The Electric Susceptibility, Dielectric Constant, and Complex Index of Refraction
R. Corn, Winter 2005.
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Electric Polarization: P(w} =g, x(w)E(w)

i

Electric Displacement: D IrOE +P
D=1+ x)E=¢g¢ (w)E =¢E

x(w) = complex frequency dependent electric susceptibility

£y = permittivity of free space
€ = permittivity
e(w) = relative permittivity or ccmplex frequency dependent dielectric constant
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x=x'+ix" |

g =1+x=0+x")+ jx" "A
EM Plane Wave: E(r,i) =E,exp(jk T - jor)
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In free space: k=a(eguy,) " =—

c
¢ = (egle) ™"

c = speed of light
Uy = permeability of free space
In a dielectric: k= awepy)"? = (e euy)"? = 22
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n=1+jK '

e, =n"=(n"-Kk*)+ j(2nK)

n = complex index of refraction
n = (real) refractive index
K = extinction coefficient

K.
EM wave in z direction: E(z,t)=E, exp(ja)(K - t) - _w_zj
C

1(z) = 1, exp(-Kz)

Beer's Law: K- _Zﬂ

i

K = Beer's Law absorption coefficient
|
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Linear Electric Susceptibility Equations.
R. Corn, Winter 2005.

Sw;
W = w° + jol
Sw}(w? - w®
Re = olei-o’)

2
. (a)g - a)z) + T

x(w) =

Sl

1 | =
n (wg—w2)2+w21“2

10+ ,
—— _Im(Chi) w, = 100
84 ---- Re(Chi)
I'=10
: S =1

5 : "',' ,
-4 ff

l — r |

0 50 100 150

Omega



-1 -

/)\ H dl . . .

F-'\«nm\ wlqwmg‘wﬂw/MMMM% é

Ece,e)= Eo mep (ikor —iwt)

'k‘fl "/L‘*"CB

kxH - —-wéo‘E..
2| (5]

I/]C Ewmh+%w(}{‘%w§ ti “.Z\M/‘—JL-L

y.«,o /;w( f‘~¥:ﬂ :



‘QMK€MMQ&%WQM'W,JW&

P = e X £
A X, Ao = ot MWMMW

C!if:>7' = | + . X

R
M Koroar cnnplo Waa
X = x o+ xS (A o A K= XK
ﬁwg%Whn t K
ke, = 7 +':;K
VZWM"‘ K ——b/t«#‘wtar‘ﬁw

Loohe Ak

(ke - ) - %ﬁafw(_gz_ﬁ\ . wgki

A Kz M;@:%%MM%

<




wrhee P
Siree ,

(ker V> = | + x L (7 +ik)
SLION =K =+ K

gk = X

Tlos X' xx“mmx,uwﬂ,zhmmﬂw

MJMLW
w{:('t) (MM/BNA}M%M_/I/L“WM% EH/V&/L‘—«;C«Q):

s L
E(€) = J E () )‘/X/;,O (*A‘wt} olbk)
_‘m : ) )



MK.L?H‘M FT .

! ® ; |
E(w)= 27 j E(tf)‘yp’o(xq'tv.l’t
N
Y
i

ﬂbmm%ﬁfé)M P (L) .

@y

Py =j Pl p ./—A o) A
Plw) = € ;{_/u\ E(w)
K(-w) = K (w)

V/{»"’LMM: /;Kl(‘w) -" xlfw)
. %HC‘WS :'——%/‘CL‘J)

E(\—*).,,«,’o(~4w—{:)

T, Clnsienk O lhamsy o M*SWB'M
IR S S S O e
v &Wwoc ‘ |

(K pmx 4+ k) m-eE :?ego%c»_wb
’I’LLWMMMA T e e e —



X Zt) = ) - ‘;'-— E(&) LY = E; )419 (~cwst >

m(wo"—ﬂ‘-‘b"‘—/iuorﬂ>

hn (w{" - —Awr‘)

Tl N%‘M Kl %iwﬁw— 2,%.\6?)

Klw) = Me“/eo.m

w;'-u..) 1",;tﬂ,r‘

TMW.MquWOCﬂfmg‘m*x"tz‘ s WQ_M

R A A

ﬂ:(}c r\<< "Ou/ *‘—n_,i Lo o C)""l:{ké‘wo/ a/L""—\

X"~ A wowg‘“ << W,

(- w>1+(%>—b



e i S e T
WM ,7 (K;%“>TMMWM¢\_
Ao ot Th ) it g b ke (i ks

we Ne . . . . 0"
Mr‘,<<)>MKWkL;N%MMM%"

A o fomR T A K el K ) o a8 #y aal

L'}YLL I(KMM - KA—(r\»oB” ,u/(.j:im‘l .

1
§

¥}

s = =22 o (™ s i
= Tl e e
YO T L

Kitwy = 27 X )

wle~o ?.M e WTWJL]/M,B (K«LW Fen o
o R bt Ole @t Glewny o Lol

!



