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1. Introduction. The theory of a cable consisting of a resistive core sur-
rounded by a membrane offering capacitance and variable resistance to ionic
currents is of central importance in neurophysiology. The equations of Hodgkin
and Huxley [9] describing the dynamics of a nerve impulse are based on this
theory as are the models of whole nerve cell electrophysiology of Rall [11].
A brief derivation of the class of equations follows.

If r is the core resistance of the cable per unit length and V(z, t) is the core
or intracellular voltage at distance x and time ¢, then (1/r)(8V/dz) is the current
down the core, and by Kirchoff’s law (1/7)(6°V/dz”) is the current across the
membrane. Assuming that the outside resistance is negligible so that the voltage
outside the cable is constant, this transmembrane current has a capacitive
component ¢(3V/dt) where ¢ is the membrane capacitance per unit length and
a resistive component ¢(V, W', --- , W") which depends on V and on a number
of auxiliary state variables W'(z, t), --- , W"(x, t) which determine the resist-
ances in specific ionic pathways (sodium, potassium ete.). The auxiliary variables
obey equations of the type (0W*/dt)(x, t) = ¢'(V, W*, --- , W") at each point =
along the cable so that communication between different locations is effected
solely through voltage changes. Rescaling distance so as to eliminate constants
and letting W° = V and ¢° = —i/c we obtain
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This general form given by FitzHugh [8] includes the equations of Hodgkin
and Huxley [9], FitzHugh [7], Rall [11] and Nagumo [10]. An essential feature
of these models is a stable or resting state where g° = --- = ¢g" = 0. We take
thistobeat W° = --- = W* = 0.
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