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UNIFORM PLANE WAVES

Z-Directed Wave: - wave mmmp
E_ £ —jkz_© .—j2nz/\ : : :
E=Boe ™ =Boe == ==
“‘Phase fronts”
3-D Wave: ~ 3
E EO _JkXX Jkyy JkZZ k

_ k = Xky + Vky + 2K,
E=E.e " where X y y
0 {r 28X+ Yy + 2z X/ \AAS
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PLANE WAVES
PROPAGATING AT ANGLES

Dispersion Relation:

Substitute Eqe " into wave equation (V2 + koz)E =0:

S P
Eoe o = Eoe
v2 _ 02 9% 52
= 2t 2" >

ox= oy® o0z

Wave Vector k:

—j(kxx-+kyy-+k,z) |

b =kE +ké +kE = 0

Perpendicular to uniform plane wave phase front,

Therefore perpendicular to E and H

“le 2 k8
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UPW AT PLANAR BOUNDARY
Cas_e |: TE Wave

“Transverse Electric”
2 E 1 Plane of incidence

Trial Solutions:
Incident: Ej = yEe
Reflected:  E; = JLE e (Ko®0S0 )X - ](kosinSy )z
Transmitted: Ey = §TE e *1(ktcosO)x - i(kisinGy)z

+jKyX—jK,Z +j(koc0s6; )X - j(kysing;)z

=VE e
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IMPOSE BOUNDARY CONDITIONS

E, is continuous at x = O:

Eoe—jk0 sin0;z +£Eoe_Jk° sin0,z :IEOe—Jkt SIN6tZ  ¢5r 411 2

Therefore:

<

(~ . . .
Ko Sin0; = kg sinB, = k¢ sin 64
ktz = kg

K 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> ki = 0,<6,

 <kj= 0,>06,
Critical Angle 0.:
SINOt _ N Therefore: [0, — 90° = sin 6, — 1 as 6, — 6,

Slnel nt Al —1 . (PR "
<6c =sin" ' (n¢/nj) "critical angle

e.9., [g=255]= [ =+2] = [0, =45°]
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NON-UNIFORM PLANE WAVES (NUPW)

Normal refraction: 0, <0,

O Phase fronts

Glass W

-7 I
Air

Beyond the critical angle, evanescence:

0] % Lines of constant phase
0> 0 3
S - oo k’
evanescent|---- _ Llnest oft I—'
region|__ - constan
- amplitude
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EVANESCENT WAVES

K When > 0, e.g., glass

Since;

Therefore: {ktx2 =kZ-kz2 <0

Where:

2 = k.2 2 = ;2
Ki® = K= + Ko™ = 0 ug

Kix = £jo = £jkZ —kZ

kg = O)Z]Vligi Sin2 Gi

Fields when 6 > 0

Et = yTEqe Ve ?oX —yTE "X 22 (x < 0)
More generally:  E; = yTE, ~Jstr
where: ki = kzz—Jax k' - jk”
If lossless medium, k ok =0 EHa g i(K=ik")r
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EVANESCENT WAVES -- SUMMARY

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

15 " <><><:
Inhomogeneous plane wave = _
: =<

Lossless medium: Flat panel displays
EH o o I(K=K")er =
K ok’ =0 _] _&

Ki = +jou = +] /kg 5 kt2 K" Variable couplers

Lossy medium: ongsphere
—r  —n Earth
K ek #0 Global

communications
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