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Transit of V enus on June 5, 2012 by CVAS Member Aaron Worley.  
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Satellite Eclipses  

By Tony Mallama  

 

If youôve never seen one before, watch a Galilean 

satellite emerge from Jupiterôs shadow. These visual 

spectacles zip by much more quickly than lunar 

eclipses. Io and Europa are especially swift, appearing 

out of the blackness and brightening to full luminosity in 

just a few minutes. How closely does the time on your 

watch compare to the prediction? 

Professional and amateur astronomers have been 

timing eclipses of Jovian satellites ever since the moons 

were discovered 400 years ago. The first accurate 

measurement of the speed of light was based on 

eclipse data. Moreover, terrestrial longitudes were 

historically determined by eclipse observers using a 

method proposed by Galileo himself. In modern times, 

though, the twin goals of eclipse timing are to 

understand the orbital motions of the four satellites and 

to improve their ephemerides for the purpose of 

spacecraft navigation. 

Quite a few CVAS members have timed satellite 

eclipses with CCD cameras. Occasionally two 

observers record one event, as happened during a 

disappearance of Europa last October. The close 

agreement between their light curves, as shown below, 

attests to high photometric accuracy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ron observed with the 12 -inch telescope at Indian 

Hill Observatory.  Bruce is a former president of the 

CVAS who now lives in upstate New York.  

The along-track orbital positions derived from results 

like these are often accurate to better than one second 

of time. This translates to about 10 kilometers of 

position or 0.003 arc seconds at the distance of Jupiter. 

CCD eclipse timings are the most accurate Earth-based 

method of Galilean satellite astrometry. Even in space, 

observations must be made from the vicinity of Jupiter 

in order to improve upon this mark. Letôs see why the 

observations are important. 

 

Io and Europa Resonate with Spectacular Results 

Io orbits Jupiter in 1.77 days while its neighbor Europa 

takes exactly twice as long. If Io were the only Galilean 

satellite its orbit would be circular. However, the 

resonance with Europa forces Ioôs orbit into an ellipse. 

As the distance between supermassive Jupiter and Io 

changes along this ellipse the tidal forces vary 

dramatically. The satellite responds to these changes 

by deforming and the resulting friction heats the interior 

of Io above the melting point for rock! 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The active volcano Tupan Patera is shown on this 

Galileo  spacecraft close -up of Io.  

 

The other satellites are also warmed by tidal heating 

but the effect diminishes as the distance from Jupiter 

grows. While Io is volcanic and Ganymede is quite cold, 

Europa appears to be ójust rightô like that bowl of 

porridge in Goldilocks and the Three Bears. Instead of 

porridge, though, planetary scientists are intrigued by 

the likely presence of liquid water below Europaôs icy 

crust. The planned Europa Jupiter System Mission will 
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study both ice and water. Some investigations suggest 

that a prime location to seek liquid water at a relatively 

shallow depth is the Conamara Chaos region, shown 

on this page. The search for aquatic life will come 

later. 

The resonance between Io and Europa shows up as a 

wobble in the satellite motions that is evident in our 

eclipse timing results. The graph on this page is a plot 

of observed (O) eclipse times minus those calculated 

(C) from ephemerides. The periodic oscillation in these 

óO ï Cô residuals corresponds to the resonance. The 

general characteristics of the variations seen in CCD 

timings agree fairly well with theory. However, even 

the best ephemeris for Europa, derived from Galileo 

spacecraft data, does not adequately represent the 

observations. Our data suggest that the current picture 

of Europa needs sharpening. 

 

 

 

 

 

 

 

 

 

 

 

The Conamara Chaos region of Europa may be 

a relatively thin spot in the satelliteõs icy crust. 

Galileo  spacecraft image.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Eclipse timings demonstrate that the orbital motion of Europa is difficult to predict. If the ephemeris were 

accurate all the data points (circles) would lie near the zero axis. Instead, there is a periodic oscillation (green 

line) corresponding to the orbital resonance described in the text plus a more random wander (dashed line).  

Insights into Jupiterôs Atmosphere 

The eclipse timing program was only intended to 

address the Galilean satellites but when comet 

Shoemaker-Levy 9 crashed into Jupiter in 1994 it 

proved to have an altogether different application. The 

comet had fragmented during an earlier close approach 

to Jupiter and when the pieces impacted in July they 

produced conspicuous dark spots in the Jovian 

atmosphere. The blotches were fall out from fireballs 

that soared above the Jovian cloud tops following 

explosions in the lower atmosphere. While the Hubble 

Space Telescope and Earth-based instruments were 

able to track the horizontal limits of the spots, their 

vertical extent was unknown. Thatôs where eclipse 

observations figured in because the high altitude debris 

significantly affected several light curves recorded in 

August. These aerosols were absorbing sunlight at 

astonishing heights above the cloud deck and produced 
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Jupiterõs aurora, shown here, generates the 

polar haze by converting methane to benzene 

and other chemical species which act as nuclei 

for aerosol growth. Galileo  spacecraft image, 

contrast enhanced.  

 

 

 

 

 

 

 

 

         

 

 

 
Callisto slipped partway into the shadow of Jupiterõs 

north pole as sketched above. Bruce Krobusekõs light 

curve below recorded the brightness change.  

 
Eclipse light curves recorded after the impact of  

come t  Shoemaker -Levy 9 were fainter than usual  

due to aerosol  absorption up to 300 kilometers  

above the cloud tops.  

 

 

 

 

A fireball from the impact of comet Shoemaker -Levy  

9 is seen above the limb of Jupiter in this Hubble  

Space  Telescope  image.  

 

 

 

 

 

 

 

 

 

excessive dimming during eclipses as shown in the 

before-and-after plot below. 

The SL-9 collision was not the first or the last time that 

eclipse observations served as a probe of Jupiterôs 

atmosphere. In December 1992 and again in December 

1998 the outermost Galilean satellite Callisto skimmed 

Jupiterôs shadow. The first event was a partial eclipse 

by the planetôs south pole. The second was another by 

the north pole, as sketched on this page. Doug 

Caprette, a long time CVAS member, observed the 

1992 eclipse and Bruce Krobusek observed that of 

1998. Analysis of the light curves showed surprising 

evidence that high altitude aerosols with absorbing 

properties like those associated with SL-9 affected both 

events. In this case though the aerosols appeared to be 

associated with the polar regions themselves since light 

curves at other latitudes were not affected. The 

Galileo spacecraft had been orbiting Jupiter for 

several years by the time of the 1998 event and the 

on-board instruments were examining the polar haze. 

Galileo scientists were able to detect the obscuration 

up to about 50 km altitude with their direct 

observations. However the greater sensitivity of the 

eclipse light curve technique revealed absorbing 

matter at much high levels. 
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These fruitful investigations of Jovian atmospheric 

phenomena were an unexpected bonus of the 

satellite eclipse timing program. 

Deeper into the Solar System 

While Jupiter eclipses its larger moons over 300 times 

every year the other giants planets cover theirs far 

less often. Saturnian events happen at intervals of 

about 15 years near the times of equinox, while for 

Uranus the eclipse seasons only occur once every 40 

years. However, eclipse seasons for both those 

planets occurred in 2007 and Bob Modic observed 

one event of each. The first was an ingress of Iapetus 

into the shadow of Saturnôs ring and globe, shown 

below.  

 

 

 

 

 

 

 

 

 

 

 

Bob Modicõs light curve of Iapetus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The brightness variation began with a leisurely decline 

as sunlight was partially blocked by Saturnôs semi-

transparent ring system. This portion is shown by the 

straight line in the light curve. Then the satellite faded 

away more rapidly when the planetary eclipse began. 

 

 

 

 

 

 

 

 

 

 
   The track of Iapetus moving from right to left in the  

   shadow of Saturn and its rings.  

 

A sizable telescope is needed to record photometry of 

the faint satellites of Uranus. Bob used the 16-inch 

Stokes reflector at IHO to observe a rare event in which 

14th magnitude Ariel covered 15th magnitude Umbriel. 

This was a satellite occultation rather than a planetary 

eclipse but the resulting astrometric information is 

equivalent. The timing from this light curve and several 

others indicated that Ariel, Umbriel and Titania, were all 

lagging behind the positions predicted by nine different 

ephemerides. No one has yet explained this systematic 

trend. The result is one of many surprises from the 

satellite eclipse observing program. Findings like these 

are the reason that we observe. 

____________________________________________________________________________________________ 
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[Mallama and Modic] 

Precise timings of Galilean satellite eclipses and assessment of the E5 ephemeris. Icarus, vol. 147, p. 348 (2000) 

[Mallama and Krobusek] 

The radius of Jupiter and its polar haze. Icarus, vol. 144, p. 99 (2000) [Mallama and Krobusek] 

Eclipses of Saturn's moons. Journal of Geophysical Research, vol. 101, p. 16,901 (1996) [Mallama and Krobusek] 

Detection of very high altitude fallout from the comet Shoemaker-Levy 9 explosions in Jupiter's atmosphere. Journal 

of Geophysical Research, vol. 100, p. 168 (1995) [Mallama]  
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Variable Star of the Season: 

OT J071126.0+440405  

By Bob Modic  

 

OT J071126.0+440405 is a cataclysmic variable star 

located in Auriga (07h 11m 25.98s, +44d 04' 05.0").  

This star has a temporary designation instead of a 

permanent one since it was discovered just a few years 

ago.  OT J071126.0+440405 is thought to be a type of 

cataclysmic variable called a Polar.  A Polar is a binary 

system consisting of a white dwarf and a M-type (red) 

dwarf star.  The more massive white dwarf draws matter 

from its companion.  In most CVs this matter stream 

forms an accretion disk around the white dwarf.  In a 

Polar type system, the white dwarf has a strong 

magnetic field that disrupts the formation of any 

accretion disk, funneling material instead directly onto 

the magnetic poles.  The interaction of the matter 

stream with the magnetic field causes the emitted light 

to be highly polarized, hence the name 'Polar". 

Polars are similar to dwarf novae but don't have 

outbursts.  They instead slowly vary between high and 

low states.  When in a low state, OT J071126.0+440405 

is usually magnitude 17V or 18V.  During a high state, 

this variable can be as bright as magnitude 13V.  OT 

J071126.0+440405 is also an eclipsing variable since 

the orbit of its two components is nearly edge-on as 

seen from Earth.  The eclipses occur every 117 minutes 

and are up to 5 magnitudes deep.  These eclipses 

provide a way to measure many properties of the binary 

system, including the relative sizes and separation of 

the stars, masses, and mass transfer rates. 

Observations 

During March and April of 2009, OT J071126.0+440405 

was seen in a high state.  CCD time series imaging of 

this star was obtained during several nights during that  

time period using my 8" f/5 Newtonian (March 16) 

and the CVAS 16ò f/7 Newtonian at Indian Hill 

Observatory (April 17 and 18).  Each time series 

used either 30 or 20 second exposures made with a 

ST-7XME and a Clear filter.  I performed differential 

photometry on these sets of images using two 

nearby comparison stars (see table below). 

Since the ST-7XME + Clear filter has a response 

closer to Cousins R than Johnson V, the Rc 

magnitudes of the comparison stars were used for 

the plots below.  The comparison starsô differential 

brightness (K-C) is plotted also to show that 

conditions were good during each time series. 

The light curve from March 16 covers about 1.5 

orbits of the OT J071126.0+440405 system.  During 

this time, two eclipses are seen as well as a pre-

eclipse dip before the first eclipse and no dip before 

the second eclipse.  The eclipses are just over 117 

minutes apart.  There is also a broader, sinusoidal 

variation that repeats every orbit.  This variation 

peaks around the time of each eclipse and is at its 

faintest about half an orbit later. 

The light curves from April 17 and 18 show the 

entirety of the main eclipse, which is 4.5 to 5 

magnitudes deep.  The onset of each eclipse is rapid 

but the rate of fading then slows until the star 

reaches minimum light.  The recovery is very rapid, 

usually taking less than a minute to go from 

minimum to maximum light.  The entire eclipse lasts 

8 minutes.  A fade of 1 to 1.5 magnitudes is also 

seen before both eclipses.  This fade lasts 5 to 7 

minutes and occurs about 18 minutes before the 

main eclipse. 

 

V Mag Rc Mag R.A. (2000) Dec. (2000) 

13.918 13.574 07h 11m 13.16s +44d 03' 59.6" 

14.158 13.621 07h 11m 35.50s +44d 04' 03.2" 
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Figure 1.  Light curve of OT J071126.0+440405 made from 288 CCD images on the night of March 16, 2009.  

Due to the faintness of the variable during eclipse and because an 8" telescope was used, the variable was 

not seen on images during each eclipse and there is a gap in the data duri ng those times.  There is also a 

gap near 3:34 UT due to a need to reposition the telescop e during the long time series.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Light curve from Figure 1 with a Rc zero point applied.  Because the variable was too faint to see 

on individual frames during eclipse, several images during eclipse were stacked to see if the variable could 

be detected.  On the combined image f or the first eclipse, a faint image of the variable was seen and 

measured.  For the second eclipse, no image of the variable was seen.  Errors for most data points are +/ - 

0.05 magnitude, increasing to +/ - 0.3 magnitude for mid -eclipse.   
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Figure 3.  Light curve of OT J071126.0+440405 made from 130 CCD images o n the night of 

April 17, 2009.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.  Light curve from Figure 3 with a Rc zero point applied.  Errors for most data points 

are +/ - 0.03 magnitude, increasing to +/ - 0.3 magnitude for mid -eclipse.   
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Figure 5.  Light curve of OT J071126.0+440405 made from 188 CCD images o n the night of 

April 18, 2009.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.  Light curve from Figure 5 with a Rc zero point applied.  Errors for most data points 

are +/ - 0.03 magnitude, increasing to +/ - 0.3 magnitude for mid -eclipse.   


