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Figure 1 The Morse potential. It contains the basic concepts of a
nonlinear system: the bound and the dissociative states and the
separatrix between them. We note that close to the separatrix, the

nearest energy spacing becomes smaller.
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Figure 2 The motion and the dynamical phase space of the pendulum. a, b, S are the stable, unstable fixed points and the separatrix,
respectively.
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Figure 3 The kicked rotor.
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Figure 4 The dynamical structure of a kicked rotor.
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Table 1 The action integrals and their difference between consecutive levels for the levels with P=22 for HCP See text for details
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It is seen that the dynamical potential of DCP in g3 coordinate is similar to the inverse of that of HCP in ¢, coordinate and that the dynamical
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Figure 11 (a) The 28 levels with P = 6 for DCO. Solid (—) and
dotted (...... ) lines show the resonant and scattering states,

respectively. The broken (----- ) lines show those that are resonant
(by our simulation that over 50% cases are non-dissociative), but not
reported in the experiment due to their too wide spectral widths; (b)
The simulated percentages of non-dissociation cases for these levels;
(c) The dynamical potential along the bending coordinate. (d) The
average Lyapunov exponents, (1), for these levels. See text for

details.
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Figure 12 In a quantum system there are still many classical
properties which are depicted by the black portions.
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The classical nonlinear properties of molecular
highly excited vibration

WU GuoZhen"

Department of Physics, Tsinghua University, Beijing 100084, China

The concepts of classical nonlinear dynamics are employed to interpret the spectroscopic properties of the molecular
highly excited vibration. These concepts include the Morse oscillator, the pendulum dynamics, chaos and the
overlapping of resonances leading to chaos. The relations of resonance, constant of motion and the basic dynamical
unit to the pendulum dynamics are stressed. An algebraic Hamiltonian in the coset space is employed for the
dynamical analysis from which the dynamical potential can be easily obtained. The dynamical potential is closely
related to the classical fixed points in which the quantized levels are embedded in various quantal environments.
Localized modes are easily identified in various systems which share similar dynamical potentials. The dissociation
of DCO radical is finally interpreted by these concepts from the classical nonlinear dynamics.

highly excited vibration, nonlinearity, dynamical potential
PACS: 05.45.-a, 05.45.Mt, 05.45.Pq, 45.10.-b
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