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Abstract. Stochastic dynamics of relative membrane potential in the 
neural network is investigated. It is called stochastic neurodynamics. The 
least action principle for stochastic neurodynamics is assumed, and used to 
derive the fundamental equation. It is called a neural wave equation. A 
solution of the neural wave equation is called a neural wave function and 
describes stochastic neurodynamics completely. Linear superposition of 
neural wave functions provides us with a mathematical model of associative 
memory process. As a simple application of stochastic neurodynamics, a 
mathematical representation of static neurodynamics in terms of equilibrium 
statistical mechanics of spin system is derived. 
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1. Kinematics of nerve system 

We are now looking for a faithful mathematical model of neurodynamics. 
Consider a large scale integration of  neurons up to the order l01° in a typical 
cell assembly of  the cerebrum. Each neuron is connected with many other 
ones via about  l0 4 chemical synapses, electrical ephapses and tight junctions 
and the totality of  neurons can be considered as a huge dynamical system. We 
call it a nerve system or a neural network. A nerve system is said to be closed if 
no neurons in it are connected with external neurons. If a nerve system is not 
closed, it is said to be open. Among neurons of any open nerve system, those 
connected directly with external ones are called visible neurons. Those 
remaining are called hidden neurons. 

Let us consider, here, the degrees of  freedom belonging to a neuron in the 
nerve system. Neurological  action of  the neuron can be well described by 
illustrating the temporal  changes of cell membrane potential and firing 
threshold. Let t be a time parameter  in milli-second unit taking continuous 
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