
Complex permittivity of water (Debye model)

Relative permittivity values
at 20oC
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’r

Relative permittivity of water (real part)



r’’

Relative permittivity of water (imaginary part)
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Another
dispersion 
model: 
Lorentz



Lorentz





ISOTROPIC 
MEDIA
,  (2)

ANISOTROPIC 
MEDIA
,  (18)

BI‐ISOTROPIC 
MEDIA

, , ,  (4)

BIANISOTROPIC 
MEDIA

, , ,  (36)



E pe pm



Pasteur (reciprocal) media

chirality parameter (Pasteur parameter)
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Faraday rotation
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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)

 =  - j

 =  + j
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Bianisotropy: the word



Bianisotropy



from anisotropy to bianisotropy
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Constitutive relations: 
bi‐anisotropic media
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Bianisotropic constitutive relations
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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



Chirality dyadic (symmetric)

 ūū +  ūū +  ūū



y

z


















000
00
000

j

y

x

z





















000
00
00

j

Omega medium


