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Maxwell’s Equations (general differential)
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Maxwell’s Equations (time harmonic )
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Maxwell’s Equations (integral )
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Electromagnetic Boundary Conditions
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Reflection & transmission (simple dielectric)
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Reflection & transmission (multiple dielectrics)
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Plane waves in lossy materials
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Lossy materials
Polarization currents:
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Good conductor approximations
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Poynting Theorem
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Arbitrarily directed uniform plane waves
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Reflection and refraction of oblique waves at planar dielectric interfaces
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Total internal reflection
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Normal incidence on a lossy medium
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Parallel plate slab waveguide

Parallel-plate TEm modes: m=0,±1,±2,…
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Parallel-plate TMm modes: m=0,±1,±2,…

H C
m

a
x ey

z= Ê
ËÁ

��̄ -
4 cos

p g [4.13a]

E
j

H
j

m

a
x ex y

z= = Ê
ËÁ

��̄ -g
we

g
we

p gcos [4.13b]

E
jm

a
C

m

a
x ez

z= Ê
ËÁ

��̄ -p
we

p g
4 sin [4.13c]

Parallel-plate TEM mode
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Conduction losses
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Dielectric losses
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For parallel plate TE modes the total power through the guide is
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For the parallel plate TEM (TM0) mode the total power through the guide is
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Dielectric slab waveguide

TM Modes The non-zero field components are Ez, Ex ,and Hy
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where the transverse attenuation constant is given by
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TE Modes The non-zero field components are Hz, Hx ,and Ey
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Dielectric covered ground plane
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Dielectric slab waveguide ray theory
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Detailed example of odd TM Modes for slab dielectric waveguide: free space above the
guide
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