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COMPUTER SIMULATION OF "INTACT" GRAVITATIONAL CAPTURE 
OF A LUNAR-LIKE BODY BY AN EARTH-LIKE BODY; R. J. Malcuit, Dept. 
of Geology and Geography, D. M. Mehringer and R. R. Winters, 
Dept. of Physics and Astronomy, Denison University, Granville, 
Ohio 43023 

A three-body (Sun, Earth, planetoid) computer code with a 
subroutine simulating radial tidal energy dissipation has been 
devised to assess the possibility of gravitational capture of a 
lunar-like body from a heliocentric orbit into a geocentric or- 
bit. The radius and mass of the present Earth and Moon and the 
present mass of the Sun are used throughout the calculations. 
The major variables for the two interacting bodies are: (1) the 
relative velocity at infinite separation (v,) , (2) the displace- 
ment Love number (h) for each body, (3) the specific dissipation 
factor (Q) for each body, (4) the Earth anomaly (the direction 
of the Sun relative to the position of Earth at the beginning of 
the calculation), and (5) the lunar anomaly (the position of the 
planetoid relative to Earth at the beginning of the calculation). 
Each computer run is commenced with a close, energy dissipating 
encounter and all successful capture runs are terminated after 
20 orbits. Four basic types of scenarios have been documented. 
(1) If insufficient energy is dissipated by radial tidal action 
within the interacting bodies, Luna (pre-capture lunar-like body) 
departs from the vicinity of the Earth-like body and goes into a 
somewhat changed heliocentric orbit (a non-capture encounter). 
(2) If sufficient energy is dissipated during the initial close 
encounter, Luna orbits the Earth-like body in non-keplerian or- 
bits and eventually escapes into a heliocentric orbit (a non- 
capture geocentric orbital scenario). (3) If sufficient energy 
is dissipated during the initial close encounter and one or more 
additional sufficiently close encounters occur during the non- 
keplerian geocentric orbital scenario, then Luna is inserted 
into an essentially keplerian elliptical orbit (stable capture) 
(Fig. 1) . (4) If Luna passes within 1.27 Re (Earth radii) , the 
result is collision and the simulation is terminated. 

The approximate maximum dimensions of a stable lunar orbit 
relative to solar perturbations is one characterized by a major 
axis 150 Re and eccentricity 0.7. Thus under ideal condi- 
tions and when v, = 0 km/sec, about 2.5 x ergs must be dis- 
sipated within the two interacting bodies for capture into a 
stable geocentric orbit. If v,= 0.2 km/sec, then about 2.6 
x 1 0 3 ~  ergs must be dissipated for stable capture and if v, = 
0.6 km/sec, this number increases to about 3.8 x ergs. 

Some tentative conclusions from our limited set of calcula- 
tions are: (1) capture into a stable geocentric orbit by way of 
one close energy dissipating encounter is very difficult even 
for low values of v,; (2) most successful capture scenarios in- 
volve geocentric orbital scenarios in which Luna has two or 
three close energy dissipating encounters within a few years of 
time; (3) to dissipate sufficient energy for capture, the h of 
the lunar-like body must be high (above 0.5, i. e., a warm Luna) 
and the tidal effective Q must be low (about 1-4); and (4) many 
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of the non-capture geocentric orbital scenarios result in 
collision. 

Figure 1. Composite diagram showing the geometry of orbits 
(normalized to the Earth-like body which is located at the 
intersection of the dashed lines on the diagram in a non- 
rotating frame of reference) for a successful capture sce- 
nario. Some values for this run are: h = 0.7, h, = 0.66, 
Q (system) = 1, v, = 0.6 km/sec, initiaf perigee distance 
(rp) = 1.43 Re, Earth anomaly = 180° (Sun starts to right 
of diagram and moves counterclockwise), day = 24 hours. 
(a) Orbits 1-3; (b) orbits 4-6 (note that orbit 4 starts 
near where orbit 6 ends; also note effects of solar pertur- 
bations); (c) orbits 7-8 (note that orbit 8 ends with a 
close encounter, r = 1.6 Re, which inserts Luna into a 
stable geocentric grbit); (d) orbits 9-11 (note that for 
these three orbits the perigee increases as the apogee de- 
creases; however, this trend can be periodically reversed 
by solar perturbations). 
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