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3.Plane Wave in Free Space
Starting from Maxwell's equation, we obtain set of differential equations 
similar to the transmission line equations.
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Then, Maxwell's equations are reduced to
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Plane Wave in Free Space
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plane wave transmission line
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from the similarity to the transmission line equation
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4.Transmission Line Composed of Two Conductors
4.1 Electro-static model
The electromagnetic (EM) wave of TEM mode can be determined by 
an electro-static model. 
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Transmission line with two conductors
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Coaxial line and strip line
4.2 Coaxial line

charge density per unit length=q[Cm-1]
voltage between inner and outer conductors=V
capacitance C[Fm-1]
characteristic impedance
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4.3 Strip line
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Dominant guided mode is a TEM mode.
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Exercise: Derive Zc by 
calculating C and L
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Micro-strip line
4.4 Micro-strip line

a quasi TEM mode
approximate representation of characteristic impedance

0-th order approximation

1-st order approximation (Schneider's expression)
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