                                                        Model for Dielectric Material 
Equation of Motion

· m (2r/(t2 + mγ (r/(t + Kr = ‑eE

· if material is a dielectric K=-m(2
· m (2r/(t2 + mγ (r/t + m(2r  = ‑eEoexp(-i(t)
· In steady state, the system oscillates at   the driving frequency (
Steady solution for the amplitude of the displacement:

· r0=(e/m)Eo/(((o2-(2)-iγ()

· Induced polarization: P=Ne r0 exp(-i(t)
· P=(o(e Eoexp(-i(t)
· The complex permittivity  (=(o(1+(e)


[image: image1.wmf]ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ë

é

å

-

-

+

=

j

j

i

j

j

f

m

Ne

)

)

2

2

((

0

2

1

0

)

(

w

g

w

w

e

e

w

e



[image: image2.wmf]
The wave number 
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   is complex! 

K=kr+ikI

kr determines the index of refraction: n=(c/() kr
ki determines the attenuation:

E(r,t)=Eoexp(-kir)exp(i(krr-(t))

Intensity is proportional to E2 !  The absorption coefficient  is (=2ki )

Complex k (assuming that the second term in the ((() is small  and (1+x)1/2 ~1+x/2):
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Use (a+ib)/(c+id)= ((a+ib)(c-id))/((c+id)(c-id)) to separate the real and the imaginary parts in (.

Finally   the refraction index:
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and the absorption:
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Anomalous absorption:  dn/d(< 0   between (1 and (! 

(Figure 8.26 in [G]).

At (=(j  n-1=0

Above (j  n-1<0   (n<1): Phase velocity v=c/n>c!

Away from the resonance:
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For transparent materials 

N=1+A(1+B/(2) (Cauchy’s equation)

A= coefficient of refraction

B=coefficient of dispersion
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