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Abstract. Eclipses of Saturn’s eighth satellite Iapetus for
1993 are predicted using two sets of orbital elements of the
satellite. The events will occur on May 1-2 and July 20-
21, 1993. It is shown that the duration and magnitude drop
especially for the ring eclipse of July 20-21 are sensitive to
the difference of the orbital elements. Therefore photometric
observations of the events are important in order to study the
orbit of the satellite.
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1. Introduction

Eclipses of Saturn’s eighth satellite Iapetus by the shadow of
Saturn and its rings are readily observable phenomena since
these occur comparatively distant places from Saturn and its
rings as seen from the Earth. Omne example of the observa-
tion was given by Barnard (1890), who observed the event of
1889 November 2 visually with 12-inch equatorial telescope
by comparing the brightness of Iapetus with that of Ence-
ladus and Tethys. Because the satellite’s orbit is inclined to
the orbital plane of Saturn at about 15°, these events can
take place only when Saturn is near one of the nodes of the
satellite’s orbit, i.e. the eclipses occur every 15 years.

The eclipses of Iapetus will occur on May 1-2 and July 20—
21, 1993. Two sets of orbital elements are used for predict-
ing these phenomena. One set is by Taylor & Shen (1988),
who obtained the orbital elements by analyzing astrometric
observations from 1967 to 1983. Another set is provided by
Dourneau (1987), who obtained not only the constant parts of
the orbital elements but also their rate of change by analyzing
astrometric observations from 1886 to 1985. The prediction
of the events is given in Sect. 2. In order to study the orbit
of the satellite photometric observations are encouraged.

2. Prediction of the phenomena in 1993

The theory of the motion of Iapetus used is that developed
by Sinclair (1974) with the inclusion of additional perturba-
tions derived by Harper et al. (1988). Errors of sign in the
phase of periodic terms and a printing error in the longitude
of pericenter present in the theory of Sinclair were corrected
according to Sinclair & Taylor (1985).

ASTRONOMY
AND
ASTROPHYSICS

Two sets of orbital elements are used for the prediction.
One is the constants obtained by Taylor & Shen (1988). They
obtained them by analyzing astrometric observations from
1967 to 1983. The value of the mean motion they used is
the one obtained by Struve (1933) and the values of secular
rates of longitudes of pericenter and node and secular rates of
inclination and eccentricity are the theoretical ones derived by
Sinclair. Another set is the constants obtained by Dourneau
(1987). He derived not only the constant parts of the ele-
ments but also the mean motion, secular rates of longitudes
of pericenter and node, and secular rates of inclination and
eccentricity by analyzing astrometric observations from 1886
to 1985.

The procedure for calculating the times of mid eclipses, or
the half-brightness points, is essentially the same with that de-
veloped by Peters (1975). Durations of penumbral eclipses are
also calculated by taking into account the angular diameter of
the Sun as seen from lapetus. The radius of the Sun is taken
to be 696,000 km, which is the value adopted by the IAU. The
size and shape of Saturn are taken from Davies et al. (1989),
which were originally obtained by Lindal et al. (1985) from
the Voyager radio occultation measurements. The pole posi-
tion of Saturn’s equator or the ring plane is also from Davies
et al. (1989), which was originally derived by Simpson et al.
(1983) from the Voyager occultation measurements at radio
and ultraviolet wavelengths. The dimensions of the rings are
from Esposito et al. (1984). The heliocentric positions of Sat-
urn and the Earth were obtained from the JPL planetary
ephemeris DE200. Using the value TD — UT = +59° for the
difference between Dynamical Time (TD) and Universal Time
(UT) during 1993. predictions are given in UT.

Reitsema (1978) observed photometrically the event of
1977 October 19 from the immersion into the A ring to the
passage of the Encke division. The two sets of the orbital el-
ements give almost the same times and magnitude variations
for these phenomena and these calculated times and magni-
tudes approximately coincide with Reitsema’s observation.

The first phenomenon of 1993 will occur on Feb. 11, but
at that time Saturn is very near to the Sun in appearance (2
days after conjunction) and the ohservation of the event will
not be possible.

The phenomena will occur again on May 1-2 and July 20-
21. The prediction is shown in Table 1. The predicted times
are for the mid eclipses. or the half-brightness points. The be-
ginning or end of the penumbral eclipses at the center of the
satellite can be obtained by subtracting or adding the values
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Table 1. Prediction of the events in 1993

Phenomena TS*® D*? At®
1993 May 1-2
Immersion to the A ring 184 27™ 18t s2m 1™

Emersion from the A ring 19 30 19 55 15

Immersion to the B ring 19 51 20 15 15
Immersion to the C ring 21 42 22 06 14
Emersion from the C ring 23 00 23 23 12
Immersion to Saturn 23 59 00 15 8
Emersion from Saturn 10 02 10 19 8

Emersion from the C ring 10 28 11 00 23
Emersion from the B ring 12 19 12 50 21
Immersion to the A ring 12 40 13 10 21
Emersion from the A ring 13 43 14 13 21

1993 July 20-21

Immersion to Saturn 21 16 21 38 11
Emersion from Saturn 5 08 5 19 11
Immersion to the A ring 5 13 — € —
Emersion from the A ring 9 38 — —

* TS means the times predicted using the elements by Taylor
& Shen (1988) and D by Dourneau (1987). The predicted
times are for the mid eclipses in UT.

® The predicted times F At give the times of beginning and
end of the phenomena (penumbral phase).

¢ According to Dourneau’s elements. the mid eclipses for the
immersion to and emersion from the A ring of July 21 won’t
occur.

under the heading At. The predicted times of the beginning
and end of the penumbral eclipse by the A ring of July 21
are given separately in Table 2 because the duration of this
event is rather long. The positions of the satellite relative to
Saturn, its rings and their shadow for the May 1-2 event

Table 2. Prediction of the penumbral eclipse by the A ring

of July 21, 1993

Phenomena TS*® D*®
Beginning of the eclipse ® 3h 30™ 4h 52™
Maximum of the eclipse 7 32 7 55
End of the eclipse 10 43 10 20

* TS means the times predicted using the elements by Taylor
& Shen (1988) and D by Dourneau (1987). The times are
given in UT.

® The beginning of the penumbral eclipse by the A ring will
not be observed because it will occur during the eclipse by
Saturn.

are shown in Fig. 1 with the positions of other main satellites
and the magnitude variation of the satellite during the eclipse
is shown in Fig. 2. Those for the July 20-21 event are shown
in Figs. 3 and 4. The magnitudes shown in Figs. 2 and 4
were calculated by integrating numerically the optical depth
of the rings within the projected image of the Sun as seen
from the center of the satellite with a solar limb darkening
coefficient of w; = 0.65. The optical depths of the rings were
taken from Esposito et al. (1983), who derived them from the
Voyager photopolarimeter stellar occultation. It is well known
that the brightness of Iapetus varies between about 10 and 12
magnitudes with the orbital phase angle. In calculating the
above magnitudes. 10.8 was used as its magnitude near geo-
centric superior conjunction with Saturn at mean opposition
distance (Millis 1973).

The immersion to the A ring of May 1 will be visible in
Japan and in Australia, the passage through the Cassini Divi-
sion in China and in Southeast Asia, and the passage through
the C ring to the immersion to Saturn in Central Asia. The
emersion from Saturn to the passage through the C ring of
May 2 will be visible in the west coast of North America, and
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Fig. 1. Eclipse of Iapetus on 1993 May 1-2. UT is used
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Fig. 2a. Magnitude variation
of Iapetus during the eclipse of
1993 May 1-2 (pre-immersion
to Saturn). The thin line rep-
resents the variation calculated
using the elements by Taylor &
Shen (1988) and the thick line
by Dourneau (1987)

Fig. 2b. Magnitude variation
of Iapetus during the eclipse
4 of 1993 May 2 (post-emersion
from Saturn). The thin line
represents the variation calcu-
lated using the elements by
Taylor & Shen (1988) and the
thick line by Dourneau (1987)
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the emersion from the A ring in Hawaii. The immersion to
Saturn of July 20 will be visible in Europe, and the emersion
from Saturn to the passage through the A ring of July 21 in
the Americas.

Although, as stated above, the two sets of the orbital ele-
ments give little difference in the times and magnitude varia-
tions for the 1977 event, there are systematic differences be-
tween the predictions for the 1993 events calculated with the
two sets of the elements. The systematic difference of about
17 min is mainly due to the differences in the orbital longi-
tude (14 min), eccentricity (2min), and longitude of pericen-
ter (1min). There is another systematic difference (7 min for
the events before the immersion to Saturn and 13 min for the
events after the emersion from Saturn) in the ring eclipses of
May 1-2 and other difference (11 min) in the duration of the
eclipse by Saturn of July 20-21. These differences are mainly
due to the difference in the longitude of node. The differences
in the duration of the eclipse by the A ring and in its magni-
tude drop shown in Fig. 4 are mainly due to the differences in

the longitude of node and in the inclination. Therefore precise
photometric timing observations of these events are important
in order to study the orbit of the satellite.

The size and albedo distribution of Iapetus were not taken
into account in the above prediction. When one compares
observations with theories precisely, one should take into
account the size (Davies et al. 1989), albedo distribution
(Squyres & Sagan 1983) of the satellite, and the solar limb
darkening depending on the observed wave lengths (Pierce &
Slaughter 1977; Pierce et al. 1977). In such cases the theory
of the motion of the satellite recently developed by Duriez
& Vienne (1991) with many small short period perturbations
(Vienne & Duriez 1991) and long period perturbations (Vi-
enne & Duriez 1992) would also be useful.
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Fig. 3. Eclipse of Iapetus on 1993 July 20-21. UT is used
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