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Abstract: A theoretical model is presented
which includes the influence of the magnetic
field on the electron flow sustaining transport
processes in active media. For a rod-shaped

and, respectively, the outer radii of the layer. For
simplicity's sake, the particle distribution in the

axisymmetric structure with core filament, an

layer is uniform, with sharply bounded density
distribution and particle orbits concentric with the
axis of the cylinder. Of physiological interest is

electrokinetic flip-flop process has

the case

been

recognized which is associated with the system
dynamics. Relevance of this model to stability
conditions of radial gradients is discussed.
INTRODUCTION

The description at microscopic level of
magnetic eff-ects on excitable fluids is of intrinsic
interest. We address two questions concerning

this area: (i) the growth and morphology of the
stability domains, (ii) the possible relevance of
the magnetic field to the membrane transport
mechanism.The model we consider consists of a
rod-shaped dielectric structure in the presence of

electric and magnetic fields. We are looking at
the electrodynamic stability properties of given

charge distributions, in the presence of an
applied, static magnetic field. The problem of
growth and pattern formation is investigated
within the framework of the electrokinetic
stability [ ] of the transport phenomena. Within
the fiamework described in the following section,
the electrokinetic mechanism plays active role in

providing the conceptual physical ingredients,
which support the relevant transport processes in
biological systems [2].

ANALYSIS
In a cylindrical, axially symmetric, flute-like
coordinate system

(r,Ö), we consider a

shaped cell (radius d

rod-

) consisting of a cylindrical

filament ( radius a ) surrounded by a coaxial,
cylindrical layer of azimutally fowing electrons.
The nematic core is introduced for generality's
sake, to simulate structures of biological interest.
At equilibrium the geometry of the layer is
defined bv b < r < c. b andc beins the inner

of tenuous charge-layers, which means
practice c-b<<b or c-b<<d, the choice
depending on the specific geometry one is
considering. The space around the layer ( a ! r
in

(lossless) medium, whose dielectric properties,
owing to the axial symmetry of the problem, are

described by

the

piecewise-continuous

permittivity e ( r).The structure is embedded in
an uniform and constant, external magnetic field
^B pointing along the axial direction. We restrict
ourselves to the electrostatic case.The shape of
the (zero-order) potential field follows from
(Poisson) field equation. According to the
electrodynamics of continuous media, the
momentum equation governing the radial
dependence of the angular speed of the electron
orbits in the layer is a polynomial of degree two,
whose coefficients depend on the given magnetic

and (zero-order) electric fields. Taking into
account the assumption that the layer is tenuous
(in comparison with the gyro-frequency Q(B)),
the equilibrium configuration will consist of two

different, well-separated kinetic

regimes,

by A and respectively, B. As a
result, we get a kind of electrokinetic flip-flop
mechanism, which plays here the leading role.
Next, external fluctuations are introduced, in the
form of a discrete spectrum of axially symmetric
electrostatic vibrations. The radial modulation of
thereafter labelled

the amplitude of the perturbation is governed by a

differential equation which shows the existence
of the skin-effecl associate with the surfacecharge layers on the boundaries of the electron
layer. Resorting to standard methods [3], we
derive the relevant dispersion relation governing

the vibrational modes of the layer. The
corresponding equation, expressing the stability

conditions of

the

oscillating layer, provides the

Medical& Biological Engineering & Computing Vol. 34, Supplement 1, Part 2, lggo
The 1st International Conference on Bioelectromagnetism, June 9-13, 1996, Tampere, Finland

133

link between material properties of the structure
and distribution of the stability domains as given
by geometric aspect ratios. Indeed, dielectric
(conducting) substances are here characterized by
small positive (negative) deviatons from the unity

of

the electric permittivity function e(r). It is
important to remark that above distinction
between dielectric and conducting properties of
the medium surrounding the layer just
corresponds to that between states A and ,
respectively, state B which characterizes the two
different kinetic structures of the electron flow in
the layer. Detailed calculations show that the
two different electrokinetic structures correspond
to a different velocity shear between the surfaces
of the electron layer and thus, to two different
dispersion relations. This can be traced back in
turn to the two signs in the equation for the
perturbed potenial. Let us notice that öe will also
depend on the radial coordinate and the azimutal
number (l) as well. Moreover, latter dependence
is different for states A and B. Of course, for t =
1 this difference in the velocity shear is not
essential and both equilibria give rise to the same

renormalize electric permittivities and related
parameters to values of biological interest.

CONCLUSION

According to the most accepted hypotesis, the
conceptual framework for bioenergetic processes,
postulates that the immediate driving fbrce, is
associated with an electrochemical gradient of
protons, composed of electrical and chemical

[2]. For the dielectric structure
considered here, azimutal modes of the electronic
parameters

flow exist, in adiacent or distal regions fiom

the

nematic core, which act to destroy the system. On
the same time, the conditions sustaining gradient-

driven radial transport, are dictated by the
of the stability domains and their
corresponding dielectric (or conducting )
properties. It has been recognized that this
morphology

complex behavior, can essentially be ascribed to:

l-

the existence of a flip-flop mechanism
with two different structures of the
electron flow; 2- the bias associated with the
associated

nematic core of the model.

dispersion relation.
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In order to evaluate the relevance of the model,
we have examined fbr both states A and B a series
of particular cases corresponding to different
configurations and values of the geometric and
electric parameters. Some conclusions concerning
the modal analysis of the linearized ( with
respect to öe ) dispersion relation for a layer
embedded in an homogeneous medium, can be
summarized as follows: a) for a given mode the
morphology of the domains is governed by the

dielectric properties

of the medium and the

geometric aspect ratios as well; b) the scenario is

stronlgy affected by the surface-charge

of

the

nematic core. Concerning the last claim we wish
to point out that the stabilizing or destabilizing
behaviour of the medium can be dramatically
changed by the removal of the electric bias of the
central filament. Also, the stability conditions
can be expressed in terms of the jumps of the

th
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