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Preface

Artificial composite materials are created in addition to existing natural materials in order to obtain their special
properties, including special behavior in the electromagnetic field. Metamaterials and metasurfaces, which have
emerged in the past decade, are artificial composite materials designed based on subwavelength structures and pos-
sess unconventional physical properties. These unusual properties, desirable for practical use, are primarily due to the
shape, size, and location of the artificial elements of metamaterials used. In this case, the substance from which artificial
inclusions, or metaatoms, are made plays a much less significant role. For metamaterials, as for natural substances, the
behavior of the electromagnetic field is determined by the classical Maxwell equations and the equations of the cou-
pling between the vectors of the fields, which are commonly called constitutive equations. The coupling equations for
metamaterials, as well as for natural substances, in turn, correspond to generally accepted fundamental approaches
that take into account the principle of causality, the law of conservation of energy, and the symmetry of the spatial
structure of the metamaterial. The introduction of metamaterials breaks through the conventional design ideas of tra-
ditional materials, suggesting that one can directly obtain equivalent apparent performance through the structural
design of subwavelength units at the material’s physical scale. This opens up possibilities for developing new mate-
rials, predicting new phenomena, discovering new principles, and exploring new applications. Artificial chiral elec-
tromagnetic materials based on chiral unit structure design are a category of novel metamaterials with special
properties. Compared to ordinary materials, chiral dielectric materials exhibit cross-coupling between electric and
magnetic fields. By manipulating the chiral structure (chiral parameter), the propagation characteristics of electromag-
netic waves in chiral dielectric materials can be altered. Therefore chiral dielectric materials provide more capabilities
for controlling electromagnetic wave propagation and find extensive applications in fields such as communication,
radar, and electronic warfare.

This book is a collaborative effort between the Ultra-Wideband Radar Research Laboratory at Nanjing University of
Science and Technology and the Laboratory of Physics of Wave Processes at Francisk Skorina Gomel State University.
The authors from China and Belarus have been engaged in research on electromagnetic metamaterials and metasur-
faces, metamaterial optics, and electromagnetic wave propagation theory for many years. Since 2018, they have con-
ducted cooperative research on metamaterial theory and design, focusing on the design and implementation of chiral
metamaterials based on spiral structures, under the support of the National Natural Science Foundation of China, the
Belarusian Republican Foundation for Fundamental Research, and the State Committee on Science and Technology of
the Republic of Belarus. This book presents some of the recent achievements of both teams in their individual and
collaborative research on chiral metamaterials and metasurfaces.

Chapter 1 introduces the basic concepts of metamaterials and chiral materials, reviews their development history
and typical applications, and highlights prominent figures and major research trends in this field.

Chapter 2 discusses the molecular structure, characteristics, and typical examples of natural chiral materials. It
covers the constitutive equations and characterization of chirality, calculation of chiral parameters, and obtaining elec-
tromagnetic invisibility by using absorbing coatings based on natural and artificial chiral metamaterials. The chapter
also explores conventional fabrication techniques and typical processes for metamaterials.

Chapter 3 focuses on the electromagnetic wave polarization transformation mechanism, design, and parameter
optimization methods of helical chiral metamaterials. It discusses the design method for electromagnetic invisibility
using helical chiral materials, the interaction between electromagnetic waves at different incident angles on the helical
metamaterials, and the microwave electrodynamics of Q-shaped artificial composite materials.

Chapter 4 investigates the design and experimental verification methods for helical structure-based chiral metama-
terials and metamaterials with compensated chirality in the terahertz frequency range. It analyzes the polarization
rotation and circular dichroism of chiral materials and explores boundary value problems, impedance characteristics,
and nonreflective propagation of electromagnetic wave issues in single- and double-layer helical chiral metamaterials.

In Chapter 5, helical molecular structures of biological objects such as deoxyribonucleic acid (DNA) and proteins are
investigated based on the principle of electrodynamic similarity. It examines the model of electromagnetic radiation for
the DNA double helix, the optimal pitch angles of the DNA double helix, the interaction of DNA-like helices with
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X Preface

electromagnetic fields, and the selectivity of polarization of electromagnetic waves. Experimental results are presented
for microwave absorption, reflection, and propagation by DNA-like double helices and single helices.

Chapter 6 starts with the design, characterization, and experimental fabrication methods for single-layer planar chi-
ral structures. It then expands to the design and characterization of chiral materials, including circular dichroism and
circularly polarized conversion, in double-layer or even multilayer stack configurations. The chapter also introduces
several typical applications and experimental validations of planar chiral materials.

Chapter 7 introduces the design and fabrication methods of three-dimensional chiral materials based on double-
layer and multilayer planar interconnected structures, such as metal vias. It analyzes the circular dichroism and cir-
cular polarization conversion dichroism of different structural chiral materials and provides typical applications and
experimental verification results of multilayer interconnected chiral materials.

The preface and Chapter 1 of this book were jointly written by Professor Yaoliang Song, Professor I.V. Semchenko,
Professor S.A. Khakhomov, and Lei Wang. Chapters 2-5 were written by Professor 1.V. Semchenko and Professor S.A.
Khakhomov, with translation assistance from Associate Researcher Lei Wang and Senior Lecturer Ms. Tatyana
Lozovskaya. Professor Yaoliang Song made adjustments and additions to the relevant content. Chapters 6 and 7 were
written by Professor Yaoliang Song, and all the chapters were proofread by Professor Yaoliang Song, Professor I.V.
Semchenko, and Professor S.A. Khakhomov.
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