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UNIFORM PLANE WAVES 
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PLANE WAVES 
PROPAGATING AT ANGLES 
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Dispersion Relation: 

Wave Vector k: 
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Perpendicular to uniform plane wave phase front, 

Therefore perpendicular to⎯E and⎯H 
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UPW AT PLANAR BOUNDARY 
Case I: TE Wave 
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“Transverse Electric” 
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IMPOSE BOUNDARY CONDITIONS 
is continuous at x = 0://E
− θ − θ − θ+ Γ  =o i o r t tjk sin z jk sin z jk sin z 
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 Therefore: 

θr = θi Angle of incidence equals angle of reflection 

t o t i 
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phase 

sin k v n "Snell's Law" 
sin k v n 

where  n c v c "Refractive Index" 
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Snell’s Law: 

nvacuum = 1 
nglass ≅ 1.5 – 1.66 

nwater ≅ 1.3 at visible wavelengths 
< 9 at audio-radio frequencies ~ 
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( )1 
c t isin n n   "critical angle" −θ =  

ε = ε  ⇒  =  ⇒  θ  =  °  i o i ce.g., [ 2 ]  [n 2]  [ 45 ] 
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Therefore: θt → 90o ⇒ sin θt → 1 as θi → θc 
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Let kt > ki: xLet kt < ki: 

kt < ki ⇒ θt > θi 

Critical Angle θc: 
kt > ki ⇒ θt < θi 

kz 

kz 

kz 

SNELL’S LAW: ko sin θi = kt sin θt 



NON-UNIFORM PLANE WAVES (NUPW)

Normal refraction: θi < θc 

Beyond the critical angle, evanescence: 
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EVANESCENT WAVES 

Since: kt 
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Where: 2 2 2 

z i i ik sin= ω μ ε  θ  

Fields when θ > θc: 
− + +α −= =z tx zjk z jk x x jk  z  

t o oˆ ˆE yTE e yTE e  (x < 0) 

−= itjk r 
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′ ′′= − α  −�t z ̂  ˆwhere: k k z j x k jk 
More generally: 

( )′ ′′− −′ ′′• = α ij k jk  rIf lossless medium, k k 0 E,H  e 
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“non-uniform plane wave” 
“evanescent wave” (  in direction of decay) 
“surface wave” 
“inhomogeneous plane wave” 

′ ′′ • =k k  0  
k′ 

k′′

EVANESCENT WAVES -- SUMMARY 

Names: 

Lossless medium: 
( )′ ′′− −α ij k jk  rE,H e 

′ ′′• ≠k k  0  

Lossy medium: 
= ± α = ±  −2 2 

tx z tk j j k k 

0)t(S = 

Applications: 

Optical fibers 

Flat panel displays 

Variable couplers 

Global 
communications 

Ionosphere 

Earth 
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