Different types of materials

Gas, liquid, amorphous solid
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D Permittivity tensor

Principal axes and principal refractive indexes

Dy = e1.Bn, Dy = exF, D3 = e3E3
n = v/ e /e, ng = v/ €2/ €, ng = v/ €3/€

. Center for Active Plasmonics
(L 3

(58 ) Seaul National University Application Systems




B Biaxial, uniaxial, and isotropic crystals

Biaxial crystal: All three principal refractive indexes
are different.

Uniaxial crystal

N, =N, =N, Ordinary refractive index

N, =N, Extraordinary refractive index
N >N, Positive uniaxial
n, <n, Negative uniaxial

Optic axis: z axis of a uniaxial crystal
Isotropic crystal N =N, =n;
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Index ellipsoid

D = eE

E='e 1D

i €o€" Electric impermeability tensor
e =nD

Index ellipsoid (optical indicatrix)
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b Propagation along a principal axis
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% Propagation in an arbitrary direction

Index-Ellipsoid Construction for Determining Normal Modes

Figure 6.3-6 illustrates a geometrical construction for determining the polariza-
tions and refractive indexes n, and n; of the normal modes of a wave traveling in
the direction of the unit vector U in an anisotropic material characterized by the
index ellipsoid:

Figure 6.3-6 Determination of the normal
modes from the index ellipsoid.

» Draw a plane passing through the origin of the index ellipsoid, normal to .
The intersection of the plane with the ellipsoid is an ellipse called the index
ellipse.

= The half-lengths of the major and minor axes of the index ellipse are the
refractive indexes n, and n; of the two normal modes.

m The directions of the major and minor axes of the index ellipse are the
directions of the vectors D, and D, for the normal modes. These directions
are orthogonal.

= The vectors E, and E;, may be determined from D, and D; with the help of
(6.3-5).
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Uniaxial crystals
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Dispersion relation and k surface

k X (k x E) + w’n,eE =0

nik2 — k3 — k3 k1ks kiks E; 0
kak n3k2 — k2 — k2 koks E| = |0
kski ksko n%kg = k% = k% E3 0
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i Uniaxial crystals
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i Optical activity and magneto-optics

(b) Backward wave

Faraday effect (Faraday rotation)
Verdet constant

(a) Forward wave (b) Backward wave
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Faraday effect
optical medium

linear polarisation
incident light
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4 crystals making up
the sensing element
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