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Abstract

The purpose of this paper is twofold: First, we present a semi-quantitative nonlinear field theory of the brain under realistic
anatomical connectivity conditions describing the interaction between functional units within the brain. This macroscopic field
theory is derived from the quasi-microscopic conversion properties of neural populations occurring at synapses and somas.
The quasi-microscopic models by Wilson—-Cowan (1972,1973) and Nunez (1974) can be derived from these. Functional units
are treated as inhomogeneities within a nonlinear one-dimensional neural tissue. Second, for the case of the Kelso experiment
the field equation is treated analytically and numerically and can be reduced to a set of ordinary differential equations which
corresponds to a model by Jirsa et al. (1994,1995). This phenomenological model reproduces the spatio-temporal phenomena
experimentally observed. Here the most prominent property of the neural tissue is the parametric excitation. The macroscopic
field parameters can be expressed by quasi-microscopic neural parameters.

1. Introduction

The brain operates as an open complex system and exhibits spatio-temporal behavior. A necessary condition for
this pattern forming character of the brain is a nonlinear dynamics and a spatial interconnection. For a recent review
of pattern formation in nonequlibrium systems with many further references see [4]. The functional behavior of the
brain is encoded in these spatio-temporal structures and can be extracted from the dynamics of the macroscopic
quantities measured by the EEG and MEG [8-10,20]. According to synergetics [14—16] this extraction contains all
the relevant information about the spatio-temporal behavior of the brain and has, in general, a small number of degrees
of freedom. This idea has been formalized to the order parameter concept based on circular causality: the order
parameters are determined and created by the cooperation of microscopic quantities, but at the same time the order
parameters govern the qualitative behavior of the whole system. Based on this approach phenomenological models
were set up in the past for different experiments in order to find evolution equations that describe the experimentally
observed macroscopic dynamics [8,21]. At the quasi-microscopic level ensembles of neurons are gathered together
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