
Time Harmonic Maxwell’s Equations: 
∇×𝐸 = −𝑗𝜔𝜇𝐻         ∇ ∙ 𝐷 = 𝜌𝑣       𝐷 = 𝜀𝐸 

∇×𝐻 = 𝑗𝜔𝜀𝐸             ∇ ∙ 𝐵 = 0         𝐵 = 𝜇𝐻 

Universal Constants: 

𝜀𝑜 =
10−9

36 𝜋
  F/m            𝜇𝑜 = 4𝜋×10−7      H/m      

𝑐 = 1 √𝜇𝑜𝜀𝑜 = 3×108   ⁄   m/s 

 
Propagation in Lossy Media (General): 

𝐸 = 𝐸𝑜𝑒−𝛾  𝑢𝑝∙𝑟             𝛾 = 𝛼 + 𝑗𝛽 
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Good Conductors: 

𝛼 = 𝛽 ≈ √𝜎𝜇𝜋𝑓 =
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Low Loss Dielectric 
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Reflection & Transmission (Normal 1 -> 2) 

Γ =
𝜂2 − 𝜂1

𝜂2 + 𝜂1
 

T = 1 + Γ =
2𝜂2

𝜂2 + 𝜂1
 

𝑆 =
1 + |Γ|

1 − |Γ|
 

𝑍𝑖𝑛(𝑑) = 𝜂1

𝜂2 + 𝑗𝜂1tan(𝛽1𝑑)

𝜂1 + 𝑗𝜂2tan(𝛽1𝑑)
 

Reflection & Transmission (Oblique 1 -> 2) 

𝜃𝑖 = 𝜃𝑟                  𝛽1 sin 𝜃𝑖 = 𝛽2 sin 𝜃𝑡 
 

Γ⊥ =
𝜂2 𝑐𝑜𝑠 𝜃𝑖 − 𝜂1 𝑐𝑜𝑠 𝜃𝑡

𝜂2 𝑐𝑜𝑠 𝜃𝑖 + 𝜂1 𝑐𝑜𝑠 𝜃𝑡
 

T⊥ =
2 𝜂2 𝑐𝑜𝑠 𝜃𝑖

𝜂2 𝑐𝑜𝑠 𝜃𝑖 + 𝜂1 𝑐𝑜𝑠 𝜃𝑡
 

Γ∥ =
𝜂2 𝑐𝑜𝑠 𝜃𝑡 − 𝜂1 𝑐𝑜𝑠 𝜃𝑖

𝜂2 𝑐𝑜𝑠 𝜃𝑡 + 𝜂1 𝑐𝑜𝑠 𝜃𝑖
 

T∥ =
2 𝜂2 𝑐𝑜𝑠 𝜃𝑖

𝜂2 𝑐𝑜𝑠 𝜃𝑡 + 𝜂1 𝑐𝑜𝑠 𝜃𝑖
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Uniform Plane Wave in Lossless Media: 

∇2𝐸 + 𝜔2𝜇 𝜀 𝐸 = 0              

 𝐸 = 𝐸𝑜𝑒−𝑗𝛽  𝑢𝑝∙𝑟                  𝐻 =
1

𝜂
 𝑢𝑝×𝐸 

𝛽 = 𝜔√𝜇𝜀               𝜆 = 2𝜋 𝛽⁄            

𝜂 = √𝜇 𝜀⁄             𝑢𝑝ℎ = 1 √𝜇𝜀⁄  

Critical & Brewster Angles: 

sin 𝜃𝑐 = √𝜀2 𝜀1⁄   

sin2 𝜃𝐵⊥ =
1 − 𝜇1𝜀2 𝜇2𝜀1⁄

1 − (𝜇1 𝜇2⁄ )2
=

1 − (𝜂1 𝜂2⁄ )2

1 − (𝜇1 𝜇2⁄ )2
 

sin2 𝜃𝐵∥ =
1 − 𝜇2𝜀1 𝜇1𝜀2⁄

1 − (𝜀1 𝜀2⁄ )2
=

1 − (𝜂2 𝜂1⁄ )2

1 − (𝜀1 𝜀2⁄ )2
 

= 𝑗kC




