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SINCE THE CONCEPT WAS FIRST PROPOSED AT THE END OF THE 20TH CENTURY METAMATERIALS
HAVE BEEN THE SUBJECT OF MUCH RESEARCH AND DISCUSSION THROUGHOUT THE WAVE
COMMUNITY MORE THAN 10 YEARS LATER THE NUMBER OF RELATED PUBLISHED ARTICLES IS
INCREASING SIGNIFICANTLY ON THE ONE HAND THIS SUCCESS CAN BE ATTRIBUTED TO DREAMS OF
NEW PHYSICAL OBJECTS WHICH ARE THE CONSEQUENCES OF THE SINGULAR PROPERTIES OF
METAMATERIALS AMONG THEM WE CAN CONSIDER THE EXAMPLES OF PERFECT LENSING AND
INVISIBILITY CLOAKING ON OTHER HAND METAMATERIALS ALSO PROVIDE NEW TOOLS FOR THE
DESIGN OF WELL KNOWN WAVE FUNCTIONS SUCH AS ANTENNAS FOR ELECTROMAGNETIC WAVES
THE GOAL OF THIS BOOK IS TO PROPOSE AN OVERVIEW OF THE CONCEPT OF METAMATERIALS AS
A PERSPECTIVE ON A NEW PRACTICAL TOOL FOR WAVE STUDY AND ENGINEERING THIS INCLUDES
BOTH THE ELECTROMAGNETIC SPECTRUM FROM MICROWAVE TO OPTICS AND THE FIELD OF

ACOUSTIC WAVES

REQUIRING NO ADVANCED KNOWLEDGE OF WAVE PROPAGATION AN INTRODUCTION TO
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METAMATERIALS AND WAVES IN COMPOSITES FOCUSES ON THEORETICAL ASPECTS OF
METAMATERIALS PERIODIC COMPOSITES AND LAYERED COMPOSITES THE BOOK GIVES NOVICES A
PLATFORM FROM WHICH THEY CAN START EXPLORING THE SUBJECT IN MORE DETAIL AFTER
INTRODUCING CONCEPTS RELATED TO ELASTICITY ACOUSTICS AND ELECTRODYNAMICS IN MEDIA THE
TEXT PRESENTS PLANE WAVE SOLUTIONS TO THE EQUATIONS THAT DESCRIBE ELASTIC ACOUSTIC
AND ELECTROMAGNETIC WAVES IT EXAMINES THE PLANE WAVE EXPANSION OF SOURCES AS WELL
AS SCATTERING FROM CURVED INTERFACES SPECIFICALLY SPHERES AND CYLINDERS THE AUTHOR
THEN COVERS ELECTRODYNAMIC ACOUSTIC AND ELASTODYNAMIC METAMATERIALS HE ALSO
DESCRIBES EXAMPLES OF TRANSFORMATIONS ASPECTS OF ACOUSTIC CLOAKING AND APPLICATIONS
OF PENTAMODE MATERIALS TO ACOUSTIC CLOAKING WITH A FOCUS ON PERIODIC COMPOSITES THE
TEXT USES THE BLOCH FLOQUET THEOREM TO FIND THE EFFECTIVE BEHAVIOR OF COMPOSITES IN
THE QUASISTATIC LIMIT PRESENTS THE QUASISTATIC EQUATIONS OF ELASTODYNAMIC AND
ELECTROMAGNETIC WAVES AND INVESTIGATES BRILLOUIN ZONES AND BAND GAPS IN PERIODIC
STRUCTURES THE FINAL CHAPTER DISCUSSES WAVE PROPAGATION IN SMOOTHLY VARYING LAYERED
MEDIA ANISOTROPIC DENSITY OF A PERIODIC LAYERED MEDIUM AND QUASISTATIC HOMOGENIZATION
OF LAMINATES THIS BOOK PROVIDES A LAUNCH PAD FOR RESEARCH INTO ELASTIC AND ACOUSTIC
METAMATERIALS MANY OF THE IDEAS PRESENTED HAVE YET TO BE REALIZED EXPERIMENTALLY THE
BOOK ENCOURAGES READERS TO EXPLORE THESE IDEAS AND BRING THEM TO TECHNOLOGICAL

MATURITY

METAMATERIALS IS A SUBJECT BORN IN THE 2 1ST CENTURY IT IS CONCERNED WITH ARTIFICIAL
MATERIALS WHICH CAN HAVE ELECTRICAL AND MAGNETIC PROPERTIES DIFFICULT OR IMPOSSIBLE TO
FIND IN NATURE THE MATHEMATICS OF THE BOOK IS WITHIN THE POWER OF FINAL YEAR
UNDERGRADUATES THE AIM IS TO EXPLAIN THE PHYSICS IN SIMPLE TERMS AND ENUMERATE THE

MAJOR ADVANCES

THIS BOOK SERVES AS AN INTRODUCTORY TEXT FOR STUDENTS AND ENGINEERS WITH LIMITED
KNOWLEDGE OF METAMATERIALS AND ELASTIC WAVES THIS TEXT BEGINS WITH THE MOST

STRAIGHTFORWARD VIBRATING SYSTEMS SUCH AS SINGLE AND 2 DOF SPRING MASS SYSTEMS IT
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EXAMINES THE OBSERVED PHENOMENA IN 2 DOF SYSTEMS IN AN UNCONVENTIONAL MANNER TO
PREPARE THE READER FOR RESEARCH ON METAMATERIALS AFTER PRESENTING WAVE PHENOMENA IN
AN INFINITELY CONNECTED SPRING MASS SYSTEM AN ELASTIC BAR A CONTINUOUS VERSION OF AN
INFINITE SYSTEM IS ANALYZED THIS INSTRUCTIONAL STRATEGY WHICH PROGRESSES FROM THE
DISCRETE MODEL TO THE CONTINUOUS MODEL FACILITATES EFFICIENT COMPREHENSION OF WAVE AND
METAMATERIAL CONCEPTS USING CONTINUOUS AND DISCRETE ONE DIMENSIONAL MODELS BENDING
WAVES AND THEIR MANIPULATION THROUGH METAMATERIALS ARE ALSO DISCUSSED IN THE LATTER
CHAPTERS OF THIS BOOK ADVANCED READERS ARE INTRODUCED TO THE FUNDAMENTAL WAVE
PHENOMENA IN TWO DIMENSIONAL MEDIA AND WAVE MANIPULATION USING METAMATERIALS SUCH AS
MODE CONVERTING TRANSMISSION AS WAVE PHENOMENA ARE THE FUNDAMENTAL PHENOMENA IN
VIBRATING STRUCTURES THOSE INTERESTED IN ACOUSTICS AND VIBRATION WOULD GAIN A GREAT
DEAL OF KNOWLEDGE FROM THIS BOOK AS THE MATERIAL COVERED IN IT OFFERS A VERY
DIFFERENT PERSPECTIVE ON OSCILLATORY PHENOMENA THAN WHAT IS TYPICALLY FOUND IN BOOKS
ON ACOUSTICS AND VIBRATION BECAUSE THIS BOOK PRESENTS A NEW TECHNIQUE FOR
MANIPULATING WAVES USING METAMATERIALS ENGINEERS AND SCIENTISTS WHO WORK WITH ULTRA
SOUNDS AND STRUCTURAL VIBRATIONS WOULD FIND IT VERY USEFUL FOR EXPANDING THEIR

KNOWLEDGE OF RELEVANT TOPICS

THIS BOOK OPENS A NEW AVENUE TO AN ENGENDERING FIELD OF APPLIED PHYSICS LOCATED AT
THE CROSSING OF MODERN PHOTONICS ELECTROMAGNETICS ACOUSTICS AND MATERIAL SCIENCE IT
ALSO HIGHLIGHTS THE CONCEPT OF NON LOCALITY WHICH PROVES TO BE NOT A SPECIAL
FEATURE OF QUANTUM PHENOMENA BUT IS SHOWN TO HAVE AN IMPORTANT COUNTERPART IN
CLASSICAL PHYSICS AND ITS ENGINEERING APPLICATIONS TOO FURTHERMORE IT VISUALIZES THE
PHYSICAL RESULTS BY MEANS OF SIMPLE ANALYTICAL PRESENTATIONS REDUCED SOMETIMES TO THE

ELEMENTARY FUNCTIONS

LEADING EXPERTS EXPLORE THE EXOTIC PROPERTIES AND EXCITING APPLICATIONS OF
ELECTROMAGNETIC METAMATERIALS METAMATERIALS PHYSICS AND ENGINEERING EXPLORATIONS GIVES

READERS A CLEARLY WRITTEN RICHLY ILLUSTRATED INTRODUCTION TO THE MOST RECENT RESEARCH
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DEVELOPMENTS IN THE AREA OF ELECTROMAGNETIC METAMATERIALS IT EXPLORES THE FUNDAMENTAL
PHYSICS THE DESIGNS AND THE ENGINEERING ASPECTS AND POINTS TO A MYRIAD OF EXCITING
POTENTIAL APPLICATIONS THE EDITORS ACKNOWLEDGED LEADERS IN THE FIELD OF METAMATERIALS
HAVE INVITED A GROUP OF LEADING RESEARCHERS TO PRESENT BOTH THEIR OWN FINDINGS AND THE
FULL ARRAY OF STATE OF THE ART APPLICATIONS FOR ANTENNAS WAVEGUIDES DEVICES AND
COMPONENTS FOLLOWING A BRIEF OVERVIEW OF THE HISTORY OF ARTIFICIAL MATERIALS THE
PUBLICATION DIVIDES ITS COVERAGE INTO TWO MAJOR CLASSES OF METAMATERIALS THE FIRST
HALF OF THE PUBLICATION EXAMINES EFFECTIVE MEDIA WITH SINGLE SNG AND DOUBLE NEGATIVE
DNG PROPERTIES THE SECOND HALF EXAMINES ELECTROMAGNETIC BAND GAP EBG STRUCTURES THE
BOOK FURTHER DIVIDES EACH OF THESE CLASSES INTO THEIR THREE DIMENSIONAL 3D VOLUMETRIC
AND TWO DIMENSIONAL 2D PLANAR OR SURFACE REALIZATIONS EXAMPLES OF EACH TYPE OF
METAMATERIAL ARE PRESENTED AND THEIR KNOWN AND ANTICIPATED PROPERTIES ARE REVIEWED
COLLECTIVELY METAMATERIALS PHYSICS AND ENGINEERING EXPLORATIONS PRESENTS A REVIEW OF
RECENT RESEARCH ADVANCES ASSOCIATED WITH A HIGHLY DIVERSE SET OF ELECTROMAGNETIC
METAMATERIALS ITS MULTIFACETED APPROACH OFFERS READERS A COMBINATION OF THEORETICAL
NUMERICAL AND EXPERIMENTAL PERSPECTIVES FOR A BETTER UNDERSTANDING OF THEIR BEHAVIORS
AND THEIR POTENTIALAPPLICATIONS IN COMPONENTS DEVICES AND SYSTEMS EXTENSIVE REFERENCE
LISTS PROVIDE OPPORTUNITIES TO EXPLORE INDIVIDUAL TOPICS AND CLASSES OF METAMATERIALS
IN GREATER DEPTH WITH FULL COLOR ILLUSTRATIONS THROUGHOUT TO CLARIFY CONCEPTS AND
HELP VISUALIZE ACTUAL RESULTS THIS BOOK PROVIDES A DYNAMIC USER FRIENDLY RESOURCE FOR
STUDENTS ENGINEERS PHYSICISTS AND OTHER RESEARCHERS IN THE AREAS OF ELECTROMAGNETIC
MATERIALS MICROWAVES MILLIMETER WAVES AND OPTICS IT EQUIPS NEWCOMERS WITH A BASIC
UNDERSTANDING OF METAMATERIALS AND THEIR POTENTIAL APPLICATIONS ADVANCED RESEARCHERS
WILL BENEFIT FROM THOUGHT PROVOKING PERSPECTIVES THAT WILL DEEPEN THEIR KNOWLEDGE AND

LEAD THEM TO NEW AREAS OF INVESTIGATION

EMERGING FROM ELECTROMAGNETIC WAVES AND FAST EXTENDING TO ACOUSTIC AND ELASTIC

WAVES METAMATERIALS THAT EXHIBIT EXTRAORDINARY WAVE CONTROL ABILITIES HAVE BEEN
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GAINING SOARING ATTENTION OVER THE PAST TWO DECADES ELASTIC METAMATERIALS WITH
ENGINEERED MICROSTRUCTURES HAVE PROVIDED A VARIETY OF APPEALING SOLUTIONS FOR
CONTROLLING ELASTIC WAVES AND VIBRATIONS BY TAILORING THEIR INTERNAL MICROSTRUCTURES
AT A SUBWAVELENGTH SCALE ELASTIC METAMATERIALS FRUITFULLY DISTINCT THEMSELVES FROM
TRADITIONAL MATERIALS OR PHONONIC CRYSTALS BY THEIR STRIKING FUNCTIONS IN WAVE
TRAJECTORY MANIPULATION CLOAKING NONRECIPROCAL AND TOPOLOGICAL WAVE CONTROL AS

WELL AS LOW FREQUENCY WAVE VIBRATION MITIGATION AND ABSORPTION

METAMATERIALS ARE ARTIFICIAL ENGINEERED MATERIALS DESIGNED TO MANIPULATE WAVE
PROPAGATION IN WAYS NOT POSSIBLE WITH CONVENTIONAL MATERIALS AN INTRODUCTION TO
WAVES IN MECHANICAL PERIODIC STRUCTURES AND METAMATERIALS PRESENTS A SYSTEMATIC AND
RIGOROUS TREATMENT OF WAVE PROPAGATION IN PERIODIC STRUCTURES WITH A PARTICULAR
FOCUS ON MECHANICAL AND ACOUSTIC METAMATERIALS THIS BOOK BRIDGES FUNDAMENTAL
CONCEPTS AND ADVANCED TOPICS OFFERING A UNIFIED FRAMEWORK TO ANALYZE DISCRETE AND
CONTINUOUS PERIODIC SYSTEMS KEY TOPICS INCLUDE COMPREHENSIVE MATHEMATICAL FORMULATION
OF WAVE PROPAGATION IN 1D AND 2D PERIODIC STRUCTURES IN DEPTH DISCUSSION ON SPECTRAL
ELEMENT FORMULATION TRANSFER MATRIX METHOD AND BANDGAP FORMATION COVERAGE OF
ADVANCED CONCEPTS SUCH AS ENERGY TRANSPORTATION META DAMPING NON RECIPROCITY ACTIVE
CONTROL AND NONLINEAR METAMATERIALS UNIQUE FOCUS ON DAMPING EVALUATION IN
METAMATERIALS CRITICAL FOR SHOCK RESISTANCE AND TRANSIENT DYNAMIC APPLICATIONS THIS
BOOK SERVES AS AN ACCESSIBLE YET RIGOROUS RESOURCE FOR SENIOR UNDERGRADUATE AND
GRADUATE STUDENTS IN STRUCTURAL ENGINEERING MECHANICAL ENGINEERING APPLIED PHYSICS AND
MATERIALS SCIENCE AS WELL AS FOR RESEARCHERS SEEKING TO DEEPEN THEIR UNDERSTANDING OF

WAVE MECHANICS IN METAMATERIALS

THE PURPOSE IS TO GIVE A WIDE TUTORIAL DRIVEN PRESENTATION OF THE THEORY OF WAVE
PROCESSES OCCURRING IN LAYERED NONLINEAR AND ACTIVE METAMATERIALS GYROTROPIC AND
PLASMA MEDIA TO DETERMINE THE REGULARITIES OF ELECTROMAGNETIC WAVE PROPAGATION AND

FORMATION OF WAVE STRUCTURES
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METAMATERIALS HAVE ATTRACTED ENORMOUS INTERESTS FROM BOTH PHYSICS AND ENGINEERING
COMMUNITIES IN THE PAST 20 YEARS OWING TO THEIR POWERFUL ABILITY IN MANIPULATING
ELECTROMAGNETIC WAVES HOWEVER THE FUNCTIONALITIES OF TRADITIONAL METAMATERIALS ARE
FIXED AT THE TIME OF FABRICATION TO CONTROL THE EM WAVES DYNAMICALLY ACTIVE
COMPONENTS ARE INTRODUCED TO THE META ATOMS YIELDING ACTIVE METAMATERIALS RECENTLY A
SPECIAL KIND OF ACTIVE METAMATERIALS DIGITAL CODING AND PROGRAMMABLE METAMATERIALS ARE
PROPOSED WHICH CAN ACHIEVE DYNAMICALLY CONTROLLABLE FUNCTIONALITIES USING FIELD
PROGRAMMABLE GATE ARRAY FPGA MOST IMPORTANTLY THE DIGITAL CODING REPRESENTATIONS OF
METAMATERIALS SET UP A BRIDGE BETWEEN THE DIGITAL WORLD AND PHYSICAL WORLD AND
ALLOW METAMATERIALS TO PROCESS DIGITAL INFORMATION DIRECTLY LEADING TO INFORMATION
METAMATERIALS IN THIS ELEMENT WE REVIEW THE EVOLUTION OF INFORMATION METAMATERIALS
MAINLY FOCUSING ON THEIR BASIC CONCEPTS DESIGN PRINCIPLES FABRICATION TECHNIQUES
EXPERIMENTAL MEASUREMENT AND POTENTIAL APPLICATIONS FUTURE DEVELOPMENTS OF INFORMATION

METAMATERIALS ARE ALSO ENVISIONED

THE FIRST GENERAL TEXTBOOK TO OFFER A COMPLETE OVERVIEW OF METAMATERIAL THEORY AND
ITS MICROWAVE APPLICATIONS METAMATERIALS WITH NEGATIVE PARAMETERS REPRESENTS THE ONLY
UNIFIED TREATMENT OF METAMATERIALS AVAILABLE IN ONE CONVENIENT BOOK DEVOTED MAINLY TO
METAMATERIALS THAT CAN BE CHARACTERIZED BY A NEGATIVE EFFECTIVE PERMITTIVITY AND OR
PERMEABILITY THE BOOK INCLUDES A WIDE OVERVIEW OF THE MOST IMPORTANT TOPICS SCIENTIFIC
FUNDAMENTALS AND TECHNICAL APPLICATIONS OF METAMATERIALS CHAPTER COVERAGE INCLUDES
THE ELECTRODYNAMICS OF LEFT HANDED MEDIA SYNTHESIS OF BULK METAMATERIALS SYNTHESIS OF
METAMATERIALS IN PLANAR TECHNOLOGY MICROWAVE APPLICATIONS OF METAMATERIAL CONCEPTS
AND ADVANCED AND RELATED TOPICS INCLUDING SRR AND CSRR BASED ADMITTANCE SURFACES
MAGNETO AND ELECTRO INDUCTIVE WAVES AND SUB DIFFRACTION IMAGING DEVICES A LIST OF
PROBLEMS AND REFERENCES IS INCLUDED AT THE END OF EACH CHAPTER AND A BIBLIOGRAPHY
OFFERS A COMPLETE UP TO DATEREPRESENTATION OF THE CURRENT STATE OF THE ART IN

METAMATERIALS GEARED TOWARD STUDENTS AND PROFESSIONALS ALIKE METAMATERIALS WITH
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NEGATIVE PARAMETERS IS AN IDEAL TEXTBOOK FOR POSTGRADUATE COURSES AND ALSO SERVES

AS A VALUABLE INTRODUCTORY REFERENCE FOR SCIENTISTS AND RF MICROWAVE ENGINEERS

AS AN EMERGING INTERDISCIPLINARY FIELD ACOUSTIC METAMATERIALS HAVE GENERATED INCREASING

INTERESTS FOR DIVERSE ENGINEERING APPLICATIONS FROM NOISE AND VIBRATION ALLEVIATION TO

SUPER RESOLUTION IMAGING THE BOOK STARTS WITH A SIMPLE MASS IN MASS CHAIN MODEL TO

ILLUSTRATE THE CONCEPT OF NEGATIVE MASS DUE TO INTERNAL RESONANCE AND ITS IMPACT ON

WAVE TRANSMISSION THE PRACTICAL TRANSFORMATION THEORY FOR CONTROLLING ACOUSTIC

WAVES IS EXPLAINED PENTAMODE ACOUSTIC METAMATERIALS AND RELATED CLOAKING DESIGN ARE

ALSO INCLUDED FINALLY THE BOOK ENDS UP WITH THE SUB DIFFRACTION LIMITED ACOUSTIC

IMAGING BASED ON METAMATERIALS THIS COMPREHENSIVE TITLE GIVES A BROAD OVERVIEW ON

DIFFERENT ASPECTS OF ACOUSTIC METAMATERIALS WITH A BALANCE OF THEORY AND EXPERIMENT

IT IS NOT ONLY A COLLECTION OF THE AUTHORS ORIGINAL WORKS TO THESE INTERESTING TOPICS

BUT ALSO THE MAIN ACHIEVEMENTS IN THIS FIELD RESEARCHERS ACADEMICS PROFESSIONALS AND

GRADUATE STUDENTS IN THE FIELDS OF MECHANICAL ENGINEERING CONDENSED MATTER PHYSICS NEW

MATERIALS APPLIED PHYSICS AND GENERAL READERS OF NOISE AND VIBRATION CONTROLS WILL FIND

THIS EXCITING BOOK TO BE AN INDISPENSIBLE REFERENCE MATERIAL

THIS VOLUME DEALS WITH TOPICAL PROBLEMS CONCERNING TECHNOLOGY AND DESIGN IN

CONSTRUCTION OF MODERN METAMATERIALS THE AUTHORS CONSTRUCT THE MODELS OF

MECHANICAL ELECTROMECHANICAL AND ACOUSTICAL BEHAVIOR OF THE METAMATERIALS WHICH ARE

FOUNDED UPON MECHANISMS EXISTING ON MICRO LEVEL IN INTERACTION OF ELEMENTARY

STRUCTURES OF THE MATERIAL THE EMPIRIC OBSERVATIONS ON THE PHENOMENOLOGICAL LEVEL ARE

USED TO TEST THE CREATED MODELS THE BOOK PROVIDES SOLUTIONS BASED ON FUNDAMENTAL

METHODS AND MODELS USING THE THEORY OF WAVE PROPAGATION NONLINEAR THEORIES AND

COMPOSITE MECHANICS FOR MEDIA WITH MICRO AND NANOSTRUCTURE THEY INCLUDE THE MODELS

CONTAINING ARRAYS OF CRACKS DEFECTS WITH PRESENCE OF MICRO AND NANOSIZE PIEZOELECTRIC

ELEMENTS AND COUPLED PHYSICAL MECHANICAL FIELDS OF DIFFERENT NATURE THE INVESTIGATIONS

SHOW THAT THE ANALYTICAL NUMERICAL AND EXPERIMENTAL METHODS PERMIT EVALUATION OF

8 An Introduction To Metamaterials And Waves In Composites



AN INTRODUCTION To MeTAMATERIALS AND WAVES IN CoMPOSITES

THE QUALITATIVE AND QUANTITATIVE PROPERTIES OF THE MATERIALS OF THIS SORT WITH
DIAGNOSIS OF THEIR EFFECTIVE CHARACTERISTICS FREQUENCY INTERVALS OF EFFECTIVE ENERGETIC
CUTTING AND PASSING AS WELL AS EFFECTIVE REGIMES OF DAMAGE EVALUATION BY THE

ACOUSTIC METHODS

THIS BOOK DELIVERS A COMPREHENSIVE AND UP TO DATE TREATMENT OF PRACTICAL APPLICATIONS
OF METAMATERIALS STRUCTURED MEDIA AND CONVENTIONAL POROUS MATERIALS WITH INCREASING
LEVELS OF URBANIZATION A GROWING DEMAND FOR MOTORIZED TRANSPORT AND INEFFICIENT URBAN
PLANNING ENVIRONMENTAL NOISE EXPOSURE IS RAPIDLY BECOMING A PRESSING SOCIETAL AND
HEALTH CONCERN PHONONIC AND SONIC CRYSTALS ACOUSTIC METAMATERIALS AND METASURFACES
CAN REVOLUTIONIZE NOISE AND VIBRATION CONTROL AND IN MANY CASES REPLACE TRADITIONAL
POROUS MATERIALS FOR THESE APPLICATIONS IN THIS COLLECTION OF CONTRIBUTED CHAPTERS A
GROUP OF INTERNATIONAL RESEARCHERS REVIEWS THE ESSENTIALS OF ACOUSTIC WAVE
PROPAGATION IN METAMATERIALS AND POROUS ABSORBERS WITH VISCOTHERMAL LOSSES AS WELL
AS THE MOST RECENT ADVANCES IN THE DESIGN OF ACOUSTIC METAMATERIAL ABSORBERS THE
BOOK FEATURES A DETAILED THEORETICAL INTRODUCTION DESCRIBING COMMONLY USED MODELLING
TECHNIQUES SUCH AS PLANE WAVE EXPANSION MULTIPLE SCATTERING THEORY AND THE TRANSFER
MATRIX METHOD THE FOLLOWING CHAPTERS GIVE A DETAILED CONSIDERATION OF ACOUSTIC WAVE
PROPAGATION IN VISCOTHERMAL FLUIDS AND POROUS MEDIA AND THE EXTENSION OF THIS THEORY
TO NON LOCAL MODELS FOR FLUID SATURATED METAMATERIALS ALONG WITH A DESCRIPTION OF
THE RELEVANT NUMERICAL METHODS FINALLY THE BOOK REVIEWS A RANGE OF PRACTICAL
INDUSTRIAL APPLICATIONS MAKING IT ESPECIALLY ATTRACTIVE AS A WHITE BOOK TARGETED AT

THE BUILDING AUTOMOTIVE AND AERONAUTIC INDUSTRIES

THIS BOOK ADDRESSES THEORETICAL AND EXPERIMENTAL METHODS FOR EXPLORING
MICROSTRUCTURED METAMATERIALS WITH A SPECIAL FOCUS ON WAVE DYNAMICS MECHANICS AND
RELATED PHYSICAL PROPERTIES THE AUTHORS USE VARIOUS MATHEMATICAL AND PHYSICAL
APPROACHES TO EXAMINE THE MECHANICAL PROPERTIES INHERENT TO PARTICULAR TYPES OF

METAMATERIALS THESE INCLUDE BOUNDARY VALUE PROBLEMS IN REDUCED STRAIN GRADIENT
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ELASTICITY FOR COMPOSITE FIBER REINFORCED METAMATERIALS SELF ORGANIZATION OF MOLECULES

IN FERROELECTRIC THIN FILMS COMBINED MODELS FOR SURFACE LAYERS OF NANOSTRUCTURES

COMPUTER SIMULATION AT THE MICRO AND NANOSCALE SURFACE EFFECTS WITH ANISOTROPIC

PROPERTIES AND IMPERFECT TEMPERATURE CONTACTS INHOMOGENEOUS ANISOTROPIC METAMATERIALS

WITH UNCOUPLED AND COUPLED SURFACES OR INTERFACES SPECIAL INTERFACE FINITE ELEMENTS AND

OTHER NUMERICAL AND ANALYTICAL METHODS FOR COMPOSITE STRUCTURES

IN THE LAST FEW DECADES METAMATERIALS HAVE REVOLUTIONIZED THE WAYS IN WHICH WAVES

ARE CONTROLLED AND APPLIED IN PHYSICS AND PRACTICAL SITUATIONS THE EXTRAORDINARY

PROPERTIES OF METAMATERIALS SUCH AS THEIR LOCALLY RESONANT STRUCTURE WITH DEEP

SUBWAVELENGTH BAND GAPS AND THEIR RANGES OF FREQUENCY WHERE PROPAGATION IS

IMPOSSIBLE HAVE OPENED THE WAY TO A HOST OF APPLICATIONS THAT WERE PREVIOUSLY

UNAVAILABLE ACOUSTIC METAMATERIALS HAVE BEEN ABLE TO REPLACE TRADITIONAL TREATMENTS

IN SEVERAL SECTORS DUE TO THEIR BETTER PERFORMANCE IN TARGETED AND TUNABLE FREQUENCY

RANGES WITH STRONGLY REDUCED DIMENSIONS THIS IS A TRAINING BOOK COMPOSED OF NINE

CHAPTERS WRITTEN BY EXPERTS IN THE FIELD GIVING A BROAD OVERVIEW OF ACOUSTIC

METAMATERIALS AND THEIR USES THE BOOK IS DIVIDED INTO THREE PARTS COVERING THE STATE

OF THE ART THE FUNDAMENTALS AND THE REAL LIFE APPLICATIONS OF ACOUSTIC METAMATERIALS

THIS BOOK COVERS ELECTROSTATIC PROPERTIES OF HYPERBOLIC METAMATERIALS HMMS A

FASCINATING CLASS OF METAMATERIALS WHICH COMBINE DIELECTRIC AND METAL COMPONENTS DUE

TO THE HYPERBOLIC TOPOLOGY OF THE ISOFREQUENCY SURFACE IN HMMS THE SO CALLED

RESONANCE CONE DIRECTION EXISTS AND AS A RESULT PROPAGATION OF QUASI ELECTROSTATIC

WAVES OR MORE COMMONLY ELECTROSTATIC WAVES CLOSE TO THE RESONANCE CONE WITH

LARGE WAVE VECTORS IS POSSIBLE HOWEVER THE INVESTIGATION OF ELECTROSTATIC WAVE

PROPERTIES IN HMMS IS LARGELY OVERLOOKED IN MOST WORKS ON THE SUBJECT AND THE

PURPOSE OF THIS MONOGRAPH IS TO FILL THIS GAP THIS BOOK GIVES A THOROUGH THEORETICAL

TREATMENT OF PROPAGATION REFLECTION AND REFRACTION OF ELECTROSTATIC WAVES IN HMMS OF

VARIOUS DIMENSIONS AND GEOMETRIES IT WILL BE OF INTEREST TO STUDENTS AND RESEARCHERS
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WHO WORK ON ELECTRICAL AND OPTICAL PROPERTIES OF METAMATERIALS

THIS VOLUME IS A COLLECTION OF CHAPTERS THAT PRESENT KEY IDEAS AND THEORIES AS WELL
AS THEIR RIGOROUS APPLICATIONS REQUIRED FOR THE DEVELOPMENT OF MATHEMATICAL MODELS IN
AREAS SUCH AS TRAVELLING WAVES EPIDEMIOLOGY THE CHEMOTAXIS SYSTEM ATRIAL FIBRILLATION
AND VORTEX NERVE COMPLEXES THE TECHNIQUES METHODOLOGIES AND APPROACHES ADOPTED IN
THIS BOOK HAVE RELEVANCE IN SEVERAL OTHER FIELDS INCLUDING PHYSICS BIOLOGY AND
SOCIOLOGY EACH CHAPTER SHOULD ALSO ASSIST READERS IN COMFORTABLY COMPREHENDING THE
RELATED AND UNDERLYING IDEAS THE COMPANION VOLUME CONTEMPORARY MATHEMATICS VOLUME

786 1S DEVOTED TO PRINCIPLE AND THEORY

THIS BOOK IS AN HOMAGE TO THE PIONEERING WORKS OF E AERO AND G MAUGIN IN THE AREA OF
ANALYTICAL DESCRIPTION OF GENERALIZED CONTINUA IT PRESENTS A COLLECTION OF
CONTRIBUTIONS ON MICROPOLAR MICROMORPHIC AND STRAIN GRADIENT MEDIA MEDIA WITH INTERNAL
VARIABLES METAMATERIALS BEAM LATTICES LIQUID CRYSTALS AND OTHERS THE MAIN FOCUS IS ON
WAVE PROPAGATION STABILITY PROBLEMS HOMOGENIZATION AND RELATIONS BETWEEN DISCRETE

AND CONTINUOUS MODELS

RECOGNIZING THE EXAGGERATION WAYS TO ACQUIRE THIS EBOOK AN INTRODUCTION To
MeTAMATERIALS AND WAVES IN COMPOSITES IS ADDITIONALLY USEFUL. YOU HAVE REMAINED IN
RIGHT SITE TO START GETTING THIS INFO. GET THE AN INTRODUCTION ToO METAMATERIALS AND
W AvEs IN COMPOSITES COLLEAGUE THAT WE GIVE HERE AND CHECK OUT THE LINK. YOU COULD
BUY GUIDE AN INTRODUCTION To METAMATERIALS AND WAVES IN COMPOSITES OR GET IT AS
SOON AS FEASIBLE. YOU COULD QUICKLY DOWNLOAD THIS AN INTRODUCTION ToO
MeTAMATERIALS AND W AVES IN COMPOSITES AFTER GETTING DEAL. SO, SIMILAR TO YOU
REQUIRE THE BOOK SWIFTLY, YOU CAN STRAIGHT GET IT. ITS APPROPRIATELY UNQUESTIONABLY

SIMPLE AND FOR THAT REASON FATS, ISNT IT? YOU HAVE TO FAVOR TO IN THIS LOOK

1. How po | kNow WHICH EBOOK PLATFORM IS THE BEST FOR MEP

2. FINDING THE BEST EBOOK PLATFORM DEPENDS ON YOUR READING PREFERENCES AND DEVICE COMPATIBILITY.

11 An Introduction To Metamaterials And Waves In Composites



AN INTRODUCTION To MeTAMATERIALS AND WAVES IN CoMPOSITES

RESEARCH DIFFERENT PLATFORMS, READ USER REVIEWS, AND EXPLORE THEIR FEATURES BEFORE MAKING A

CHOICE.

3. ARE FREE EBOOKS OF GOOD QUALITY? YES, MANY REPUTABLE PLATFORMS OFFER HIGH-QUALITY FREE
EBOOKS, INCLUDING CLASSICS AND PUBLIC DOMAIN \WORKS. HO\X/EVER/ MAKE SURE TO VERIFY THE SOURCE

TO ENSURE THE EBOOK CREDIBILITY.

4. CAN | READ EBOOKS WITHOUT AN EREADER? ABSOLUTELY! MosT EBoOOK PLATFORMS OFFER WEB-BASED
READERS OR MOBILE APPS THAT ALLOW YOU TO READ EBOOKS ON YOUR COMPUTER, TABLET, OR

SMARTPHONE.

5. How Do | AvoID DIGITAL EYE STRAIN WHILE READING EBOOKS? TO PREVENT DIGITAL EYE STRAIN, TAKE
REGULAR BREAKS, ADJUST THE FONT SIZE AND BACKGROUND COLOR, AND ENSURE PROPER LIGHTING WHILE

READING EBoOKS.

6. WHAT THE ADVANTAGE OF INTERACTIVE EBOOKS? INTERACTIVE EBOOKS INCORPORATE MULTIMEDIA ELEMENTS,
QUIZZES, AND ACTIVITIES, ENHANCING THE READER ENGAGEMENT AND PROVIDING A MORE IMMERSIVE LEARNING

EXPERIENCE.

7. AN INTRODUCTION To MEeTAMATERIALS AND W AVES IN COMPOSITES IS ONE OF THE BEST BOOK IN OUR
LIBRARY FOR FREE TRIAL. WE PROVIDE COPY OF AN INTRODUCTION To METAMATERIALS AND WAVES IN
COMPOSITES IN DIGITAL FORMAT, SO THE RESOURCES THAT YOU FIND ARE RELIABLE. THERE ARE ALSO MANY

EBOOKS OF RELATED WITH AN INTRODUCTION To METAMATERIALS AND WAVES IN COMPOSITES.

8. WHERE TO DOWNLOAD AN INTRODUCTION To METAMATERIALS AND WAVES IN COMPOSITES ONLINE FOR
FREE? ARE YOU LOOKING FOR AN INTRODUCTION To MeTAMATERIALS AND WAVEs IN ComposiTes PDF?

THIS IS DEFINITELY GOING TO SAVE YOU TIME AND CASH IN SOMETHING YOU SHOULD THINK ABOUT.

INTRODUCTION

THE DIGITAL AGE HAS REVOLUTIONIZED THE WAY WE READ, MAKING BOOKS MORE ACCESSIBLE
THAN EVER. WITH THE RISE OF EBOOKS, READERS CAN NOW CARRY ENTIRE LIBRARIES IN THEIR
POCKETS. AMONG THE VARIOUS SOURCES FOR EBOOKS, FREE EBOOK SITES HAVE EMERGED AS A
POPULAR CHOICE. THESE SITES OFFER A TREASURE TROVE OF KNOWLEDGE AND ENTERTAINMENT
WITHOUT THE COST. BUT WHAT MAKES THESE SITES SO VALUABLE, AND WHERE CAN YOU FIND

THE BEST ONES? LET'S DIVE INTO THE WORLD OF FREE EBOOK SITES.
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BeneriTs oF FrRee EBook SITES

W/HEN IT COMES TO READING, FREE EBOOK SITES OFFER NUMEROUS ADVANTAGES.

CosT SAVINGS

FIRST AND FOREMOST, THEY SAVE YOU MONEY. BUYING BOOKS CAN BE EXPENSIVE, ESPECIALLY IF
YOU'RE AN AVID READER. FREE EBOOK SITES ALLOW YOU TO ACCESS A VAST ARRAY OF BOOKS

WITHOUT SPENDING A DIME.

ACCESSIBILITY

THESE SITES ALSO ENHANCE ACCESSIBILITY. WHETHER YOU'RE AT HOME, ON THE GO, OR
HALFWAY AROUND THE WORLD, YOU CAN ACCESS YOUR FAVORITE TITLES ANYTIME, ANYWHERE,

PROVIDED YOU HAVE AN INTERNET CONNECTION.

VARIETY oF CHOICES

MOREOVER, THE VARIETY OF CHOICES AVAILABLE IS ASTOUNDING. FROM CLASSIC LITERATURE TO
CONTEMPORARY NOVELS, ACADEMIC TEXTS TO CHILDREN'S BOOKS, FREE EBOOK SITES COVER ALL

GENRES AND INTERESTS.

Top Free EBook SITES

THERE ARE COUNTLESS FREE EBOOK SITES, BUT A FEW STAND OUT FOR THEIR QUALITY AND

RANGE OF OFFERINGS.

ProjecT GUTENBERG

PROJECT GUTENBERG IS A PIONEER IN OFFERING FREE EBOOKS. WITH over 60,000 TITLES, THIS

SITE PROVIDES A WEALTH OF CLASSIC LITERATURE IN THE PUBLIC DOMAIN.
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OpPeN LIBRARY

OPEN LIBRARY AIMS TO HAVE A WEBPAGE FOR EVERY BOOK EVER PUBLISHED. |T OFFERS MILLIONS

OF FREE EBOOKS, MAKING IT A FANTASTIC RESOURCE FOR READERS.

GooGLE Books

GOOGLE BOOKS ALLOWS USERS TO SEARCH AND PREVIEW MILLIONS OF BOOKS FROM LIBRARIES

AND PUBLISHERS WORLDWIDE. W/HILE NOT ALL BOOKS ARE AVAILABLE FOR FREE, MANY ARE.

MaNYBooks

MANYBOOKS OFFERS A LARGE SELECTION OF FREE EBOOKS IN VARIOUS GENRES. THE SITE IS USER-

FRIENDLY AND OFFERS BOOKS IN MULTIPLE FORMATS.

BookBoon

BookBOON SPECIALIZES IN FREE TEXTBOOKS AND BUSINESS BOOKS, MAKING IT AN EXCELLENT

RESOURCE FOR STUDENTS AND PROFESSIONALS.

How To DownNLoAD EBooks SAFELY

DOWNLOADING EBOOKS SAFELY IS CRUCIAL TO AVOID PIRATED CONTENT AND PROTECT YOUR

DEVICES.

AVOIDING PIRATED CONTENT

STICK TO REPUTABLE SITES TO ENSURE YOU'RE NOT DOWNLOADING PIRATED CONTENT. PIRATED

EBOOKS NOT ONLY HARM AUTHORS AND PUBLISHERS BUT CAN ALSO POSE SECURITY RISKS.
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ENSURING DEVICE SAFETY

ALWAYS USE ANTIVIRUS SOFTWARE AND KEEP YOUR DEVICES UPDATED TO PROTECT AGAINST

MALWARE THAT CAN BE HIDDEN IN DOWNLOADED FILES.

LeGAL CONSIDERATIONS

BE AWARE OF THE LEGAL CONSIDERATIONS WHEN DOWNLOADING EBOOKS. ENSURE THE SITE HAS

THE RIGHT TO DISTRIBUTE THE BOOK AND THAT YOU'RE NOT VIOLATING COPYRIGHT LAWS.

UsING Free EBook SITES FOR EDUCATION

FREE EBOOK SITES ARE INVALUABLE FOR EDUCATIONAL PURPOSES.

ACADEMIC RESOURCES

SITES LIKE PROJECT GUTENBERG AND OPEN LIBRARY OFFER NUMEROUS ACADEMIC RESOURCES,

INCLUDING TEXTBOOKS AND SCHOLARLY ARTICLES.

LEARNING NEew SKILLS

YOU CAN ALSO FIND BOOKS ON VARIOUS SKILLS, FROM COOKING TO PROGRAMMING, MAKING THESE

SITES GREAT FOR PERSONAL DEVELOPMENT.

SUPPORTING HOMESCHOOLING

FOR HOMESCHOOLING PARENTS, FREE EBOOK SITES PROVIDE A WEALTH OF EDUCATIONAL

MATERIALS FOR DIFFERENT GRADE LEVELS AND SUBJECTS.

GENRES AVAILABLE ON FrRee EBook SITES

THE DIVERSITY OF GENRES AVAILABLE ON FREE EBOOK SITES ENSURES THERE'S SOMETHING FOR
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EVERYONE.

FicTion

FROM TIMELESS CLASSICS TO CONTEMPORARY BESTSELLERS, THE FICTION SECTION IS BRIMMING

WITH OPTIONS.

Non-FicTioN

NON-FICTION ENTHUSIASTS CAN FIND BIOGRAPHIES, SELF-HELP BOOKS, HISTORICAL TEXTS, AND

MORE.

TeExTBOOKS

STUDENTS CAN ACCESS TEXTBOOKS ON A WIDE RANGE OF SUBJECTS, HELPING REDUCE THE

FINANCIAL BURDEN OF EDUCATION.

CHILDREN'S Books

PARENTS AND TEACHERS CAN FIND A PLETHORA OF CHILDREN'S BOOKS, FROM PICTURE BOOKS TO
7

YOUNG ADULT NOVELS.

AcCCEssSBILITY FEATURES oF EBook SITES

EBOOK SITES OFTEN COME WITH FEATURES THAT ENHANCE ACCESSIBILITY.

AubpioBook OPTIONS

MANY SITES OFFER AUDIOBOOKS, WHICH ARE GREAT FOR THOSE WHO PREFER LISTENING TO

READING.
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ADJUSTABLE FONT Sizes

YOU CAN ADJUST THE FONT SIZE TO SUIT YOUR READING COMFORT, MAKING IT EASIER FOR

THOSE WITH VISUAL IMPAIRMENTS.

TexT-To-SpeecH CAPABILITIES

TEXT-TO-SPEECH FEATURES CAN CONVERT WRITTEN TEXT INTO AUDIO, PROVIDING AN

ALTERNATIVE WAY TO ENJOY BOOKS.

Tips FOrR MAXIMIZING YOUR EBOOK EXPERIENCE

To MAKE THE MOST OUT OF YOUR EBOOK READING EXPERIENCE, CONSIDER THESE TIPS.

CHoosING THE RIGHT DeviIcE

\WHETHER IT'S A TABLET, AN E-READER, OR A SMARTPHONE, CHOOSE A DEVICE THAT OFFERS A

COMFORTABLE READING EXPERIENCE FOR YOU.

ORGANIZING YOUR EBoOk LIBRARY

USE TOOLS AND APPS TO ORGANIZE YOUR EBOOK COLLECTION, MAKING IT EASY TO FIND AND

ACCESS YOUR FAVORITE TITLES.

SYNCING Across DEeviICEs

MANY EBOOK PLATFORMS ALLOW YOU TO SYNC YOUR LIBRARY ACROSS MULTIPLE DEVICES, SO

YOU CAN PICK UP RIGHT WHERE YOU LEFT OFF, NO MATTER WHICH DEVICE YOU'RE USING.

CHALLENGES AND LIMITATIONS

DESPITE THE BENEFITS, FREE EBOOK SITES COME WITH CHALLENGES AND LIMITATIONS.
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QUALITY AND AVAILABILITY OF TITLES

NOT ALL BOOKS ARE AVAILABLE FOR FREE, AND SOMETIMES THE QUALITY OF THE DIGITAL COPY

CAN BE POOR.

DiGITAL RIGHTS MANAGEMENT (DRM)

DRM CAN RESTRICT HOW YOU USE THE EBOOKS YOU DOWNLOAD, LIMITING SHARING AND

TRANSFERRING BETWEEN DEVICES.

INTERNET DEPENDENCY

ACCESSING AND DOWNLOADING EBOOKS REQUIRES AN INTERNET CONNECTION, WHICH CAN BE A

LIMITATION IN AREAS WITH POOR CONNECTIVITY.
FuTure oF Free EBook SITES
THE FUTURE LOOKS PROMISING FOR FREE EBOOK SITES AS TECHNOLOGY CONTINUES TO ADVANCE.

TECHNOLOGICAL ADVANCES

IMPROVEMENTS IN TECHNOLOGY WILL LIKELY MAKE ACCESSING AND READING EBOOKS EVEN MORE

SEAMLESS AND ENJOYABLE.

ExPANDING ACCESS

EFFORTS TO EXPAND INTERNET ACCESS GLOBALLY WILL HELP MORE PEOPLE BENEFIT FROM FREE

EBOOK SITES.

RoLe IN EDUCATION

AS EDUCATIONAL RESOURCES BECOME MORE DIGITIZED, FREE EBOOK SITES WILL PLAY AN
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INCREASINGLY VITAL ROLE IN LEARNING.

CoNcCLUSION

IN SUMMARY, FREE EBOOK SITES OFFER AN INCREDIBLE OPPORTUNITY TO ACCESS A WIDE RANGE OF
BOOKS WITHOUT THE FINANCIAL BURDEN. THEY ARE INVALUABLE RESOURCES FOR READERS OF ALL
AGES AND INTERESTS, PROVIDING EDUCATIONAL MATERIALS, ENTERTAINMENT, AND ACCESSIBILITY

FEATURES. SO WHY NOT EXPLORE THESE SITES AND DISCOVER THE WEALTH OF KNOWLEDGE THEY

OFFER?

FAQs

ARE FREE EBOOK SITES LEGAL? YES, MOST FREE EBOOK SITES ARE LEGAL. THEY TYPICALLY OFFER
BOOKS THAT ARE IN THE PUBLIC DOMAIN OR HAVE THE RIGHTS TO DISTRIBUTE THEM. How DO |
KNOW IF AN EBOOK SITE IS SAFEP STICK TO WELL-KNOWN AND REPUTABLE SITES LIKE PROJECT
GUTENBERG, OPEN LIBRARY, AND GOOGLE Books. CHECK REVIEWS AND ENSURE THE SITE HAS
PROPER SECURITY MEASURES. CAN | DOWNLOAD EBOOKS TO ANY DEVICE? MOST FREE EBOOK
SITES OFFER DOWNLOADS IN MULTIPLE FORMATS, MAKING THEM COMPATIBLE WITH VARIOUS
DEVICES LIKE E-READERS, TABLETS, AND SMARTPHONES. DO FREE EBOOK SITES OFFER AUDIOBOOKS?
MANY FREE EBOOK SITES OFFER AUDIOBOOKS, WHICH ARE PERFECT FOR THOSE WHO PREFER
LISTENING TO THEIR BOOKS. How CAN | SUPPORT AUTHORS IF | USE FREE EBOOK SITES? You
CAN SUPPORT AUTHORS BY PURCHASING THEIR BOOKS WHEN POSSIBLE, LEAVING REVIEWS, AND

SHARING THEIR WORK WITH OTHERS.
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