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Introductory Chapter: Modern 
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and Dielectrics
Krishnaswamy Sankaran

1. Introduction

Electrostatics is one of the most basic, yet very important, branches of physics 
with applications in almost every domain. We observe how a plastic comb after 
its use on dry hair attracts small bits of paper. We are stunned by the power of 
lightning from dark rainy clouds during thunder storms. Time to time, we might 
have also experienced small electric shocks when we touch any metal after rubbing 
hands on certain materials. All these experiences have to do with the underlying 
phenomena of electrostatics.

Materials are broadly classified into two large groups based on their electrical 
properties. Some are called conductors and the others are termed as insulators (or 
dielectrics). In dielectrics, contrary to metals, all charges are attached to specific 
atoms and molecules. Such charges are known as bound charges. These charges 
can be displaced within an atom or a molecule. Compared to the dramatic rear-
rangements of charges in a conductor under electric field, charge displacements 
in dielectric materials are only microscopic in nature. However, these microscopic 
displacements can have cumulative effects that are responsible for several charac-
teristic behaviours of dielectric materials.

Electrostatics-based applications are ubiquitous. Lightning conductors, surface 
coaters, electrostatic imagers, non-impact printers, industrial processes such as 
material separation, electrodialysis, static dischargers, etc., are some of the most 
common applications [1–5].

Dielectrics have been used for developing various devices particularly using 
their unique material properties. Recent advancements in material science have 
made it possible to develop and engineer devices for applications in elasto-optics, 
electro-optics, ultrasonic [6] and surface-mount electronics [7]. Dielectrics are also 
used to develop compact and efficient antennas [8]. There is an increase in the use 
of dielectrics for developing advanced defence applications [9]. Dielectric material 
properties can carefully engineered to develop artificial materials and coatings that 
can efficiently absorb or dampen incident electromagnetic waves. Such materials 
are both used in real-time stealth applications [10, 11] and modelling absorbing 
layers to truncate computational domains [12].

Accurate modelling of dielectric properties is one of the most challenging tasks. 
For basic applications like studying oil spills on ocean surface, one can easily model 
oil spills as dielectric with complex permittivity [13]. Other advanced applications 
require more detailed modelling of dielectric properties. For example, dielectric 
elastomers are actively studied for applications involving artificial muscle actuators 
for robots and solid-state optical devices for various electronic components [14].
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These advanced applications of electrostatics and dielectrics rely on accurate 
modelling methods and tools. The choice of right electromagnetic tools for model-
ling is an important challenge for design and application engineers [15, 16]. Various 
advanced modelling tools are being developed for modelling such applications that 
includes some of the classical computational methods [17, 18], and non-mainstream 
computational methods [19, 20].

In this book, we have introduced seven advanced applications of electrostatics 
and dielectrics. These papers bring forth recent developments using electrostatics 
and dielectrics. In the first paper on electrostatic potential modulation of atoms by 
strong light field, Wang presents tunnelling ionization and single isolated attosecond 
light pulse application. In the second paper, Takahashi et al. discuss development of 
an electrostatic eliminator utilizing high-voltage AC power supply-driven by pulse 
width modulation (PWM) inverter. In the third paper, Osgouei shows how electro-
static friction mechanism can be used in display technology to enhance touchscreen 
experience. In the fourth paper, Wu and Yang investigate dielectric failure mecha-
nism and property modification in inverter-fed motors. Mukhlisin and Saputra 
elaborate their dielectric analysis model for measuring soil moisture (water content) 
using electric capacitance volume tomography in the fifth paper. Menachem presents 
techniques for calculating dielectric maternal parameters for waveguide applications 
in the sixth paper. In the final paper of this book, Xiao and Zhao discuss research 
progress on synergistic effect between insulation gas mixtures.

I believe this compendium of research papers in the domain of electrostatics and 
dielectrics will open new opportunities for future research. I thank all the authors 
for their collaborative efforts and excellent contribution. Final words of gratitude 
are due to IntechOpen for making this work possible. Good luck!

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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