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Lecture 9
Reflections at Boundaries



Review: Normal Incidence Linear Polarization
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Voltage Standing Wave Ratio (VSWR)

Plots of Ex(z,t) at different times
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Voltage Standing Wave Ratio (VSWR)

Plots of Ex(z,t) at different times
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Voltage Standing Wave Ratio (VSWR)

Plots of Ex(z,t) at different times
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Voltage Standing Wave Ratio (VSWR)

Plots of Ex(z,t) at different times
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VSWR and maxima, minima
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Features of Oblique Incidence

Specularly Reflected wave
Transmitted Wave is refracted (Snell’s Law)
Polarization matters

Wave Impedance depends on polarization, angle of
incidence

No reflection for special angle (Brewster’s angle)



Polarizations
TE, E perpendicular
to Pol

E
-
Phd H
E
-
0? H

Oblique Incidence

o ; transmitted
\-\\\ reflecte
~
97‘ —’———?
\\i ‘—————
,/
6
1
”
”
”
-7 -’
incident
X
7

TM, E parallel to Pol

z=0

n,=



Angles of reflection/transmission
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Angles of reflection/transmission
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Why does angle of incidence = angle of reflection?

Wave crests
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Incident and Reflected wave crests must match up
along surface
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Snell’ s Law
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Why Snell’ s Law?

Wave crests
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TABLE 23.1 Indices of refraction

Medium

n

Vacuum

Air (actual)

Air (accepted)
Water

Ethyl alcohol

Oil

Glass (typical)
Polystyrene plastic
Cubic zirconia
Diamond

Silicon (infrared)

1.00 exactly
1.0003
1.00
[.33
[.36
.46
[.50
.59
2.18
241
3.50

For most material
n>1

Plasma
n<1



Total Internal Reflection
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Evanescent Field
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What is the reflection coefficient?
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What is the reflection coefficient?
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Reflection Coefficient
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Polarized Lenses
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Geometric Optics
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Geometric Optics (Ray Tracing)

Properties of Medium depend weakly on position

e(x,w), U(x,m)

Rc\j T(‘aj ecton

1 1
Ve(x,w) ~—<< A
(x.0) £(x CU)| 7 ﬁa% Crests

Locally medium appears homogeneous

E = RG{E (x)exp [i¢(x)_ iwt]} ¢(x) the Eikonal

. k(x)=V@(x) is the local wave vector
¢(x) the Eikonal

V¢(x) is the local wave vector .
Near a pointx,, @¢(x)=¢(x,)+(x—x,) VP(x)

X0



E = Re{E(x)exp[i(p(x) — ia)t]}

Vé(x) is the local wave vector Local dispersion relation
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Consider x derivative
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How to interpret
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Example reflection of waves by the
ionosphere
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Example reflection of waves by the
ionosphere



