
Electromagnetic Waves 
PHASOR FORM 

 
TIME HARMONIC FORM OF MAXWELL’S EQUATIONS 
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TO CONVERT BACK TO SPACE-TIME FORM  POTENTIALS 
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BOUNDARY CONDITIONS (Hold for both general time variation and phasor form) 
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PLANE WAVES IN LOSSLESS MEDIA 
Arbitrary Direction    Incident and Reflected Waves (z-direction) 
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MATERIAL PROPERTIES – LOSSLESS MEDIA 

Intrinsic Impedance: 
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PLANE WAVES IN LOSSY MEDIA (z-direction) 
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MATERIAL PROPERTIES – LOSSY MEDIA 

Complex Permittivity:   c j ' "  or   
c j   Wavelength: 
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Propagation Constant:     j c  j   Skin Depth: 
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Good Conductor:   1 
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Low-Loss Dielectric 
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AVERAGE POWER FLUX    ENERGY DENSITY 
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NORMAL INCIDENCE ON MULTIPLE BOUNDARIES 
Wave Impedance:     Input Impedance: 
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OBLIQUE INCIDENCE 

Snell’s Law:  i  r      Index of Refraction: n r   

k ki t1 2sin sin   or n ni t1 2sin sin   
 
Perpendicular Polarization:    Parallel Polarization: 
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Brewster Angle: sin ||
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