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Abstract. This paper gives the predictions of the mutual events of
the Galilean satellites of Jupiter which will occur in 1991. We call
for as many observations as possible for these events.
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1. Introduction

In 1991 a favorable period of about 7 months will allow the
observation of mutual phenomena involving the Galilean sat-
ellites of Jupiter. The positive declination of Jupiter is favorable
for observatories in the northern hemisphere, and it is desirable to
try to observe as many events as possible.

2. The mutual phenomena

The configuration of the orbits of the Galilean satellites of Jupiter
induces phenomena between the satellites themselves twice each
Jovian year of 11.6 years. The four satellites have orbits which are
nearly in the equatorial plane of Jupiter. When the Earth goes
through this plane, i.e. when the Jovian declination of the Earth
becomes zero, the satellites may occult one another for a terrestrial
observer. Similarly, when the Sun goes through the equatorial
plane of Jupiter, i.e. when the Jovian declination of the Sun
becomes zero, the satellites may enter the umbra or the penumbra
of the other satellites. Because of the small size of the satellites and
the very small inclination of their orbits to the Jovian equator,
mutual phenomena do not occur for each geocentric conjunction
(for the occultations) or heliocentric one (for the eclipses) during
the favorable period. This favorable period occurs when the
jovicentric declinations of the Earth and the Sun are smaller than a
defined quantity. These phenomena are easily predictable with
modern computers and their observation — which presents no
major difficulties — gives interesting information about the
Galilean satellites themselves. In 1991, the mutual events do not
occur exactly during the opposition of Jupiter with the Sun, and
are thus less favorable than in 1985. However, the declination of
Jupiter is greater, so they are more favorable in the northern

hemisphere where observatories are more numerous than in the
southern hemisphere.

3. Basis of the predictions for 1991

For the calculations, we used the same algorithm as for the
previous periods (Arlot, 1978, 1984). This algorithm gives a
precision which varies with each phenomenon: the faster the
relative velocity between the involved satellites, the greater the
precision (generally better than 6 seconds of time). For the
calculations of the dates of the phenomena, we used the G-5
ephemerides (Arlot, 1982) of the Galilean satellites. We used also
the ephemerides of the planets of the JPL DE102 (Newhall et al.,
1983) and the radii of the satellites given by Voyager (Morrison,
1983). These radii are: for J1, 1816 km; for J2, 1563 km; for J3,
2638 km, and for J4, 2410 km. '

4. Explanation of the tables

Table 1 gives the dates of the predicted phenomena. These dates
are given in the TDB time-scale (Temps Dynamique Barycentri-
que, cf. Connaissance des Temps for 1990). This time-scale is very
close to the Ephemeris Time (ET) or to the International Atomic
Time plus 32s (TAI + 325). One obtains the times of the mutual
phenomena in the Universal Time scale (UT) by subtracting about
57 seconds of time from the times in Table 1. The exact value to be
subtracted should be confirmed nearer the time of the events.
Are given in Table 1:

Columns 1-3: year, month, day of the instant of maximum of the
considered phenomenon.

Columns 4-7: type of phenomenon: 1 OCC?2 means J1 occults
J2; 3ECL4 means that J3 eclipses J4; C means very close
approach with possible event; P means partial phenomenon —
nothing is indicated when an eclipse is by the penumbra —; A
means annular and T means total (dates of the beginning of the
totality are given in the notes).
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Columns 8—10: for G-5 ephemerides: the date of the maximum of
the phenomenon (minimum of light).

Column 11: the flux drop at the minimum of light (from 0 for no
event to 1 for total disappearance; note that the flux drop is
calculated referred to the light-flux of both satellites for the
occultations and of the only eclipsed satellite for the eclipses —so
that the flux drop may never be 1 for the occultations—).

Column 12: the duration of the event in seconds of time.

Column 13: Notes to the table, which are as follows:

(1) Phenomena for which the apparent distance Jupiter Sun is
less than 15°. _

(2) Grazing phenomena: their light-flux drops are less than
0.01. Such events are very difficult to observe. Anyway, it can
appear that the real amplitude is larger than the predicted one, so
the phenomenon is easily observable.

(3) Phenomena occurring at a distance of less than one Jovian
radius from the limb of Jupiter.

(4) Special multiple events: an occultation of J1 by J2 just
followed by an eclipse of J1 by J2 on January 29 and vice versa on
January 26. .

(5) Very long phenomena: during them the 2 implied satellites
have the same apparent speed so that the precision of the
calculated dates is not good.

(6) Events for which the apparent distance to the Moon is less
than 5 degrees.

(7) Events occurring in the front of the disk of Jupiter.

(8) and (9) Events occurring just after an eclipse by Jupiter.

(10) Total event from 8"28™14° to 8"30™15% on June 19.

(11) Total event from 12"9™3% to 1210™18° on June 26.

(12) Total event from 21"36™50° to 21137™13% on July 16.

(13) Total event from 10"54™4° to 10"54™20° on July 20.

(14) Total event from 6"22™41° to 6"23™12° on Aug. 2.

(15) Total event from 9"49™57° to 10"16™25° on Aug. 30.

(16) Total event from 1855™22% to 18258™41° on Sept. 7.

In Table 1, mutual phenomena occurring behind Jupiter or in
the shadow of Jupiter are of course not given, nor are phenomena
occurring when the apparent distance Jupiter-Sun is less than 5°.

Table 2 gives the number of phenomena for each satellite.
Table 3 gives the number of events as a function of their duration.
Close approaches for 58 events with a 0-second duration may be
mutual events because of the uncertainty on the impact parameter
due to theoretical causes.

Table 4 gives the number of events observable from several
observatories (grazing events have been eliminated, as well as
events which are difficult to observe). We selected phenomena
occurring when Jupiter is more than 5°, 25°, and 45° above the
horizon and the Sun is greater than 5° below the horizon. It is clear
that the best observational conditions are obtained for the

Table 2

Satellite Number of Number of
occultations eclipses

1 101 70

2 54 60

3 32 38

4 15 15
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Table 3. Statistics on the durations of the mutual events

Duration (s) Occultations Eclipses
1to 99 13 5
100 to 299 37 38
300 to 599 47 82
600 to 999 18 25
1000 to 1499 7 14
1500 to 2499 10 14
2500 to 3999 3 4
4000 to 5999 2 4
6000 to 8499 2 0
8500 to 14941 1 0

Table 4. Visibility of the mutual events

Observatories Elevation of Jupiter
>45°  >25° >5°  >45°

(elevation of the Sun

<=5
Purple Mountain (China) 34 44 64 76
Canary Islands (Spain) 32 48 63 66
San Pedro Martir (Mexico) 30 46 64 74
Dodaira (Japan) 31 50 62 69
Mauna Kea (Hawaii) 31 41 59 74
McDonald (USA) 28 47 61 71
Wise Observatory (Israel) 28 47 66 66
Catania (Ttaly) 26 42 64 61
OHP (France) 26 45 70 59
Brasopolis (Brazil) 13 39 58 26
Pulkovo (USSR) 13 37 65 35
La Silla (Chile) 1 33 55 1
AAT (Australia) 0 30 52 1

Sutherland (South Africa) 0 27 55 0

Notes: 1) Difficult-to-catch events have been eliminated. 2) For
the last column, no constraints have been made on the elevation of
the Sun.

observatories whose latitudes are close to the declination of
Jupiter (about +16° to +20° during the period of the mutual
phenomena). The last column of Table4 gives the number of
events occurring when Jupiter is more than 45° above the horizon
even with the Sun above the horizon: in daylight, observations are
possible at 2.2 um that increases the possibilities of observations.
If someone wishes to have the list of phenomena observable from
a special observatory, please contact the author.

5. Observation campaign

Observations of the mutual phenomena of the Galilean satellites
are always of great interest and we encourage observers to observe
them. As in 1985 (Arlot and Thuillot, 1988), we will organize a
campaign of observations. If you wish to join us, and to receive
Technical Notes made in order to help the observers, please,
contact the author. In these notes, we will describe possible
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instruments (single-channel photometers, two-dimensional re-
ceptors) as well as observational techniques and methods used for
the reduction of the data. Because of the great interest of such
observations, I look forward to very good observational data in
1991.
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