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Mutual phenomena: rare phenomena 

They occur only near the equinox on the 
planet 

 

Jupiter: 2009, 2015 (every 6 years) 

Saturn: 2009 (every 15 years) 

Uranus: 2007 (every 42 years) 
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Equinoxes on the giant planets: Jupiter 

Jupiter: 2009, 2015 (every 6 years) 

The Galilean satellites and 
also the small inner 
satellites are concerned 

 

Amalthea, Thebe 
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The jovicentric declination of the Earth and the Sun 

 

Sun 

 

Earth 

Mutual events occur when this declination is smaller than 
one degree 



The Galilean satellites are too 
bright! 

• Direct imaging difficult 
• Easy observation of mutual events 

 
    as seen in a 80cm-telescope  

 
 
 
 

 as seen in a 30cm-telescope : 
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 Observing in R-band or V-band 

 
 

Below the light curve of the light flux received from the 
satellites during a mutual events. The shape of the light curve 
depends on the ephemerides and on the physical parameters 
of the satellites. 



Summary of observational campaigns 

Number of 

observations 

Number of sites 

of observation 

Number of 

observed 

events 

Number of 

observable 

events 

Jupiter 

1973 91 26 65 176 

1979 18 7 9 60 

1985 166 28 64 248 

1991 374 56 111 221 

1997 275 42 148 390 

2003 361 42 116 360 

2009 523 68 206 237 

Saturn 

1980 14 6 13 213 

1995 66 16 43 182 

2009 26 15 17 131 

Uranus 

2007 52 19 36 193 



• The progress until today  
– change in the observers (more amateurs)  

– change in the instruments (smaller aperture and 2D photometry) 

– change in the network (more countries) 

 Occurrences 

Jupiter 

Size of the telescopes 

< 60cm                   > or = 60cm 

(amateurs)           (professionals) 

Photometry 

1 D                     2 D 

1973 4 20 24 0 

1979 3 7 10 0 

1985 12 12 21 3 

1991 37 19 39 17 

1997 35 10 15 30 

2003 34 15 8 41 

2009 52 10 0 62 

Saturn 1995 5 11 8 8 

Uranus 2007 4 11 0 15 
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Publication of catalogues of the observed events  
(above in 2003 and in 2009) accessible on databases 

via Internet 



10 

 

 Mutual phenomena: the observation 



The geometry of the mutual events and of the eclipse and 

occultation by Jupiter 
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Geometry of a mutual phenomenon 
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 What happens during a mutual event? 

We record the light sent by the satellites as a function 
of the Universal Time (to 0.1 second of time) 
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The sites of observation 
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Web page for the configurations of the Galilean satellites 
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Results  
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Results  
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Favorable occurrences:  either for the Northern hemisphere  

    either for the Southern hemisphere 
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The dates of the 2014-2015 campaign of observation 

  Jupiter 

opposition 6 February 2015 

conjunction  
16 July 2014  

and 18 August 2015  

passage of the Sun in the 
equatorial plane (equinox) 

5 February 2015  

passage of the Earth in the 
equatorial plane 

(disappearance of the rings) 

8 November 2014,  
10 April and 5 May 2015 

observing period 
September 2014-June 

2015 

declinations of the planets +22 to +20 degrees 



Number of events each month 

A S O N D J F M A M J J A 

2 3 13 38 63 69 67 79 59 42 43 25 32 
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A S O N D J F M A M J J A 

0 0 4 8 27 21 41 30 26 8 7 2 0 Visible in Paris  

All events  
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http://www.imcce.fr/phemu 



Finding the observable phenomena 
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The mutual events 

• They are photometric observations 

 

• Each photometric point must be recorded to UTC at the 
nearest  0.1 s 

 

• What is to observe ? 
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Which instruments to observe the mutual events? 

• A « small telescope »: confident observations were made in 
the past with a 6-cm instrument: the stability of the 
instrument and the guiding are essential. 

 

• A CCD camera or a web-cam  put at the focus of the 
instrument will provide usable images: attention, the gain of 
the camera must be fixed  and not automatic during the 
observation 

 

• Each image must be dated in Universal  Time  (UTC) to the 
nearest 0.1 second of time: the clock inside the PC computer 
is not confident.  GPS time is convenient. 

 

• Avoid compressing the images when recorded.  



 CCD image of the 
four galilean 
satellites put 
slightly out of focus 
to avoid saturation 
and to have more 
pixels illuminated 
 
 

From the 1D 
photometer to 
the 2D CCD 
image 

 
 
 
 
 

 Fabry photometer 
for a total 
illumination of the 
cathode 
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Observing the mutual events 

The Galilean satellites 
 

A photometric timing: 
0,1 sec = 1 km 
An astrometric measure: 
0.1 arcsec = 300 km 



High resolution mutual occultation and eclipse 

We do not need high resolution for photometry and astrometry 



Observing the small inner satellites 

Events for the inner small satellites available on: 
http://www.imcce.fr/hosted_sites/saimirror/nssphe0he.htm 

 

 

The best observing conditions are for: 

Amalthea, mv=14 at 30’’ from the limb of Jupiter 

 

The maximum duration  

of an eclipse of Amalthea  

is 8 minutes 
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http://www.imcce.fr/hosted_sites/saimirror/nssphe0he.htm


Infra-red observations 

For difficult observing conditions: 
– Very close to the limb of Jupiter 

– During twilight 

  

And for the eclipses of Amalthea (mv=14) 

 

Use the absorption band of the methane: 
– Jupiter darker 

– Sky darker 

 
 

 

Bands: 890 nm, 1.3 micrometer, 2.2 micrometers, … 

Be careful, the fluxes are fainter! 

 Need of larger telescopes! 
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Conclusion 

• Rare evnets will occur in 2014-2015 
 
• We need a worldwide network of observers 

 
• Join the campaign! 

 
• Site Web: http://www.imcce.fr/phemu 
• e-mail: phemu@imcce.fr 

mailto:phemu@imcce.fr

