EECS 412 Electromagnetic Fields III Formula Sheet


Maxwell’s Equations (general differential)
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Maxwell’s Equations (time harmonic )
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Maxwell’s Equations (integral )
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Electromagnetic Boundary Conditions
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Reflection & transmission (simple dielectric)
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Basic waves
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Reflection & transmission (multiple dielectrics)
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Plane waves in lossy materials
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Lossy materials

Polarization currents:
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Conduction Currents:
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Use 
[image: image35.wmf] instead of 
[image: image36.wmf] in expression for complex imepdance
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Good conductor approximations
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Poynting Theorem
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Arbitrarily directed uniform plane waves
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Reflection and refraction of oblique waves at planar dielectric interfaces
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Total internal reflection
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Normal incidence on a lossy medium
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Parallel plate slab waveguide

Parallel-plate TEm modes: m=0,±1,±2,…


[image: image60.wmf]
[4.12a]


[image: image61.wmf]
[4.12b]


[image: image62.wmf]
[4.12c]

Parallel-plate TMm modes: m=0,±1,±2,…
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Parallel-plate TEM mode
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Propagation constants
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Conduction losses
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Dielectric losses
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For parallel plate TE modes the total power through the guide is
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For the parallel plate TEM (TM0) mode the total power through the guide is
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Dielectric slab waveguide

TM Modes The non-zero field components are 
 EMBED Equation.DSMT36  


, 
 EMBED Equation.DSMT36  


,and 
 EMBED Equation.DSMT36  



For x≤-d/2
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where the transverse propagation constant is given by
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For x≥-d/2
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where the transverse attenuation constant is given by
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The cutoff frequencies are given by 
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TE Modes The non-zero field components are 
 EMBED Equation.DSMT36  


, 
 EMBED Equation.DSMT36  


,and 
 EMBED Equation.DSMT36  



For x≤-d/2
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where the transverse propagation constant
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For x≥-d/2
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where the transverse propagation constant
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For Odd TM Modes:



 EMBED Equation.DSMT36  
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For Even TM Modes:



 EMBED Equation.DSMT36  
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For ALL TM Modes:



 EMBED Equation.DSMT36  
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The cutoff frequencies are given by 



 EMBED Equation.DSMT36  
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Dielectric covered ground plane
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Dielectric slab waveguide ray theory
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Detailed example of odd TM Modes for slab dielectric waveguide: free space above the guide

For x≥d/2
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For |x|≤d/2
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For x≤-d/2
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