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Tellegen (non‐reciprocal) media

non‐reciprocity parameter (Tellegen parameter)
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Tellegen (NRBI) material



Tellegen: non‐reciprocal reflection
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Bi‐isotropic media

 chirality parameter (Pasteur)

 non-reciprocity parameter (Tellegen)
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Bianisotropic constitutive relations

HEB
HED









j
j TT




chirality dyadic
nonreciprocity dyadic

arbitary,0)j(j :Reciprocal
real,)j(j :Lossless

TTTT

*TTTT*











Classification of bi‐anisotropic materials

   

Symmetric 
part:
6 parameters

(RECIPROCAL)

Dielectric 
crystal

Magnetic 
medium

Chiral 
medium

Cr2O3

Anti-
symmetric 
part
3 parameters

(NON-
RECIPROCAL)

Magneto-
plasma

Biased 
ferrite

Omega 
medium

Moving 
medium

A. Sihvola, I.V. Lindell (2008), Perfect electromagnetic conductor medium, Ann. der Physik, 17(9‐10), 787‐802



Tellegen medium

• connection to
• PEMC
• axion
• topological insulators
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321 MMMF 

Skewon part
(15 parameters)

F. W. Hehl & Yu. N. Obukhov (2003), Foundations of Classical Electrodynamics, Birkhäuser



Maxwell equations with differential forms




dHDΨ
dEBΦ




γΨd
Φd

 0

 Μ
Constitutive

relation:



AXION‐only: PEMC material
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PEMC material
(Perfect ElectroMagnetic Conductor)

PEC:
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I.V. Lindell, A. H. Sihvola: Perfect electromagnetic conductor. Journal of Electromagn. Waves Applicat. 19(7), 861‐869, 2005. A. 
Sihvola, I.V. Lindell: Perfect electromagnetic conductor medium, Annalen der Physik (Berlin), 17, 787‐802, 2008.



Magnetoelectric relations:
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