR IS5 ELII CONVERTED TO RADIANS
ELII<=ELII*PI1/180.0
SLII IS SINCELII)
SLII=SINF(ELIIR)
RO IS ThE SUN'S DISTANCE FROM THE GALACTIC CENTER (KPC)
RO=10.0
OMGAO IS THE ANGULAR ROTATION VELOCITY AT THE SUN (KM/SEC/KPC)
OMGAU=254+0
OMGA IS THE ANGULAR ROTATION VELOCITY AT THE SOURCE (KM/SEC/kPC)
OMGA=VR/ (RO*SLII)+0OMGAD
GRM3 CALCULATES RC (KPC)
CALL GRM3 (OMGAr RC) GiM3
H IS5 THE LENGTH OF THE PERPENDICULAR DROPPED FROM THE GALACTIC CEHTER TO Trt
LINc UF SIGHT (KPC)
H=RO#SLII
30 TO 50 IF THEREL IS NO SOLUTION
IF (AHSF(H)=RC) 20r20¢50
JELT IS THE ANGLE BETWEEN THE SUN AND THE GALACTIC CENTEFR AS SEEM FROM Tur
SOURCE (RADIANS)
20 DELT=ASINF(H/RC)
PSI1 AND PSI2 ARE THE TwO SOLUTIONS FOR PSI (RADIAIS)
PSI1=ELIIR=DELT
PSIZ2=ELIIR+DELT+PI
COMVERT THESE TO OEGREESes SET THE RANGE TO =180 TO 18n, Ann PUT IN PSI
PSI(1)=PSI1%180+0/P1=360+0*IFIX(PSIL/TPI+SIGNF(3+5¢PSI1))
PSI(2)=PSI2%180.0/P1=360,0*IFIX(PSI2/TPI+SIGNF(0,5,PSI2))
THEN SET RS(1) AND RS(2) (KPC)
RS(1)==RC*SINF(PSI1)/SLII
RS(2)==RC*SINF(PSI2)/SLII
RETURN

©0 TO 50 FOR NO SOLUTIONS TO THE EQUATIONS (ABSF(H/RC) 6T, 1)
50 RS(1)=0.0

RS(2)=0.0

PSI(1)=0.0

PSI(2)=0.0

RETURN

END
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SUBRUUTINE GRM2 (ELI1+RSe VRWRCIPSI)
SUBROUTINE GRMZ (SALACTIC ROTATION MOJEL = 2) ACCEPTS THWF (ALACTIC LONAITUDF
(ELII {4 DEGREES) AND THE ULISTANCE FROM THE SUN (RS IN KPC) aND RFTURNS THE
UOPPLER VELUCITY wITH RESPECT TO THE LOCAL 5TANDARD OF REST (VR IM KM/SEC)
THE DISTANCe FROM THE GALACTIC CENTER (HC IN KPC)e AND THE SALACTOCENTE-IC
LONGITUUE (PSI It UEGREES).
SEE SUBRUUTINE GRM4 FOR FURTHER UETAILS.

PI=3.1415926535
ELIIR 1s ELII CONVERTED TO RAUIANS
ELIIR=ELII*PI/180.0
RO IS THE SUN'S DISTANCE FRrROW THE GALACTIC CENTER (KPC)
RO=1J.0
THEN RC IS JUST
RCISIRTF (RS*#2+RO**2~2 , U*RS*RO*COSF(ELIIR))
IMGA (FROYM GRM&) IS THE ANGULAR ROTATION VELOCITY AT THE S0 UnCE (KM/SEC/KPC)
CALL GrM4 (RC» OMGA) Ghmb
VUMGAO [> THE ANGULAR ROTATION VELOCITY AT THE SU (KM/SEC/KPC)
IMGAU=25.0
AND THEW VR I3 JUST
VR={OMGA=OMGAO) *RO*SINF(ELIIR)
4 IS THI ANGLE BETWEEN THE SUN AMD THE SOURCE AS ScE FROM THE GALACTIC
CENTER (RADIANS)
SNA IS SIN(A) (DIMENSIONLESS)
SNASRS*SINF(ELIIR)/RC
CSA IS5 COS(A) (UIMENSIONLESS)
CSA= (RO**24RC*#2=RS*%2) /{2, U*RO*R(C)
THIN A [S JUST
A=2.U*ATANF(SNA/(1.0+4CSA))
AND PSI (CONVERTED Tu DEGREES) IS JUST
PSI==A*1lo0.U/FI
RETURN
END
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SUBRUUTINE GRM3 (uMGA» RC)
SURRQUTINE GRMS (GALACTIC ROTATIO MOJEL = 3) ACCESTS THE A''.LAR ROTATIO
VELOCITY (OMGA IN KM/SEC/KPC) AND RETURNS THE DISTANCE FROM Trit GALACTIC
CENTER (KC IN KPC)» BASED ON THE MODEL OF THE GALAXY SUGGESTFC RY SCHMIDT
(1905)« SEE SUBROUTINE GRMY FOR FURTHER DETAILS.

IF OMUA +LE. O THEN RC = 0
IF (UMGA) 1urlur20

10 KC=0.0
RETUKN

UNFORTUJATELY THUERE 1S HO WAY TO INVERT SCHMIDT'S cQUATIONS TO ORTAIN i/C
DIRECTLY FKOM OMGA. THi FOLLOWINMS ITERATION PROCENURE SEEMS TO WORK AS wrLL
AS ANY. IT IS wASED ON THE APPROXIMATION THAT THFE CIRCULA® VELOCITY
(ZoMGA*RC) IS A SLUWLY VARYING FUNCTION OF RC. THC NUMRER 2n0 IS A FIwST
GUESS AT THIS VELOCITY.,
20 RC=2u0.,0/0MGA
Du 30 I=1.5 I
CALL GRMY4 (RC» OMGAT) GRMU
(NOTE TiHAT B GOES TO 1 FOR RC MUCH LESS THAN 10» AND TO 2/2 FOR LARGE RC)
B=(2.,0+10.,0/(10.0+RC)) /3.0
RC=RCH+RC=B* (OMGAT=0OMGA) /OMGA
30 CONTINUE I
RETURN
END
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SUBRUVUTINE GRM# (RCr  QMGA)
SURROUT (HE GRM4 (GALACTIC ROTATION MOVEL = 4) ACCEPTS THE NTSTANCE FROM THE
GALACTIC CENTER (RC IN KPC) AND RETURNS THE ANG!LAR ROTATIG': VELOCITY (OMGA
IN KM/SEC/KPC)« BASED ON THE MODEL OF THE GALAXY SUGGESTE RY MAARTEN
SCHMIUT» CHAP. ¢2 IN GALACTIC STRUCTURE: EDs BY A, BLAAUW AN M, SCHMIDT,
UNIV. OF CHICAGO PRLSS» 1665,

IF RC +LEs 0 THEN OMGA = 0
IF (C) 10r10U02u

10 OMGAzU.WY
RETURN

20 IF (<C=10.0) 40030¢50
30 OMGA=25.U
RETUARN

THE FULLOWING CALCULATIONS ARE FOR RC +LT. 10 KPC
vC IS TrHE CIRCULAR VELCGCITY (KM/SEC)
40 VC=S.RTF(30000¢0/RC+10120.243C=41,722%RC*%3)
THEN OMGA IS JUST

OMGA=VC/RC

RETURN

THE FOLLOWING CALCULATIONS ARE FOR RC +GT. 10 KPC
50 VC=SJURTF(851611+6/RC=2148585.1/RC*»2)
OMGA=VC/RC
RETURN
END
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