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ABSTRACT. One of principal tasks of celestial 
mechanics is study of motion of natural satellites of 
planets. In this work, the authors have examined 
resonances in system of satellites and rings of Saturn. 
They have showed presence of resonances between all the 
regular satellites and satellites – rings. 
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1. Introduction 
 
Saturn is the sixth planet of Solar system and second 

biggest gas giant. 62 satellites and system of bright rings 
of the planet are known today. 

Galileo was the first one who saw Saturn rings and 
Christian Huygens in 1655 has discovered the biggest one 
in Saturn system and second in Solar system satellite Titan 
(Lorenz et al., 2002). Actually, Titan is unique because it 
is the only planetary satellite with own dense atmosphere 
and was proved that only it and Earth have stable presence 
of liquid on its surface in all Solar system (Lorenz, 1994). 
After Huygens, Jean-Dominique, comte de Cassini has 
discovered 4 satellites: “two-faced” Iapetus (1671) with 
one light and second dark sides (Denk et al., 2010), Rhea 
(1672) that has own rings (Tiscareno et al, 2010), Dione 
and Tethys (1984), both of these have two co-orbital 
satellites moving in Lagrange points (Fulchignoni, 1986; 
Mourão et al., 2010). William Hershel has contributed to 
the study of the system by discovering of Mimas and 
Enceladus in 1789. This is the two of the smallest inner 
satellites (orbits of inner satellites limited by F ring). 
Satellites were capture in resonance by relatively massive 
Tethys and Dione respectively. At the same time they are 
different, Mimas has a large crater and tectonically 
unactive, but Enceladus has more plane surface and source 
of inner heat, geysers (Cuk et al., 2015). Eighth satellite 
Hyperion was found much later in 1848 (Memories of the 
Royal Astronomical Society, 1850). Later in 1899 was 
found the first irregular satellite Phoebe (Pickering, 1899). 
It is worth to say that regular satellites move by orbits 
with small eccentricity and their orbit planes lie in equator 
plane of the planet. Orbits of irregular satellites have big 
eccentricity between 0.11 and 0.58 and inclination of orbit 
plane between 34º and 179º, that is why most of them are 
retrograde (regress orbital motion) (Jewitt, 2007). 

Saturn ring system causes serious difficulties in 
searching of satellites, because of that reason next satellite 
Janus was discovered by Audouin Dollfus in 1966 
(Dollfus et al, 1981). Three days later, 18th of December 
1966, had found that another satellite moves by very 
similar orbit. That way Epimetheus was discovered by 
Richard Walker (Gingerich, 1967). Satellite discovering 
has continued in 1980 with help of Voyager-1, Voyager-2 
and Cassini-Huygens (Morrison, 1982; Russell, 2003). 

Among all the satellites there are 24 regular and 38 
irregular, which probably are captured asteroids.  Lastly 
discovered 62nd satellite named S/2009 S1 is poorly 
researched now. 

In the text were mentioned famous Saturn rings. They 
are composed of icy and dust particles and moving in 
accordance to the Kepler`s laws. There are highlighted 
main rings in all rings which were named with English 
letters as highlighted. For example: A and B rings, which 
are separated by Cassini division, C ring in the brightest B 
ring. At the same time, results of the named missions 
show that main rings are composed of great number of 
thin rings. (Pollack, 1975). 

 

2. Orbital resonances between satellites 

There are large numbers of a resonance phenomenon 
in Saturn satellite system. Let`s add that mean motion is 
the mean orbital angular speed (n): 

                             360n
T




                             (1), 

where T – orbital period of celestial body in days (Murray 
& Dermot, 2010). System of two satellites, which move 
around main body, is in resonance, if their mean motions 
are related as two small natural numbers (Peale, 1976). 

This topic is often  examines in works about natural 
satellites (Peale, 1976; Dermott et al, 1988; Callegari et al, 
2008; Fuller et al, 2016; Troianskyi, 2016; Luan et al, 
2017). So orbital resonances among regular Saturn 
satellites and other bodies of Solar system are well known. 
Examining combinations of satellites in pairs shows that 
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all satellites have pare in resonance. As a result, the 
authors first wrote a formula: 
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There were considered orbital periods (Sheppard, 

2017) for 23 regular satellites in the formula (2). There is 
an ability to search orbital resonances of irregular 
satellites only in their group, because relations about 
1:100 with regular satellites, gaps and rings contradict 
orbital resonance definition (Murray & Dermot, 2010). 
But among pairs of irregular satellites no resonances. It 
confirms that they wasn`t formed with the other bodies of 
the system, but captured (Gladman et al, 2001). 

3. Orbital resonances between satellites and rings 

This topic was studied in already published works 
(Lissauer et al, 1982; Gordon et al, 2006; Colwell et al, 
2009; Crida et al, 2016). 

Orbital resonances with rings and gaps specify shepherd 
satellites in rings. For example: Pan that forms Encke gap 
or Prometheus and Pandora both form ring F. For wide 
rings like main A, B, C, D orbital resonances have poor 
accuracy. It is difficult to highlight a thin ring that is why 
the authors used distances between two edges of neighbor 
gaps. Orbital periods of ring particles were calculated in 
accordance to third Kepler`s law, where ring mass wasn`t 
taken in account. Actually, shepherd satellites have 1:1 
relations with ring material or middle of gap. 

4. Results 

The authors studied all possible combinations: 252 
pairs among regular, 703 pairs among irregular satellites, 
529 pairs among rings and regular satellites, 414 pairs 
among gaps and regular satellites. 

As a result first earned formula (2) that describes 
orbital resonances between all the regular satellites. 

Authors shown orbital resonances between regular 
satellites and rings. Orbital resonances show conformity 
between gaps and satellites that form it. 

Orbital resonances between irregular satellites and 
satellites – rings, authors wasn`t found. 

References 
 

Callegari N., Yokoyama T.: 2008, Bulletin of the 
American Astronomical Society, 40, 479. 

Colwell J. E., Nicholson P. D., Tiscareno M. S., Murray 
C. D., French R. G., Marouf E. A.: 2009, Springer 
Science+Business Media B.V., 375. 

Crida A., El Moutamid M.: 2016, American Astronomical 
Society, DPS meeting, 48. 

Cuk M.: 2015, American Astronomical Society, 46, 
400.01. 

Denk T., Neukum G., Roatsch T., Porco Carolyn C., 
Burns Joseph A., Galuba Götz G., Schmedemann N., 
Helfenstein P., Thomas Peter C., Wagner Roland J., 
West Robert A.: 2010, Science, 327/5964, 435. 

Dermott S.F., Malhotra R., Murray C.D.: 1988, Icarus, 76, 
295. 

Dollfus A., Brunier S.: 1981, Icarus, 48, 29. 
Fulchignoni M.: 1986, The Solid Bodies of the Outer 

Solar System, (Proc. of a conf. held at Vulcano, Italy). 
Fuller J., Luan J., Quataert E.: 2016, MNRAS, 458/4, 

3867. 
Gingerich O.: 1967, IAU Circular, 1991. 
Gladman B., Kavelaars J.J., Holman M., Nicholson P.D., 

Burns J.A., Hergenrother C.W., Petit J.-M., Marsden 
B.G., Jacobson R., Gray W., Grav T.: 2001, Nature, 
412/6843, 163. 

Gordon M.K., Murray C.D., Showalter M.R.: 2006, 
Bulletin of the American Astronomical Society, 38, 560. 

Lissauer J.J., Cuzzy J.N.: 1982, AJ, 87, 1051. 
Lorenz Ralph D.: 1994, Planetary and Space Science, 

42/1, 1. 
Lorenz R., Mitton J.: 2002, Cambridge University Press, 

4. 
Luan J., Goldreich P.: 2017, AJ, 153/1. 
Memories of the Royal Astronomical Society: 1850, 18, 

21. 
Mourão D., Winter O.C.: 2010, Bulletin of the American 

Astronomical Society, 42, 958. 
Morrison D.: 1982, NASA Special Publications, 451. 
Murray C.D., Dermot S.F.: 2010, Solar System dynamics. 

(Cambridge, University press). 
Partridge E. A., Whitaker H. C.: 1896, Popular 

Astronomy, 3, 408. 
Peale S.J.: 1976, A&A, 14, 215. 
Pickering E.C.: 1899, Harvard College Observatory 

Bulletin, 49, 1. 
Pollack J.B.: 1975, Space Science Reviews, 18, 3. 
Russell C.T.: 2003, Space Science Reviews, 104/1-4, 

2002. 
Sheppard S.S.: 2017, The Giant Planet Satellite and Moon Page, 

[online] Available at: (http://home.dtm.ciw.edu/users/sheppard/ 
satellites/satsatdata.html) [Accessed 01 Nov 2017]. 

Tiscareno M.S., Burns J.A., Cuzzi J.N., Hedman M.M.: 
2010, Geophysical Research Letters, 37/14. 

Troianskyi V.V.: 2016, Odessa Astron. Publ., 29, 221. 
Jewitt D., Haghighipour N.: 2007, A&A, 45/1, 261. 

Odessa Astronomical Publications, vol. 30 (2017) 251


