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Problema1 Dielectric function for an ionic crystal

From the equation of an ionic crystal:

ü+ γu̇ = −ω2
0u+

e∗

µ
E,

and the polarization:

P =
N

V
e∗u+ ε0

N

V
αE, & P (ω) = ε0(ε(ω)− 1)E(ω)

obtain the following,

(a) the dielectric function,

ε(ω) = ε∞ +
ω2
0 (εst − ε∞)

ω2
0 − ω2 − iγω

,

with:

εst =
N

V

e∗2

ε0µω2
0

+
N

V
α+ 1 & ε∞ =

N

V
α+ 1.

(b) The values of ω where ε(ω) = 0.

Hint: when γ → 0, those frequency values are ω = ±ω0 and ω = ±ω0 (εst/ε∞)1/2.
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Problema2 Polaritonic dispersion

From the polaritonic dispersion for tranversal modes,

ω2 =
1

ε(ω)
c2q2

obtained for an ionic crystal, without taking into account the damping (γ = 0), deduce:

(a) The following expresion for ω(q),
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(b) The following behavior of ω(q):

large
c2q2

ω2
0ε∞

: ω+ →
cq
√
ε∞

& ω+ → ω0 = ωT ,

small
c2q2

ω2
0ε∞

: ω+ → ωL & ω− →
cq
√
εst
.
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Problema3 Electric field from an uniform polarized dielectric sphere

Demostrate that the electric field generated by an uniform polarized dielectric sphere of
radius a:

(a) Outside region of the sphere (z > a) is:

Eout = − 2Pa3

3ε0z3
,

(b) And in the inside region (z < a):

Ein =
P

3ε0
,

where P = P ẑ is the total polarization.
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