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Chapter 12
Plane Wave Reflection and Dispersion

Waves and propagation; Maxwell’s equations; applications including transmission lines; impedance matching and Smith charts; reflection
and refraction; waveguides and antennas. [4-0-0]
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1. Boundary Conditions

e What happens to the field strength and flux density when fields cross the
interface between two dielectrics?

e |n a source-free region, we can show that:

— the normal component of flux density is continuous across the interface;

— the tangential component of field strength is continuous across the
interface.

e You have already seen that this can be proven fairly easily by assuming
static conditions.

e The results apply equally well to time varying fields.

ELEC 311 - Electromagnetic Fields and Waves (2025W1) Prof. David G. Michelson



1 Boundary Conditions for Electric Fields

e In a charge-free region
Dnl — Dn2 .

e |f there is surface charge,
(D1 —D3) - 12 = —ps .
e In all cases,
By = By .

e In a charge-free region,
tan (91 €r2

tan (92 €rl .

e Can you prove this using the Divergence Theorem and Stokes Theorem,
respectively?
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2 Boundary Conditions for Magnetic Fields

e In all cases

B,1 = B> .
e If the surface is current-free,

Hi1 = Hyo .
e If there is a current sheet,

(H; — H,) - fs =K .

e If there is no current,
tanty 2

tanfy g

e Can you prove this using the Divergence Theorem and Stokes Theorem,
respectively?
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Wave Propagation at Boundaries

1. Normal Incidence
2. Oblique Incidence and Snell's Laws

Perpendicular or TE Polarization

= W

Parallel or TM Polarization

5. Standing Waves
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1 Normal Incidence

e When a propagating wave reaches an interface between two different
regions, it is partly reflected and partly transmitted.

e Application of the appropriate boundary conditions allows us to determine
the transmission and reflection coefficients.

e At the boundary,

EL+Ey=FE,. H.—H,=H,.
e Furthermore, .

Lo L Eg

ngm’ ngm- ngm'
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e These equations can be combined to yield:

Ey m—m  Hy m-—n  Ej 2 HE  2m

EY m+mn  H m+n Ey m+n  HY m+n

e As shown in g4, the intrinsic impedances for various types of media are:

free space Ny = /:_8 — 120792
perfect dielectric n = \/%

partially conducting medium 7 = \/%
conducting medium n=/“E/45°
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2 Oblique Incidence and Snell’s Laws

e A wave incident upon a plane interface between two media will lead to
a reflected wave in the first medium and a transmitted wave in the second.

€

Reflected

Transmitted

Incident
wave
normal
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e The plane of incidence contains the normal to the interface and the
normal to the directions of incident, reflected, and transmitted wave
propagation.

e Snell’s law of reflection is

e Snell's law of refraction is
sin Hz U2€D U1
sin 0, ui€1 Vg

e Note this is the ratio of the speeds of light in the two media!

e What is the critical angle of incidence observed when a wave propagates
from the denser medium into the less dense medium?
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3 Perpendicular or TE Polarization

e For perpendicular or TE or s polarization, E is perpendicular to the plane
of incidence.
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e At the interface between two regions,

Eg  m2cosb; —nycos b,

Ei  macosf; +ncosby

and
Ef 215 cos 0;

58 B no cosB; +nycos Oy

e For normal incidence, 6; = 6; = 0° and the expressions reduce to those
of the previous section.

e Does the reflected wave ever drop to zero for TE polarization?

e Ans. No. Prove this.
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4 Parallel or TM Polarization

e For parallel or p or TM polarization, E is entirely within the plane of
incidence.
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e At the interface,
Eg  m2cos by — i cost;

E}  ngcosby + 1y cosb;

and
E§ 215 cos 0;

E!  mycosf; +nicosb;

o If ;11 = po, will there be a particular angle of incidence for which there
is no reflected wave?

e Ans. Yes, this angle is given by the Brewster angle,

_ €2
QB = tan 1 — .
€1

e Be very careful not to confuse n with n, the refractive index!
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Brewster Angle (no reflection, total transmission) H

‘1—|2 Critical

Brewster'sangle 65 Brewster'sangle 65

Laser beam Horizontally polanzed
'“T;:, glasses cut glare

2y
Brewster angle

window
No reflection at g Waterfsnow
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Simplifications for Pure Dielectrics

e Considerable simplifications are possible for the common case of
nonmagnetic dielectric media, I.e., 1 = o = uop.

e |n particular:

I'rep(E)=-Trp(H) =

and

lrpy(E)=—Trp(H) =
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_sin(@i — 9,5)
Sin((gi + (915)
tan(6; — 6;)

~tan(; + 6,)
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5 Standing Waves

e The incident and reflected waves will superimpose and create an
interference pattern.

e The simplest case occurs when waves travelling through a perfect
dielectric (61 = a3 = 0) in the 4z direction are normally incident
upon a perfect conductor.

e The combination of horizontally polarized incident and reflected waves
may be written

E(z,t) = [E(i)ej(wt—BZ) + Egej(““fﬁz)]i _ ejwt(Eée—jBZ) 4+ Egejﬁzi,_
e Because 5 =0, E}/E} = —1, and
E(z,t) = /Y (Ele 7P%) — EielP23 = —2jEl sin Bz 7“4
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e Taking the real part yields

E(z,t) = 2E} sin fz sinwt .

Perfect
conductor

Copyright & Addison Wesley Longman, inc.

A standing electromagnetic wave does not propagate
along the x-axis; instead, at every point on the x-axis
the Eand B fields simply oscillate.
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Wave Impedance

e At each point along the direction of propagation, the wave impedance is
the ratio between the electric and magnetic fields.

e Because the standing waves that correspond to the electric and magnetic
fields are effectively an interference pattern between the forward and
backward travelling waves, the wave impedance is a periodic function with
period = \/2.
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