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Quasi-satellite orbits
1:1 mean motion resonance!

A.Yu.Kogan (1990): quasi-satellite orbits are the trajectories of 
restricted three-body problem which are (1) located far beyond the 
Hill's sphere surrounding the minor primary body and (2) much less 
distant from it than from the major primary

http://adsabs.harvard.edu/abs/1990dres.iafcY....K

a: Sun-centered reference frame with the orientation fixed in the 
absolute space. The quasi-satellite and the planet move around the Sun 
with the same orbital period in elliptic and in circular orbits respectively. 
b: Sun-centered frame rotating with the mean orbital motion of the 
planet.



QS-orbits: the history (I)
J.Jackson (1913) – the first(?) discussion of QS-orbits

R.F.Broucke(1968), M.Henon(1969), A.D.Bruno(19??) – the
investigation of periodic QS-orbits in RC3BP



QS-orbits: the history (II)

A.Yu.Kogan (1988), M.L.Lidov, M.A.Vashkovyak
(1994) : the consideration of the QS-orbits in 
connection with the russian space project “Phobos” 

A.G.Tuchin (2007): QS-orbits for “Phobos-Grunt”

S. Mikkola, K. Innanen (1997), F.Namouni (1999) & F.Namouni, 
A.A.Christou, C.D.Murray (1999): an application of the averaging 
procedure to study the long-term evolution of the QS-orbits

S.Mikkola, R. Brasser, P. Wiegert, K. Innanen, K. (2004): asteroid 
2002VE68 is a quasi-satellite of Venus

M.Connors, C. Veillet, R. Brasser, P.Wiegert, P. Chodas, S.Mikkola, 
K. Innanen (2004): discovery of the first Earth’s quasi-satellite

H.Kinoshita & H.Nakai,  P.Wajer, Fuente Marcos & Fuente 
Marcos, Kortenkamp,…



Quasi-satellite orbits
Real asteroids in QS-orbits:

2002VE68 – Venus QS; 

2003YN107, 2004GU9, 
2006FV35 – Earth QS;

2001QQ199, 2004AE9 
– Jupiter’s QS
……………………

Trajectory of the asteroid 2004GU9

Variation of the resonant phase 
j=l-l’ (l and l’ are the mean 
longitudes of the asteroid and of 
the planet)



Time scales at the resonance
T1 - orbital motions periods

T2 - timescale of rotations/oscillations of the resonant

argument (some combination of asteroid and planet

mean longitudes)

T3 - secular evolution of asteroid’s eccentricity e, 

inclination i, argument of prihelion ω and

ascending node longitude Ω .

T1 << T2  <<  T3

Strategy: double averaging of the motion equations

Nonplanar circular restricted 
three-body problem “Sun-Planet-Asteroid”



Resonant approximation (~N(1999)&NCM(1999))

Variation of the resonant phase j (e,w are fixed)
23

( , , , )
2

W e Hj 


 = 

NCM(1999): W - “ponderomotive potential  
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Evolutionary equations ( Ξ = ξ ) :
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Problem: what solution of the fast 
subsystem 

should be used for  averaging ?

QS-orbit or HS-orbit?

The accuracy of )(O   over time intervals  /1~  
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Secular effects: examples

Nonplanar circular restricted 
three-body problem “Sun-Planet-Asteroid”

Parameters: 2, 1 cosH e i = -

Level 
lines of AI!!! ( , , , )
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Phase portrait of the slow motion: mathching of 
the trajectories on the uncertainty curve 



Scaling

A – the motion in QS-orbit is perpetual
B – the abundances of the perpetual and temporary 

QS-motions are more or less comparable 
C- the motion in QS-orbit is mainly temporary 
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Asteroid 164207 (2004GU9)

No close encounters with Venus or Mars!



Asteroid 164207 (2004GU9)

Variation of the resonant 
phase

Current      and  Wj



Asteroid 164207 (2004GU9 )

The evolution of the orbital elements (CR3BP!)



Conclusions:

•Row classification of slow evolution 
scenarios is presented;
•The criterion to distinguish between the 
perpertual and temporary motion in QS-
orbit is established (in CR3BP)  

Asteroid 164207
(2004GU9)


