Lect. 24 TE waves (Cheng 10-3.2)
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/ / VZE(X, y,z,t)—yg% E(x,y,z,t)=0
E(X’ Y, Z’t) — E(X’ y)_e—yz _eja)t (7/ =a+ Jﬂ)
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/4 VL EMXY)+hE(X, y)=0

X w (>>b)

A 4

h* =y° + 0’ us

1) Transverse Electro-Magnetic (TEM) waves: E,=H,=0 and h =0
= Plane wave, Voltage/Current waves on Transmission line

2) Transverse Magnetic (TM) waves:
H,=0 but E, nonzero

3) Transverse Electric (TE) waves:
E_,=0 but H, nonzero
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A 4

X w (>> b)
h? =y° +0’us
TM waves: H,=0 but E, nonzero H = _iz y oH, _ jwe ok,
h OX oy
Vi,yEz (X, y) + hZEZ (X, y) =0 1 oH ) oE,
H, =——|7 + Jwe

42 h 0 OX
—E, (y)+h’E,(y) =0 1 ( 9E, . BH,

dy2 Ex __h_z /4 ax + Jou P

. nz 1 oE oH
E =A sin(hy), h=— E =—— z_ z
. (¥) = Assin(hy) e e Lo
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Lect. 24 TE waves (Cheng 10-3.2)

/ / TM waves
E (y)=0 .
W , Hx(y)=1—f:gA1008(hy)
Y+ z b E, (y) =—3-A, cos(hy) H ()0
J< E,(y)=Asin(hy) H.(y)=0

A 4

. W (>>b) 7z o
h =5 =» Mode: Quantization of h, g
k:co\/ﬁ
h=kcosé
S =ksiné
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Lect. 24 TE waves (Cheng 10-3.2)

TE waves: sz’sz(X’ Y)+h2HZ(X, y)=0
d2
yI s Ib :>dy2HZ(Y)+h2HZ(Y)=O
H,#0,E, =0 /=0 = H,(y)=Asin(hy)+Bcos(hy)
; 7U B, =
1 coH . OE
At the surface of electrodes Hx=—h2 y 8)(2—10)8 :
Etan =0and H nor — 0 1 oH, . OF,
Hy:—hz 4 o + Jwe 8X
=» BC cannot be directly applied to H,
e L[, % ,,0H
At the boundary TR ox “ oy
oH 1( 6E oH
E =0 _Z _ E =—— z _ z
X 8y 0 y hz YV ay Jou P
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Lect. 24 TE waves

2
" s O H ) +hH () =0
Ib dy z z
oH

H_(y)=Asin(hy)+Bcos(hy) BC: —Z =0

H,=#0E,=0 oy
oH
p Z = hAcos(hy)—hBsin(hy)=0 at y=0(1) and y =b (2)
y
(1) A=0, H,(y)=Bcos(hy)
oH N
(2)—Z(y=b)=-hBsin(hb) =0 = hb=nz, h=——
oy b
* H_(y) = Bcos(hy), h:”T” TE, Mode
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Lect. 24 TE waves

y=0
H,#0,E, =0
1 oH . OE,
H =-— — Jwe
h OX oy
1 oH . OE,
H, =-— + Jowe
h oy OX
1 oE, . H,
E,=—— + Jou
h OX oy
£ o__ 1 JoE, i@ oH,
g h? oy #Tox
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H, (y)=0

_ 7 Rei
Hy(y) =t Bsin(hy)
H_ (y) = Bcos(hy)

(0] .
E.(y) =% Bsin(hy)

E,(y)=0
E,(y)=0

TE, Mode?

nNzw

H Z(y) = B cos(hy), h = e
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Lect. 24 TE waves

Wave propagation animation for TE; and TE,

‘gi_d; View(ZD)
Front éw(ZD)
Default View(3D)
i . H -0
£ (y) =1 Bsin(hy) xY)
VR

E,(y)=0 L _hw Hy(y) = Bsin(hy)
E,(y)=0 b H_(y) =Boos(hy)

For following animations, H(xy,z,t)= RG[H_(X, y)e‘jﬁzej‘”t]
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Side View
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Side View

O L L4k
HA it
A “wgqﬁﬂ

...//iut\\.\
RO st
W «/{1/1.15\\\\\3:.

[ Ny e T S

P e e
[ \\\\.\.\l\-\l{lif//{.co
rs ‘\\\\ﬂl.lfl\i//(.r/.rf

wﬁ:.a\\\\lif/

L ::.:\\--J,””;:
Mttsrrne gy by
HHittere. . it
ﬁaﬁ*444. iR :_-rﬁz
Mfase.,,,,
M., LR
4411
1t 4

AN S srsrring

U

.

‘_f//’r&:?l{..l\\.\..\\-.u
& N P e— ot . #
1 e ——— e e %

n\\\\\.‘lb.l.\t!f.)f..‘

“\\uxxfsi!lffzz»,.,

\\ltr!.f/./._/J.._. {
_MNHMHH\‘.,,,,,,A3J
L .:hxxn..f...ai.ﬂ.ﬁ
O CAIRTL | |

LALAMOMINIPTE 1 |

“

Lot T
L 21t A
et AT AN
2711 AR A
BRI S 78 8 A S A ALEX VN
I LR RS

TS

[Aoarrtini N | f S S e
B L FY T X PP F e
(TN AL
Y44
‘J/if.rFHtEh&h\\\\
AL s
CLLLLLLL LR
271 JARTALE
O
(AL VAT
LTIV WNNSYT
el LB ANNNYNTS

kLA LR b s ad

<

LR

NN s e
NN RIS F VI N
XA AR KA F 77 N
Jf;zxﬂaﬁ::\\\\\..»
vt ittt e L

AN A

RELLILif : Mtttse.
.133.__ .3.:.:..

>
_I

E&M 2 (16/1)



Lect. 24 TE waves

With plane wave decomposion,

TE
I ~ alhy _ a-lhy
(perpendicular)E/@fH\A sin(hy) L S RSV
y cos(hy) ~e’™ +e™ "
L’Z

™ Ex
(parallel) H

n
e-ie) _q  2hb=2nz h=%

v 2@ _ 1 1
n’z’ f,) G \/1 (fcjz
IB:W = \/a)zyg— o’ = O+ & 1—(7‘3) f
2
f, = i Vg:dl - '1_(L]
20/ ue dﬂ Jue f
@
Cut—off whenf =f_ or f=0
Same as TM
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Lect. 24 TE waves

E
TEM 5} . . o E,
y TEM HX
™ E\@{\A I/,X 7 5
. 2 ™ H

Wave impedance(Z) is defined 1
as a ratio of orthogonal E-field anad 7

H-field component with a right—hand rule for sign . .
E=-Z7 (éz X H)
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Lect. 24 TE waves

- 6/2: No Class

- 6/7: Test #2 ( From Lect. 15 to 24)

- 6/9: Test #2 Review, Project title and abstract due

- 6/14: Project Presentation (10 min. for each presentation)

Project:

Select a topic of your interest in the area of electromagnetic waves technology,
investigate the selected topic, and make in-class oral presentations in English.

(Quiz: 25%, Tests: 25 x 2 = 50%, Project: 15%, Attendance: 10%)

E&M 2 (16/1) & W.-Y. Choi




