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INTACT PLANETOID CAPTURE: IDENTIFICATION OF SOME FAVORABLE CAPTURE 
ORIENTATIONS FOR A LUNAR-LIKE PLANETOID; Robert J. Malcuit, Dept. of Geology 
and Geog., Denison Univ., Granville, OH 43023; David M. Mehringer, Dept. of 
Astronomy and Astrophys., Univ. of Chicago, Chicago, IL 60637; and Ronald R. 
Winters, Dept. of Physics and Astron., Denison Univ., Granville, OH 43023. 

A three-body numerical integration code with a subroutine simulating 
radial tidal energy dissipation is used to evaluate the possibility of 
gravitational capture of a lunar-like body (lunar mass and density) by an 
earth-like planet. The major variables are (1) the displacement Love number 
(h) for each body, (2) the specific energy dissipation factor (Q) for each 
body, (3) the position of the earth-like body at the beginning of the 
calculation (earth anomaly), and (4) the position of the planetoid at the 
beginning of the calculation (planetoid anomaly). Using a stability limit of 
200 Re (earth radii) for the orbit of the lunar-like planetoid, normally about 
2.3 X ergs must be dissipated within the two bodies to insert the lunar- 
like planetoid into a highly elliptical, but stable, prograde geocentric 
orbit. In our systematic examination of co-planar parameter space we can 
change (1) the eccentricity of the earth's orbit, (2) the eccentricity of the 
planetoid's orbit, (3) the pericenter radius of the earth's orbit, and (4) the 
pericenter radius of the planetoid's orbit. Using a zero eccentricity for 
both the earth's and planetoid's orbits and a semimajor axis of 0.969 AU for 
the planetoid's orbit (just slightly smaller than earth's orbit), we have had 
no successful capture scenarios. All all such initial values result ih 
geocentric orbital collision scenarios after a small number of orbits. 
However, when the eccentricity of the planetoid's orbit is increased to 1%, 
with the semimajor axis as given above and a pericenter radius of 180°, we 
find that the zone of successful (stable) capture is about 60' wide along the 
earth's orbit (from about earth anomaly 270' to 330'; earth anomaly is the 
position of the earth at the beginning of the calculation measured in a 
countercloc'kwise direction). All close encounters outside this anomaly zone 
that could possibly lead to capture eventually result in geocentric orbital 
collision scenarios. Another notable trend within this favorable anomaly zone 
is that solar-produced acceleration of the lunar-like planetoid during the 
approach phase of the encounter increases monotonically over an interval of 
earth anomaly 270' to 330'. This solar assistance decreases the quantity of 
energy necessary for stable capture by over 50% at anomaly 325' (Fig. 1). For 
example, for an earth anomaly outside this interval, the normal energy 
dissipation for stable capture with the lunar-like body approaching to a 
perigee distance (rp) of 1.43 Re is 2.30 X ergs. However, for an earth 
anomaly 32S0, dissipation of only about 1,01 X ergs is sufficient for 
stable capture. Using the initial conditions shown in Fig. 1 and with he-0.7 
and Q,-10, a lunar-like planetoid with hp,-0.5 and Qpl-1 can be inserted into a 
stable geocentric orbit during any encounter within 1.60 Ro=rp. At the other 
extreme, a lunar-like body with h as low as 0.15 can be inserted into a stable 
geocentric orbit during a near grazing encounter (when equilibrium tidal 
deformation is included) at 1.32 Re-rpo 

Intact capture for the origin of the earth-moon system has not received 
much favorable attention in recent years (e.g. 111). In our view, a key to 
successful capture is to have a planetoid that can absorb the bulk of the 
energy to cause its own capture. It was demonstrated recently [2] that a 
lunar-like body can have a Q as low as 1 under a restricted range of body 
viscosity conditions. For a sufficiently warm lunar-like body, h would also 
be elevated relative to its present value, a feature that also increases its 
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capturability. In general, we have been able to demonstrate that prograde 
planetoid capture can occur under a range of conditions [3,4]. Although we 
have had no successful numerical simulations of stable retrograde capture for 
a lunar-like body by an earth-like planet, we have had successful retrograde 
capture scenarios for lunar-like bodies by venus-like planets [4]. Although 
the place of origin of lunar-like planetoids is still an unsolved problem, the 
simulated capture scenario in Fig. 1 does suggest that the resulting lunar 
orbit can have a fairly high angular momentum. The average angular momentum 
of the 20 orbit scenario is equivalent to a circular orbit of about 30 Re. 
Thus, this type of intact capture model can account for the angular momentum 
of the earth-moon system if earth's rotation rate is about 10 hr/day prograde. 
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.Figure 1. Composite diagram showing the first 3.5 years (20 orbits) of a 
'stable prograde capture scenario of a lunar-like planetoid by an earth-like 
planet (located at origin of plot) in a non-rotating reference frame. Some 
values for this run are %1-0.25, Qpl-1 for first perigee passage and is 
increased to 10 for subsequent encounters, he-0.7, &-lo, r,-1.43 Re, earth 
anornaly=325O,, lunar an0maly-191.35~, initial earth-planetoid distance450 Re, 
orbital eccentricities and pericenter radius for lunar orbit are stated in 
text. (a) orbits 1-6, (b) orbits 7-11, (c) orbits 12-16, (d) orbits 17-20. 
total energy dissipated (orbits 1-20)- 1.65 X ergs; energy dissipated 
during first perigee passage-1 .O1 X ergs. 
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