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Excluding the Barth’s 111(1(111, there are sixty recognized nat ural satellit es i
the Solar System. FEphemerides for most may be found in The Astronomical Al-
manac. Inaddition, the U.S. Naval Observatory produces an (1($ (1 ronic version,
The Satellite Al nanac, for IBM PC’s and compatibles.

Ephemerides for all sixty satellites are also being, maintained at NASA’s Jet
Propulsionlaboratory (,11°1) andare available electronically as clements of NASA’s
SPICY information system. ‘’heacronymiclerstio thelogical (10111¢0s, calledker-
nels: Spacecralt ephemeris, Planet ephemeris and ¢ onstants, Tustrument deserip
tions, Camcra pointing, ¥ vents. T'he SPICE corcept was defined by planetary
scientists and is being implemented by JPLs Navigation Ancillary Information
Iracility (N A1), Satellite ephemerides arve included as part of the 10 kernel and
arc In the form of a Spacee ralt-Planet Kernel (SPR) file.

For Phobos and Deimos the epheomerides in the Astronomical Almanac are
based on the theory of Sinclaiv (1972, 1989). The theayy of Struve (1911) modificd
by Born and D uxbury ¢ 197h)andHildebrand el al. (1979)and laterupdated by
Jacobson o [ al. (1 980) was use dat JPL OIS being replaced by Sinelair’s theory
asextendedby Morley  1990). Thehighaccurvacy FSA PO aud ESADIE theories
doveloped By Clhapornt-Touzé (1988, 1990a, 1990b) are also inuse at JP1L.

The theory for Jupiter’s Galilean satellites was developed by Sampson ( 1921
ancllater revitalized by Licske (197 7). T'he Astronomical Almanac ephemerides
are based on tlis theory with the values of the theory constants lrom Avlot ( 19382).
The theory is also used for the JPPL ephemerides but with the updat ed ¢ onstants
from Lieske (1994 ).

The orbits of the outer Jovian satellites are represented by nuwerical inte
gration. The Astronomical Almamac ephemerides are integrat ed from the initial
conditions of Rolide (100 0), andthe JPL ephemerides use the initial conditions of
Jacobson (1O94).

The ephemerides for the Saturnian satellites in Astronomical Almanac are hased
on analytical theories. For Mimas, Fneelad us, "Tet hys and Dione the theory is that
of Kozai ( 1957) with updates from Garcia (1972) ana® Taylotand Shen ((H988). 1'or
Rhca and Titan the thaory of Sinclain (1977) with updates from Garcia ((1972)
and Taylor and Shen (1988) is used. T'he Hyperion theory is due to Taylor (19 84),
andthelapetus 111(°01,% is from Sinclaiv (19 74) with updat es from Harper (1 al.
(1988) and Faylorand Shen (1988). The theory of Zadunaisk y ( 1951) is used for
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Pho [')(. AtdPL the ephemerides are all based o the numerical integration done
by Jacobson and Vanghan (1993).

Both the Astronomical Alimiamac and JI'L have ephenmerides for the ajor Uya.
nian satellites based on the thCaory developed by Las kay ( 1986) and fit to obser-
vations by Laskar and Jacobson (1987). In addition, Jacohson el al. (1986G) niln'{
produced numerically integrated ephemerides,

The Astronomical Alimanac uses analylical theories for the ephemendes ol "1
ton and Nercid., The theory for Triton is frovu Harvis (1984 ) and for Nercid is
from Mignard (1981). A JPL the ephemerides Tor both satellites are the vesult of
numerical it egration fit to observations by Jacobson o al. (1991).

The orbit of Charon is maodeled as a two hody conic orbit with el erne g de
ter mined by a fit to observations,  T'he Astronomical Almanae ephemeris uses
clornents from 1 holen (1985). The d 171, ephemeris uses elernents from Tholen
(1990) with a semi-major axis from Null el ol ( 1993).

A1) 1), a precessing, ellipse theory 1eniwetin; of the orbits of the remaining,
minor satelit g, Vor the foutinner Jovian satellit e 1 he precessing, ellipse eleme g
are from Synuot{ (1982, 1984). For the nine minoy satellites of Saturn the elemen g
are from Synnott (1981, 1983) and Showa tter (199 1), The elements of the ton
minor Uranian sal ellit g are from Owen and Synnott ( 1987) and for the six mino
Neptunian satellit e ave from Owen of ol (199 1), T'he Astronomical Almanac
ephemeris for Amalthea is based on the work of Van Wocerkom (1950) and for Phebe
is hased on the precessing, ellipse with SynnotCs ( 1981) ¢le ments. Astrononmical
AT mimac does not have ephemerides for the remaining, minor satellites,

Tabile 1 summarizes the ephemerides and their sout ces.
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Available Satellite Ephemendes

Astr on. Almanac
Source
Sin clair (1989)

Arlot (1982)
Vanu Wocrkom (1 950)
S)’n]l()ll (]S)S'j)

Rohdel (1990)

Kozai (1957)

Garcia (1972)

Taylor & Shen (1988)
Taylor (1 984)
Zadunaisky (1954)

Laskar & Jacobson (1 987)

Harris (1984)
Mignard (1981)

Tholen (1 985)

i Numer ically integrated

JIL Source

Jacobson ¢ 1 al. (1989)
Chapront-"Touzé (1990)
Lieske (1994)

Symnott (1982)

Synnott (]984)

Synnott (1984)

Jacobson | (1994)

Jacohson & Vaugh anl (1993)

Jacobson & \’aup,lmn.‘ (1993)
Jacobson g Vnup_hau1 (1993)
Symuott et fll, (1981)
Symunott ([ al. (1983)
Showalter (1 991)

Laskar & Jacol won (1987)
Jacobson ef al.' (1986)
Owen & Synnott (1987)
Jacobson el (l[.‘i (1991)
Jacobson et (. i (]9511)

Owen of al. (1991)

Tholen (1990)



