UNIFORM PLANE WAVES

Z-Directed Wave: - wave mmmp
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“Phase fronts”

3-D Wave:
E = E0
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PLANE WAVES
PROPAGATING AT ANGLES

Dispersion Relation:
Substitute Eoe_jk'Ir Into wave equation (V2 + koz)E =0:

__ : \
E_Oe ket _ Eoe—j(kxx+kyy+kzz) o 2 :
V© = + +

X2 ay2 622 )

Wave Vector k:

Perpendicular to uniform plane wave phase front,

Therefore perpendicular to E and H
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UPW AT PLANAR BOUNDARY

Cas_e I: TE Wave

E; X .
= Kk “Transverse Electric”

Hi = E 1 Plane of incidence
_____ r Rr
ep
&ty bt
Et
Trial Solutions: - | -
T P Ei = §/Eoe+JkXX_JkZZ _ 9Eoe+1(kocosei)x - J(kgSing;)z

Reflected:  Ey = JLE e (KoC0SO)X - J(koSinGy )z
Transmitted: E; = 9T E e 1(Kic0sOX - J(ksindy)z
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IMPOSE BOUNDARY CONDITIONS

E, is continuous at x = 0:

Eoe—jko sin6;z +£Eoe_jk0 sin6,z :IEoe_jkt Sin6;z for all z

Therefore:

<

d . . .
Ko SinB; =kg Sind; = K¢ Sin6;

= ktZ = kz

Kk = k

iz Iz

0, = 0, Angle of incidence equals angle of reflection
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SNELL'S LAW: k, sin 6, = k, sin 6,

Let k, > k: Let k, < k;: xt “critical

angle”

| k. >k = 6,<6,

<ki=0,>06
Critical Angle 6.
SN0t _ N Therefore: (0, > 90° = sin 6, > 1 as 6, — 0,

sinG; n
-t <6c =sin"t(ny/n;) "critical angle”

e.0., [g =255]= [ =+2] = [0 = 45°]
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NON-UNIFORM PLANE WAVES (NUPW)

Normal refraction: 0, <0,

0.,

Phase fronts
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Beyond the critical angle, evanescence:
Lines of constant phase
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EVANESCENT WAVES

k., when 6 >0, €.g., glass
Since: ki? = k2 + Ky = 0%,

Therefore: {ktx2 =kZ—-k,? <0

Kix =tjo = ijm

Where: k7 = o pjg;sin” 6,

Fields when 6 > 0

Et=9 -
More generally:  E; =9yTE, Kt
where: Kt =kz2 - jox 2k - K

EHa ek
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EVANESCENT WAVES -- SUMMARY

Names: Applications:
“non-uniform plane wave” T~ A
“evanescent wave” (S(1))=0in direction of decay) Optical fibers
“surface wave”

“iInhomogeneous plane wave” <.><.><:
=<

Lossless medium: Flat panel displays

EH o e IR I__,
E’ . R" _ O | &
Ky = *jou = +jy[k2 —k? K" Variable couplers

Lossy medium:
— Earth

k ek #0 Global |
communications

lonosphere
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