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ABSTRACT

The firing of neurons is studied via recorded spike trains. A technique for estimating the
summation function, the decay function and the firing probabilily function of a neuron
model, on the basis of recorded output and corresponding input spike trains, is described
and illustrated for the neuron L3 of Aplysia californica firing under the influence of the
neuron L10. The procedure of employing partial coherences to “remove” the effects of a
common stimulation on pairs of neurons is validated by applying the technique to neurons
of the cat’s auditory thalamus. In this case, the data were collected for the ncurons firing first
in a spontaneous fashion and then in response to stimulation. Finally, coherences within
groups of eight neurons are averaged together on the basis of known anatomy to enhance
discemment of patterns. In some cases, significant peaks were found in partial coherences
where no signs of association were observed during spontaneous firing. It is concluded
that the techniques presented here provide a valuable improvement in detecting associations
between neurons which are modulated by a stimulus, but are not necessarily time~locked
to its time course.

INTRODUCTION

This paper focuses on three basic problems: the analytic description of the firing of a
single stimulated neuron, the understanding of how the relationships within pairs of neurons
are affected by stimulation and isolating the common behavior expressed by neurons resident
in particular regions of the brain.

The fundamental unit of neural information processing is the neuron. This type of cell
is generally composed of the cell body, the soma, and by the appendices called the dendrites
and the axon. A very important characteristic of neurons is the fact that they are electrically
polarized cells. The cell surface, the membrane, is negatively charged inside the cell and
positively charged outside because of different ionic concentrations inside and outside the
cell. In order to keep these ionic differences at a constant level, the cell spends most of
its energy in activating special proteins at the cell membrane, which are called electrogenic
pumps. In a steady state, without external influence, the membrane potential is called the
resting potential and fluctuates around a constant level, usually close to ~70mV. The cell
body contains the nucleus with the genetic description of proteins and the organelles required
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