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Metamaterials Laser 

Web of Science Publications: 

Metamaterials 
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Metamaterials =  

Negative Index Media  

& Superlens? 

Metamaterials =  

Invisibility  

& Cloaking?  



Metamaterials are manmade media with  

electromagnetic properties on demand 

Metamaterial is a manmade media with all sorts of unusual 

functionalities that can be achieved by artificial structuring 

smaller than the length scale of the external stimulus.  

 

N.I. Zheludev. Nature Materials  7, 420 (2008) 
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Metamaterials: electromagnetic properties on demand  
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1st Metamaterial (J.Bose, 1898) 

polarizer  analyser detector  spark mm-wave 

source 

óIn order to imitate  the rotation  by liquids like  sugar 

solutions, I made elements of ómoleculesó of twisted  jute éó 

J.Bose.  

Proc. Royal Soc. of London (1898) 

60GHz 

Anisotropic meta -Molecule  

(metal sheets alternated with paper)  
Chiral meta-Molecule 

(twisted jute)  



Impact of Metamaterials on Fundamental Physics #1 

Optical Magnetism & Negative Refraction  

L. D. Landau, E. M. Liftshitz, and L. P. Pitaevskii (1962): òé there is certainly no meaning in using the 

magnetic susceptibility from optical frequencies onwards and é  we must put Õ = 1.ó 

Method for increasing the 

permeability of artificial 

dielectrics  

S.A.Schelkunoff & H.T. 

Friis  

Antennas Theory and 

Practices. J.Wiley & Sons, 

1952 

Negative Permeability and Permittivity 

(òleft -handedó) 

D. R. Smith, W. J. 

Padilla é S. Schultz, 

PRL (2000) 

Tretyakov (2003) 

Pendry (2004) 

Rogarchevaé Zheludev PRL. (2006) 

Plum é. Zheludev, PR B (2009)  

Negative refraction due to  

chirality ~ Im { m kn dnk) 

Hundtreds  

of papers  

 



Impact of Metamaterials on Fundamental Physics #2 

Reciprocal Asymmetric Transmission  
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Birefringence Optical Activity  Faraday effect  

RCP 

RCP 

Asymmetric transmission 

Reciprocal effect!   

Fedotov éZheludev. PRL (2006) 

>30 papers  

 

 

 

 

 

Planar Chiral  

Metamaterial  

 



Impact of Metamaterials on Fundamental Physics #3 

Toroidal Dipole  
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quadrupole 
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dipole  

magnetic field  

split -ring  

resonators 

Kaelberer é Zheludev  

Science (2010) 

current  

magnetic field  

Toroidal 

Multipoles 

(Radial 

Currents) 

Magnetic  

Multipoles  

(transverse 

currents)  

Electric 

Multipoles 

(Charges) 

Zeldovich. Sov. Phys.JETP (1953) 

Bacteriophages Proteins 

>25 papers  
(and grows fast)  

 



Designing Resonances: EIT &  Fano resonances 

Probe 

æ1 

æ2 

Ɵ 

Pump 

Zhang é Zhang. PRL (2008) 

Liu é Giessen. Nat. Mat (2009) 

Plasmonic EIT 

Gu é Zhang.  

Nat. Com. (2013) 

Controlling EIT 

> 400 papers  

 

Electromagnetic Induced Transparency  

& stopped light in Atoms  

Papasimakis, Fedotov, é Zheludev 

PRL (2007 & 2008) 

Luk'yanchuk, Zheludev é. Nat. Mat. (2010) 

Slow light  

Electromagnetic Induced Transparency  

& stopped light in Metamaterials  



Sharp resonances in superconducting metamaterials  
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Array of halls in high -Tc superconductor YBCO, Q>60 

Tsiatmas é Zheludev. APL  (2010) 

Fedotov é Zheludev. Opt. Exp.  (2010) 

110 

d) 

Spiral meta-molecule in supercond. niobium 

Kurter é Anlage  

IEEE Trans. Appl. Supercond. (2011) 

Wavelength 

over size >700 

>30 papers  

 



>400 papers  

 
Sensor Metamaterials 

Tittl , é Giessen 

Nano Letters (2011) 

Xu, Xiong.  

Nanoletters (2011) 

Strain sensors for orthopaedics  

Melik, é Demir.IEEE J. Sel. Top. 

Quan. Electr. (2010)  

Specific streptavidin prot. sensor  Hydrogen Palladium Sensing Non-specific Protein Sensing  

Xiaojun Wua, é LiWang  

Biosensors and Bioelectronics (2013) 

Glucose sensor 

N. Liu é.Giessen et.  

Nano.  Lett .. 2010);  

Wang, é Zhao. APL 

(2013) 

Blood pressure monitoring with metamaterial antennas  

Noh é Kim 
Electr. Lett . (2014) 



>180 papers  

 

Designing Anisotropy & birefringence  

Negative -index in waveguides 
Podolskiy & Narimanov. PR E (2005) 

 

Zero-index waveguides  

Silveirinha  é Engheta. PRL  (2006) 

Metatronics  : Engheta . Science (2007) 

Silveirinha  é Engheta. PRL  (2006) 

Elser, é Narimanov. APL (2006) 

Noginov, é. Narimanov. APL (2009) 

Pollard é.Podolskiy. PRL (2009) 
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Epsilon zero metamaterials  Wave guiding in Epsilon zero MMs 

& Metatronics  
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-10 10 0 Zheludev, Plum, Fedotov.  APL  (2011) 

Isoindex (index zero-crossing) metamaterials  

Isoindex spectral  

 filter  

Mass é Polman, 

Nat.Phot.  (2013) 

Optical ENZ 



Controlling polarization: chirality  

The Born-Kuhn  

Molecular model (1915) 

D 

Electron 

Elastic  

coupling 

Electron 

Meta-material .  

SvirkoðZheludev-Osipov: APL (2000) 

E/M field  

coupling 

D ǚ 

Rogacheva é Zheludev  

PRL (2006) 

Decker é Wegener 

(2007) 

Chiral Metamaterials   

The Born-Kuhn  

Molecular model (1915) 
Meta-material .  

SvirkoðZheludev-Osipov: APL (2000) 

Plum é Zheludev. APL (2007) 

700 nm 

Optical òStereoó Metamaterialsó  Metamaterialsó Circular polarizers 

Gansel é Wegener. Science (2009); APL (2012) 

 Extrinsic Chirality  

Plum é Zheludev 

PRL (2009); APL (2008) 

>300 papers 

 

Rotatory power orders of magnitude stronger than in natural media!  



Controlling boundary conditions: Perfect absorber  

1 Õm 

99%, Ʀ= 1.6Õ 75%, Ʀ= 600 nm 

Liué Giessen.  

Nano Lett. (2010)  
Schwaneckeb... Zheludev  

J. Opt. (2007) 

>200 papers  

 

Fedotov é. Zheludev. PR-E (2005); APL (2006) 

Amplified  

losses 

-38dB, 9 GHz 

òAmplificationó of absorption with metamaterials 

Zhang é Zheludev  

NPG Light (2012) 

òTotaló absorption with metamaterials 


