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Abstract. A solution of the ideal resonance problem has already been exhibited
(Jupp, 1972) explicitly in terms of the ‘mean’ elements; to second order in the small
parameter in the case of libration, and to first order in the case of deep circulation.
Both representations possess a singularity when the ‘mean’ modulus of the Jacobi
elliptic functions is unity; this corresponds to motions on or close to the separatrix
of the phase plane of the dynamical system.

It is shown that, provided particular coefficients associated with the problem
satisfy specific relations, the singularity is removed, and the final solution is appli-
cable throughout the deep resonance region.

The solution is next expressed in terms of the initial conditions of the system.
Again, in general, the solution has a singularity associated closely with the limiting
motion, and the circulation form of the solution is restricted to deep circulation.
It is shown that when the previously-mentioned coefficients satisfy particular con-
straints, the singularity is removed. Moreover, with the same constraints, the deep-
circulation solution extends naturally to cover the entire circulation regime. It is of
interest that these constraints are quite different from those associated with the
‘mean’ element formulation.

In the light of these results a global formal series solution in terms of initial con-
ditions of the problem of the free rotation of a rigid body can simply be extracted
from the general solution of the ideal resonance problem. The small parameter is
provided by requiring that two of the principal moments of inertia differ by a small
quantity. Such a solution can readily be checked with the well-known exact solution.

Tentative conclusions are drawn regarding the removal of the singularity in the
two separate formulations, and some interesting aspects of the Lie series perturba-
tion procedures are noted.
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