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Abstract

This research studies the electrical and electromechanical behavior of particles in various
kinds of profiles and configuartions. The studies have been done analytically and experimentally and
include the design of particle deactivation technique. The particle profiles considered in this research
are oblate spheroidal, prolate spheroidal and spherical shapes. The oblate spheroid is applied to the
problems of air or gaseous voids in a solid dielectric, which are often the weak point for the partial
discharge in high-voltage insulation systems. The study uses the method of multipole images in
oblate spheroidal coordinates. Results from the study clarify (a) the field intensification inside a void
in comparison with the background electric field in the solid dielectric, (b) the influence of voids in
proximity on the electric field in the void, and (c) the propriety of the equivalent multipole moments
for representing the influences of a void on the electric field in its exterior.

The prolate spheroid is applied to the problem of conducting particle contamination in
gaseous insulation systems. The study is done by using an analytical method in both axisymmetric
and three-dimentional configurations. The research uses the method of multipole images in prolate
spheroidal coordinates to determine the electric field in the configurations. Then, the induced charge,
electrostatic force and electrostatic torque on the spheroid are determined from the electric field.
Results from the study clarify the relationships between the particle profile and the characteristics of
the aforementioned electromechanical parameters. In addition, the condition of discharge inception in
the insulating gas at the tip of the spheroid is used to determine the critical separation and the
critical electric for the configurations. We have studied the effects of the electrostatic torque on the
initial motion and the motion pattern of the spheroid.

In addition to the insulation systems, the oblate and prolate spheroidal profiles are used to
analyze the electrostatic applications of biological cells. The objective is to determine the effects of
cell profile on the characteristics of cell membrane voltage under dc electric field charging. The
analysis is done by using the boundary element method, a numerical field calculation method. The
configuration of isolated cell and cell pair are considered, corresponding to the cells in the process
of electroporation and electrofusion, respectively. From the results, we understand the effects on the
membrane voltage of the electrical conductivity of extracellular medium and the cell profiles.

The spherical profile is used for studying the particle manipulation in high-voltage insulation
systems. The study begins with the analysis of the dielectrophoretic force by a numerical method
and then experimental verification is carried out. The configuration is a diverging electrode system
with an insulating layer preventing particle from being charged. From the results, we can verify that
the proposed particle deactivation technique is applicable to the conducting particles considered in

this research, which are in submillimeter ranges.
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