History and Pedagogy of Mathematics 2012
16 July — 20 July, 2012, DCC, Daejeon, Korea.

ON THE EIGENVALUES OF
THREE BODY IN EARLY 20" CENTURY
20417129 A=A A LR of EshiA

LEE Ho-Joong

Inviting Professor in Hong Ik University Institution
: 94 Wausan-ro, Mapo-Gu, Seoul, 121-791,
mannnlee@hanmail.net

ABSTRACT

In the past 200 years, three body problem in classical approaches have been applied to Lagrangian
and Hamiltonian. In the resolution of the three body problem more general representative of the way
there is the statistical methods and the perturbation methods, here assume the foundation of resolution
by the combination of analytical calculations of orbit and semi-analytic method.

For a closed solution three mass points in three dimension require 18 independent integrals. But it is
possible to resolve 12 integrals: the six integrals of motion of center of mass, the three integrals of angular
momentum, one energy integral, one elimination of the time and one elimination of the ascending node.
So the integral system reduces to sixth order. Thus the n body problem constituting a system of order
6n can be reduced to a system of order (6n — 12). In 1887 Bruns proved the ten classical integrals are the
only independent algebraic integrals of the problem by the rectangular coordinates and all others can be
formed by a combination of them. By extending this idea Poincaré establish no existence of new single-
valued transcendental integral providing the masses of two of the bodies are very small compared the
third. Concerning the stability of the solar system, the problem become the convergence or divergence
of series then Poincaré firstly prove the general divergence of series selecting the achievements of Delau-
nay, Lindstedt, Gyldén. Poincaré open the new possibility of using a statistical approach in three body
problem concluding an example of chaos in nature.

The key word of Poincare in celestial mechanics is periodic solutions, invariant integrals, asymptotic
solutions, characteristic exponents and the non existence of new single-valued integrals.

Poincaré define an invariant integral of the system as the form which maintains a constant value at all
time ¢, where the integration is taken over the arc of a curve and Y; are some functions of z, and extend
2 dimension and 3 dimension.

Eigenvalues are classified as the form of trajectories, as corresponding to nodes, foci, saddle points
and centre. In periodic solutions, the stability of periodic solutions is dependent the properties of their
characteristic exponents.

Poincaré called bifurification that is the possibility of existence of chaotic orbit in planetary motion.
Existence of near exceptional trajectories as Hadamard’s accounts, say that there are probabilistic orbit.
In this context we study the eigenvalue problem in early 20 century in three body problem by analyzing
the works of Darwin, Bruns, Gyldén, Sundman, Hill, Liapunov, Birkhoff, painlevé and Hadamard.
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2(1) R. Taton and C. Wilson, The General History of Astronomy, (Cambridge University press, 1989)Vol. II. -(2)C. Wilson,
The dynamic of Solar System, Companion Encyclopedia of the Theory and Philosophy of the Mathematical Sciences(Routledge,
Newyork, 1994)vol2, pp. 1044-1053. C Wilson, The three-body problem; Companion Encyclopedia of the Theory and Philosophy
of the Mathematical Sciences(Routledge, Newyork, 1994)vol2, pp. 1059-1061.
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%(1) June Barrow Green, Poincaré and the Three Body Problem(American Mathematical Society, Providence, 1997); (2)
Barrow-Green, June (2010). The dramatic episode of Sundman. Historia Mathematica, 37(2), pp. 164—203; (3) Barrow-Green,
June (2005). Henri Poincare, memoir on the threebody problem (1890). In: Grattan-Guinness, I. ed. Landmark Writings in West-
ern Mathematics 1640-1940. Amsterdam: Elsevier, pp. 627-—638.
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SE. T. Whittaker, A Treatise on the Analytical Dynamics of Particles and Rigid Bodies(Reprinted, Cambridge University Press,
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