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1.2 Material properties

phenomenological models for P(E) und j(E)
E(r,t) » medium (response function) — P(r, t)

E(r, w) - medium (transfer function) = P(r, w)

1.2.1 Basic properties
biaxial anisotropic material

Pi(r,t) = & Xi-y f_oo R(l) ,t —t)E;(r,t))dt’  R(r, 1) - response function

P(r,w) = gy X3 1)(U)(r w)E;(r, w) ¥V (r, w)- susceptibility

(1) FT
Y (r,w) © R(r,T)




linear, homogenous, isotropic and dispersive media
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Drude model for free electrons —s(r,t)+ g—s(r,t) = ——E(r,t
S5 S(n0) + g=s(nt) = ——E(r, )

' ‘@
© ® - j(r,t) = —Neis(r,t)

@ at
- @ ® &
il o : 2
‘ . ij(r, t) + gj(r, t) = ﬂE(I‘, t) = &ofE(r, t) = gowzE(r, t)
dt m
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—iw)(r, w) + gj(r, w) = gz E(r, w)




Lorentz model for bound charges 92 i, q
—s(r,t) + g=—s(r,t) + wis(r,t) = EE(F t)

Ot2 ot
electron
. p(r,t) = gqs(r,t)
— restoring
3:?; force P(r,t) = Np(r,t) = Ngs(r, t)
62 0 qu
ﬁP(r t) +ga P(r,t) + wiP(r,t) = TE(r t) = & fE(r, t)
nucleus 1 g2N

f=

Eg M

—w?P(r,w) — igwP(r,w) + wiP(r,w) = & fE(r, )




1.2.2 Complex dielectric function
2

_ w? _ _
rot rot E(r, w) — — E(r,w) = 0?uP(r, w) + iwuj(r, )
Co

= [upgow? () + iwpyo(r, w)]E(r, o)

rotrot E(r,w) = w—z {1 + y(w) + Lcr(r, a))} E(r,w)

2
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— ‘;’—fg(w)ﬁ(r, )

Generalized complex dielectric function

c(w) =1+ y(w) + éc(r, w) =¢&(w)+ic"(w)

e(w)=1+z Ji + “p

[(@hy —0?) g | —e? - g




20 —

|
25

win 10's1






Theoretical Optics

Modelling material properties

Prof. Carsten Rockstuhl

ST

Karlsruhe Institute of Technology



Theoretical Optics

Kramers-Kronig Relation

Prof. Carsten Rockstuhl

ST

Karlsruhe Institute of Technology

10



1.2.3 Kramers-Kronig dispersion relation
real and imaginary part of transfer function are linked by an integral

Applies when the response function is:
* time invariant
e realvalued

* when causality applies.

Time invariance

P(r,t) = ¢, ft R(t—tHE(r,tHhdt o P(r,t) =g, fooR(r)E(r,t — 17)dT

Real valued

0@ 0@

R(7) =f y(w)e T dw =J *(w)el?? dw

— 00

- x(w) =x"(-w)
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Causality

1 fort>0
R(t) =60(7t)y(r) with 6(7) = 1/2 for T = 0 Heaviside distribution
0 fort<0
1 ™ . 1 ™ .
yY(w) = —f R(7)e'“T dt = —f O(t)y(r)e!*Tdrt
2T J_ 2T J)_ .,

= foo O(w— w)y(®@)dw

_ > . l l
2m0(w) = f O(t)e'“tdt = lim —=P—+1nd(w)
o -0 W + LE W

proof in tutorials
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Delta distribution: f 6(w — wp)f(w)dw = f(wp)

Cauchy principal value:

O - — 00

P fdwéf(w)zlim fdw—f(w)+deéf(w)_

a—0

(1) y(—1) = y(7) even function

(2) y(—1) = —y(7) odd function
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(1) Even function

1 ™ . 1 ™ .
yw) =5 | dry@e =2 [ dry@e =y

y(w) real valued — | x

x(@)+x (@) =—=P[" do LD 4 X2 p [* g5 LD 4 XD = 5(y) (a)

w—w 2 w—w

X)) =y (@) = =2P[" do X2 (b)

w—w

inserting (a) into the right hand side of (b)
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(2) Odd function

) 1 [ | 1 [ | )
YW =5 | dry@er =~ | dry@e ™ = -5 @)

=2T[

2T w— W 2

J“’ g iy(w) y(w)

1
X (w) =-—P

X@) =1 (@) = 5-P [T, do 2+ 72— P 7 do 22+ 7P = y(w) (a)

w— w—

@)+ x (@)= =P [ do L (b)

inserting (a) into the right hand side of (b)
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w— w

1
Rlix(w)] = ;Pf

— 00
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Using
y(w) =y"(—w) — Y (@) =xy(—w) and xX'(@)=—x"(—w)

and

¥(w) =¢(w) —1=[(w) — 1] +ie"(w)

it follows for the two Kramers-Kronig relations for the permittivity that

Example: absorption line at a discrete frequency.

g"(w)~6(w — wy).

Contribution to the integral w = w,.

Real part £’ (w) — 1~ —>2

—w?2
wg—w

Lorentzian line 16
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