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For EM wave equation derivation
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Exponential Decay!
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Consider plane wave solution:
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Why decay?

attenuation constant

phase constant

:a

:b

è loss

How much does the wave 
penetrate into the medium?

Penetration depth,
Or Skin depth
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What if s is infinitely large?
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Consider EM waves normally incident at a perfect conductor at z=0

0 exp( )iE xE j zb= -

No penetration (skin depth = 0)

Reflected E-field?

è Reflection 0E =iE

?rE =
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ü Boundary Conditions: Constraints on E,H fields at a boundary
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è Each of Maxwell’s Equations provides one constraint on E or H
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H-field for z<0? 
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Incident Wave Reflected Wave

0 exp( )iE xE j zb= - 0 exp( )rE xE j zb= -
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( , )totalE z t = 0 2sin( )sin( )xE z tb w ( , )totalH z t =
02 cos( )cos( )Ey z tb w
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σ→∞

0== HE
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iE
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zjxj
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xb =

, , ?r i rE H H =

zb =

sin ,k q 1 1k w m e=

cosk q
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σ→∞
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Boundary condition at z=0
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zb = cosk q
xb = sin ,k q

,r zb = cos rk q,r xb = sin ,rk q
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z-direction: Standing wavex-direction: Plane wave propagation
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xb = zb =sin ,k q cosk q
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How about H-fields?
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Propagation of current densities 
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zjxj
i zx eeEyE bb --= 0

What if E-field has x- and/or z-components?

( ) x zj x j z
i x zE xE zE e eb b- -= +

Only y-component

èParallel polarization
(H-polarization, p-polarization)

Easier to analyze with Hi given 

Ei, Hr, Er ?

è Perpendicular polarization
(E-polarization, s-polarization)
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Homework:

(1) Show the following 

0 x zj x j z
i
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h
- -=Given

(2) Determine

(3) At z=0, determine

avP

(4) At z=0, determine sJ


