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Abs t r ac t . Numerical, self-consistent, n-body integrations of the solar system show sig
nificant indications of medium-term (i.e. several million-year) stability for the various 
planet-Sun L4,L5 configurations. A progress report of our computations, emphasizing the 
inner solar system, will be given. There exist interesting possibilities for these locations 
(including the Earth) as the sites for longer term scientific applications, both pure and 
applied. 

1. O b j e c t i v e 

The observed existence and extensive theoretical analysis of Jupiter 's two Trojan 
asteroid families are our start ing points. We ask the question of whether or not 
some degree of stability at their analogous triangular Lagrange points can exist for 
the other planets. [From a diagram, it would appear intuitively improbable for such 
stability to exist.] 

2 . M e t h o d 

We use a self-consistent n-body computer simulation of the solar system by nu
merical integration of the equations of motion. In this simulation [emphasizing the 
situation for the terrestrial planets], we have included all of the planets from Mer
cury to Saturn. Massless test particles are introduced in the neighborhoods of the 
classical L4 or L5 points for each terrestrial planet. The system is integrated forward 
in time, following the time history for each particle in its semi-major axis, eccen
tricity, inclination and angular separation between particle and planet, as viewed 
from the Sun. 

3. Results 

For the terrestrial planets, during a 2 million year integration, stability clearly ex
ists. Near the classical L4,L5 points, the test particles oscillate in "tadpole" regions 
typically of angular size 1.5 degrees. Beyond this, the orbits of the particles remain 
stable but are horseshoe-like. In Mercury's case, all longer period orbits are likely 
to be horseshoes. The results and trends for the first million years are shown in 
Figures 1-4. 
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Fig. 2. 

Myr 1.0 

https://doi.org/10.1017/S0252921100077629 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100077629


THE STABILITY OF THE PLANETARY TRIANGULAR LAGRANGE POINTS 535 

EARTH 

0.05 

1.004 

0.996 

https://doi.org/10.1017/S0252921100077629 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100077629


536 S E P P O MIKKOLA AND K. A. INNANEN 

4. Conc lus ions 

Contrary to intuition [see also the references] there is clear empirical evidence for 
the stability of L4, L5 points of all of the terrestrial planets in the several million 
year time frame. The subject is a fertile area for future investigation computa
tionally, theoretically and observationally. Some of this is in progress. Interesting 
applications for space stations at these sites [especially the Earth] can readily be 
suggested, whether or not natural objects exist at them. 

N o t e a d d e d in proof: We observe with great interest tha t in IAUC No. 5067 
(July 28, 1990) there is the announcement of the discovery of object 1990 MB 
which appears to be a possible Mars "Trojan" near the Mars-Sun L5 point. 
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