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Abstract

SLALIB is a library used by writers of positional-astronomy applications. Most of the 187
routines are concerned with astronomical position and time, but a number have wider trigono-
metrical, numerical or general applications.
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1 INTRODUCTION

1.1 Purpose

SLALIB! is a library of routines intended to make accurate and reliable positional-astronomy
applications easier to write. Most SLALIB routines are concerned with astronomical position
and time, but a number have wider trigonometrical, numerical or general applications. The
applications ASTROM, COCO, RV and TPOINT all make extensive use of the SLALIB routines,
as do a number of telescope control systems around the world. The SLALIB versions currently
in service are written in Fortran 77 and run on VAX/VMS, several Unix platforms and PC. A
proprietary ANSI C version is also available from the author; it is functionally similar to the
Fortran version upon which the present document concentrates.

1.2 Example Application
Here is a simple example of an application program written using SLALIB calls:
PROGRAM FK4FK5

Read a B1950 position from I/0 unit 5 and reply on I/0 unit 6
with the J2000 equivalent. Enter a period to quit.

* X X *

IMPLICIT NONE

CHARACTER Cx%80,S

INTEGER I,J,THMSF(4),IDMSF(4)
DOUBLE PRECISION R4,D4,R5,D5
LOGICAL BAD

* Loop until a period is entered
c="2"7
DO WHILE (C(:1).NE.’.?)

* Read hmsd?’” "
READ (5,(A)’) C
IF (C(:1).NE.’.’) THEN

BAD = .TRUE.
* Decode the RA
I =1

CALL sla_DAFIN(C,I,R4,J)
IF (J.EQ.0) THEN
R4 = 15DO*R4

* Decode the Dec
CALL sla_DAFIN(C,I,D4,J)
IF (J.EQ.O0) THEN

!The name isn’t an acronym; it just stands for “Subprogram Library A”.



* FK4 to FK5
CALL sla_FK45Z(R4,D4,1950D0,R5,D5)

* Format and output the result
CALL sla_DR2TF(2,R5,S,IHMSF)
CALL sla_DR2AF(1,D5,S,IDMSF)

WRITE (6,
’(1X,12.2,213.2,77.77,12.2,2X,A,12.2,213.2,77.77,11)7)
IHMSF, S, IDMSF
BAD = .FALSE.
END IF
END IF
IF (BAD) WRITE (6,’(1X,’’7°’)?)
END IF
END DO
END

In this example, SLALIB not only provides the complicated FK4 to FK5 transformation but
also simplifies the tedious and error-prone tasks of decoding and formatting angles expressed as
hours, minutes etc. The example incorporates range checking, and avoids the notorious “minus
zero” problem (an often-perpetrated bug where declinations between 0° and —1° lose their minus
sign). With a little extra elaboration and a few more calls to SLALIB, defaulting can be provided
(enabling unused fields to be replaced with commas to avoid retyping), proper motions can be
handled, different epochs can be specified, and so on. See the program COCO (SUN/56) for
further ideas.

1.3 Scope
SLALIB contains 187 routines covering the following topics:

e String Decoding, Sexagesimal Conversions
e Angles, Vectors & Rotation Matrices

e Calendars, Timescales

e Precession & Nutation

e Proper Motion

e FK4/FKb5/Hipparcos, Elliptic Aberration
e Geocentric Coordinates

e Apparent & Observed Place

e Azimuth & Elevation

o Refraction & Air Mass
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1.4

Ecliptic, Galactic, Supergalactic Coordinates
Ephemerides
Astrometry

Numerical Methods

Objectives

SLALIB was designed to give application programmers a basic set of positional-astronomy tools
which were accurate and easy to use. To this end, the library is:

Readily available, including source code and documentation.
Supported and maintained.

Portable — coded in standard languages and available for multiple computers and operating
systems.

Thoroughly commented, both for maintainability and to assist those wishing to cannibalize
the code.

Stable.

Trustworthy — some care has gone into testing SLALIB, both by comparison with published
data and by checks for internal consistency.

Rigorous — corners are not cut, even where the practical consequences would, as a rule, be
negligible.

Comprehensive, without including too many esoteric features required only by specialists.

Practical — almost all the routines have been written to satisfy real needs encountered
during the development of real-life applications.

Environment-independent — the package is completely free of pauses, stops, I/O ete.

Self-contained — SLALIB calls no other libraries.

A few caveats:

SLALIB does not pretend to be canonical. It is in essence an anthology, and the adopted
algorithms are liable to change as more up-to-date ones become available.

The functions aren’t orthogonal — there are several cases of different routines doing similar
things, and many examples where sequences of SLALIB calls have simply been packaged,
all to make applications less trouble to write.

There are omissions — for example there are no routines for calculating physical ephemerides
of Solar-System bodies.



e SLALIB is not homogeneous, though important subsets (for example the FK4/FK5 rou-
tines) are.

e The library is not foolproof. You have to know what you are trying to do (e.g. by reading
textbooks on positional astronomy), and it is the caller’s responsibility to supply sensible
arguments (although enough internal validation is done to avoid arithmetic errors).

e Without being written in a wasteful manner, SLALIB is nonetheless optimized for main-
tainability rather than speed. In addition, there are many places where considerable sim-
plification would be possible if some specified amount of accuracy could be sacrificed; such
compromises are left to the individual programmer and are not allowed to limit SLALIB’s
value as a source of comparison results.

1.5 Fortran Version

The Fortran versions of SLALIB use ANSI Fortran 77 with a few commonplace extensions. Just
three out of the 187 routines require platform-specific techniques and accordingly are supplied
in different forms. SLALIB has been implemented on the following platforms: VAX/VMS,
PC (Microsoft Fortran, Linux), DECstation (Ultrix), DEC Alpha (DEC Unix), Sun (SunOS,
Solaris), Hewlett Packard (HP-UX), CONVEX, Perkin-Elmer and Fujitsu.

1.6 C Version

An ANSI C version of SLALIB is available from the author but is not part of the Starlink
release. The functionality of this (proprietary) C version closely matches that of the Starlink
Fortran SLALIB, partly for the convenience of existing users of the Fortran version, some of
whom have in the past implemented C “wrappers”. The function names cannot be the same as
the Fortran versions because of potential linking problems when both forms of the library are
present; the C routine which is the equivalent of (for example) SLA_REFRO is slaRefro. The
types of arguments follow the Fortran version, except that integers are int rather than long
(the one exception being slaIntin, which returns a long and is supplemented by an additional
routine, not present in the Fortran SLALIB, called slaInt2in, which returns an int). Argument
passing is by value (except for arrays and strings of course) for given arguments and by pointer
for returned arguments. All the C functions are re-entrant.

The Fortran routines sla_GRESID, sla_RANDOM and sla_WAIT have no C counterparts.

Further details of the C version of SLALIB are available from the author. The definitive guide
to the calling sequences is the file slalib.h.

1.7 Future Versions

The homogeneity and ease of use of SLALIB could perhaps be improved in the future by turning
to object-oriented techniques, in particular through the C++ and Java languages. For example
“celestial position” could be a class and many of the transformations could happen automatically.
This requires further study and would result in a complete redesign. Various attempts have been
made to do this, but none as yet has the author’s seal of approval. Furthermore, the impact
of Fortran 90 has yet to be assessed. Should compilers become widely available, some internal
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recoding may be worthwhile in order to simplify parts of the code. However, as with C++, a
redesign of the application interfaces will be needed if the capabilities of the new language are
to be exploited to the full.

1.8 New Functions

In a package like SLALIB it is difficult to know how far to go. Is it enough to provide the
primitive operations, or should more complicated functions be packaged? Is it worth encroaching
on specialist areas, where individual experts have all written their own software already? To
what extent should CPU efficiency be an issue? How much support of different numerical
precisions is required? And so on.

In practice, almost all the routines in SLALIB are there because they were needed for some
specific application, and this is likely to remain the pattern for any enhancements in the future.
Suggestions for additional SLALIB routines should be addressed to the author.

1.9 Acknowledgements

SLALIB is descended from a package of routines written for the AAO 16-bit minicomputers
in the mid-1970s. The coming of the VAX allowed a much more comprehensive and thorough
package to be designed for Starlink, especially important at a time when the adoption of the
TAU 1976 resolutions meant that astronomers would have to cope with a mixture of reference
frames, timescales and nomenclature.

Much of the preparatory work on SLALIB was done by Althea Wilkinson of Manchester Uni-
versity. During its development, Andrew Murray, Catherine Hohenkerk, Andrew Sinclair,
Bernard Yallop and Brian Emerson of Her Majesty’s Nautical Almanac Office were consulted on
many occasions; their advice was indispensable. I am especially grateful to Catherine Hohenkerk
for supplying preprints of papers, and test data. A number of enhancements to SLALIB were
at the suggestion of Russell Owen, University of Washington, the late Phil Hill, St Andrews
University, Bill Vacca, JILA, Boulder and Ron Maddalena, NRAO. Mark Calabretta, CSTRO
Radiophysics, Sydney supplied changes to suit Convex. I am indebted to Derek Jones (RGO)
for introducing me to the “universal variables” method of calculating orbits.

The first C version of SLALIB was a hand-coded transcription of the Starlink Fortran version
carried out by Steve Eaton (University of Leeds) in the course of MSc work. This was later
enhanced by John Straede (AAO) and Martin Shepherd (Caltech). The current C SLALIB is a
complete rewrite by the present author and includes a comprehensive validation suite. Additional
comments on the C version came from Bob Payne (NRAO) and Jeremy Bailey (AAO).

2 LINKING

On Unix systems (Linux, Sun, DEC Alpha etc.):
% £77 progname.o -L/star/lib ‘sla_link‘ -o progname

(The above assumes that all Starlink directories have been added to the LD_LIBRARY_PATH and
PATH environment variables as described in SUN/202.)



3 SUBPROGRAM SPECIFICATIONS
SLA_ADDET Add E-terms of Aberration SLA_ADDET

ACTION : Add the E-terms (elliptic component of annual aberration) to a pre TAU 1976
mean place to conform to the old catalogue convention.

CALL : CALL sla_ADDET (RM, DM, EQ, RC, DC)

GIVEN :

RM,DM D [@, ¢ ]| without E-terms (radians)

EQ D Besselian epoch of mean equator and equinox
RETURNED :

RC,DC D [@,d] with E-terms included (radians)

NOTE : Most star positions from pre-1984 optical catalogues (or obtained by astrometry with
respect to such stars) have the E-terms built-in. If it is necessary to convert a formal mean
place (for example a pulsar timing position) to one consistent with such a star catalogue,
then the [, d ] should be adjusted using this routine.

REFERENCE : Ezplanatory Supplement to the Astronomical Ephemeris, section 2D, page
48.

SLA_AFIN Sexagesimal character string to angle SLA_AFIN

ACTION : Decode a free-format sexagesimal string (degrees, arcminutes, arcseconds) into a
single precision floating point number (radians).

CALL : CALL sla_AFIN (STRING, NSTRT, RESLT, JF)

GIVEN :

STRING C*(*) string containing deg, arcmin, arcsec fields
NSTRT I pointer to start of decode (beginning of STRING
= 1)
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RETURNED :
NSTRT I advanced past the decoded angle
RESLT R angle in radians
JF I status:
0 = OK
+1 = default, RESLT unchanged (note 2)
—1 = bad degrees (note 3)
—2 = bad arcminutes (note 3)
—3 = bad arcseconds (note 3)
EXAMPLE :
argument before after
STRING '-57,17,,44.806,,,12,,34,,56.7’ unchanged
NSTRT 1 16 (i.e. pointing to 12...)
RESLT - —1.00000
JF - 0
A further call to sla_AFIN, without adjustment of NSTRT, will decode the second angle,
12° 34" 56'7.
NOTES :

1. The first three “fields” in STRING are degrees, arcminutes, arcseconds, separated by
spaces or commas. The degrees field may be signed, but not the others. The decoding
is carried out by the sla_DFLTIN routine and is free-format.

2. Successive fields may be absent, defaulting to zero. For zero status, the only combina-
tions allowed are degrees alone, degrees and arcminutes, and all three fields present.
If all three fields are omitted, a status of +1 is returned and RESLT is unchanged.
In all other cases RESLT is changed.

3. Range checking:
e The degrees field is not range checked. However, it is expected to be integral
unless the other two fields are absent.

e The arcminutes field is expected to be 0-59, and integral if the arcseconds field
is present. If the arcseconds field is absent, the arcminutes is expected to be
0-59.9999...

e The arcseconds field is expected to be 0-59.9999...

e Decoding continues even when a check has failed. Under these circumstances

the field takes the supplied value, defaulting to zero, and the result RESLT is
computed and returned.

4. Further fields after the three expected ones are not treated as an error. The pointer
NSTRT is left in the correct state for further decoding with the present routine or
with sla_DFLTIN etc. See the example, above.



5. If STRING contains hours, minutes, seconds instead of degrees etc, or if the required
units are turns (or days) instead of radians, the result RESLT should be multiplied
as follows:

for STRING  to obtain multiply RESLT by

o 1 n radians 1.0

o1 n turns 1/2m = 0.1591549430918953358

hms radians 15.0

hms days 15/2m = 2.3873241463784300365
SLA_AIRMAS Air Mass SLA_AIRMAS

ACTION : Air mass at given zenith distance (double precision).

CALL : D = sla_AIRMAS (ZD)

GIVEN :

ZD D observed zenith distance (radians)
RETURNED :

sla_AIRMAS D air mass (1 at zenith)
NOTES :

1. The observed zenith distance referred to above means “as affected by refraction”.

2. The routine uses Hardie’s (1962) polynomial fit to Bemporad’s data for the relative
air mass, X, in units of thickness at the zenith as tabulated by Schoenberg (1929).
This is adequate for all normal needs as it is accurate to better than 0.1% up to
X = 6.8 and better than 1% up to X = 10. Bemporad’s tabulated values are unlikely
to be trustworthy to such accuracy because of variations in density, pressure and
other conditions in the atmosphere from those assumed in his work.

3. The sign of the ZD is ignored.

4. At zenith distances greater than about ¢ = 87° the air mass is held constant to avoid
arithmetic overflows.

REFERENCES :

1. Hardie, R.H., 1962, in Astronomical Techniques ed. W.A. Hiltner, University of
Chicago Press, p180.

2. Schoenberg, E., 1929, Hdb. d. Ap., Berlin, Julius Springer, 2, 268.
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SLA_ALTAZ Velocities etc. for Altazimuth Mount SLA_ALTAZ

ACTION

: Positions, velocities and accelerations for an altazimuth telescope mount tracking

a star (double precision).

CALL : CALL sla_ALTAZ (HA, DEC, PHI,
AZ, AZD, AZDD, EL, ELD, ELDD, PA, PAD, PADD)
GIVEN :
HA D hour angle
DEC D declination
PHI D observatory latitude
RETURNED :
AZ D azimuth
AZD D azimuth velocity
AZDD D azimuth acceleration
EL D elevation
ELD D elevation velocity
ELDD D elevation acceleration
PA D parallactic angle
PAD D parallactic angle velocity
PADD D parallactic angle acceleration
NOTES :
1. Natural units are used throughout. HA, DEC, PHI, AZ, EL and ZD are in radians.
The velocities and accelerations assume constant declination and constant rate of
change of hour angle (as for tracking a star); the units of AZD, ELD and PAD are
radians per radian of HA, while the units of AZDD, ELDD and PADD are radians
per radian of HA squared. To convert into practical degree- and second-based units:
angles  x360/27 —  degrees
velocities  x(27/86400) x (360/27) —  degree/sec
accelerations  x (27/86400)? x (360/27) —  degree/sec/sec
Note that the seconds here are sidereal rather than SI. One sidereal second is about
0.99727 SI seconds.
The velocity and acceleration factors assume the sidereal tracking case. Their respec-
tive numerical values are (exactly) 1/240 and (approximately) 1/3300236.9.
2. Azimuth is returned in the range [0, 27 |; north is zero, and east is +7/2. Elevation

and parallactic angle are returned in the range +m. Position angle is +ve for a star
west of the meridian and is the angle NP—star—zenith.
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3.

The latitude is geodetic as opposed to geocentric. The hour angle and declination are
topocentric. Refraction and deficiencies in the telescope mounting are ignored. The
purpose of the routine is to give the general form of the quantities. The details of a
real telescope could profoundly change the results, especially close to the zenith.

No range checking of arguments is carried out.

. In applications which involve many such calculations, rather than calling the present

routine it will be more efficient to use inline code, having previously computed fixed
terms such as sine and cosine of latitude, and (for tracking a star) sine and cosine of
declination.

SLA_AMP Apparent to Mean SLA_AMP
ACTION : Convert star [«,d ] from geocentric apparent to mean place (post IAU 1976).
CALL : CALL sla_AMP (RA, DA, DATE, EQ, RM, DM)
GIVEN :

RA,DA D apparent [, d ] (radians)

DATE D TDB for apparent place (JD—2400000.5)

EQ D equinox: Julian epoch of mean place
RETURNED :

RM,DM D mean [, 0] (radians)
NOTES :

1. The distinction between the required TDB and TT is always negligible. Moreover,

for all but the most critical applications UTC is adequate.

. Iterative techniques are used for the aberration and light deflection corrections so

that the routines sla_AMP (or sla_AMPQK) and sla_MAP (or sla_MAPQK) are
accurate inverses; even at the edge of the Sun’s disc the discrepancy is only about
1 nanoarcsecond.

. Where multiple apparent places are to be converted to mean places, for a fixed date

and equinox, it is more efficient to use the sla_MAPPA routine to compute the re-
quired parameters once, followed by one call to sla_AMPQK per star.

The accuracy is limited by imperfections in the IAU 1976 and 1980 models for preces-
sion and nutation. Corrections are tabulated in IERS Bulletin B and at the present
epoch are of order 50 milliarcsecond. An improved precession-nutation model can
be introduced by using sla_MAPPA and sla_AMPQK (see the previous note) and
replacing the precession-nutation matrix into the parameter array directly.

. The accuracy is further limited by the routine sla_EVP, called by sla_MAPPA, which

computes the Earth position and velocity using the methods of Stumpff. The maxi-
mum error is about 0.3 milliarcsecond.
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REFERENCES :

1. 1984 Astronomical Almanac, pp B39-B41.
2. Lederle & Schwan, 1984. Astr.Astrophys. 134, 1-6.

SLA_AMPQK Quick Apparent to Mean SLA_AMPQK

ACTION : Convert star [«,d] from geocentric apparent to mean place (post IAU 1976). Use
of this routine is appropriate when efficiency is important and where many star positions
are all to be transformed for one epoch and equinox. The star-independent parameters
can be obtained by calling the sla_MAPPA routine.

CALL : CALL sla_AMPQK (RA, DA, AMPRMS, RM, DM)

GIVEN :
RA,DA D apparent [, d ] (radians)
AMPRMS D(21) star-independent mean-to-apparent parameters:
(1) time interval for proper motion (Julian years)
(2-4) barycentric position of the Earth (AU)
(5-7) heliocentric direction of the Earth (unit vector)
(8) (gravitational radius of Sun)x2/(Sun-Earth dis-
tance)
(9-11) v: barycentric Earth velocity in units of ¢
(12) Vi-Iv
(13-21) precession-nutation 3 x 3 matrix
RETURNED :
RM,DM D mean [, 0] (radians)
NOTES :

1. Tterative techniques are used for the aberration and light deflection corrections so
that the routines sla_AMP (or sla_AMPQK) and sla_MAP (or sla_MAPQK) are
accurate inverses; even at the edge of the Sun’s disc the discrepancy is only about
1 nanoarcsecond.

REFERENCES :

1. 1984 Astronomical Almanac, pp B39-B41.
2. Lederle & Schwan, 1984. Astr.Astrophys. 134, 1-6.
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SLA_AOP Apparent to Observed SLA_AOP

ACTION : Apparent to observed place, for optical sources distant from the solar system.

CALL : CALL sla_AQP (RAP, DAP, DATE, DUT, ELONGM, PHIM, HM, XP, YP,
TDK, PMB, RH, WL, TLR, AOB, Z0B, HOB, DOB, ROB)

GIVEN :
RAP,DAP D geocentric apparent [«,d | (radians)
DATE D UTC  date/time (Modified Julian Date,
JD—2400000.5)
DUT D AUT: UT1-UTC (UTC seconds)
ELONGM D observer’s mean longitude (radians, east +ve)
PHIM D observer’s mean geodetic latitude (radians)
HM D observer’s height above sea level (metres)
XP,YP D polar motion [z, y] coordinates (radians)
TDK D local ~ambient  temperature (degrees K;
std=273.15D0)
PMB D local atmospheric pressure (mB; std=1013.25D0)
RH D local relative humidity (in the range 0D0 - 1DO0)
WL D effective wavelength (um, e.g. 0.55D0)
TLR D tropospheric lapse rate (degrees K per metre, e.g.
0.0065D0)
RETURNED :
AOB D observed azimuth (radians: N=0, E=90°)
ZOB D observed zenith distance (radians)
HOB D observed Hour Angle (radians)
DOB D observed ¢ (radians)
ROB D observed « (radians)
NOTES :

1. This routine returns zenith distance rather than elevation in order to reflect the fact
that no allowance is made for depression of the horizon.

2. The accuracy of the result is limited by the corrections for refraction. Providing the
meteorological parameters are known accurately and there are no gross local effects,
the predicted azimuth and elevation should be within about 071 for ¢ < 70°. Even at
a topocentric zenith distance of 90°, the accuracy in elevation should be better than
1 arcminute; useful results are available for a further 3°, beyond which the sla_REFRO
routine returns a fixed value of the refraction. The complementary routines sla_AOP
(or sla_AOPQK) and sla_OAP (or sla_OAPQK) are self-consistent to better than
1 microarcsecond all over the celestial sphere.
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3.

10.

11.

It is advisable to take great care with units, as even unlikely values of the input
parameters are accepted and processed in accordance with the models used.

Apparent [ a,d | means the geocentric apparent right ascension and declination, which
is obtained from a catalogue mean place by allowing for space motion, parallax,
precession, nutation, annual aberration, and the Sun’s gravitational lens effect. For
star positions in the FK5 system (i.e. J2000), these effects can be applied by means
of the sla_MAP etc. routines. Starting from other mean place systems, additional
transformations will be needed; for example, FK4 (i.e. B1950) mean places would first
have to be converted to FK5, which can be done with the sla_FK425 etc. routines.

Observed [ Az, El | means the position that would be seen by a perfect theodolite
located at the observer. This is obtained from the geocentric apparent [, d | by al-
lowing for Earth orientation and diurnal aberration, rotating from equator to horizon
coordinates, and then adjusting for refraction. The [h, d ] is obtained by rotating back
into equatorial coordinates, using the geodetic latitude corrected for polar motion,
and is the position that would be seen by a perfect equatorial located at the observer
and with its polar axis aligned to the Earth’s axis of rotation (n.b. not to the refracted
pole). Finally, the « is obtained by subtracting the h from the local apparent ST.

. To predict the required setting of a real telescope, the observed place produced by

this routine would have to be adjusted for the tilt of the azimuth or polar axis of the
mounting (with appropriate corrections for mount flexures), for non-perpendicularity
between the mounting axes, for the position of the rotator axis and the pointing axis
relative to it, for tube flexure, for gear and encoder errors, and finally for encoder
zero points. Some telescopes would, of course, exhibit other properties which would
need to be accounted for at the appropriate point in the sequence.

This routine takes time to execute, due mainly to the rigorous integration used to
evaluate the refraction. For processing multiple stars for one location and time, call
sla_AOPPA once followed by one call per star to sla_AOPQK. Where a range of
times within a limited period of a few hours is involved, and the highest precision is
not required, call sla_AOPPA once, followed by a call to sla_AOPPAT each time the
time changes, followed by one call per star to sla_AOPQK.

. The DATE argument is UTC expressed as an MJD. This is, strictly speaking, wrong,

because of leap seconds. However, as long as the AUT and the UTC are consistent
there are no difficulties, except during a leap second. In this case, the start of the
61st second of the final minute should begin a new MJD day and the old pre-leap
AUT should continue to be used. As the 61st second completes, the MJD should
revert to the start of the day as, simultaneously, the AUT changes by one second to
its post-leap new value.

. The AUT (UT1-UTC) is tabulated in IERS circulars and elsewhere. It increases by

exactly one second at the end of each UTC leap second, introduced in order to keep
AUT within £03%9.

IMPORTANT - TAKE CARE WITH THE LONGITUDE SIGN CONVENTION.
The longitude required by the present routine is east-positive, in accordance with
geographical convention (and right-handed). In particular, note that the longitudes
returned by the sla_OBS routine are west-positive (as in the Astronomical Almanac
before 1984) and must be reversed in sign before use in the present routine.

The polar coordinates XP,YP can be obtained from TERS circulars and equivalent
publications. The maximum amplitude is about 0°3. If XP,YP values are unavailable,
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12.

13.

use XP=YP=0DO0. See page B60 of the 1988 Astronomical Almanac for a definition
of the two angles.

The height above sea level of the observing station, HM, can be obtained from the
Astronomical Almanac (Section J in the 1988 edition), or via the routine sla_OBS.
If P, the pressure in mB, is available, an adequate estimate of HM can be obtained
from the following expression:

HM=-29.3D0*TSL*L0G(P/1013.25D0)

where TSL is the approximate sea-level air temperature in degrees K (see Astrophysi-
cal Quantities, C.W.Allen, 3rd edition, §52). Similarly, if the pressure P is not known,
it can be estimated from the height of the observing station, HM as follows:

P=1013.25D0*EXP (-HM/ (29.3D0*TSL))

Note, however, that the refraction is proportional to the pressure and that an accurate
P value is important for precise work.

The azimuths etc. used by the present routine are with respect to the celestial pole.
Corrections to the terrestrial pole can be computed using sla_POLMO.

SLA_AOPPA Appt-to-Obs Parameters SLA_AOPPA

ACTION : Pre-compute the set of apparent to observed place parameters required by the
“quick” routines sla_AOPQK and sla_OAPQK.

CALL : CALL sla_AOPPA (DATE, DUT, ELONGM, PHIM, HM, XP, YP,
TDK, PMB, RH, WL, TLR, AOPRMS)
GIVEN :
DATE D UTC  date/time (Modified Julian Date,
JD—2400000.5)
DUT D AUT: UT1-UTC (UTC seconds)
ELONGM D observer’s mean longitude (radians, east +ve)
PHIM D observer’s mean geodetic latitude (radians)
HM D observer’s height above sea level (metres)
XP,YP D polar motion [z,y] coordinates (radians)
TDK D local ~ambient  temperature (degrees K;
std=273.15D0)
PMB D local atmospheric pressure (mB; std=1013.25D0)
RH D local relative humidity (in the range 0D0 - 1DO0)
WL D effective wavelength (um, e.g. 0.55D0)
TLR D tropospheric lapse rate (degrees K per metre, e.g.

0.0065D0)

RETURNED :
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AOPRMS D(14) star-independent apparent-to-observed parame-

NOTES :

ters:

geodetic latitude (radians)

sine and cosine of geodetic latitude
magnitude of diurnal aberration vector
height (HM)

ambient temperature (TDK)

pressure (PMB)

—~
N ™
- —
O ~—
~

NN AN N N
~J O Ot
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8 relative humidity (RH)
9) wavelength (WL)
(10) lapse rate (TLR)
(11,12) refraction constants A and B (radians)
(13) longitude + eqn of equinoxes + “sidereal AUT”
(radians)
(14) local apparent sidereal time (radians)

. It is advisable to take great care with units, as even unlikely values of the input

parameters are accepted and processed in accordance with the models used.

. The DATE argument is UTC expressed as an MJD. This is, strictly speaking, wrong,

because of leap seconds. However, as long as the AUT and the UTC are consistent
there are no difficulties, except during a leap second. In this case, the start of the
61st second of the final minute should begin a new MJD day and the old pre-leap
AUT should continue to be used. As the 61st second completes, the MJD should
revert to the start of the day as, simultaneously, the AUT changes by one second to
its post-leap new value.

. The AUT (UT1-UTC) is tabulated in IERS circulars and elsewhere. It increases by

exactly one second at the end of each UTC leap second, introduced in order to keep
AUT within +0%9. The “sidereal AUT” which forms part of AOPRMS(13) is the
same quantity, but converted from solar to sidereal seconds and expressed in radians.

. IMPORTANT - TAKE CARE WITH THE LONGITUDE SIGN CONVENTION.

The longitude required by the present routine is east-positive, in accordance with
geographical convention (and right-handed). In particular, note that the longitudes
returned by the sla_OBS routine are west-positive (as in the Astronomical Almanac
before 1984) and must be reversed in sign before use in the present routine.

. The polar coordinates XP,YP can be obtained from IERS circulars and equivalent

publications. The maximum amplitude is about 0°3. If XP,YP values are unavailable,
use XP=YP=0DO0. See page B60 of the 1988 Astronomical Almanac for a definition
of the two angles.

. The height above sea level of the observing station, HM, can be obtained from the

Astronomical Almanac (Section J in the 1988 edition), or via the routine sla_OBS.
If P, the pressure in mB, is available, an adequate estimate of HM can be obtained
from the following expression:

HM=-29.3D0*TSL*L0G(P/1013.25D0)
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where TSL is the approximate sea-level air temperature in degrees K (see Astrophysi-
cal Quantities, C.W.Allen, 3rd edition, §52). Similarly, if the pressure P is not known,
it can be estimated from the height of the observing station, HM as follows:

P=1013.25D0*EXP (-HM/ (29 .3D0*TSL))

Note, however, that the refraction is proportional to the pressure and that an accurate
P value is important for precise work.

SLA_AOPPAT Update Appt-to-Obs Parameters SLA_AOPPAT

ACTION : Recompute the sidereal time in the apparent to observed place star-independent
parameter block.

CALL : CALL sla_AOPPAT (DATE, AOPRMS)

GIVEN :
DATE D UTC  date/time (Modified Julian Date,
JD—2400000.5)
AOPRMS D(14) star-independent apparent-to-observed parame-
ters:
(1-12) not required
(13) longitude + eqn of equinoxes + “sidereal AUT”
(radians)
(14) not required
RETURNED :
AOPRMS D(14) star-independent apparent-to-observed parame-
ters:
(1-13) not changed
(14) local apparent sidereal time (radians)

NOTE : For more information, see sla_AOPPA.

SLA_AOPQK

Quick Appt-to-Observed

ACTION : Quick apparent to observed place (but see Note 8, below).

CALL : CALL sla_AOPQK (RAP, DAP, AQPRMS, AOB, Z0B, HOB, DOB, ROB)

SLA_AOPQK
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GIVEN :
RAP,DAP D geocentric apparent [«,d | (radians)
AOPRMS D(14) star-independent apparent-to-observed parame-
ters:
(1) geodetic latitude (radians)
(2,3) sine and cosine of geodetic latitude
(4) magnitude of diurnal aberration vector
(5) height (metres)
(6) ambient temperature (degrees K)
(7) pressure (mB)
(8) relative humidity (0-1)
(9) wavelength (pm)
(10) lapse rate (degrees K per metre)
(11,12) refraction constants A and B (radians)
(13) longitude + eqn of equinoxes + “sidereal AUT”
(radians)
(14) local apparent sidereal time (radians)
RETURNED :
AOB D observed azimuth (radians: N=0, E=90°)
ZOB D observed zenith distance (radians)
HOB D observed Hour Angle (radians)
DOB D observed Declination (radians)
ROB D observed Right Ascension (radians)
NOTES :

1. This routine returns zenith distance rather than elevation in order to reflect the fact
that no allowance is made for depression of the horizon.

2. The accuracy of the result is limited by the corrections for refraction. Providing the
meteorological parameters are known accurately and there are no gross local effects,
the predicted azimuth and elevation should be within about 071 for { < 70°. Even at
a topocentric zenith distance of 90°, the accuracy in elevation should be better than
1 arcminute; useful results are available for a further 3°, beyond which the sla_REFRO
routine returns a fixed value of the refraction. The complementary routines sla_AOP
(or sla_AOPQK) and sla_OAP (or sla_OAPQK) are self-consistent to better than
1 microarcsecond all over the celestial sphere.

3. It is advisable to take great care with units, as even unlikely values of the input
parameters are accepted and processed in accordance with the models used.

4. Apparent [ a,d | means the geocentric apparent right ascension and declination, which

is obtained from a catalogue mean place by allowing for space motion, parallax,
precession, nutation, annual aberration, and the Sun’s gravitational lens effect. For
star positions in the FK5 system (i.e. J2000), these effects can be applied by means
of the sla_MAP etc. routines. Starting from other mean place systems, additional
transformations will be needed; for example, FK4 (i.e. B1950) mean places would first
have to be converted to FK5, which can be done with the sla_FK425 etc. routines.
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5.

10.

Observed | Az, El | means the position that would be seen by a perfect theodolite
located at the observer. This is obtained from the geocentric apparent [, d ] by al-
lowing for Earth orientation and diurnal aberration, rotating from equator to horizon
coordinates, and then adjusting for refraction. The [k, d ] is obtained by rotating back
into equatorial coordinates, using the geodetic latitude corrected for polar motion,
and is the position that would be seen by a perfect equatorial located at the observer
and with its polar axis aligned to the Earth’s axis of rotation (n.b. not to the refracted
pole). Finally, the « is obtained by subtracting the h from the local apparent ST.

. To predict the required setting of a real telescope, the observed place produced by

this routine would have to be adjusted for the tilt of the azimuth or polar axis of the
mounting (with appropriate corrections for mount flexures), for non-perpendicularity
between the mounting axes, for the position of the rotator axis and the pointing axis
relative to it, for tube flexure, for gear and encoder errors, and finally for encoder
zero points. Some telescopes would, of course, exhibit other properties which would
need to be accounted for at the appropriate point in the sequence.

The star-independent apparent-to-observed-place parameters in AOPRMS may be
computed by means of the sla_AOPPA routine. If nothing has changed significantly
except the time, the sla_AOPPAT routine may be used to perform the requisite
partial recomputation of AOPRMS.

. The “sidereal AUT” which forms part of AOPRMS(13) is UT1-UTC converted from

solar to sidereal seconds and expressed in radians.

. At zenith distances beyond about 76°, the need for special care with the corrections

for refraction causes a marked increase in execution time. Moreover, the effect gets
worse with increasing zenith distance. Adroit programming in the calling applica-
tion may allow the problem to be reduced. Prepare an alternative AOPRMS array,
computed for zero air-pressure; this will disable the refraction corrections and cause
rapid execution. Using this AOPRMS array, a preliminary call to the present routine
will, depending on the application, produce a rough position which may be enough to
establish whether the full, slow calculation (using the real AOPRMS array) is worth-
while. For example, there would be no need for the full calculation if the preliminary
call had already established that the source was well below the elevation limits for a
particular telescope.

The azimuths etc. used by the present routine are with respect to the celestial pole.
Corrections to the terrestrial pole can be computed using sla_POLMO.

SLA_ATMDSP Atmospheric Dispersion SLA_ATMDSP

ACTION : Apply atmospheric-dispersion adjustments to refraction coefficients.

CALL :

GIVEN :

CALL sla_ATMDSP (TDK, PMB, RH, WL1, A1, B1, WL2, A2, B2)
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TDK D ambient temperature at the observer (degrees K)
PMB D pressure at the observer (mB)
RH D relative humidity at the observer (range 0—1)
WL1 D base wavelength (pm)
Al D refraction coefficient A for wavelength WL1 (radi-
ans)
B1 D refraction coefficient B for wavelength WL1 (radi-
ans)
WL2 D wavelength for which adjusted A,B required (pum)
RETURNED :
A2 D refraction coefficient A for wavelength WL2 (radi-
ans)
B2 D refraction coefficient B for wavelength WL2 (radi-
ans)
NOTES :

1. To use this routine, first call sla_REFCO specifying WL1 as the wavelength. This
yields refraction coefficients A1, B1, correct for that wavelength. Subsequently, calls
to sla_ATMDSP specifying different wavelengths will produce new, slightly adjusted
refraction coefficients A2, B2, which apply to the specified wavelength.

2. Most of the atmospheric dispersion happens between 0.7 ym and the UV atmospheric
cutoff, and the effect increases strongly towards the UV end. For this reason a blue
reference wavelength is recommended, for example 0.4 pm.

3. The accuracy, for this set of conditions:

height above sea level 2000 m

latitude 29°
pressure 793 mB
temperature 290° K
humidity 0.5 (50%)
lapse rate 0.0065°m ="
reference wavelength 0.4 pm
star elevation 15°

is about 2.5 mas RMS between 0.3 and 1.0 um, and stays within 4 mas for the whole
range longward of 0.3 um (compared with a total dispersion from 0.3 to 20 ym of
about 11”). These errors are typical for ordinary conditions; in extreme conditions
values a few times this size may occur.

4. If either wavelength exceeds 100 um, the radio case is assumed and the returned
refraction coefficients are the same as the given ones. Note that radio refraction
coefficients cannot be turned into optical values using this routine, nor vice versa.
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5.

The algorithm consists of calculation of the refractivity of the air at the observer for
the two wavelengths, using the methods of the sla_REFRO routine, and then scaling
of the two refraction coefficients according to classical refraction theory. This amounts
to scaling the A coefficient in proportion to (4 — 1) and the B coefficient almost in
the same ratio (see R.M.Green, Spherical Astronomy, Cambridge University Press,
1985).

SLA_AV2M Rotation Matrix from Axial Vector SLA_AV2M

ACTION
CALL :

GIVEN :
AX

: Form the rotation matrix corresponding to a given axial vector (single precision).

CALL sla_AV2M (AXVEC, RMAT)

VEC R(3) axial vector (radians)

RETURNED :

RMAT R(3,3) rotation matrix

NOTES :

1.

A rotation matrix describes a rotation about some arbitrary axis. The axis is called
the Euler axis, and the angle through which the reference frame rotates is called the
Euler angle. The axial vector supplied to this routine has the same direction as the
Euler axis, and its magnitude is the Euler angle in radians.

. If AXVEC is null, the unit matrix is returned.

. The reference frame rotates clockwise as seen looking along the axial vector from the

origin.

SLA_BEAR Direction Between Points on a Sphere SLA_BEAR

ACTION

: Returns the bearing (position angle) of one point on a sphere seen from another

(single precision).

CALL :

GIVEN :

Al,
A2,

R = sla_BEAR (A1, B1, A2, B2)

B1
B2

spherical coordinates of one point
spherical coordinates of the other point

~ =



SUN/67.61 21

RETURNED :
sla_BEAR R bearing from first point to second

NOTES :

1. The spherical coordinates are [a, 0], [A, @] etc., in radians.

2. The result is the bearing (position angle), in radians, of point [A2,B2] as seen from
point [A1,B1]. It is in the range £m. The sense is such that if [A2,B2] is a small
distance due east of [A1,B1] the result is about +7/2. Zero is returned if the two
points are coincident.

3. If either B-coordinate is outside the range /2, the result may correspond to “the
long way round”.

4. The routine sla_PAV performs an equivalent function except that the points are
specified in the form of Cartesian unit vectors.

SLA_CAF2R Deg,Arcmin,Arcsec to Radians SLA_CAF2R

ACTION : Convert degrees, arcminutes, arcseconds to radians (single precision).

CALL : CALL sla_CAF2R (IDEG, IAMIN, ASEC, RAD, J)

GIVEN :
IDEG I degrees
TAMIN I arcminutes
ASEC R arcseconds
RETURNED :
RAD R angle in radians
J I status:
1 = IDEG outside range 0—359
2 = IAMIN outside range 0—59
3 = ASEC outside range 0—59.999- - -
NOTES :

1. The result is computed even if any of the range checks fail.

2. The sign must be dealt with outside this routine.

SLA_CALDJ Calendar Date to MJD SLA_CALDJ

ACTION : Gregorian Calendar to Modified Julian Date, with century default.

CALL : CALL sla_CALDJ (IY, IM, ID, DJM, I)
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GIVEN :
1Y,IM,ID I year, month, day in Gregorian calendar
RETURNED :
DJM D modified Julian Date (JD—2400000.5) for oh
J I status:
0 = OK
1 = bad year (MJD not computed)
2 = bad month (MJD not computed)
3 = bad day (MJD computed)
NOTES :

1. This routine supports the century default feature. Acceptable years are:

e (00-49, interpreted as 2000 —2049,
e 50-99, interpreted as 1950 —1999, and
e 100 upwards, interpreted literally.

For 1-100AD use the routine sla_CLDJ instead.
2. For year nBC use IY = —(n — 1).

3. When an invalid year or month is supplied (status J = 1 or 2) the MJD is not
computed. When an invalid day is supplied (status J = 3) the MJD is computed.

SLA_CALYD Calendar to Year, Day SLA_CALYD

ACTION : Gregorian calendar date to year and day in year, in a Julian calendar aligned to
the 20th/21st century Gregorian calendar, with century default.

CALL : CALL sla_CALYD (IY, IM, ID, NY, ND, J)

GIVEN :
1Y,IM,ID I year, month, day in Gregorian calendar: year may
optionally omit the century
RETURNED :
NY I year (re-aligned Julian calendar)
ND I day in year (1 = January 1st)
J I status:
0 =0K
1 = bad year (before —4711)
2 = bad month

3 = bad day
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NOTES :

1. This routine supports the century default feature. Acceptable years are:
e (00-49, interpreted as 2000 — 2049,
e 50-99, interpreted as 1950 -1999, and
e other years after -4712 | interpreted literally.
Use sla_CLYD for years before 100AD.
2. The purpose of sla_CALDJ is to support sla_EARTH, sla_MOON and sla_ECOR.
3. Between 1900 March 1 and 2100 February 28 it returns answers which are consistent

with the ordinary Gregorian calendar. Outside this range there will be a discrepancy
which increases by one day for every non-leap century year.

4. When an invalid year or month is supplied (status J = 1 or J = 2) the results are not
computed. When a day is supplied which is outside the conventional range (status
J = 3) the results are computed.

SLA_CC2S Cartesian to Spherical SLA_CC2S

ACTION : Cartesian coordinates to spherical coordinates (single precision).

CALL : CALL sla_CC2S (V, A, B)

GIVEN :

Vv R(3) [z,y, 2] vector
RETURNED :

A,B R spherical coordinates in radians
NOTES :

1. The spherical coordinates are longitude (4ve anticlockwise looking from the +ve
latitude pole) and latitude. The Cartesian coordinates are right handed, with the
r-axis at zero longitude and latitude, and the zaxis at the 4+ve latitude pole.

2. If V is null, zero A and B are returned.

3. At either pole, zero A is returned.

SLA_CC62S Cartesian 6-Vector to Spherical SLA_CC62S

ACTION : Conversion of position & velocity in Cartesian coordinates to spherical coordinates
(single precision).

CALL : CALL sla_CC62s (V, A, B, R, AD, BD, RD)
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GIVEN :
4 R(6) [z, y,2,4,9,2]
RETURNED :
A R longitude (radians) — for example «
B R latitude (radians) — for example §
R R radial coordinate
AD R longitude derivative (radians per unit time)
BD R latitude derivative (radians per unit time)
RD R radial derivative
SLA_CD2TF Days to Hour,Min,Sec SLA_CD2TF

ACTION : Convert an interval in days to hours, minutes, seconds (single precision).

CALL : CALL sla_CD2TF (NDP, DAYS, SIGN, IHMSF)

GIVEN :
NDP I number of decimal places of seconds
DAYS R interval in days
RETURNED :
SIGN C ‘“+’ or ‘=’
IHMSF I(4) hours, minutes, seconds, fraction
NOTES :

1. NDP less than zero is interpreted as zero.

2. The largest useful value for NDP is determined by the size of DAYS, the format
of REAL floating-point numbers on the target machine, and the risk of overflowing
IHMSF(4). For example, on a VAX computer, for DAYS up to 1.0, the available
floating-point precision corresponds roughly to NDP=3. This is well below the ulti-
mate limit of NDP=9 set by the capacity of the 32-bit integer IHMSF(4).

3. The absolute value of DAYS may exceed 1.0. In cases where it does not, it is up to
the caller to test for and handle the case where DAYS is very nearly 1.0 and rounds
up to 24 hours, by testing for IHMSF(1)=24 and setting IHMSF(1-4) to zero.

SLA_CLDJ Calendar to MJD SLA_CLDJ

ACTION : Gregorian Calendar to Modified Julian Date.

CALL : CALL sla_CLDJ (IY, IM, ID, DJM, J)
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GIVEN :
1Y,IM,ID I year, month, day in Gregorian calendar
RETURNED :
DJM D modified Julian Date (JD—2400000.5) for 0"
J I status:
0=0K
1 = bad year
2 = bad month
3 = bad day
NOTES :

1. When an invalid year or month is supplied (status J = 1 or 2) the MJD is not
computed. When an invalid day is supplied (status J = 3) the MJD is computed.

2. The year must be —4699 (i.e. 4700BC) or later. For year nBC use IY = —(n — 1).

3. An alternative to the present routine is sla_CALDJ, which accepts a year with the
century missing.

REFERENCE : The algorithm is derived from that of Hatcher, Q. JI. R. astr. Soc. (1984) 25,
53-55.

SLA_CLYD Calendar to Year, Day SLA_CLYD

ACTION : Gregorian calendar date to year and day in year, in a Julian calendar aligned to
the 20th/21st century Gregorian calendar.

CALL : CALL sla_CLYD (IY, IM, ID, NY, ND, J)

GIVEN :
1Y,IM,ID I year, month, day in Gregorian calendar
RETURNED :
NY I year (re-aligned Julian calendar)
ND I day in year (1 = January 1st)
J I status:
0 = OK

1 = bad year (before —4711)
2 = bad month
3 = bad day
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NOTES :

. The purpose of sla_CLYD is to support sla_EARTH, sla_MOON and sla_ECOR.

. Between 1900 March 1 and 2100 February 28 it returns answers which are consistent

with the ordinary Gregorian calendar. Outside this range there will be a discrepancy
which increases by one day for every non-leap century year.

. When an invalid year or month is supplied (status J = 1 or J = 2) the results are not

computed. When a day is supplied which is outside the conventional range (status
J = 3) the results are computed.

SLA_COMBN Next Combination SLA_COMBN

ACTION

: Generate the next combination, a subset of a specified size chosen from a specified

number of items.

CALL : CALL sla_COMBN (NSEL, NCAND, LIST, J)

GIVEN :
NSEL I number of items (subset size)
NCAND I number of candidates (set size)

GIVEN and RETURNED :

LIST I(NSEL) latest combination, LIST(1)=0 to initialize
RETURNED :
J I status:
—1 = illegal NSEL or NCAND
0 =0K

NOTES :

+1 = no more combinations available

. NSEL and NCAND must both be at least 1, and NSEL must be less than or equal

to NCAND.

. This routine returns, in the LIST array, a subset of NSEL integers chosen from the

range 1 to NCAND inclusive, in ascending order. Before calling the routine for the
first time, the caller must set the first element of the LIST array to zero (any value
less than 1 will do) to cause initialization.

. The first combination to be generated is:

LIST(1)=1, LIST(2)=2, ..., LIST(NSEL)=NSEL



SUN/67.61 27

This is also the combination returned for the “finished” (J=1) case. The final per-
mutation to be generated is:

LIST(1)=NCAND, LIST(2)=NCAND-1, ...,
LIST(NSEL)=NCAND—NSEL+1

4. If the “finished” (J=1) status is ignored, the routine continues to deliver combinations,
the pattern repeating every NCAND!/(NSEL!(NCAND—-NSEL)!) calls.

5. The algorithm is by R. F. Warren-Smith (private communication).
SLA_CR2AF Radians to Deg,Arcmin,Arcsec SLA_CR2AF
ACTION : Convert an angle in radians to degrees, arcminutes, arcseconds (single precision).
CALL : CALL sla_CR2AF (NDP, ANGLE, SIGN, IDMSF)

GIVEN :
NDP I number of decimal places of arcseconds
ANGLE R angle in radians
RETURNED :
SIGN C ‘“+’ or ‘=’
IDMSF I(4) degrees, arcminutes, arcseconds, fraction
NOTES :

1. NDP less than zero is interpreted as zero.

2. The largest useful value for NDP is determined by the size of ANGLE, the format
of REAL floating-point numbers on the target machine, and the risk of overflowing
IDMSF(4). For example, on a VAX computer, for ANGLE up to 27, the available
floating-point precision corresponds roughly to NDP=3. This is well below the ulti-
mate limit of NDP=9 set by the capacity of the 32-bit integer IHMSF(4).

3. The absolute value of ANGLE may exceed 27. In cases where it does not, it is up to
the caller to test for and handle the case where ANGLE is very nearly 27 and rounds
up to 360°, by testing for IDMSF(1)=360 and setting IDMSF(1-4) to zero.

SLA_CR2TF Radians to Hour,Min,Sec SLA_CR2TF
ACTION : Convert an angle in radians to hours, minutes, seconds (single precision).
CALL : CALL sla_CR2TF (NDP, ANGLE, SIGN, IHMSF)
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GIVEN :
NDP I number of decimal places of seconds
ANGLE R angle in radians
RETURNED :
SIGN C ‘“+’ or ‘=’
IHMSF I(4) hours, minutes, seconds, fraction
NOTES :

1. NDP less than zero is interpreted as zero.

2. The largest useful value for NDP is determined by the size of ANGLE, the format
of REAL floating-point numbers on the target machine, and the risk of overflowing
IHMSF(4). For example, on a VAX computer, for ANGLE up to 27, the available
floating-point precision corresponds roughly to NDP=3. This is well below the ulti-
mate limit of NDP=9 set by the capacity of the 32-bit integer IHMSF(4).

3. The absolute value of ANGLE may exceed 27. In cases where it does not, it is up to
the caller to test for and handle the case where ANGLE is very nearly 27 and rounds
up to 24 hours, by testing for IHMSF(1)=24 and setting IHMSF(1-4) to zero.

SLA_CS2C Spherical to Cartesian SLA_CS2C

ACTION : Spherical coordinates to Cartesian coordinates (single precision).

CALL : CALL sla_Cs2C (A, B, 1D

GIVEN :

A,B R spherical coordinates in radians: [«,d] etec.
RETURNED :

Vv R(3) [,y, 2] unit vector

NOTE : The spherical coordinates are longitude (+ve anticlockwise looking from the +ve
latitude pole) and latitude. The Cartesian coordinates are right handed, with the z-axis
at zero longitude and latitude, and the z-axis at the +ve latitude pole.

SLA_CS2C6 Spherical Pos/Vel to Cartesian SLA_CS2C6

ACTION : Conversion of position & velocity in spherical coordinates to Cartesian coordinates
(single precision).

CALL : CALL sla_CS2¢c6 (A, B, R, AD, BD, RD, V)
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GIVEN :
A R longitude (radians) — for example «
B R latitude (radians) — for example §
R R radial coordinate
AD R longitude derivative (radians per unit time)
BD R latitude derivative (radians per unit time)
RD R radial derivative
RETURNED :
v R(6) [y,2,,3, ]
SLA_CTF2D Hour,Min,Sec to Days SLA_CTF2D

ACTION : Convert hours, minutes, seconds to days (single precision).

CALL : CALL sla_CTF2D (IHOUR, IMIN, SEC, DAYS, J)

GIVEN :
TIHOUR I hours
IMIN I minutes
SEC R seconds
RETURNED :
DAYS R interval in days
J I status:
0 = OK
1 = IHOUR outside range 0-23
2 = IMIN outside range 0-59
3 = SEC outside range 0-59.999- - -
NOTES :

1. The result is computed even if any of the range checks fail.

2. The sign must be dealt with outside this routine.

SLA_CTF2R Hour,Min,Sec to Radians SLA_CTF2R

ACTION : Convert hours, minutes, seconds to radians (single precision).

CALL : CALL sla_CTF2R (IHOUR, IMIN, SEC, RAD, J)
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GIVEN :
IHOUR I hours
IMIN I minutes
SEC R seconds
RETURNED :
RAD R angle in radians
J I status:
0=0K
1 = IHOUR outside range 0-23
2 = IMIN outside range 0-59
3 = SEC outside range 0-59.999- - -
NOTES :

1. The result is computed even if any of the range checks fail.

2. The sign must be dealt with outside this routine.

SLA_DAF2R Deg,Arcmin,Arcsec to Radians SLA_DAF2R

ACTION : Convert degrees, arcminutes, arcseconds to radians (double precision).

CALL : CALL sla_DAF2R (IDEG, IAMIN, ASEC, RAD, J)

GIVEN
IDEG I degrees
TIAMIN I arcminutes
ASEC D arcseconds
RETURNED :
RAD D angle in radians
J I status:

1 = IDEG outside range 0—359
2 = TAMIN outside range 0—>59
3 = ASEC outside range 0—59.999. - -
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NOTES :

1. The result is computed even if any of the range checks fail.

2. The sign must be dealt with outside this routine.

SLA_DAFIN  Sexagesimal character string to angle ~SLA_DAFIN

ACTION : Decode a free-format sexagesimal string (degrees, arcminutes, arcseconds) into a
double precision floating point number (radians).

CALL : CALL sla_DAFIN (STRING, NSTRT, DRESLT, JF)

GIVEN :
STRING C*(*) string