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Plane electromagnetic wave propagation 

Consider a uniform but source free medium having dielectric constant 𝜖, magnetic permeability 

μ, and conductivity 𝜎 

Uniform medium 

Linear  : 𝐃 is parallel to E 

  : 𝐁 is parallel to H 

Homogeneous : Medium properties are same at all points 

Isotropic  : μ and 𝜖 are independent of directions (μ and 𝜖 are scalar constants) 

Maxwell’s equations 

 

𝛁 × 𝑬 = −μ
∂𝐇

∂t
 

𝛁 × 𝑯 = 𝜎𝑬 + 𝜖
∂𝐄

∂t
 

𝛁 ∙ 𝑯 = 0 

𝛁 ∙ 𝑬 = 0 

Writing the above four coupled equations in terms of E 

 

𝛁 × (𝛁 × 𝑬 = −μ
∂𝐇

∂t
) 

𝛁 × (𝛁 × 𝑬) = (−μ
∂𝛁 × 𝐇

∂t
) 

𝛁 × (𝛁 × 𝑬) = (−μ
∂

∂t
(𝜎𝑬 + 𝜖

∂𝐄

∂t
)) 

Identity 

𝐀 × (𝐁 × 𝑪) = 𝑩(𝑨 ∙ 𝑪) − 𝑪(𝑨 ∙ 𝑩) 

𝛁 × (𝛁 × 𝑬) = 𝛁(𝛁 ∙ 𝑬) − 𝑬(𝛁 ∙ 𝛁) 

𝛁 × (𝛁 × 𝑬) = −𝛁𝟐𝑬 
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−𝛁𝟐𝑬 = −μ𝜎
∂𝑬

∂t
− μ𝜖

∂2𝐄

∂t2
 

 

𝛁𝟐𝑬 = μ𝜎
∂𝑬

∂t
+ μ𝜖

∂2𝐄

∂t2
 

Similarly 

𝛁𝟐𝑯 = μ𝜎
∂𝑯

∂t
+ μ𝜖

∂2𝐇

∂t2
 

These are known as general wave equations 

These equations govern the behavior of an electromagnetic field in uniform but source free 

conducting medium. The presence of first order term 
∂

∂t
  indicates, the fields decay as they 

propagate through the medium. For this reason, a conducting medium is called a lossy medium. 

Plane wave in dielectric medium 

Here 𝜎 = 0 

𝛁𝟐𝑬 − μ𝜖
∂2𝐄

∂t2
= 0 

𝛁𝟐𝑯− μ𝜖
∂2𝐇

∂t2
= 0 

These are also known as time dependent Helmholtz equations. 

The absence of first order term indicates that electromagnetic fields do not decay as they 

propagate in a lossless medium. 


