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Abstract 
 

Metamaterials are artificial media exhibiting advantageous and unconventional physical/mechanical 

properties that cannot be readily found in nature. These artificial materials are composed of a micro-scale 

engineered arrangement of structural elements that, albeit being made of conventional materials, lead to 

unusual material responses. They have a foundation in electromagnetics but have recently found wide 

innovative applications in several engineering mechanics/civil/acoustics/electrodynamics disciplines. The 

course aims at providing the fundamentals of metamaterials theory and concepts, along with an overview 

of the most appealing/emerging applications in advanced engineering fields. 

 

Course Topics 
 

PART 1: Fundamental concepts of metamaterial and artificial media 
 

• History of metamaterials and early artificial media research 

• Fundamentals and basic theory/concepts of multiphysics metamaterials 

• Volumetric and surface metamaterials (i.e., metasurfaces), soft/hard surfaces, periodic and quasi-
periodic surfaces 

 

PART 2: Analysis and synthesis of materials and artificial media 
 

• Advanced modelling and simulation techniques for the analysis of periodic and quasi-periodic structures 
with a focus on Floquet modes theory 

• Advanced design techniques for the synthesis of innovative metamaterials in engineering fields 
 

PART 3: Innovative applications of metamaterials and advanced engineering 
 

• Design and applicative examples of metamaterials regarding specific engineering applications in 
mechanics/civil/acoustics/electrodynamics and brief notes to multi-physics metamaterials 
 

At the end of the course a final written exam is expected.  
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