
Nonlinear Dynamics and Systems Theory, 5(3) (2005) 265–271

A “Patched Conics” Description

of the Swing-By of a Group of Particles

A.F.B.A. Prado∗

Instituto Nacional de Pesquisas Espaciais,
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Abstract: We study the close approach between a planet and a cloud of
particles. It is assumed that the dynamical system is formed by two main
bodies in circular orbits and a cloud of particles in planar motion. The goal is
to study the change of the orbit of this cloud after the close approach with the
planet. It is assumed that all the particles have semi-major axis a±∆a and
eccentricity e ± ∆e before the close approach with the planet. It is desired
to known those values after the close approach.
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1 Introduction

In astronautics, the close approach between a spacecraft and a planet is a very popular
technique used to decrease fuel expenditure in space missions. This maneuver modifies
the velocity, energy and angular momentum of a spacecraft. There are many important
applications very well known, like the Voyager I and II that used successive close encoun-
ters with the giant planets to make a long journey to the outer Solar System; the Ulysses
mission that used a close approach with Jupiter to change its orbital plane to observe
the poles of the Sun, etc.

In the present paper we study the close approach between a planet and a cloud of par-
ticles. It is assumed that the dynamical system is formed by two main bodies (usually
the Sun and one planet) which are in circular orbits around their center of mass and a
cloud of particles that is moving under the gravitational attraction of the two primaries.
The motion is assumed to be planar for all the particles and the dynamics given by the
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