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For time varying fields
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To maintain causality you should nothave
themedium respond instantaneously to the

time varying fields

Keeping theassumptionof linearity
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Rewrite this as
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where f E 0 for Tso

Next let us expand D É in Fourier modes
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Invert the Fourier transform

1ely Itffident1

A simplemodelofdispersive medium
Consider an electron bound by a harmonic

force withdamping acted on by an oscillating
electric field ÉCI É E e

int



We must solve
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In this simple model
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Dispersion relation
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Example Consider a sheet of material madeup
of N charges per unit volume Subject the
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You induce a current density
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where
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We have recovered Ohm's law EOE
with a effective conductivity o
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We can now compute flat
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Causality flt o for tho
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extended Ecw to a function in the complex w plane

using the fact that flt
is a real function

2 ECW is analytic in the upper half complex

w plane

To see this write w Wrt iw
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Recall the simple model
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has poles at W II TE
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poles are in the lower
half complex wplane
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due to the Riemann Lebesgue lemma
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4 Ecw is analytic on the real w axis if

f t is a finite function

true for dielectric medium
not quite true for conductors



For conductors o b
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not analytic at w o

5 Im Ecw is related to absorption

Recall that energy conservation
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complex fields
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If EI o then the medium absorbs energy

steadily from the EM fields

6 Youmight think that Er
and EI are

independentquantities They are not



KramersKronigrelations
Consider a function fez that is analytic
in the upper half of the complex z plane

including real axis such that flat o as

12106 in the upper halfplane

Cauchy's theorem States that for
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Re fez 1 Im flat are not independent

if flat is analytic in the upper half

complex z plane and I fail
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If I write
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Sokhotski Plemelj formula

Application Ecw I

Recall that Elw I as w x

and Ecw is analytic in the upper complex
w plane For dielectrics also analytic

on the real w axis

Hence
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Recall that El W at

That is if we R E l w Ecw

Re El w Re ECW even function
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relates dispersive of themedium to the

absorptive properties

Remark to apply to conductor o 711
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Check out Jackson for sum rules




