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8-4 Group velocity
BHEE
Phase velocity (a single-frequency plane wave),

E(z,t) = Egcos(wt — B z)

wt — fz = const. phase Spring2022 kao@chu.edutw  8-54
wdt—pdz =0 Ao <Lwy .. cos(Awt—ABz) =  slowing varying term, or envelope function.
d_z =2 = wave packet.
dt B
®
Uy = —
]
up = , =w.pe
p i B e

*w for simple isotropic medium.

Group velocity : the velocity of propagation of
Simple wave packet : composition of two travelling waves.

the wave-packet envelope.
B R IR -
ARG LA = ke [ A% | KT k& |

E(z, t) = Egcos|(wo + Aw)t — (Bo + AB)z] + Eo cos[(w — Aw)t
= 2E cos(Awt — ABz) cos(wo — Poz)

up : velocity inside the envelope, phase velocity.

ug : velocity of the slowing varying envelope, group velocity.
& o Dispersion : when waves propagate in a lossy medium, etc.,
wot —foz =comst. = up = " B the phase const. f is not a linear function of w i.e.
Awt — ABz = const o u = d_z _ ﬂ _ 1 @ waves of different frequencies will propagate with
fa 1 A AB/Aw different phase velocity.
= Uy =—— (m/s .
« = 2Bjdw (m/s) (23
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e.g. ionized gas (plasma)
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” (b)
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5 axt B B v [1+3(2)]
1/em\? 1 1 1 (e”)2
= Bxo/ue" 1+§(?) = Jue 8\e
3x 108 1
€ =02 =02 %256, ~ x2 = [1 -3 (0.2)2] =1888x10° (m/s)
~442%1072 (F/m) - !
e = a7 T
we” [ 3 —12 337 —3
E=% " ya= =& (550 x 10°) - (4.42 x 1077%) x s =1.82x10™  (Np/m) i.e. low-loss dielectric ~ non-dispersive medium
1(e")? V25 1
B=wpe |:1 +3 (%) } =21 (550 x 109 x %o [1 +3 (0.2)2] =0.0182 x 1.005 = 0.0183 (rad/m)
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PBL 1. ¥ Waves Class : EE B01403A kao @ chu.edu.tw

Due: 8:00 AM, Wed. Sep. 8, 2021 \ass : EE BO1403A
1. 17385 & standing wave ? Wed. Nov. 22, 2021
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2D Laplace equation for Electrostatics
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