WAVES IN MEDIA
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WAVES IN MEDIA

Constitutive
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Vacuum:

Dielectric

Materials:

Magnetic

Materials:

- Sog D.E — pf
Ps = free charge density

IO

D=¢E=¢,E+P
Lk OE:pf +pp
5

B =-p, polarization charge
density

P = “Polarization Vector”

0-B=0

B = lpH in vacuum

B = pH = o (H+M)

M = “Magnetization Vector”
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TYPES OF MEDIA

Properties are a function of: Designation:
Field direction Anisotropic D=¢E, B=pH
Position Inhomogeneous
Time: # f(t) Stationary
# f(history) Amnesic
Frequency Dispersive
EorH Non-linear
Temperature Temperature dependent
Pressure Compressive
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ANISOTROPIC DIELECTRICS

D = ¢E
Dx = ExxEx t&xyEy tExzE; Y
Dy = §yxEx +§nyy +§yzEz _________________________________________________
D, = &,4Ex +§zyEy +€,,E2 Dy = EyEy D
E
_ %X O OE EY A T H |
Let e=0 & Opf
10 0 & . -
Ex D, =¢E

X,y,z are “principal axes”

Note: D//E iff E/I%,9, or 2 for ey &y # ¢,

[] Lossless medium
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HOW TO MAKE ANISOTROPIC MATERIALS
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Eeff =€ Eeff [1€/2 geff [12€0

= €% “ordinary”
“extraordinary”
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atom molecule —> “uniaxial medium” g,
€

L7-5



WAVE BEHAVIOR IN UNIAXIAL MEDIUM

Assume wave in +Z direction,oc=0

Derive wave equation: ) ) %e 0 o% )
D(E:—jQE D'E:pf:O D=¢E €:|:p € OE, H=u
% H=juD  DB=0 %o 0 e

Therefore x (x E)=0(0E)-DO°E=-jwux H=w’peE

Does D-E =0 here? Yes, (let’s skip proof) can test final solution

Therefore DZE + wzuéé =00 3 equations (X,y,z components)

o> 9% 9° H . ) ==
E@Z+52+ 2 RE, +JEy +2E, | + W’ HEE =0
X" oy

0z" []

7

Assume = 0 (UPW in z direction)
This leads to 2 decoupled equations for x and y polarization
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BIREFRINGENT MEDIA

Decoupled wave equations:

El []
D—+co2peeEE =0, k® = ope®, Da—+oo uelEy =0, k° = wype
%Z 2 (k®) ZD @Z 2 (k%) ZE

(x-pol equation) (y-pol equation)

Where Ey U e—jkez = e_j(u/ve)z ] Q’e :1/\/”-?
30 =1/Jue

Thus the x- and y-polarized waves propagate
independently at different velocities

If vé <v° then v® - “slow-axis velocity”
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BIREFRINGENT MEDIA

Example: _
E; =Eq (X +Y¥) 45° linear pol. input
e W e .0 X .
___,:1____2_\5__>z -ik¥d  —jk7d | _Say, “slow axis”
_ e 0 | 7
Ep =Ep %™/ +9e71? i R
d N -~ J i ! //,
What pol.? o
] at po | i %,53_4-5_0“- y
LHCLIW2 Ap  pg2 ¢f —¢° = (k& -K°)d /20| ] vtast axis®
Tt ‘\0 )A( |
4 Linear pol. Quarter wave plate
RHC
®Z >y
Output: d LA@= 172
Ee:mo;_d 1) $o0d0 4) 7 @}e O
olaroids
2) $ 0o O 5) & MICA <« O Blug £°¢

3) $HF < O 6) GEARS 0 1 um

L7-8



