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SUPPLEMENTARY NOTES

Dissipative Medium

Maxwell’s Equations

∇ × E = −jωµH

∇ × H = σ E + jωε E = ( σ + jωε) E

∇ × (∇ × E) = −jωµ( ∇ × H)

∇(∇.E) − ∇2E = −jωµ( σ + jωε) E

− ∇2E = −jωµ( σ + jωε) E

− ∇2E = (−jωµ)(jωε) 
  1 − j

σ
ωε 

E

∇2E + ω2µε  
1 − j

σ
ωε 

E  = 0

Definitions

 
σ
ωε << 1     Low Loss Dielectric

ε → ε  − j
σ
ω = ε'  − j ε"     ε"<< ε'

 tan δ = 
ε"
ε'

ε” =0 Perfect dielectric

σ
ωε >> 1      Good Conductor

σ = ∞  Perfect Conductor
Lossy  dielectric (low loss)

∇2E + ω2µ(ε'  − j ε")E  = 0

jk → γ = jω√µ(ε'  − j ε")  

γ = jω√µε' 1−j
ε"
ε'

 ≈ jω√µε'   
  1−j

1
2

 tanδ 


γ ≈ jω√µε'  + 
1
2

 ω√µε' tanδ = (α + jβ)

α = 
1
2

 ω√µε' tanδ     β = ω√µε'  ≈ k

E = Eo e−γz = Eo e−(α + jβ)z = Eo e−αze−jβz

Good Conductor



∇2E + ω2µε  
1 − j

σ
ωε 

E  = 0

∇2E −j ωµσ E = 0

γ2 = j ωµσ

γ = √ jωµσ  

√ j = e j
π
2  = e j

π
4  = 

1

√2
 + j

1

√2

γ = α + jβ  = √ωµσ 
 1

√2
 + j

1

√2  


E = Eo e−γz = Eo e−(α + jβ)z = Eo e−(z/δs) e−j(z/δs)

δs = 
2

ωµσ      Skin debth


