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Dielectric Tensor of an Anisotropic Medium

Induced polarization:

P =&, (x.E,
Py =&y (1 nE,
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Constitutive relation:

Tensor notation:
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— D, zgijEj



Dielectric Permittivity Tensor

Energy density:

U,-2ED=1EsE - U, =1s(EE +EE)
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< homogenous, non-absorbing,

Recall: and magnetically isotropic
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In a complex dielectric tensor notation:

— &; =¢&; <« Hermitian



Plane-Wave Propagation in Anisotropic Media (1)

Field representation for a monochromatic plane wave:
Eexp[i(ot—K-r)]

Hexp[i(awt—K-r)]

Recall Maxwell’s equations:
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Wave equation:
— kx(KxE)+ o usE=0
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Dielectric tensor in the principal coordinate system:
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Plane-Wave Propagation in Anisotropic Media (2)

Wave equation:
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For nontrivial solutions to exist:
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Plane-Wave Propagation in Anisotropic Media (3)

Normal surface and electric-field vector in case XYZ = O:
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Plane-Wave Propagation in Anisotropic Media (4)

Shape of normal surface :
k2YZ + kuX +kZXY —XYZ =0
K-k, plane:
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Orthogonality Properties of the Eigenmodes (1)

Displacement vectors:
V-D=0 —> D.ls

D=_"sxH <« H=-"sxE
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Orthogonality relations for eigenmodes:
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— D, = nlngElt’ D, = nzzgoEzt — 50(”12 _nZZ)Elt ‘B, =0 5 5
<~ N #N,
- E2 . Dl — E2igij Elj —> Elt y E2t =0
— E,;-D, = Eligij E2j = EligjiEzj: Eljgij E.. — D,;-D, =0
—> E,-D,=E,-D, — D;-E, =D, E; =0

— $:D;=s-D,=0 s



Orthogonality Properties of the Eigenmodes (2)
Orthogonality relations for eignemodes:
s-(E, xH,) 2%8-[E1><(SXE2)] « A-(BxC)=C-(AxB)

= 2 [(sxE,) - (sxE,)]
LC

=2 [(sxE, )-(sxE, )]
HC

=0
— s-(E;xH,)=s-(E,xH;)=0
< No power flow



