Electromagnetics:

Plane Waves in Lossy Media
Group Velocity

(8-3, 8-4)



EM Waves in Lossless Media

Source-free, linear, isotropic, homogeneous & lossless:
p=0,J=0,0=0, u=const., & £ = const.

Maxwell’s equations:
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EM Waves in “Lossy” Media (1)

Source-free, linear, isotropic, homogeneous & lossy:

p="7,J=? u=const., £ =const., &

J=0oF <« Conduction current
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Maxwell’s equations:
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If we use the complex permittivity: J — 0!

B=uH=puH+uM

density:
V.-E=0 —>V:D=0 —p=0




EM Waves in “Lossy” Media (2)

From Faraday’s law: VxE= —,u%

— VxVxE=V(V\E)-V’E
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Be careful with the complex permittivity and field notation!
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Plane Waves in Lossy Media

For a monochromatic “plane”wave:
: 0°E
— el S VE—pug, — =0 -
ot*

~ k- (kg Xtk YK
—> E(r) = EOe ket EOe J(Kexx+key y+Ke;2)

- a -
—jk,, ——

(k) (k) —pe (jo)? ==k + pe.w® =0

1/2

—> kC = ia)(/ugc) Propagating along +r

>k, = o+~ )= o fus Q- )
o wE
k; = B~ o = o fue (1 j—)"?
A X &

Phase constant Attenuation constant



Low-Loss Dielectrics

Nonzero but low conductivity: o #0, o/ we <<1
Taylor series expansion:
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Good Conductors

Nonzero and high conductivity: o #0, o/ ws >>1
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Skin Depth

Propagation distance for 1/e attenuation for good conductors:

1 2 Strongly frequency-dependent!
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lonized Gases (1)

Plasmas: lonised gases with equal electron and ion densities

Electrons much lighters than ions — as free electron gases

Recall Newton’s law of motion Il: F = ma

d*x )
——-eE=m — = —Ma@ X fora monochromatic wave at o
, e
Displacement: — X = > E
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Electric dipole moment: —» P = —€X  N: Density of number of electrons
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Polarization vector: — P = Np = — - E
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lonized Gases (2)
Ne?

mo?
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Polarization vector: P = Np = —

Electric displacement vector:

D=¢g,E+P <« Constitutive relation
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Equivalent permittivity:
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Plasma frequency
or cutoff frequency

K, =B-Ja=w,us,

f < fp — No transmission — Back reflection by ionospheric layers
Freq. response:
f> fp — Un-attenuated transmission
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Group velocity

Phase velocity: U, = % Material dispersion: [ = o+ ue = a)\/y(a))g(a))
Consider a dual-tone wave packet: o, +Aw & 0, — Ao (Ao << @,)

E(z,t) = E, cos[(w, + Aw)t — (5, + AL)z]+ E, cos[(w, — Aw)t — (S, — AP)z]

=2E, cos(tdw — zAp) cos(w,t — S,2)
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Slowly oscillating ~ Rapidly oscillating
— Envelope  — Carrier

Phase: w,t— f,Z = const.

N b A Phase velocity: — U, =—=—=
e ,/\ — dt ﬁo
g Envelope: Awt — AfZ = const.
, dz Ao dw
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Dispersion

da) O | lonized gas //
Group velocity: U, =— u, =— /
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Dispersion:
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