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Abstract
We present a set of observations of the mutual
phenomena (occultations and eclipses) between
Jupiter’s Galilean satellites in 2014 and 2015
obtained with a Celestron 11 telescope from the Aula
EspaZio Gela at E.T.S.I. - UPV/EHU. These
observations are used as a practical teaching tool for
photometry and astrodynamics in different matters of
the Master in Space Science and Technology
UPV/EHU.

1. Galilean Satellites Mutual Events
On February 5, 2015 the Sun transited the equatorial
plane of Jupiter (the equinox) and the Earth passed
this plane on November 8, 2014 and April 10 and
May 5, 2015, and therefore the orbital planes of
Jupiter’s main satellites [1]. As a consequence
mutual occultations (O) and eclipses (E) occurred
between the main satellites. Because the Galilean
satellites are bright objects and have appreciable
sizes around ∼ 1 arcsec, these mutual events are
observable with small-medium telescopes and their
accurate photometry and timing have been used for
precise astrometry of their orbits [2]. In this
communication we use the observations of the
mutual phenomena as a teaching practice to
accurately study the satellites properties and orbits,
complementing our previous work on the same
subject [3]. The present observations are also useful
for astrometric use.

2. Observations
In Table 1 we list the captured mutual phenomena.
The observations were performed with a Celestron 11
telescope (28 cm aperture, f/10) from the Aula
EspaZio Gela of the UPV/EHU [4]. The telescope
was placed in Getxo (Latitude 43° 21’ 44.46” North
and Longitude 3° 01’ 06.65” West). We used a
DMK21 AU618 camera with a Barlow X2 Celestron

magnification lens in order to have enough spatial
resolution to capture, under good seeing conditions,
the disks of the satellites. For each event we took
several image frame series with short exposures. The
exposures ranged between 1/15 s and 1/100 s
depending on the seeing quality. Photometry on the
satellite target was performed by integrating the total
number of counts in a disk aperture typically about
three times the size of the satellite. A satellite not
suffering the mutual phenomena is used as a
photometric reference. When there is a mutual
occultation, the summation of the integrated count
numbers of both satellites is used to obtain the
photometric curve.
Table 1: Observed Mutual Events
Date
28-Oct. 2014
22-Dec. 2014
24-Dec. 2014
05-Ener. 2015
07-Ener. 2015
09-Feb. 2015
09-Feb. 2015
09-Mar. 2015
11-Apr. 2015

Event type
2O3
4E1
2E3
3E1
4E3
3O1
3E1
3O2
1E3

Even type first number is the satellite producing the
event and second number the satellite suffering the
event: 1 (Io), 2 (Europa), 3 (Ganymede), 4 (Calisto).
E = Eclipse, O = Occultation.
For generating imaging sequences of the mutual
events, the ‘lucky imaging’ method has been used
with the same tools described in previous works [3,
5]. This method provides high spatial resolution,
once the frames are selected by their quality, then recentered and co-added, allowing resolving the disks

of the satellites. Figure 1 shows an example of a time
occultation series.

sequences allow the determination of the times of the
start and end of the events and also de reduction in
light received. From these data the basic orbital
orb
parameters and radii of the satellites can be measured
and compared with a model prediction [7].
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3. Results
The photometric curves (Figure 2) are fitted to a
simple model for the satellites as disks of uniform
surface brightness producing and suffering the
occultations and eclipses [6]. The time lapse
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