Lect. 3: Light Propagation in Media

g . permittivity {D =¢E

Characteristics of media: » _
w1 permeability | B = uH

- Assume u = 1, In this course.

- With different £, how do plane-wave solutions change?

For example, E = xE e’

k=wJue =nky (ky=owue,, n=_| % 0; refractive index)

=» Dielectric media

=>changesin A  velosity (v= %)
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Lect. 3: Light Propagation in Media

Medium with conductivity ¢#0 Jj=g.E#0

VxF = _@ Assumir? time-hzfmonic solutions, (£, H ~ &’*)
—_ = 0D — = L
VxH =J+—> VxH=J+joD  VxH= cE+ jocE
Ot — B
D veD=p = jo(e— j=)E
VeD = - -
Ves=0 t= o
.0
8058_]_
)
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Lect. 3: Light Propagation in Media

With complex ¢

k=wJus  kisalsocomplex! k=p-ja

Consider F = xEOe_ij (el*t is often emitted for time-harmonic solutions)
= xE,e VP = xE e e

EM waves get attenuated
in conductive medium!

=> lossy medium
Larger c = Larger a

1/o  penetration depth,
skin depth
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Lect. 3: Light Propagation in Media

What happens o becomes infinitely large (perfect conductor)?

o becomes infinitely large =» No EM wave inside the conductor =» Reflection

&y
o=0 o=

8

|
oy |
I
|
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Determine other fields when

E: = XE, exp(— jkz)

(D) H:?
(2)E.?
(3)H.?

= 7 exp(— jke)
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Lect. 3: Light Propagation in Media

v Boundary Conditions: Constraints on E,H fields at a boundary

=» Each Maxwell’'s Eq. provides one constraint on E or H across the boundary

V.D:p DZ,n_Dl,n:IOS (52E2,n_glEl,n:IOS)
— OB
VXE=—— EZ,t_El,t:O
gl;/’l]_ EZ’ILIZ _ at
. V.B:O BZ,n_Bl,n:O (ILlZHZ,n_Iu”.I.Hl,n:O)
a, —
I — - oD — _ _  _
VXH:J-Fa— anX(Hz—Hl):JS (HZ,t_Hl,t:JS)
[
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Lect. 3: Light Propagation in Media

(2) E, =7

Apply B.C. at z=0,

&ty Ez,r _El,t =0
o=0 O =
E- | T_F -0 E(z=0)+E/(z=0)=0
= XE, exp(— jkz) - E =-XE, exp(jkz)
Other BC?

D2,n _Dl,n :ps (82E2,n _glEl,n — ps)
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Lect. 3: Light Propagation in Media

(3) H, =

|
8

From E. = -XE, exp( jkz)

[

&= Q
I

T |

I

o

A =720 exp(jiz)

771
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Lect. 3: Light Propagation in Media

=75 exp(— jk)

i
&1y th _  _F .
o=0 O =00 Hrzyn—oexp(]kz)
- - _ 1
E, o E=H=0 Other BC?
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Lect. 3: Light Propagation in Media

v Expression for the total E—field forz < 0

E_(2)=E +E =XE,exp(—jkz)—xE,exp(jkz) =XE,(-2j)sin(kz)
E, . (2,0) = XE,(~2,)sin(kz) exp(jeor)

Re| E,,,(z,1) | = XE, 2sin(kz) sin(wr)

= Standing Wave!
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Lect. 3: Light Propagation in Media

Homework: Determine E., H: H, when E;= yEe e/

(See Cheng 8-7 or Lect. 10 of 2014-2 & XtD]2)
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