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Laplace Operator:
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Wave Equation in Complex Notation:
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Wave Equation in Complex Notation:

with

Loss Tangent  
(Dissipation Factor)
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Solutions of Wave Equation

with:
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d‘Alembert:

Wave Vector:

Wave Number:

• In physics, a wave vector is a vector
which helps describe a wave. Like any
vector, it has a magnitude and
direction, both of which are important.

• Its magnitude is either the
wavenumber or angular wavenumber
of the wave, and

• its direction is ordinarily the direction
of wave propagation.
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Wave propagation:

Therefore, in a medium, electromagnetic waves propagate slower than in vacuum. 



Electromagnetic (lossy and lossless) Waves

Wave Equation in Complex Notation:

with

Loss Tangent  
(Dissipation Factor)



Electromagnetic (lossy and lossless) Waves

Wave Equation
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Insulator:
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Good electric conductor:



Good electric conductor:



Poor electric conductor:



Poor electric conductor:



Skin Depths: Skin effect is the tendency of an alternating electric current to become distributed within a conductor
such that the current density is largest near the surface of the conductor and decreases exponentially with greater
depths in the conductor.

Good electric conductor  
(e.g., copper)

Poor electric conductor
Figure: Skin Depth


