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Motivation

Tellegen media (nonreciprocal achiral bi-isotropic media)
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Motivation (cont.)

The primary E and B fields in an unbounded Tellegen medium are 

undistinguishable from the primary fields in a equivalent simple medium 

The Tellegen response is however detected

in presence of boundaries!
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Motivation (cont.)

The chromium oxide Cr2O3 is an uniaxial Tellegen material

Topological insulators may have a Tellegen-type electromagnetic 

response

A Tellegen type response is allowed in particular crystals with a 

magnetic order

B. B. Krichevtsov, V. V. Pavlov and V. N. Gridnev,  J. Phys.: 

Condens. Matter, vol. 5, pp. 8233-8244, 1993.

X. L. Qi, R. Li, J. Zang and S. C. Zhang, Science, vol. 323, pp. 

1184-1187, 2009.

S. Coh and D. Vanderbilt, Phys. Rev. B, vol. 88, pp. 

121106, 2013. 
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Duality theory

Tellegen medium is transformed into a simple isotropic medium (SIM)
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A. N. Serdyukov, A. H. Sihvola, S. A. Tretyakov and I. V. Semchenko,

Electromagnetics, vol. 16, no. 1, pp. 51-61, 1996.

A. Lakhtakia and W. S. Weiglhofer, Electromagnetics, vol. 17, no. 2, pp. 199-204,

1997.
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Duality theory (cont.)
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Multi-material structures may not be reduced to simple structures
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Objective
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Geometrical representation of Tellegen media 
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Geometrical interpretation of duality transformations
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Reduction of two generic Tellegen media to simple media
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Duality transformations act over the material parameters and electromagnetic fields

Dispersion equations and duality transformations
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Periodic structures with Tellegen media 

   

   

1
cos 1

2 2

1
cos 1

2 2

L R

z

L R

z

T
k a R R

T

T
k a R R

T


 




 



  

  

Dispersion equations
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Periodic structures with Tellegen media 
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Dispersion equations
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Periodic structures with Tellegen media 

Tellegen periodic structures

Protected by the composition of time 

reversal symmetry and y-reflection
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Periodic structures with bi-isotropic media 

Asymmetric band diagrams
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Periodic structures with nonreciprocal media 
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Conclusions

 Tellegen media are geometrically represented  in the Riemann sphere

 Duality transformations are classified according to their geometric 

actions in the Riemann sphere 

 The most general classes of Tellegen media reducible to simple media 

were derived

 Tellegen periodic structures not reducible to SIM periodic structures 

have nondegenerate Bloch modes

 Periodic structures with nonreciprocal and chiral media may have 

asymmetric band diagrams

 Two Tellegen slabs can mimic one ferrite slab
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Thank you for your attention!
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Classification of duality transformations 
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Example

Generalized rotation
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