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WAVES IN MEDIA

Significance to Communications

Air and space & ]
lonosphere Satelllte
L) .
‘ "‘ Cloud, Rain
| Refraction, moist or dense air

Troposcatter
Blue sky, red sunset

Reflection Optoelectronics on chips

Optical Fibers /ﬁber

e

Polarization-based optoelectronic devices

Linear Circular polarization

WAVES IN MEDIA

Constitutive E Vacuum: D=gE VD= Py
Relations . ol ps = free charge density
+ |- . |+ -
+ |- P |+ - . : = = .5
. |- +| . Dielectric D=csE=¢,E+P
+ | +| _ Materials: —
Vee,E=pr+pp
V:P=—p, polarization charge
density
P = “Polarization Vector’
~ B Magnetic V.-B=0
B / Materials: = noH in vacuum

= puH = po (H+ M)

= “Magnetization Vector’

]
=] & |




6.014—Electrodynamics—Spring 2002

Lecture 05—February 21, 2002 p. 2

TYPES OF MEDIA

Properties are a function of:
Field direction
Position
Time: = f(t)
= f(history)
Frequency
EorH
Temperature

Pressure

Designation:
Anisotropic
Inhomogeneous
Stationary

Amnesic

Dispersive

Non-linear

Temperature dependent

Compressive

ANISOTROPIC DIELECTRICS

D = :E
Dy = sexxEx +§xyEy +exzEZ
Dy = §yxEx +§WEy +§yzEz
D = &zxEx +e2yEy +E22E>
_|ex 00
Let e=| 0 gy 0
0 0 &

X,y,2 are “principal axes”

Note: D#E iff ENXY, or 2 for sy # By # &z

Real g = Lossless medium
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HOW TO MAKE ANISOTROPIC MATERIALS

: \ df2
Consider: l + Q 7 i T A
foe e 30 7 Eg
2700 - T
(capacitors) I T -a I [
Q=CV
A (A2 - goA
AreaA(m)  C=e == MG
Eoff = Eeff = &/2 Eeoff = 229
atom, molecule > ‘uniaxial medium” &, =g =¢" “ordinary’
A N “extraordinary”’
y -4
----- Samnd 2
7 e < e LA X
g° > gf

WAVE BEHAVIOR IN UNIAXIAL MEDIUM

Assume wave in +Z direction,

Derive wave equation: e 0 0
VxE = —joB V.D=pp=0 D2=tE &=/ 0 =& 0}, pu=p
VxH = juD V.B=0 0 0 =

Therefore Vx(VxE) = V(V-E)—Vgéz —jcoquﬁz mzugE
Does V-E =0 here? Yes, (let’s skip proof) can test final solution

Therefore VQE + mzugé = 0= 3 equations (x,y,2 components)

2 2 a2 _
— +——+—— |[%E, +YE, +2E, |+ o'pcE = 0
a2 ayz 522

- .

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:

2 2
a &
—2+co113 :|E =0, k® = ope®, [—erp,a}Ey 0, k° (OJE

2
oz =(k) oz —(I(O

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

Where E, e KZ_¢ (oo/\a‘ { =1/ ne®
° = 1ue

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

If v¢ <v° then v¢ — “slow-axis velocity”

BIREFRINGENT MEDIA

Example:

Eq=Eo(X+¥) 45°linear pol. input

—jk°d  —jk°d 1 Say, “slow axis”
N e L 7
Es =Eg e 1 1ot o R
s ' ' o
What pol.? b
By
4.8 .0 e .0 T lﬂ\ ~Y ]
‘/Ad) Ad=¢ -0 =(k” -k~ )d Af‘ ______ || “fast axis”
S

X H
“Quarter wave plate”

¥

z Z
i y Qutput: d> Ag=7/2
4) e =
5) { MICA < = | Blue Red N
0

3) $HF < = 6) GEARS 1 um

Polaroids

L5-8




