
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

Wave propagation phenomena in metamaterials for retrieving of effective parameters

Andryieuski, Andrei; Malureanu, Radu; Ha, S.; Sukhorukov, A. A.; Kivshar, Yu. S.; Lavrinenko, Andrei

Published in:
Days on Diffraction’2011

Publication date:
2011

Link back to DTU Orbit

Citation (APA):
Andryieuski, A., Malureanu, R., Ha, S., Sukhorukov, A. A., Kivshar, Y. S., & Lavrinenko, A. (2011). Wave
propagation phenomena in metamaterials for retrieving of effective parameters. In Days on Diffraction’2011:
Abstracts http://www.imi.ras.ru/~dd/index.php

https://orbit.dtu.dk/en/publications/bcd83e75-ab71-4489-8048-398a5bf4c331
http://www.imi.ras.ru/~dd/index.php


Wave propagation phenomena in metamaterials for retrieving of   
effective parameters  

 
 A. Andryieuski,1) R. Malureanu,1) S. Ha,2) A. A. Sukhorukov,2) Yu. S. Kivshar,2) and   

A. V. Lavrinenko*1,2) 
 

1) DTU Fotonik, Technical University of Denmark, DK-2800 Kongens Lyngby, Denmark 
2) Research School of Physics and Engineering, Australian National University, Canberra, ACT 

0200, Australia  
*Email: alav@fotonik.dtu.dk 

 

In the talk we give an overview of the developed restoration procedures and discuss their pros 
and cons in connection of assigning effective parameters (EP) to metamaterials (MMs). There 
are plenty of notorious physical phenomena preserving the unambiguous retrieving of EP, like 
strong coupling between constitutive elements, multipoles resonances, multimode or photonic 
crystal (diffraction type) regimes. There are also technical limitations of the retrieval methods 
connected with very strong losses, branching ambiguity, convergence to bulk parameters, etc. 
Moreover, most of the simple methods reveal so-called wave effective parameters, assigned 
for particular ligh propagation direction in numerical or real experiments. Therefore, finding 
the EP is a tricky problem, which still requires a lot of contribution to get deeper insight in it.  

We report on our advances in restoration MMs EP taking into account propagation of eigen-
waves in multilayered structures (thicknesses 10-100 unit cells). Thus, the question of pa-
rameters convergence is naturally resolved in our approach. The method has been tested on 
complex three-dimensional structures like a split-cube-in-carcass and with circular polarized 
waves on chiral MMs [1, 2].  

Elaborating our approach the new method has been established, where the unit-cell volume 
and face field averaging procedures define wave and input (Bloch) impedances correspond-
ingly. The first part of the method involves the extraction of the dominating (fundamental) 
Bloch modes from the simulation data of the field distribution in several unit cells [3]. Then, 
we explicitly perform either volume or surface averaging of the electric and magnetic fields of 
the dominant forward-propagating Bloch mode over the unit cell. The ratio of the surface av-
eraged fields provides the value of the Bloch impedance and, respectively, enables the re-
trieval of wave EPs. The volume averaging of fields of forward propagating fundamental 
Bloch wave provides the wave impedance, which is needed for the retrieval of the materials 
parameters. The method is illustrated with several examples. 
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