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Introduction 

üMetamaterial,or phenomenologically the Left-Handed Material (LHM), 
is popularly known to make things ñinvisibleò.  

 

ü Technically speaking LHM is artificially structured material (commonly 
metal-dielectric composite) having extrinsic inhomogeneity but to an 
incident e.m. wave it is effectively homogeneous. The structural 
properties, rather than the chemistry (of the material with which it is 
designed), determine the characteristics of LH materials. 

 

ü LHMs are realized with unit cells in periodic structure having unit cell 
dimensions commensurate with small-scale physics [ h << ɚ, where h 
is the characteristic dimension of a unit cell (i.e the elementary motif 
size) and ɚ is the operating wavelength ]. 

 

ü In recent years, the R&D in metamaterials is very active in realizing 
exotic functionalities not available in nature.  

 

UNIVERSITY    OF  CALCUTTA   

Oxford University, U.K SUBAL KAR JAI Lecture, 15th October, 2013 



Right Handed vs Left Handed Materials 
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ü RHM (Natural Materials)  

ü LHM (Metamaterial) 
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Plot of Constitutive Parameters  
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V. G. Veselago J. B. Pendry 

THE VISIONARIES 
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J. C. Maxwell J. C. Bose 
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ü J. C. Maxwell is a father figure in electromagnetism. 

ü The two curl equations of Maxwell leads to the wave 

equation: 

 

 

Where:  J. C. Maxwell 

 

ü For RHM or double positive (DPS) medium when both Ůr and ɛr are 

positive,                      is positive while for LHM or double negative 

(DNG) medium when Ůr and ɛr are simultaneously negative,                 

is negative. However, the Maxwellôs wave equation is equally valid 

for signal propagation both in case of RHM and LHM. 
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J. C. Bose 

Ç  J.C. Bose was an experimental wizard. He 

did   some pioneering experimental research 

on the properties of electromagnetic waves. 

 

Ç His research on twisted structures (1898) 

as polarizer was essentially artificial óChiral 

materialsô we know in todayôs terminology. 

 

 

Ç However, after a short spell of research in e.m. waves he later 

on shifted to the research on plant physiology, in which he is the 

pioneer. 
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× The seminal paper by V. G. Veselago of       

Lebedev Physics Institute , U.S.S.R, published 

in 1967 is reckoned as the beginning of the 

LHM vision. He investigated theoretically the 

consequences when both permittivity (Ů) and 

permeability (ɛ) of a non-magnetic material is 

negative. 

 

× His theoretical investigations indicated the reversibility of Snellôs law, 
reversed Doppler effect, and reversal of Cherenkov radiation for 
materials with Ů and ɛ simultaneously negative. 

 

× He first termed such materials as Left-Handed Material (LHM), which is 
also known as negative index material (NIM).  

V. G. Veselago 
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Consequences of LHM 

REVERSAL OF SNELLôS LAW 
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[ n1 sinɗi = n2 sin(-ɗr) = -n2 sinɗr ] 
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REVERSED CHERENKOV RADIATION 

Consequences of LHM (contd.) 

RHM LHM 
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REVERSAL OF DOPPLER EFFECT 

Consequences of LHM (contd.) 
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ü John Pendry made the real breakthrough  who 
showed the possibility for practically realizing 
the electric and magnetic plasma at microwave 
frequency using an array of thin metallic wires 
(1996) and an array of split-ring resonators 
(1999) respectively to realize negative Ůreff and 
negative ɛreff below the plasma frequency. 

J. B. Pendry 
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TW Array SRR Array 
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Ç The first experimental realization of negative refractive index 
using a composite structure of thin wire (TW) and split-ring 
resonator (SRR) was reported by UCSD, U.S scientists under the 
leadership of D. R. Smith (2001) 
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2D Plasmonic Metamaterial 
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Plasmonic Metamaterial 

ü The first metamaterial was thus of plasmonic type. 

 

ü Negative permittivity realized with an array of metallic thin wires (TW), below 
its electric plasma frequency, and negative permeability with a matrix of     
C-shaped split-ring resonators (SRR), below its magnetic plasma frequency. 

 

 

 

 

 

 

 

 

ü Each unit cell in such periodic array of TW and SRR when irradiated with 
an e.m. signal acts respectively as an óelectric atomô and ómagnetic 
atomô  mimicking the atomic arrangements as in the lattice of natural 
material. 
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TW Array SRR Matrix 
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Transmission Line Metamaterial 
 

ü Recognizing the analogy between the LH waves possible with the 
dual of the normal transmission line and  similar backward wave 
already known to exist in periodic structures, Eleftheriades et. al, 
Olnier, and Caloz et. al almost simultaneously proposed in 2002 an 
alternative way to realize LHM property using transmission lines. 

 

ü The practical implementation is done by periodically loading a 
host transmission line with series capacitance and shunt 
inductance. Effective metamaterial property is realizable only when 
the unit cell dimension (d) satisfies the condition: 
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Transmission Line Metamaterial (contd) 

üFor frequency dispersive Ů and ɛ, from Poyntingôs theorem the expression for 

energy:  

 

üEven when Ů, ɛ < 0, their spectral derivatives remain positive. Hence, causality is 

not violated. 
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ü Negative refraction at microwave frequency with PLTL was reported by G. 

V. Eleftheriades et. al. of the   University of Toronto, Canada (2002). 
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PLTL 

Metamaterial 

ü Being non-resonant , PLTL exhibit simultaneously low loss and broad 

bandwidth and are thus well suited for r.f and microwave  circuit applications. 

Transmission Line Metamaterial (contd) 
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The First Metamaterial of India 

In this design, it is 

possible to realize 

negative refractive 

index (n)  over a 

bandwidth (fep ï fm0) of 

3.5 GHz, with  

n = - 1.84  

at 31.25 GHz.  

Subal Kar and T. Roy 

Showcased at the 

National Theme Meeting 

at BARC, Mumbai, on 

17th August 2009. 

Documented as on-line news article in Nature (India) on 20th August 2009 

[http://www.nature.com/nindia/2009/090820/full/nindia.2009.273.html] 

Our Metamaterial Research [A Glimpse] 

Plasmonic Metamaterial 
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Analytical Modelling Result 

LR-TW 

LR Unit Cell 

T. Roy and Subal Kar 
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150 Prism Metamaterial  

Experimental Set-up  

Negative Refraction Frequency Pass-band  

Experimental Result 

n = ï 1.89  at 30.858 GHz  

[ Analytical: n = - 1.84 at 31.25 GHz ] 

A.Kumar, S.Chatterjee, A. Majumder, S.Das, and Subal Kar 
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Simulation of  LR Cut-wire metamaterial 

Dimensions of LR 

Inner radius = 1.6mm 

Width of strip = 0.2mm 

Gap between strips = 0.1mm 

Unit cell dimensions = 5.5mm x 5.5mm x 2.5mm 

Substrate name : Arlon Diclad 880 

Substrate thickness : 0.508mm  

Substrate dielectric constant : 2.2, 0.0009  

Dimensions of Cut-wire 

Lc = 1.6mm 

Width of strip = 0.2mm 

Gap between end strips = 0.15mm 

Unit cell dimensions = 5.5mm x 5.5mm x 2.5mm 

Substrate name : Arlon Diclad 880 

Substrate thickness : 0.508mm  

Substrate dielectric constant : 2.2, 0.0009  

LR Cut-wire based two dimensional Metamaterial 
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A.Kumar, A.Majumder, S.Das, and Subal Kar 
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