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Fig.1. Complex Brownian motion derived from the scaled Langevin equations by the

complex scaling rule. Scaling parameters and complex fractal dimension from
the scaling rule are indicated. Unit of vertical axis is arbitrary, depending on ¢
in the text. Abscissa is the time axis of 640 steps for the full-length. The local
states of the first four clusters and the total system response are shown for each
example. Note that the oscillatory nature of the Brownian motion prevails as the
scaling preceeds.
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Fig.2. The complex Brownian motion in the limit cycle derived from the Langevin
equations by the complex scaling rule. Scaling parameters and complex fractal
dimension are indicated. Note that the instability is enhanced by the parameter
a. Others are the same as those in Fig. 1.
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Scaled Langevin Equation to Generalize the Complex
Brownian Motion

Junji Koyama
(Faculty of Science, Tohoku University)

A complex system is considered to simulate the dynamical process of random activa-
tions. The system is composed of a set of clusters. Time evolution of each cluster is
described by the Langevin equation. And a scaling rule is introduced to the set of the
Langevin equations in order to model the complexity of the whole system. The scaling
rule is described by complex parameters in this study, thus the complex Langevin equations
being obtained. It is found that the present complex system leads to the generalization of
the complex Brownian motion. The complex Brownian motion thus obtained is character-
ized by a complex fractal dimension defined by the scaling parameters. Orthogonality,
autocorrelation function and power spectrum of the complex Brownian motion are derived.
The complex system shows the coupling between the interesting physical process and its
background process. The limit-cycle behavior of the Brownian motion and the instability
of the Brownian motion are derived by the complex scaling of the Langevin equations.

Key words: Langevin equation, Brownian motion, complex Brownian motion, complex fractal
dimension.



