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Abstract. We review from a different perspective the approach
and solution of the torque-free Euler equations, also called the free
asymmetric top equations. This is an old but important integrable
problem that has two first integrals: the energy and the angular
momentum. We make two reductions to this problem. The first
comes from introducing dimensionless variables and parameters in
the equations of motion, reducing from three static parameters,
the moments of inertia, to one called the inertia parameter κ, and
from two original dynamic parameters of energy and angular momentum, to one called the energy parameter, e0 . Then we eliminate
the time as the independent variable in the three autonomous Euler equations to obtain the equations of the trajectory in a space of
dimension two, with non-autonomous differential equations, which
are solved explicitly in terms of trigonometric functions. The parameter space is divided in six disjoint regions, whose boundaries
are the degenerated cases. We give the solutions in these six regions and their boundaries depending on the values of κ and e0 , in
terms of trigonometric functions of the cylindric angle ψ. Finally,
we use these results to write the relation between the Euler angles
of spin rotation ψ and nutation θ.

1. Historical Introduction
The study of the rigid body dates back to the XVIII century, with
the pioneering works of Euler (1707-1783), who dedicated a large part
of his life to study this problem, trying to explain and predict the
motion of ships and their building (a historical review of Euler’s works
on the rigid body are in the article by Marquina et. al. [18]). Around
1736, Euler published in two large volumes his treatise Mechanica sive
motus scientia analytice exposita (Mechanics or the science of motion,
expounded analytically), where he proposes that the motion of a rigid
body can be studied as two types of combined movements: one of
translation around its center of gravity, and another of rotation of
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