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Abstract

We developed the theoretical framework for
the calculation of orbits for a binary system,
consgting of a spherical and a non-spherical
objects. A computer program was written for
the special cases where the non spherical body
isa prolate spheroid. A particular trajectory is
presented.

1. INTRODUCTION

Data from occultations (Binzd and Van
Handern 1979) and lightcurves (Wijenghe and
Tedesco 1979) of asteroids, as well as the
observations of misson Gdileo, suggest
satellites around asteroids are not uncommon.
These discoveries and the exploration of Solar
system bodies by unmanned missons have
made the study of orbiting satellite of irregular
shaped bodies an interesting topic. In this paper
we will discussed the problem of computation
of orbits for binary sysems condsting of a
phericadly symmetric body m, and abody, n,
of arbitrary symmetry.

The attraction of a solid homogeneous
elipsoid upon a test particle is obtained from
Multon (1914). We then applied the mode to

the case where mp represents a homogenous
prolate asteroid, which could be considered as
a darting point in the case where m, represents
a homogeneous prolate asteroid, which could
be consdered as a dating point in the
investigation of more redistic Stuations.

2. THETWO BODY PROBLEM

From Newton’s second law it follows that
the acceleration of the center of mass of a body
my relative to the second body, my, center of
massisgiven by
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where r(xy,2) is the vector podtion of the
center of mass of my relative to an origin at the
center of mass of body my, m= mumy/(mu+n)
is the reduced mass, an F is the gravitationd
force on my produced by the interaction with
mx . In general, F would be a function of
(xy,2 and the orientation in space of the two
bodies. However, in our dgtuation m is
sphericadly symmetric, and therefore only the
rotationa degrees of freedom of mp counts.
This orientation can be conveniently described
by the well known set of three Eulerian angles



(f, g, y) given by Goldstein (1980), where the
coordinate system (X',y',Z) axes are fix in ny,
while (x,y,2) axes are fix in space, see figure 1.
Thus we have, writing equation 1. Thus we
have in component form,
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Figure 1: Therotations defining the Eulerian
angles

Since the &ove three differentid
equations are in Sx unknown we need three
additiona equations to be able to integrate the
equations of motion and find the orbits. We
will furnish these additiona equations using the
conservation law for total angular momentum
which is vdid for isolated systems. For a two
body problem where one of them is a sphere
one can write without loss of generdity,
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where the first term represents the orbital
angular momentum of the system, and | =l-w

is the intrindc angular momentum of np. |
and w are the tensor of inertia and angular
velocity vector in the X, y, z coordinate system
respectively, and we have ignored the intrinsc
angular momentum of my, since for sphericaly
symmetric bodies is a congtant of the motion
that can be put equa to zero.

It is possible to choose the coordinate
axes X ,y',Z in the body such that the tensor of
inertia is reduced to a diagond form. These
directions are cdled “the principd axes of
inertid’, and the corresponding vaues of the
diagonal components of the tensor are caled
“the principd moments of inertid’: Ixx , lyy,
Iz 2, and thus we have
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The intringc angular momentum in the
principd axes of inertia, , I’ =I"-w isrelated
tol by thetransformation

I'= Al (5)
I=A'=AY"w (6)

where A is the Euler matrix, which transforms
vector components in the xy,z coordinate
system to vector components in the X',y ,Z
system and is given by Goldstein (1980):
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Furthermore the angular velocity w' dong the
axes X,y',Z can be expressed in terms of the
Eulerian angles and their time derivative as
follows
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where, according to Goldstein (1980),
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Hence from Eq. 6 we obtain
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On the other hand from equation 3 we have
that
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Consequently  equations (11) give three
additiond differentid equations in the unknown
XY, z f,q y ad ther time derivatives and
therefore together with the three equations in
(2) can be integrated to provide the orbit of My
and the orientation of m asafunction of time.

3. PROCEDURE AND RESULTS

We have written a program to perform
the above integration numericaly and applied it
to the case where my is an homogenous prolate
gpheroid. The expression for the force for an
homogeneous prolate is caculated using the
transformation.
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Where Fy , Fy , F; are the components of the
force aong the principa axes of inertia, which
are given by Multon (1914).

An example of a trgectory is given in
figure 2, where we show the evolution of a
small object orbit around a prolate body during
a time of days. The bodies are homogeneous
with a mass density of 2300 kg/m®. The shape
of my, isaprolae, its mgor axis, Cz is equd
to 52 km and the eccentricity is0.75. Theinitial
rotationa period is two hours, which is a
typicd vaue for smal asteroids. The smaler
body is a sphere with a radio of 0.25 km
orbiting a a distance between about 1.3 and 12
Cz The origin of coordinates is the center of
mass of mp, The magnitude of the initid
velocity and position of my are 10 m/sand 6.7

Cz respectively.
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Figure 2: Orbit evolution of a small satellite
around a prolate body. The scaleisin meters.

The trgectory of figure 2 is represented
by 1000 points, each one is separated by atime
interval of 1000 second. The integration time
interva is of one second, then the orbit shown
had evolved during 1157 days This
ORingtantaneous’ orbit show fast changes in
eccentricity and dso in the pogtion of the
orbitd plane. Although the rotation effect is not
showing here, for this model the man body
initiad  rotation is affected by the orbita
interaction. This example could be view as a
modd for the known asteroid Ida and its little
moon Dactyl, which is a system with a lot yet
to be learn.
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