PHY 712 Electrodynamics
10-10:50 AM MWF Olin 107
Plan for Lecture 19:
Start reading Chap. 8 in Jackson.
A. Examples of waveguides
B. TEM, TE, TM modes

C. Resonant cavities
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14 [NAWH out of town - no class

[chap 3 " [Gylindrical and spherical geomelries
[Mon® 02i0372014 [Chap 4 Multipole analysis of charge distnbutions 0210572014
Wed: 02/052014 |Chap. 4 |Dipoles and dielectrics #9 0210712014
0[Fri 02/07/2014  [Chap. 4 [Dipoles and dielectrics 10 (021012014
1 Mon 02/10/2014 [Chap & [Magnetostatics 11 021122014
[12 Wed: 0zi12i2014 [Chap. 5 [Magnetostatics 12 0211412014
[ i zAaiz014 [Class cancelled because of wealher
[Mon 021772014 [Chap.5 Magnetostatics. 0272872014 |
[Mon: 021772014 [Chap. 6 Maxwell's equations 02/2872014
ed 02 [Chap_6 “[Electromagnetic energy and force 02/262014
[Chap 7 Elactromagnelic plane waves [ooE2014
[Chap. 7 Dynamic dielectric media and therr effects  (#17 02/26872014
1 [No class — NAWH outof lown
[No class —~ NAWH out of town
18 [Fri 0212872014 [Chap. 7 {Complex distectrics; TEM modes
[ [Mon 0310312014 [APS Meeting [Take-home exam (no class meefing)
[ [Wed 031052014 [APS Meeting  [Take-home exam (no class mesting)
[ 3077201 |AFS Mesiing [Take-home exam (no class meeting)
] 107 [Spring Break
[ Wed 0311212014 [Spring Break
[ Fi03Aa2014  [Spring Break
- [18 Mon 03/17/2014 [Chap 8 Wave uides Take-home exam due 8 31812014
{20 [wed: 037192014 [Chap. & fWave guides fe19 32172014
03/17/2013 PHY 712 Spring 2014 - Lectt 2

Reminder:
» Topic choices for “computational project”
— suggestions available upon request
-- due Monday March 24t?
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Fields near the surface on an ideal conductor

Suppose for an isotropic medium: D =¢,E J=0E
Maxwell's equations in terms of H and E:
V-E=0 V-H=0

VXE:—,ua—H VxH = oE + g,,a—E
ot ot

Vz—yag—ysi F=0 F=EH
o "o ’
Plane wave form for E :

E(l‘,l‘)ZSR(EOeik""”) wherek:(nRJrin,)%l;
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Fields near the surface on an ideal conductor -- continued
For our system:
1/2

2
QnR:a) o) 4] 2| 41
c 2 we,

1/2
2
@ = |HE 1+[LJ »
c 2 e,

o w w ow
For—>>1 —nyz=—n, =~ HOO
c c 2

[0}
- E(r,l‘) ~ek r’Jm(EOeikr/J—uw)

S

?H(r,t)z«Jz[iﬁxE(r,t)sz(i;ﬁxE(r,t)J
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Fields near the surface on an ideal conductor -- continued

Forg>>1 QnRzgnlz le
2] c c 2 o

In thislimit, |- = c\uz =y +in, = <1 (1+1)
Ho&o 10X
E(r.1)= e PR (Ee" o )
D(r,t)st(r,t)z%E(r,t)
H(r,t):if(xE(r,t):%l}xE(r,t)
B(r,z)=yH(r,t):gng(f,z)=%1;xE(r,t)
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Fields near the surface on an ideal conductor -- continued
E(l‘,t) _ e-R-r/(sSR (Eoeui.r/o‘-mn)
D(r,t)=£E(r,t) =2 E(r,1)

@
n s 1+i ~
H(r,t)=—kxE(r,t)=——kxE(r,t
(roe)= 2 RxE(n) =2 “kxE(r.1)
ne 1+ip
B(r,t)=uH(r,t)=—kxE(r,t)=—kxE(r,
(r,t)=pH(r,z) ko (r,) 50 (r,0)
Note that we can express the results in terms of the H field:

H(r.t) = oo (H, 65

E(r,t) = SuawR (l%l"( X H(r,t))
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Boundary values for ideal conductor
At the boundary of an

Inside the conductor : ideal conductor, the E
ks or/S—io and H fields decay in the
H(r,t) =e ER(HOe ) direction normal to the

E(r,¢)= 5;1@%]} xH(r,?) interface.

Ideal conductor boundary conditions:

IAIXE‘ =0 lAlH‘ =0 Ho
N S

=>
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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 Tob view:
> P View:
z Inside medium,
u € 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 =—iwucE V-B=0
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Electromagnetic waves in a coaxial cable -- continued

Top view: Examplesolution fora < p<b
) Find:
E= ﬁiR @ etkz—lal
P k= a)\/E

=

=¢m(@exkz—i(w] EO — BO

p Jue

p=cosgX+singy

—sing X+ cosgy

5
]

Poynting vector within cable medium (with g, &):

1 . ‘Bo‘z [aJZA
S) =— RExB)=—"0_| &
< >avg 2u ( x ) 2;“\/; P z
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Electromagnetic waves in a coaxial cable -- continued
Top view:

Time averaged power in cable material:

27 b ) ‘BU‘ZWZ b
£d¢.[/3dp(<s>avg )= Tﬁln[Zj
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Analysis of rectangular waveguide

Boundary conditions at surface of waveguide:
Etangential=ov Brorma=0

Cross section view

3/17/2014
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Analysis of rectangular waveguide

Z —

B =R{(B,(x. )R+ B, (x.)§ + B.(x. )"
E=R{E (v, )X+ E,(x,y) + E.(x, )2 )" }

2 2
# [ a b
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Maxwell’s equations within the pipe:

OB
9B, +—=+ikB, =0.
X
OF
9E, +—L+ikE, =0.
Ox
OE, . . oB, . .
& —ikE, =ioB,. ayz —ikB, = —iucok,.
. oE, . OB
IkE. ——==iwB,. kB, ——= =—i
o ) ikB, o ek,
OE
y___aE" =iwB,. aBy —% =—iuenk, .

ox Oy o oy
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Solution of Maxwell’s equations within the pipe:

Combining Faraday's Law and Ampere's Law, we find that each field
component must satisfy a two-dimensional Helmholz equation:

o' oy

For the rectangular wave guide discussed in Section 8.4 of your

()

2 62 ) )
[—+—2—k + UEW ] E.(x,y) = 0.

text a solution for a TE mode can have:

E.(x,y)=0 and B.(x,y)=5, cos(m”x
a

2 2
with &* =k, = pew’ —{(m—ﬂ] +(ﬂj }
a b
Some of the other field components are:

B, :—EE), and B, :ﬁEx.
P )
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TE modes for retangular wave guide continued:
E.(x,y)=0 and B.(x,y)=B, cos[m—m] cos[MTy],
a
E, :ng - —iw : 0B, _ 7—la) _ nr B, cos mzx ).y i
k k* — psw” oy mrY (nz\ | b a b
+| =
o) %)
i 0B, i .
EL=*£B‘= . 1w . : 71{0 . m”B“Sln mmx I nry
k k* — psw” ox mrY (nrx b
LA I L
a b
Check boundary conditions:
Emge""m =0 because: E (x,0)=E (x,b)=0
and £,(0,y) =E (a,y) = 0.
normal = 0
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Solution for m=n=1
B. (x,y): B, cos(ﬂ}:os[n—)
a b
iE (x,y)=B, [%J COS[M] sin(
(=) + () a
—omr/a mmx
iE,(x,y)= Bo[ﬁ] sin[—)cos(
’ (=) +() a
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Solution for m=n=1

K =k = o — [Mj(l)
" a b

3/17/2014

PR
w
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Resonant cavity
0<x<a
v 0<y<bh
0<z<d

X

Z —
B= ‘R{(Bx(x, ¥, z)f( +B, (x, ¥, z)§7 +B, (x, ¥, z)i)e’i“"}
E= ER{(EX (x, v, z)i +E, (x, ¥, 2)57 +E, (x, y,z)i)e'i"” }
In general: E,(x,y,z)=E,(x,y)sin(kz) or E,(x, y)cos(kz)
Bi(x,y,2)=B,(x,y)sin(kz) or B,(x, y)cos(kz)
i
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Resonant cavity

X
Z ——

2 2 2

kZ_[M) _ yng_[Mj _(M)
d a b

, 1 [mﬂ'jz [nﬂ'jz [pﬂ')z

>0 =—|| — | 4| — | +| —
ue\\ a b d




