PHY 712 Electrodynamics
9-9:50 AM Olin 103

Plan for Lecture 20:

Chap. 8 in Jackson — Wave Guides
1. TEM, TE, and TM modes

2. Justification for boundary conditions;
behavior of waves near conducting
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12 [Wed OZOBZ017 [Chap. 5 Magneteatalics and the Hyperfine Interaction 212 022017
13 Fri 021102017 (Chap 5 Magnetic dipoles and dipolar fiekis =13 0213207
14 Mon: 021132017 [Chap. & Maxwell's Equations 14 0znszT
15 [Wed: 02115/2017 [Chap. & Eleciromagnetic energy and forces =15 02A7/2017
18 [Fri. 02117/2017  (Chap. 7 Eleclromagnelic plane waves E16 D22N2017
17 Mon: 022002017 \Chap. 7 Diglectric media
18 (Wed: 02/22/2017 |Chap. 7 Complex dielectrics
19 [Fri: 02242017 [Chap, 1-7 Review — Take home exam distriouted
Wn iMen 022772017 |Chap, 8 Wave guides Exam
21 Wed 0X012017 |Chap. 8 Wave guides Exam
22 Fri: 0300372017 |Chap. 8 Wave guides. Exam Dua
Mon: D3/06/2017 Spring bresk - o class
Wed DNDB201T Spring hreak - o clsss
Fri; 031062017 Spring break - no class
Mon: 03132017 APS Mesting - no class
[Wed: D31182017 APS Meeting - no ciass
Fri: 0317/2017 APS Mesting - no cass
23 [Mon 03202017
24 Weod: ONZ22017
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Maxwell’s equations

For linear isotropic media and no sources: D=¢E; B=uH
Coulomb's law: V-E=0

) JE
Ampere-Maxwell's law: VxB—,tng:O

Faraday's law: VxE+% =0

No magnetic monopoles: V-B=0
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Analysis of Maxwell’'s equations without sources -- continued:
Coulomb's law : V-E=0

Ampere-Maxwell'slaw: VxB-—ue % =0
Faraday's law : VXE+ 2—]; =0
t

No magnetic monopoles: V-B=0
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Analysis of Maxwell’'s equations without sources -- continued:
Both E and B fields are solutions to a wave equation:
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Plane wave solutions to wave equation :
B(r, t) = %(Boeik"‘i”‘ ) E(r, t) — m(EOeik-r—iwt )
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Analysis of Maxwell’'s equations without sources -- continued:
Plane wavesolutions to wave equation :

B(r, l‘) = ER(BOeik-r-iwt ) E(r, l‘) _ ER(EOeik'r_iwt)

2 2
K [wj (a’) wheren = |24
v ¢ HoEy

Note: ¢, 4, n, k can all be complex; for the moment we will
assume that they are all real (no dissipation).

Note that E and B are not independent;

from Faraday's law: VxE+ %3 =0
_kxE; nﬁxEO

c
alsonote: k-E,=0 and k-B,=0
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Analysis of Maxwell’'s equations without sources -- continued:

Summary of plane electromagnetic waves :

B(l‘, t) = U{[M)eik.rmJ E(l‘, t) _ ER(EOeikf—imx)
C
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K[ = (Qj = (ﬂj wheren=_ [£- andk-E,=0
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Poynting vector and energy density:
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Transverse electric and magnetic waves (TEM)

B(r,t) = SR("kXEOefkrfwr] E(r,t) _ SR(EOEI'RFM)
c

2 2
‘k‘z =(Qj =(@j where n= |24 andl:rEO =0
v ¢ Ho&y

TEM modes describe
electromagnetic waves in lossless
media and vacuum
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In the vicinity of ideal conducting media, the
electromagnetic response is affected.

Ideal conductor boundary conditions:

nxE =0 n-H =0 Ho
N N




Wave guides

Coaxial cable

Simple optical pipe
TEM modes pe o "

TE or TM modes

Waveguide terminology
+ TEM: transverse electric and magnetic (both E and H
fields are perpendicular to wave propagation direction)
+ TM: transverse magnetic (H field is perpendicular to
wave propagation direction)
« TE: transverse electric (E field is perpendicular to wave
propagation direction)
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Wave guides Top view:
« B pview:
z Inside medium,
p € assumed to
be real
Coaxial cable ; )
TEM modes (following problem 8.2 in
Jackson'’s text)
Maxwell's equations inside medium: fora < p<b
VxE=iwB V-E=0
VxB=—iwuE V-B=0
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Electromagnetic waves in a coaxial cable -- continued

Top view: Examplesolution fora < p<b
E= % @e’kz"“’ Find:
P k= a)\/ﬁ
N Ba ... BO
B=(P£R Le’k‘m"] E =—r
* "~
p=cosgX+singy

G=-singX+cosgy

Poynting vector within cable medium (with z,¢):

5), =L fexw)- B[]
<>avg—ﬂ B )= - z
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Electromagnetic waves in a coaxial cable -- continued
Top view:
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Time averaged power in cable material :
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