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Review | Summary of concepts/equations

Review || Example problems

Timelines —
April 30 — sign up for presentations
May 3 — Presentations |
May 5 — Presentations Il
May 6 — take home exam available
May 14 — all course materials due; outstanding
homework, projects, and completed exams
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Review — Chapter 8 — waveguides and other boundary

value situations for electromagnetic waves
Suppose for an 1sotropic medium: D=gE J=0E

Maxwell's equations in terms of Hand E :
V-E=0 V-H=0
cH OE

VxE=—u—- VxH=0ok +¢, —
ot ot

ot ot

Plane wave form for E :

2
£v2 yaﬁ—ygba ]on F=E,H

E(r,t)= %(Eoeik""_i”t) where k = (n, +in, )QIA(

=5 E(r.1) = ¢ k(o oo )



Some detalils:

Plane wave form for E :

E(r,t)= ER(EOe"k""i””) where k = (7, +in])QlA<
C
0 0’
V2 oL E=0
[ THO S T e j
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—(nR +in[)2 +1 +pg,c’ =0
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Fields near the surface on an ideal conductor -- continued
For our system:

( > \1/2
QnR:a) ﬂTgb \/H(ij +1
C W&
\ SO
/ > \1/2
P, =, | L \/1+Ei) 1
C 2 e,
\ J
1
Forg >> ] QnR zﬂn[ ~ |22 .1 ,
@ C C 2 S4€@m “skin depth

:H(r,t)zil;xE(r,) ;ilA{XE( )
cl 710,



Fields near the surface on an ideal conductor

o 0, 0, cw |
For—>>1 —n,~=—n, a
0, C C 2 %)

Q
Il

o ]
In this limit, iy, UE =N, +in, =£—(1+i)
Ho&y O

E (l', t) — e—f(-r/ém (Eoeiﬁ-r/5—iwt )

h

n - 1+7 ~
(r,z‘) ” % (r,t) S X (r,t)
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Fields near the surface on an ideal conductor -- continued

E (l', f) _ e—ﬁ-r/ém (Eoeif(-r/é—ia)t )

n - 1+7 ~
(r,t) ” X (r,t) S >< (r,t)

0 Z
Note that 1t 1s convenient to express the EM fields

in terms of the H amplitude:
H (I', t) _ e—f(-r/5m (Hoeif{-r/§—ia)t )

E(r,t)= 5ya)%f<xH(r,t)
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Boundary values for ideal conductor

At the boundary of an

Inside the conductor : ideal conductor, the E
ks kv | 5—icot and H fields decay in the
H(r,t) —¢ ER(HOQ ) direction normal to the
1_i - .
E(r,t)= 5,ua)TZk xH(r,¢) interface.

Ideal conductor boundary conditions:

=0 n-H

S

ﬁxE = ()

S
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Wave guides — dielectric media with one or more metal boundary

Ideal conductor boundary conditions:

ﬁxE =() le =(
S

S

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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Analysis of rectangular waveguide

Boundary conditions at surface of waveguide:
Etangentia|=0, Bnorma|=o

Cross section view
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Analysis of rectangular waveguide

X

7z —>

B = SR{[BX (o, ¥ )X + B, (x,»)§ + B, (x, y)i)eikz_iwt }
E=R{(E, (x, y)k + E, (x,»)§ + E, (x. )z )|

Inside the dielectric medium: (assume & to be real)

VxE+a—B =0 VxB — g,ua—Ezo
Ot Ot
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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> 0
Léxz + o —k’ +,uga)2j E (x,y) = 0.

For the rectangular wave guide discussed in Section 8.4 of your

text a solution for a TE mode can have:

E (x,y)=0 and B_(x,y)=B5B, cos(mﬂxjcos(nzyj,
a

2 2
with k> =k’ = pew’ —Km—ﬂj +(ﬂj }
a b




Maxwell’s equations within the pipe in terms of all 6 components:

OB
m%+ ~+ikB_. =0.
ox 0y
O, OF

+——+iffy =0.
ox Oy ﬁz

OF.

¢

IkE —% =iwB,.
X

—IkE, =iwB..

OE
r_CE, =iwB..
ox 0y

For TE mode with £_ =0
k

B,=——E,
a
%zﬁg
)]
B
%5, — kB, = —ipeok..
Oy
OB
kB ——= =—iusok .
P M y
0B, 0B,

— =—lucokl .
ox Oy HEER:
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TE modes for rectangular wave guide continued:

E (x,y)=0 and B_(x,y)=B,cos ( mmcjcos (mTyj’

a
. B . |
EX:QB =— o - o8, = e nﬂBocos(mﬂxjsm(nﬂyJ,
- _I_ -
a b
5 :_QBX _ o 0B, i mm B sin(mﬂxjcos(nﬂyj.
Yk a b

k> - uew® ox (MJZJF(MT a
a b

Check boundary conditions:

E peenia =0 because:  E_(x,y)=0, E (x,0)=E (x,0)=0
and E£,(0,y) =E, (a,y) = 0.
B ma =0 because: B (x,0)=B8 (x,b)=0

and B _(0,y) =B_(a,y) = 0.



Solution for m=n=1

B.(x,y)=B, cos(ﬂj cos(

a
: /b
R ;
a b
a b

iEy (x,y)
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Solution for m=n=1

18
16 —

14
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TE modes for rectangular wave guide continued:

E (x,y)=0 and B_(x,y)=B,cos ( mﬂx)cos (mTyj,

a
E. _Op _ : —i® : OB, _ —i® nr B cos(mﬂxjsin(nﬂyj,
— | +
a b
E--@p__io 0B _ i mﬂg(ﬂj(gj
a

Y kY kK - usw® oOx (mﬂjz (mjz a
- _I_i
a b

Note that it 1s assumed that all fields have the same harmonic

—it

time dependence e

Time averaged Poynting vector inside wave guide:

(S)= %ER(EX H')= %(f((EyH: ~E.H,)+§(E.H, -EH.)+2(E,H,-E,H.))



TE modes for rectangular wave guide continued:

E (x,y)=0 and B_(x,y)=B,cos ( nmxjcos (mTyj,

a
E _Op _ : —i® : OB, _ —i® nr B cos(mmcjsin(nﬂyj,
- _I_ -
a b
F__ 9p_ 0 oB. 10, mri B sin(mﬂchos(@j.
Yk a b

) kz_ﬂga)z a.x - (mﬂ'jz (nﬂ'jz a
- _I_ -
a b
Time averaged Poynting vector inside wave guide:

(S)= %%(Ex H')= liR(fg(Eij ~E.H,)+y(E.H,-EH.)+%(EH, -E,H,))
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