ISOTROPIC
MEDIA

& u (2)

ANISOTROPIC
MEDIA

g u (18)

BIANISOTROPIC

MEDIA
g & C (36)




Tellegen (non-reciprocal) media

o 2l

X non-reciprocity parameter (Tellegen parameter)



Tellegen (NRBI) material




Tellegen: non-reciprocal reflection

7~
o
) /77@0,,9@,7
__ -1 U
“ n®+1+2ncos 9 incident 9>0
_ —27sing X n>1
Y p?+1+2ncosd ’ ’
reflected
sing=-24_
Jeu
n=+ule



Bi-isotropic media

D) ( ¢ y—]x\( E

B Y+l U H

E=x-Jx i chirality parameter (Pasteur)

C=y+]x v non-reciprocity parameter (Tellegen)




Bianisotropic constitutive relations

D=¢g-E+&H =7 v

- g =tk
B=-E+u-H -
,’/ chiralityl dyadic

nonreciprocity dyadic

Lossless: &=¢77 =y —jx’ =(y+jk) = y,x real
Reciprocal : £ =—¢" = y' —jx' =—(y+ jx)' = y =0, x arbitary




Symmetric
part:

6 parameters

Anti- (NON-

symmetric RECIPROCAL)

part Magneto- Biased Moving
plasma Ferritie medium

3 parameters

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



Tellegen medium

* connection to
e PEMC
* axion
e topological insulators



J. of Electromagn. Waves and Appl., Vol. 19, No. 7, 861-869, 2005

PERFECT ELECTROMAGNETIC CONDUCTOR

I. V. Lindell and A. H. Sihvola

Electromagnetics Laboratory
Helsinki University of Technology
PO Box 3000 Espoo, 02015HUT, Finland

AbstractIn differential-form representation. the Maxwell equations
are represented by simple differential relations between the electro-
magnetic two-forms and source three-forms while the electromagnetic
medium is defined through a constitutive relation between the two-
forms. The simplest of such relations expresses the electromagnetic
two-forms as scalar multiples of one another. Because of its strange



—

F=M,+M, +M,

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



Maxwell equations with differential forms

O=B+EAdr
Y=D-HAdr
Constitutive

relation: ¥Y-M®>




AXION-only: PEMC material




PEMC material

PEC: PMC:

E=0 |g=o H=0 |u=ow
— —

B=0 |u=0 D=0 e=0

H+ME=0 = D-MB=0

LV. 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:

PR E T e

q—>©

D=q(ME+H) & B=q(E+ﬁHj

- D=MB & H=-ME




Practical Realization of Perfect F,]ectr()magnetic
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. 4. Magnet-less non-reciprocal metamaterial (MNM) PEMC. Unit cell
(top) and experimental prototype (bottom).
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