WAVES IN MEDIA

Radio Communications

Refraction, moist or dense air
Troposcatter

Reflection Blue sky, red sunset

Optical Fibers Optoelectronics on chips
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WAVES IN MEDIA — Constitutive Relations

Ps = free charge density + |- +] -
T || — ]| -
Dielectric D=¢E=¢ E+P TP O[T
. o + - +| -
Materials:
— + - + =
V-80E=pf+pp N D 4
_ polarization charge density p,
V.P = —pp

P = “Polarization Vector”

Magnetic y.,B=0
Materials: _

HoH In vacuum
},lﬁ = Ug (H+M

M = “Magnetization Vector”
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Properties are function of:

Field direction
Position
Time: = f(t)

# f(history)
Frequency
EorH
Temperature

Pressure

Designation:

log/
= i
Tl

Anisotropic D=¢E, B=
Inhomogeneous
Stationary

Amnesic

Dispersive

Non-linear
Temperature dependent

Compressive
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ANISOTROPIC DIELECTRICS

D - ¢E

Dx = &xxEx +exyEy +exzEz

Qy =  &yx Ex + §nyy + Eyz Ez }{

Dz = ezxEx +ezyEy +e77E; D =¢cE _
_ .

Let ¢=| O ey 0
0 0 &5

X,Y,z are “principal axes”

Note: When &, # &, #¢,, D//E iff E//%,§, or ;

Real gu = Lossless medium
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MAKING ANISOTROPIC MATERIALS

RN L T I . CR I
e
. _ - 2, T I M
10 1
Eaff A € A/2 ~ 80A
C=QN c = ¢t C = (d ) “=92)
Eoff =€ Eoff = &2 geff = 2¢q

Atom or molecule Uniaxial Medium”

I,

NG A é é =¢° “ordinary”
.,’g ’ ’g I::>8 —se extraordlnary

g ’ g ‘ -iﬁ::::eo = )_ /

X
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Derive wave equation:

VXE = -joB  VeD=p; =0
VxH = joD VB =0

OX

%f_J
Assume =0 (assume UPW in z direction)
Yields 3 decoupled equations (x,y,z components)

Therefore: 52 , =
—+ )‘(EX+§/Ey+2EZ]+m neE=0




BIREFRINGENT MEDIA

Decoupled wave equations:

, _
o CANPAN ne® [Ey =0, k® =wy\/ue® (x-polarization equation)

L é(ke)_

2
I:a—+0) e }Ey 0, k°=owJue (y-polarization equation)
0z° oo

(k°)2
Solutions:

e e :1/ € |n r ,,V I |
E, oce K2 e i@z harelV ue”~ “extraordinary” velocity

—1/Juc “ordinary” velocity

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

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

Example:
Input: Ej=Eqg(X+Yy) = 45°linear polarization

~ik®d  -jk°d X
_ e 0 } Say, “slow axis”
Output: Ey =Eo®e ¥ +9e710) 4 7
\ g / /- | -
What pol.? ;

ApE 9% —¢° =(k® —k°)d -
n/2 “Quarter-wave plate”

n  “Half-wave plate”
- LHC

Output: x 0

[ Linear pol.
RHC T 3n/2
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