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Abstract

The angular momenta of collided rarefied
condensations that are needed for formation of
satellite systems as a result of contraction of the
condensations could be acquired at collisions of
condensations. The angular momentum could be
greater for eccentric than for circular heliocentric
orbits of condensations. The time between formation
of two colliding condensations and their collision
that produce the condensation which was parental for
the embryos of the Earth-Moon system could be of
the order of 100 years.

1. Introduction

Ipatov studied formation of trans-Neptunian satellite
systems [1-3] and embryos of the Earth-Moon
system [4] at the stage of rarefied condensations. It
was considered that the angular momenta of
condensations needed for formation of such satellite
systems were acquired at collisions of condensations
(initial angular momenta were not enough for such
formation). Those studies were based on the model
of collisions of condensations moved in circular
heliocentric orbits. Below | consider eccentric orbits
of collided condensations and discuss the times
elapsed before collisions of condensations.

2. Angular momentum acquired at
a collision of two condensations

In [1-2] | considered the angular momentum at the
collision of two condensations moved in circular
heliocentric orbits at the moment of the collision. For
such orbits let us consider a collision of two
condensations with masses ky,'m and (1-ky,)-m (where
0<kq<1), with initial angular velocity equal to 0.2Q
[5], and with the same yx and initial density p.
Q=(G-Ms)*?a®? is the angular velocity of the motion
of the condensation around the Sun in an orbit with a
semi-major axis equal to a, G is the gravitational

constant, Mg is the mass of the Sun. JS=0.4~x-m~r2 is
the momentum of inertia of the condensation. In this
case, the component of the angular momentum K of
the formed condensation caused by initial rotation
equals to K=0.2Q(0.4ym7in?)[(1-Kkm)*+kn"*], where
rin is the radius of a condensation of mass m and
initial density p. The component of K of the formed
planetesimal with a radius r., which is caused by the
collision  equals Ky =ke Q m e’ km(1-Kn) [(1-
ko) 2 +kin ]2, where kg~(1-1.5-0%) at
r,=(ri+ry)/a<<® and r,<<1, with the difference in
semi-major axes a of condensations equaled to
O-(r+r,) [1]. If condensations compressed before the
collision, then re<ri,. Ki>Kg at rig/reo>2.7, x=1 and
ke=0.6. This suggests that collisions produced the
dominant contribution to angular momentum only
when the sizes of homogeneous preplanetesimals did
not differ significantly (by not more than a factor of
3) from the initial sizes.

Actually even for initially circular heliocentric orbits,
eccentricities could be not zero at the moment of
collision of two condensations. If an aphelion
distance of an orbit of a “first” condensation is
a+a-k;=a+ry-ky, and this condensation collides with
a “second” condensation, which has a semi-major
axis a and circular velocity v, then its eccentricity e
can be about k,=kpa(ry/a). At a collision of the
condensations, the tangential component v, of the
collision velocity can be about ewv. e.g. about
Kua'Vern/a. Note that, at a collision of two
condensations that moved before the collision in
circular heliocentric orbits, the tangential velocity of
the collision equals to vi=kgve (ritry)/a. At kg=0.6
and ri=r,, we have vi;=1.2-v.ry/a. At ky,=2.4 [6] the
above value of vi=ky,V ru/a is greater by a factor 2
than the above value of v.. So the angular
momentum of such collided condensations could be
greater by a factor of 2 than that for circular orbits.
Due to gravitational influence of other objects in the
forming Solar System, the eccentricities of
condensations could be greater than those for the
model considered above. The angular momentum at



the collision is proportional to the tangential velocity
of the collision. For a greater tangential velocity, the
formation of a satellite system can take place at a
greater  difference in  masses of collided
condensations and/or at smaller sizes of
condensations. However, the greater is the velocity of
a collision of condensations, the less material can be
left in the condensation formed as a result of
collision, and more material can left the forming
condensation.

3. Times elapsed before collisions of
condensations

In [4] the masses of condensations that produced the
embryos of the Earth and the Moon could be about
or greater than 0.01mg (where mg is the mass of the
Earth). Let us consider two identical condensations
with masses equaled to 0.01mg. At a=1 AU the Hill
radius ry of such condensation is about 0.002 AU.
Below | suppose that a condensation moved under
the gravitational influence of the Sun and another
condensation. For initially circular heliocentric orbits
of condensations and not large time elapsed before
the collision, two condensations with radii ry of Hill
spheres could collide if the difference d,=a'k,
between initial values of semi-major axes a of their
orbits is less than about 3.5ry [6]. If the initial angle
with a vertex in the Sun between directions to two
condensations is greater than 60°, then condensations
with d,<ry will not collide. If there were two
condensations with masses of 0.01mg which could
collide, then the mean initial angular distance ¢
between two condensations is about 7 rad. As the
period of a revolution around the Sun is proportional
to a*?, then during one revolution around the Sun,
the angle ¢ decreases by about 27(3k,/2)=37k,. So
about 7/(37k,)=(3k,)™ revolutions are needed for the
condensations to meet each other and reach ¢=0. At
a-k,=2ry and ry=0.002a, we have k,=0.004 and the
condensations could collide after about 100
revolutions. As discussed above, the diameters of the
condensations that produce the parental condensation
must not change considerably during this time.

Note that in a disk of condensations in initially
circular orbits only a few other condensations could
collide with the considered condensation. As one of
the model implementations, a disk with a width of
0.4 AU was considered, consisting of 100
condensations with masses equaled to 0.01lmg. For
such a model, if the difference in semi-major axes
a~1 AU of close orbits is about 0.004a, then each

condensation has about 5x0.002/0.004~2 candidates
for collisions (with greater and smaller a). So such
estimate of the time elapsed before a collision would
be similar to that for consideration of only two
condensations. Actually all condensations did not
form at the same time and could be smaller than ry,.

Conclusions

The angular momentum K of collided rarefied
condensations could be greater for eccentric than for
circular heliocentric orbits of condensations. At a
greater K, collided condensations, that produce the
condensation parental for a satellite system, could be
smaller in sizes and differ more in masses. A time
between formation of two condensations and their
collision that produce the condensation which was
parental for the embryos of the Earth-Moon system
could be of the order of 100 years.
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