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Refer to chapter 2, gaWution to this question
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O\
Refer to chapte%z for the solution to this question
Q5a

2.2 Optics of (simple) anisotropic media

In order to understand the principal behavior of anisotropic materials, it is best to first
ignore any dispersive property (frequency dependence) of the material. Owing to the
Kramers-Kronig relation the material will then be lossless. This is what we mean by a
simple anisotropic material.



For a given material, the values €, €9, e5 and the corresponding principal axes are deter-
mined by the microscopic arrangements and symmetries of the material’s constituents
(atoms, molecules, etc). It is one of the tasks of solid-state physics to determine these
quantities. In optics we take these quantities as given input.

We consider time-harmonic plane waves, i.e., E, D, B. H depend on r and t through
the common factor ¢/(¥F-4t) 4 i E(r.t) = Egei(’”k'f'm} with a constant vector Eg
(same goes for D, B, and H). We also ignore (free) charges and (free) currents, hence
we set p = 0 and j = 0. Then we can deduce from the Maxwell equations (1.45) and
(1.47):

kkxH+wD=0 = D1kH (2.13)
kk xE - pwH=0 = H1kE (2.14)
= H Lk B®D (2.15)
S e’
eoplanar
& ko~ - W
kxH=_—kx (kxE)J: —2D (2.16)
=E+(Ek)k
& o <y
=D=-— [E _ (E : k) k] (2.17)

Eq. (2.17) implies k-D= 0, i.e., the divergence condition (2.13) for the displacement
field is consistent with (2.17).

Furthermore, E - k can be non-zefo noew. If the dispersion relation is known, this
allows to determine the polarization (i.e., the direction) of D.

Note:
k -
H- " kxE (2.18)
g
58 = %HE(E « H*) (2.19)
1k > .
- Emﬂe[(E-E)k—(E-k)E} (2.20)



= The Poynting-vector S is not necessarily parallel to the wave vector k.

B

We now insert the constitutive relation D = ¢ €eE into Eq. (2.17). This gives
K E) E =0 independent of Coordinate system (2.21)

( w? W

L &

w
det=0 for non trivial solutions

| o™

Without loss of generalify, we can assume that we are in a coordinate system that
coincides with the material’s principal axes:

£ . k]
€= €a , k=1 k | (2.22)
- € ji‘f;

Then, the requirement of the determinant being zero gives the celebrated Fresnel Equa-
tion:

{;kg Elczk:lg Eg(’zk% Eﬂcﬂk_fz} £y
(?) ( 2 T 2t \W ) (&2
2k? ek} i3
— (M—EIEI (€2 + €3) + w—ffz (&1 +€) + ?2?'53 (&1 + 52}) (2.24)
+ eaee = 0 (2.25)

where, k* = k2 + k3 + k2.

Q5b
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Please refer to chapter 5 for the solution to this question
Q7a

Refer chapter 6 for its solution

Q7b Refer chapter 6 for its solution



