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ABSTRACT
The complete and rigorous update procedures applied to the 1950.0
epoch SAO Catalog are described. The corrections included are the terms
of elliptic aberration, precession, proper motion, and foreshortening
(e.g., parallax and radial velocity terms). The uses of the updated catalog
are schematically described for the local reduction of artificial satellite

positions. Finally, an annotated FORTRAN program is included.

iii



iLs INTRODUCTION

This report describes the sequence of computations performed to update
the Smithsonian Astrophysical Observatory Catalog (SAO3; hereinafter the
SAOC) from epoch 1950.0 to the present. We also schematically describe the
use of a current version of the SAOC in reducing artificial satellite
positions and photometry. The reader should be familiar with Taffa. Also,
Taff (in pressg discusses photometric reductions. Finally, the reader should
be aware that the errors discussed in § VIII of Taffa are reduced by a factor
of two when proper treatment of the e-terms is included.

Sections IIT and IV detail the update calculations performed on the
SAOC and Section V describes the astrometric information contained in the

1975.0 master and subsequent yearly tapes.



II. DESCRIPTION OF THE SAOC

The SAO, in response to the needs of the space age, constructed a non-
fundamental, astrometric, compilation catalog with the following goals:

(1) the star density would be at least four stars per square degree, (2) the
1970.0 positions would have a root mean square error of < 1", and (3) the
catalog would be on the FK4 system. The physical existence of the SAOC and
reference to Haramundanisl and Scott and Smith2 indicate that these

goals have been met.

The catalog contains entries for 258,997 stars. For astrometric purposes
the most important aspects of the SAOC are its success in meeting the above
goals and its availability in machine readable form. For our purposes the most
important datum for each star consists of position (@ = right ascension,

§ = declination) and proper motions (U = proper motion in right ascension,
u' = proper motion in declination). This information is in a barycentric
solar system coordinate system for the equator and equinox of 1950.0. The
reader is referred to the Introduction of the SAOC. However, he should be
aware that the 01950 column is totally incorrect and although the wrong equations
appear on p. xiii for 0U and Ou,, the correct formulas were used in their

computation.



III. ELLIPTIC ABERRATION

The position (e.g., a, 8) of a star, referred to a mean equator and
equinox of date, is referred to as a mean position. It differs from the
true position (at that time in that coordinate system) by the effects of
nutation. However, because the eccentricity of the earth's orbit is small
and hand computation laborious, it has been traditional to leave in those
observational effects due solely to the ellipticity of the earth's orbit in
the just defined mean place. Catalogs contain mean places of stars. Let
[ao(t'), Go(t')] be the just defined mean place at epoch t' as found in a
catalog. Then the real (i.e., intrinsic) position [a(t'), 6(t')] is obtained

by setting

a(t') = ao(t') - Aa(t'), (1a)

§(t') = 5o(t') - A8(e"). (1b)

The e-term corrections are given by

Aa(t') = cAC + dAD, (2a)

AS(t') = c'AC + 4'AD, (2b)

where the Besselian star constants ¢, d, c', d' are given by

c = cosao(t')sec5o(t'), d = sinao(t')sec5o(t'), (3a)
c' = tanc(t‘)cosdo(t‘) - sinao(t')sinéo(t'),
d' = cosao(t‘)sinéo(t'), (3b)



where £ is the true obliquity of the ecliptic at t = t'. The quantities
AC and AD are computed from €, the constant of aberation k(= 20V4958), the
eccentricity of the earth's orbit e, and the longitude of the earth's

perihelion w. Thus,

AC = e(t")kcosw(t')cose(t") (4a)
AD = e(t')ksinw(t'), (4b)
where
-5 -7.2
e = 0.01675104 - 4.18 x 10 °T - 1.26 x 10 'T", (5a)
£ = 23027'8726 - 46"'845T - 0'.'0059T2 + 0?00181T3, (5b)
w = 101°13'1570 + 6189%03T + 1"63T% + 07012T°, (5¢)

and T is the number of tropical centuries elapsed since 1900.0.
From Eqs. (5) it is clear that e, €, and w vary very slowly and that
ek is a small number. Hence, these corrections are generally minute. In
fact, it can be shown that if t' = 1950.0, t" = 1975.0 then the absolute
value of the maximum errors in a(t") and §(t'") due to neglect of the e-terms
are 2V11 x 10—3sec25(t') and 0V97 x 10_3sec6(t‘). The errors are linear in
t" - t'.
However, as 1is the case with most approximations used in spherical astronomy,
the neglect of the e-terms produces an effect in right ascension that systematically
increases with declination. Therefore, since these right ascensions are

necessarily of poorer accuracy than those at lower declinations, the first



step in updating the SAOC 1is to apply Eqs. (1). The second step is discussed

below (§ IV). The third step is to add back in Aa(t™), AS(t").




IV. PRECESSION AND PROPER MOTION

Using a(t') and 6(t') [along with u(t') and u'(t')] as input, the power
series method of Taff4 was then applied from t' = 1950.0 to t" = 1975.0.
The complete details are in 8§ III of that report. The Appendix contains an
annotated listing of a thoroughly tested FORTRAN program to perform all of
the computations discussed herein.

While only minor typographical errors have been discovered in Taffa, the
algebraic reduction which yielded Eqs. (l4a, b) is sufficiently complicated

that the unsimplified versions are used in the program.



V. THE LINCOLN 1975.0 YEARLY VERSIONS OF THE SAOC
After a complete reduction had been performed to 1975.0 a new SAOC
tape was constructed at Lincoln. It contains for epoch 1975, a, &, u, u',
da/de, 0.5d%a/dt?, d6/dr, 0.5d%6/dt?, du/dt, and du'/dt. In addition,
depending on &(t') (relative to * 800), either 1950.0 0.5d2a/dt2, 0.5d26/dt2,
du/dt, and du'/dt or the same quantities at 1970.0. The tape has been resorted
into 10° wide declination bands with right ascension increasing in each band.
For each year the 1975.0 tape is updated (on or about 1 July) to provide
positions and proper motions whose epoch is that of nearest Besselian solar

year. This update is performed using Eqs. (18, 19) or (20, 21) of TaffA.



VI. USES OF THE SAOC

The primary use of the SAOC is in the precise reduction of artificial
satellite positions and photometry. For this purpose an interactive graphics
display program exists. The operator (or computer) enters the right ascension
and declination of interest, the size of the surrounding area to be displayed
(up to So), and either the star density per square degree (with the brightest
stars used first) or a magnitude limit. The program then generates a display
of the appropriate star field including differing intensities for the stars.
The position of the telescope and the satellite in question are also indicated.
As the real time pointing system provides information on telescope motion,
it is a simple task to continually update the display, look backward in time,
or look forward in time. A local calibration procedure will be used to

simultaneously reduce the position and photometry of the satellite.



APPENDIX: LISTING OF FORTRAN PROGRAM

Following this text is a complete listing of the two subroutines used to
update the SAOC. 1In particular the epochs 1950.0, 1975.0, and 1977.0 appear
explicitly in the program (e.g., within DO loops #1, #2; above statement
#4; the IF statement below statement #5; at statement #6; at statement #14; and
below statement #15). Quantities such as R(I), RA, ALP refer to right ascension;
D(I), DEC, DEL refer to declination; MU, MUA refer to proper motion in right
ascension; MUP, MUD refer to proper motion in declination; DA, EA to do/dt, etc.
Trigonometric functions of an angle are usually prefixed, thus CO 1s the cosine
of omega, TD the target of declination, etc. With close reference to Eqs. (7-21)

of Taff4 the reader should have no difficulty following the program.



G
C

C

C ST

L SET

C

SUBROUTINE UPUATE(R(1)+D(1)+MU(1)+MUP(1)4R(6)+D(6)MU(E) +MUP(6E))
K1GORUOUS PRECESSION 3 PROPER MOTION UPDATE/POWER SERIES METHOOD

4

INPUT AKE VARLARLES AT INDEX 1+ OUTPUT ARE VARIABLES AT INUEX 6
C PRECLISIUN NEEUED IS 10,%%(=9) FOR ALL OPERATIONS

StT

1F

IMPLICIT DOpkLt PRECISION (A=H M=2)

UoUBLE PRECISION KAP

INTEGER HRePDELeMINT sMINA

UIMENSION K(6) 2UA(6) sU2A(6) +U(6)+DD(6)+020(6) +MU(E) tUMU(B) +MUP(6)
*UMUP(6) 1M (B) s MP(E) o N(B) «NPIB) s TE(2) +DELC(2)+UELU(2) +PHOT(11)
COMMON ZUERIV/DAT5.02A50+.02A75,0075,02050402075.0MU50,0MUTS,
* DMUPSQLMUPTS

CUMMON/ZUDAY/ZPLIZ2oPIoTPL T oFToTWT

UP LONSTANTS

UATA KaPsCU v IP v [M/72,0495801¢1,02269D-44+%+ ' v/
PI=3,141992653600

PI225,01=1#%P]

TRPI=P1+PI

LRASPL/4 ., 32004

LULCSPI/b.4800

Fllz=+r1/1.2111

PI180=P1/1,.804

US=1,.,LU/6.01

Inl=ce?l/73.000

FT=4,u0/5.00

UMAA=S ,QULlxp 180
PARALLAXK ANU KAULlAL VELOCLITY UNKNOWN SET THEM EQUAL TO ZERO
FPAK=U,00

vrR=0,00

UP PRECESSIUN CUNSTANTS

VU 1 J=1lse

T=5,U=1+9.=2%(1l=1)
MUI)=CRA®(3,07/2387/02+T*(1,8630D=-1+T%8.,0=6))
MP(I)=SCRA®(]l,.,8030U~1+T%xl,60L=D)
N(L)SCOEC*(2,00468503-T(8,5330-1+T*3,70-4))

NP (I)=aCUEC®(8.5330=1+1%/.4U=4)

MPPSCRA®1.60=2

NPP==CPEC*T7 ,4U=4

UP ELLIFTIC ABEKRATIUN CUNSTANTS

UU 2 1sls2

I=5,0=1+2.50=1%(]~-1)
OME=P118U%(1.,0102+405%(1,301408%(1,501+7%(6,18903D3+T%(1,6300+T*1.2
tU=¢)))))

COspCuUstumE)

SU=LSIMIUME)

LPS=PL180%(2,30U14US» (2,TUL+05%(8,2600-T*(4,6B4501+T7%(5,9U-3-Tx1,61
sU=3))11))

CE=0CUSIEPRS)

TE(II=TAN(ERS)

LCC=1e67D1040=2=T*(4,180=5+T1%1,260-7)

vbLL (l)sS(uLC*KAaP*LCC*COxLLE

2 ULLD(1)=CUEC*KAP*LCC*S0
INFUT LS KA AND UEC InN RAUIANS; MUWMUP LN RAD/CENT; PAR IN SECONUS

of

ARCs VR IN K9/SEC

VETERMINE CELLINATION RANGE

L=d
LF(UABS(U(L) ) s0T,UMAX) L=1

AUJUDT KA ANU DEC FUR E-TERMS

SH=LSIm(R(1))
CLHZPCUS(R(L1))
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SUSUSINIL(L))
Lus=CCustiutl))
REX)I=R(1)-(CR*ULLC (1) +SR*0DELU(1))/CD
UEL)=L(2) =L (TE(L)*CD=-SHxSD)*2UELC (1) +CR=*SD*DELD (1))
T=0.,U=2*L
C INITLALIZE COUNTER
K=1
C CALCULATE UDRA/ZUTWUZRA/DT%2%2,USRA/DT#%x3DDEC/UT +D2DEC/UT%%2DSVDEC/UT2%3
¢ WUMU/ZUT W UR2MU/ZUT %22 UMUP/UT s AND LUZ2MUP/DT*x2 AT 1950.0
4 OSR=DUSIN(RINK))
CRZUCOS(R(K))
TUSDTANIO(K) )
SEC2=1,UU+T10%TU
S2UzUSIN(2.0U%U(K))
C2U=0COS(2.00%0(K))
PREM(K)+N(K)*SR*TU
PUSN(K)*CR
UALK) =SPR+MU(K)
VUK ) ZPU+MUP (K)
UPR=MP (K)+NP (K ) *SRETOU+N(K)2DA(K) *CReTU+N(K ) *DD (K ) *SR*St Ce
UPUSNP (K)2(R=NIK)*DA (K ) 2SR
U2A(K)I=DeD=12(MP(K)+NP(K)3SRE*TD+N(K)*(DA(K)+MUIK) )*CR*TU*N(K)* (DO
SK)+MUP (K) ) 2SRESECZ2+2.U0%xMU (K ) xMyP(K)2TD=2,U0*MU(K) *CON*PAR*VR)
U2U(RK)=9.U=12(NP(K)*CR=NIK)®2(DA(K)+MU(K))*SR=D,U=1*MU(K)*MU(K)*S20
=2, LU*UP(K)*CONXFPARXVR)
UHU(K):N(K)tNB(K)‘CR‘TO*N(K)‘HUP(K)‘SR‘SEC2+2.UU‘HU(K)‘HUP(K)*TD'Z
o UUXMU(K)E*CON*PARXVR
UPUP(K)S=N(<)*MU(K ) 2SR=HU=2*MU(K)xMU(K)2S2U=2,U0*MUP (R)*CONEPAR®*Y
K
USAZMPP+NPP*SRETU+NP (K ) 2UA(K) *CRATU+NP(K)2UU(K)*SRaSEC2+NP (K)* (PR+
*2,U0%MUIK))sCRETU+N(K) 2 (UPR+2.D0*DMU(K) ) 2CREATU-N(K) x (FR+2.00%NMU(K)
B)RUA(K)RSHETLENIK) * (PR+2.D0xMU(K) )*DD(K) #CR*SEC2+2 ., UU2DMU(K) *MUP (K
a)eTU+2 ,UURMU(K)*0MUP (K) *TU+2.U0xMU (K ) *MUP (K) *UD(K)*SEC2+NP (K )* (PD+
H2oUUXMUP (R) ) =xSRESEC2+N(K) *(DPU+2,U0*DMUP(K) ) *SRESEC2+N(K)®(PU+2,U0
$EMUP (K) ) *UA(K)®CR*SEC2+2DOXN(K ) *(PD+2 ,D0*MUP (K ) ) xSR2TD*SEC2*VU (K)
U3U=LPPRCR=LPIK) sUA(K ) *SR=NP(K) 2 (PR+2.D0%DMU(K) ) 2SR=N(K)*(UPK+2,00
YELMUCR) I 2SR IR )2 (PR+2, U0%MUIK) ) *DA(K)2CR=MU(K)*DMU(K) *S2D=-MU(K) %M
AULK)*UUIR) xC2U
u2nuzmu i) xnP (K) sCR*TU+MUP (K) NP (K ) xSRESEC2+¢N(K)» (MU (K)3UD(K)+MUP(
*K)RDA(K) ) 2CRASECZ2+N(K) *x (2, U02MUP(K) *DD(K) *SEC2=-MU(K)*DA(K) )xSRxTU~-
%2eUUSSLASUXNUIK) 234N (K)EN(K) 2 (K ) # (CR2*CR*TD*TU-SK*SR=SEC2) +N(K)x
aN(K)sMUP (K ) s SRECRETURSECZ2+4 ,U0aN(K)2MU(K)*MUP(K) *«CR*TO*TU+NI(K)®(2,
HUUSMUP (K) *MUF (K) 3SEC2=3,U02MUIK)*MU(K) ) 2SR*TU+4 U0 *MU(K)*MUP(K)sMU
SPIK)*TD*T1U+2 ,UU*MU(K) *MUP(K) *DD(K)*SEC2
UZMUP==MUIK)*NPI(K)*SR=N(K)*MU(K)*DA(K)*CR=N(K)*N(K)*MUP(K)*SR*SR*S
2t C2-N(K)EN(K)EMU(K) sSRECRERTU=2 ,U0xN(K) *MU(KR)*MU(K)XCR2SD*SL=4,U0=*N
AUR)*PU(K) *MUP (K) 2SR TO=MU(K) *MU(K) *(DU(K)+2,00%(MUP(K)=PU) xSU*SD)
C UBTALN ESTEIMAIELS FOR RAWWUEC«MUMUP AT 1950,0+T
S5 RASP(K)+ 12 (UALK)+T=(D2A(K)+T*D3A/6.D0))
ULCSULK) +T*(DUIK)+T*(D20tK)+Txp3U/6,00))
MUASMU(K)+Tx(UMU(K)+5.0=1%T2U2MU)
MUUSMUP(R) + T (UMUP(K) +5,U=1%T*02MUP)
SK=DSIM(RA)
CR=UCUS(RA)
(U=SOTANIULEC)
SEC2=1,U0+TOU*TU
S2U=0DSIN(2.00%ULC)
C IF T =u.Z3 UUNLE
lF(LebyueD) GO TO 14
L T=S0,U9: USING 1999606196040, LTCe ESTIMATES FOR RACUVECMUs ANU MUP RE-

11




C CALCULATE D2RA/(OT**2,020EC/0T**2.0My/70Ty AND OMUP/DT
PREM(K+1)+N(K+1)*SR»TO
PUSN(K+1)*CR
E2A=5.0=1*%(MP(K+1)+NP(K+1)%2SKaTN+ N(K+1)»(PR+2.D0*MUA)*CR*TD+N(K*1
=} 3 {PL+2,U0*UU ) *SR*SEC242, 00 *MUASMUD*TO=2,DO*MUA*CON*PAR®*VR )
L2U=5,0-1* (NP (K+1)*CR~ N{(K+1)*(PR+2,00*MUA)*SR=5,0-1*MUA*MUA=*S2D~2
*,0U0*MUC*CON®PAR®VYR )
UMUASN(K+1 ) *HUAXCR*TO+N(K+1) *MUD*SR*SEC2+2 00*MUA*MUD*TU=2,00%MUO*
*CON*PAR*VR
UMLUS=N(K+]1 ) *MUASSR=5,U~1*MUA*MUA®S20=2,U0*MUL*CON*PAR*VR
C GEY 1955,U,1960,0¢ LTCe RADEC+MUs AND MUP
KK+l )=RIK)I+T*(UAIK)+Ts(U2A(K)+TWT*T»(E2A-D2A(K) ) )}
UIK+1)=D(R)I+T*{UD(K}+T*(UV20(K)+TWT*T*(E20-020(K)} )} )}
MUK+ )SMUIK)I+T*(UMUIK)+1,01* T« (OMUA=UMUI(K) ) )
MUP(K+1)=MUP(K)}+T*(UMUP(K)+1eU1»T»(DMUD-OMUP(K) )}
C INCREMENT COUNTER
K=K+1
C UUNE?
6 IF{K EWweb) G TU 7
C 40T UUNEe« REPEAT UPUATE CYCLE
LU TO 4
C PRECLSS1UN ANU PRUPER MOTLION UPDATE IS NOW DONE. UNUQ E~TERMS
7 SK=USLInNIKHIE))
CH=0CUSIRI6) )
SU=LSIN(ULB) )
CO=UCus UL} )
R{b)=R(6)+{CR*ULLC(2)+SR*0DELU(2))}/CD
U(6)sU(6I+((TE(2)%Cu~SReSU)I*UELC(2)+CR»SO=UELD(2))
C CALCULATE NZRA/NT**Z,()2DEC/0T**2+0My/0Ts AND OMUP/OT AT 19750 FOR USE
C IN YEARLY yPUATE PROGRAM (TOYR)
SREPDSINIKINY )
LR=SDCUS(R(K) )
tu=pTAantutk))
-StC2=1,ul+Tu»TU
S2Uz=USIN(2.J0%U(K]) )
FREMIK) +Iv{K)=SK=TD
PUSN (N ) *LK
UA(R)SPRTMU(K)
VUK )=pU+MUP (K}
UZA(KR)I=D D=1 {MP(R)}+NPIKI*SR*TO+N(K)* (DA(R)+MU(K) ) *CR*TO+N(K) = (DU
AR )H+MUP (K ) ) sSRESEC242 00MU(K) sMUP (K ) *TD=2,00*MU (K )} *CON*PAR®VR)
V2UR }I=DeU=1* (NP (K)}*CR=NIK)}*(DA(K)+MU(K) ) *SR=S.U=1*MU(K)*MU(K)*S2D
*=2.UU*MUP (K ) *CUNSPARFVR )
UMUIRI=N(K ) MUK} *CReTD4NIK) *MUP (K ) *SR*SEC2+2.,00sMU(K ) *MUP (K ) *TD=~2
*U0*MU(K ) *CUN*PAR*VR
UMUP (K} S=N(K)*MU(K)*SR=5.U~1*MU(K)}*MU(K)*S20~2,U0*MUP (K)*CON*PAR*V
R
C CHeCrh FUK QVER THE POLES OR ARUUNU THE VERNAL EQUINOX
IF(DAYS(ULE) ) oL T PL2) LO TO 11
R{6)=Kk(6)+pP]
1FLD(6)) B84
8 DIb)==0(6)=pP]
L0 70 10
9 U(6)=PI=UI(b)
10 LF(R(6)ebETPI) RIE)I=RI6)=TPL
IFIR(6)eLT0,0U) RIBISR(6)+TP]
L ouTPUI
11 RASR(6)/P112
HR=RA
RASb.U1*(RA=HR)

12



MINT=KA .
KAZ6 UL *(RA=MINI)
UEC=UABS(U(6))/7P1180
uk=0tC
UtC=6.D1*(UEC=ULG)
MiInA=ULC
LEC=6.0)1*{UEC=MINA)
MUA=MU(b)/CRA
mMUU=MUpP (6) /CUEC
15=1pP
IF(U(E) LT 04UU) IS=IM
WRITE(3012) HReMINT RACMUACIS«DEG«MINAWQEC +MUDL
12 FURPMAT(1IX02]13¢FB,3:2XeF8e3¢5X0A10I2¢13¢FT7e212X3F7.2)
LO TU 15
C uSlnb 1975,0 ESTIMAIES FOR RADEC MU AND MUP RECALCULATE U2RA/DT%%2,
C eUECrs7UT=x2,UMU/UT e AND UMUP/DT
14 K=5
PREM(K4+1)+N(K*1)xSR=TU
PUSh{kh+1l)sCR
L2ASS D=1 (VP IK+1)+uP(K+L)2SKRETO+ N(K+1 )% (PR+2.U0¢MUA) *CRETD+N(K*+]
)2 (PL+2.U0amyU) *SR*SEC242. D0*MUA*MUDRTU=2,D0xMUASCON*PARE®VR)
L2USSeu=1%(yP{K+1)2CHR= NI(K+1)*(PR+2,00%MUA)*SK=2,0=1%MUA*MUAXS20=2
x QUMUN*LONSPARTYR )
UMUASN(K+1 ) *MUASCR*TUOFN(K+1) *MUD*SKkeSEC2+42 . DO*MUA*MUDXTU=2, U0 *MUUS
sLONESPAR®VR
UMUDS=n{K+1)*MUA*SR=5,0=-1*MUA*MyA*S20-2,00*MUL*CON*PAR*VK
C GET 1975.0 RACWEC'MUs ANU mMuP
RIG)I=ER(1I+T s (UACLI+T*(UA(L1)+FTeT=x(E2AR=D2A(1))))
Ulo)=U (L) +Tx(UD(L1)+T*(D2UL)+FTxTx(E20=020(1))))
MUCE)I=MUCL) +T*(UMUCL)+2,U0T* (OMUA=DOMU(1)))
MUP(6)=MUP (1) +T*(UMuP(1)+2, 00T« (OMUD=-DMUP (1)) )
C SeT COUNTER TU ENRD
nZ6
oY TU o
15 CUNTIMNUL
L TOYK SECTION
C MeRE UPLATES 19790 Tu 1977,.0
I=2,uU=2
UATS=uAL(b)
U2ATHSN2ALE)
JU75=uite)
u2U79=020(6)
UMu?SssorMuis)
UMUPTO=UMUP (&)
L=b=L
U2AS0=2a(L)
u2ubu=pn2L (L)
uMudbu=pmMuL)
UMUPSU=0¥UP (L)
CALL TOYRIR(6)1U(B) s MULE) o+MUP(6) RAWDECYMUAYMUD L)
¢ ouTPUT
ALP=RA/Pl1c
HR=ALP
ALP=b.1 1% (ALP=HR)
MINT=ALP
ALPZ6.L1*(ALP=MLINT)
UELLSUABSIULC)/PL180
Utb=ULL
DEL=6.D1*=(UEL=ULG)
MiNASOEL

13




le

UEL=6.01*(DEL=MINA)

MUA=MUA/CRA

Mub=mun/CuEC

1S=1p

IF(UEC,.LT.0,D0) IS=1IM

WRITE(S5+12) HRAMINT o ALPvMUAYIS'DEGYMINA+DEL +MUD
CONT INULE

CALL EXxIT

END
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SUBPOUTINE TOYRCALPUEL «MUA «MUD«RACDEC eMUMUP L)
IMPLEICLT vUukLE PRECLISION (A=HyM=2)
CUMrUN ZUERIVZ/UATOD«D2AS0U2ATSD0DT75.D205002075+0MUS0 «DMUTS
+ UMUPDQ+UMUPTO
CUOMMUNZDAT /P L2 L oeTPIvTFT 4 YNWT
C INPUT 1S ALP.ULL IN RAD; MUAWMUD IN RAD/CENTSY T IN CENT
C CUPLL IS RACCECeMUsMUP IN SAME UNITS
L L 1S nlek DeCLINATLION FLAG
lF(Lut(dub) (;0 'U 1
KAZALP+T* (UATO+ T (D2AT5+FTxT*(D2A75=-D2A50)))
VEC=DE L+ T (U7S+T*(D2U75+FT=*Ts(p2075=-D2050)))
MUSMUA+TS(DMUTO+2 o 2T (DMUTS=-UMUS0) )
MUPSMUD+ TS (NMURTS+2 ., *T s (UMUP15=-0MUPS0) )
LO 10 2
1 RASALP+I*(UATO+T1%(02A75+ IwT*l*(D2A75=-D2A50)))
UEL=ub i +Ts(OUL/O+T*(D2U75+TWT*T*(LU2075-U2050)))
MUSFUA+T#(DXUTS+410 . 2T* (DML75=-DMUS0) )
MUPSMUG+T S (DMUP 75410, *Ts (UMUP75=-0MUPS0) )
C ChtCKk FCR OVER THt POLELS OR AROQUND THE VERNAL EQUINOX
2 LF(UABSIULC)LT.PL2) O TO 5
RAZRA+p ]
LEGUEC) Se304
3 LEC==utC=P]
L0 TO &
4 UEC=Pl=UEC
LF{KRAJGETPL) RAZRA=TP]
LFikALT.UD0) KRAZSRA+TP]
HETUKN
ENU

r
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