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Existence and Stability of Equilibrium N
Points Under the Influence of
Poynting—Robertson and Stokes Drags in
the Restricted Three-Body Problem

Aguda Ekele Vineent and Angela E. Perdiou

Abstract In the framework of the circular restricted three-hady problem. the
dynamical elfects of Stokes and Poynting—Raobertson (P=R) drag forces on the
existence. location. and stability of cquilibrium points are investigated. It is found
that under constant elfects of P=R and/or Stokes drags. collincar equilibrium points
ceuse (o exist, but there arc in the absence of the perturbing forces. The problem
admils five non-collinear equilibrium points, and it is scen that the perturbing forces
have significanl efTects on their positions, The linear stability of the equilibrium
points is also studicd in certain cases, and it is found that the stability of some
of these points significantly depends on the perturbing forces. More preciscly.
the matian of the infinitesimal body ncar the non-collinear equilibrium points
is unstable under the effect of hoth kinds of perturbing forces except from the
equilibria Ly and Ls lor which 1s stable only for Stokes drag cllect. namely.
the remaining parameter that corresponds 10 P=R drag is hxed to zero. We may
conclude, therefore. that the P-R clfect destroys stability ol the equilibrium points.

MSC 70F07; 70F15; 70K20, 70K42

1 Introduction

The circular restricted three-body problem (CR3BP) consists of tvo hinite hodies.
known as primarics, which rotate in circular orbits around their common center
of mass and a massless body that moves in the plane of motion of the primaries
under their gravitational attraction and does not aftect their motion. The CR3BP
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dominant, third when the Stokes drag s dominant, and fourth when both Stokes drag
and P=R drag are inuction together, In the case where the P=R drag and/or Stokes
drag were considered, our numerical investigation lor the numbcri’md location of
the equilibrin showed that five non-collinear cquilibrium points exist in contrast to
the absence of the alorementioned perturbing forces, i.c., the classical case, where
live equilibrium points also exist, but three of them lic on the axis joining the
primaries. while the rest (wo form in the plane of motion equilateral riangles with
the primaries.

Additionally, it was observed that the involved purameters of the problem not
only ullect the positions of the carresponding equilibria but also influence their
stability as well. For the determination of the stability of the infinitesimal body's
motion around the obtained equilibria. we lincarized the governig equations of’
mation around them. For all the cansidered cases. it was found that all equilibna
arc unstable due to the existence of a positive real root or a complex root with
positive real part except for the equilibria Ly and Ls in the case of Stokes drag
where we got complex roots with negative real parts, which means that these points
are stable. Therefore, we conclude that the stability of the non-collinear equilibrium
points Ly and Ls is not affected [rom the Stakes drag force of the primaries, and the
motion in their vicinity remains stable for the value of mass parameter considered
here. Also. contriry 1o the classical restricted three-budy problem where the three
collinear paints are generally unstable and (he triangular points are lincarly stable
for sulficiently small ratio of the two masses, we observed that for the problem under-
consideration all the equilibrium points are unstable due to the presence of the P-R
drag cffect. The instability of the equilibrium points agrees with the results existing
in the literiture when the Stokes drag force is not considered.
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