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Maxwell’s Equations

0

0

D

B

E j H

H j E





• =

• =

 = −

 =

,

,

D E k

B H k

⊥

⊥

Predicts waves

Wave Equation
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Inhomogeneous Media
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Homogeneous Media
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EM Wave Velocity
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Solution to Wave Equation
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Waves can only do 2.5 things:
Pure Oscillation

Forward 
Wave

Backward 
Wave
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Pure Decay

Both

Used 
mostly in 
numerical 
analysis.

Used mostly in 
closed-form 
analysis.

wave
number

Plane Waves Time-Domain

( ) ( )cosE t P t k r= − •

Frequency-Domain
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Magnetic Field
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2â

1 1 2 2
ˆ ˆP E a E a= +

Relation Between 
E&H

2k  =
Conveys 
wavelength 
inside medium 0 02k k  = =

In vacuum.

0k k n=

Also conveys 
refractive index n
when frequency 
is known.

Polarization
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Linear Polarization (LP)
Test:    = 0°

Circular Polarization (CP)
Test:   = +90° and E1 = E2

Elliptical Polarization (EP)
Test:  not LP or CP
LP and CP are just special cases of EP.

Right-Hand CP (RCP):    = +90°
Left-Hand CP (LCP):       = -90°

Poincaré Sphere
All polarizations 
map to a point 
on the Poincaré
sphere.

Opposite sides 
indicate orthogonal 
polarization.

Expanded 
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Properties

Loss Tangent
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Attenuation Coefficient

Phase Constant
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Propagation Constant
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Absorption Coefficient
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Wave Vector

Directionality:

Impedance


