5) Frequency dispersion

1. Maxwell's equations: from vaccuum to materials
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2. Permittivity in local dispersive media
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3. Lorentz model
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4. Drude model
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5. Debye model
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6. Causal bounded responses
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7. Kramers-Kronig relations
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8. Consequences of KK relations



A Ay eR 3> U-w) = Lw) Gprong, condibion

N Zf(w): l P .Z(—Q.) d-n_ 5 P @ﬂ-) IS

7r o w =SL-w
- ) PJ 1) 1(41)]“_ z(w),_}_PJ 2w o
m N_w Diw n -Q. Y
’ > (7™ '@
%%—Z{-|=—;2;r5;,5 4t P o oucy becaune
ww o N°.w J&% (7 7(u9)=9)" aroumd uy
\ <0 't£ ped e
_ 2 Y-"" z,,,.rLZﬁ(JL) AN
T o (_ﬂ.l—wl-)l
5 | vo 5 |2BElso e
QW |, 2w Loss@sma.mojsfectmm

mm&aﬁ?uﬁm—.m Zy
Loenyz
modd |7~ ) ™ _Re i~

B2 ” /
¢

7] KKI
% T{‘:}_&S(w%]%ir. .a-\-

r.)

- X)) b 8ol Yo rmeaune. im qha (phase) bk alsophim in ey
3 mMeawe Mﬂn 3 'lbfw) 3 xf(m)

Sa.m\l.. u\*\)ﬂ\LDL“W?\n&L n:_s?e.&gg QN\TL:QN\‘?-}J-Q JDW\C
Ia o, TLOLUT, cuad buX foo  Imn()) 7 o c."!l,z KK Xo %

LA ae0

[/N]
D%%%:’; 9(&.’) = = S Qn\f (-'Q')/7 2D deduee camf,[e_x m
®lduce 7‘- o AL

X()=0 YO 5 Alw) -0 Voo > §(w)=% Vw



- wt

Re _@J]: Ao ;5“3&[2_@-1&3&
Vil

1, - -Z-Smarmumﬂ/ﬁl.
n

%
A wt

whem w, L w & w,
{0

e lw,
> Re i_g’): |_Z-.S'r Imlel)] ,,.7;.2_ S JL'I«»«[E_%)]&R_

A e
\_/—V‘_/
We- Drurde
EmIth.zY b_(f?: :}Jm?‘m\\.

concornaked  Dver me\‘:?iam nexsnamee.
Framsponemoy wedew 3 Dude negon

(5 %m. A3 a)ro])hmn %wmo:a)
W Ae,‘\m o dder “kQ"”ﬁA‘lﬂm

5. Sm node  amd L\‘a&cmr

RQ [E(w.—.o)-]:_i Eﬁ =

L,E mo Jader o) 13 =0 Léqudmc)

+

2 mIN\(.E) a_n_ E
‘7?'3,, ) 7 &

&%

9. Time of arrival
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10. Three velocities
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