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TEM Example Oblique: TE
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Oblique Incidence: TM
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[ Lesson [ Topics [ Reading [ Notes |
[ 24 T BVP (Capacitor, Coax), Electric Pofential [ 5.16 [ LO53 |
25 Electric Boundary Conditions 5.18-5.22 LO 5.4
26 BC’s/Capacitance 5.23-5.24
27 Electrostatic Lab Lab packet
Chapter 6: Steady Current & Conductivity
[ 28 T Current density, Conductivity, Resistance [ Ch. 6 [ |
\ Chapter 7: Magnetostatics ]
29 Magnetic Fields, Gauss’ Law for Magnetism 7.1-7.3 LO7.1-72GR2
30 Ampere’s Law 7.4-75,7.9 LO7.3
31 Ampere’s Law Applied 7.6-7.8 LO7.3
32 Magnefic Boundary Condifions 7.10-7.14 LO7.4
33 Magnetostatics Lab Lab packet
[ Chapter 8: Time-Varying Fields |
34 [ Faraday’s Law, Displacement Current, MaxwellEqns [ 8.3,8.8,8.9 [ LO8.1
35 | Faraday’s Law, Displacement Current, MaxwellEqns | 8.3,8.8,89 | [O8.2-8.3
Chapter 9: Plane Waves in Lossless Media
36 Maxwell’s Equations in lossless, source-free region 9.1-9.2 LO 9.1
37 Maxwell’s Equations in lossless, source-free region 9.19.2 LO 9.1
38 Uniform Plane Waves & Polarization 9.4-9.6 LO 9.2-9.3
39 Normal Incidence Vol 2,5.6-56.7 LO 9.4-9.5
40 Oblique Incidence Vol 2,5.6-5.7 LO 9.5
41 Oblique Incidence Vol 2,5.6-5.7 LO 9.5
42 Incidence Lab TBD LO9.5
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Schedule

Normal (TEM) Incidence TEM Example Oblique: TE Oblique Incidence: TM

CH 9 LEARNING OBJECTIVES

9.1

9.2

9.3

9.4

9.5

| understand the process of decoupling and finding
solutions for Maxwell’s equations for dynamic fields.

| can arficulate what a Uniform Plane Wave (UPW) is and
describe key properties that relate the electric and
magnetic field.

| can calculate the electric and magnetic fields for a
UPW.

| can articulate the concept of polarization and
determine the polarization for various UPWs.

| can determine the reflection and transmission of UPW at
a boundary for Transverse Electric (TE) and Transverse
Magnetic (TM) waves, using boundary conditions.
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Schedule Normal (TEM) Incidence TEM Example Oblique: TE

NORMAL INCIDENCE: TRANSVERSE
ELECTRFIC—I\/IAGNETIC (TEM) 4~ 0
“r2

K2 N

€r1

M
z<0

Oblique Incidence: TM s

A
AAAAA

Incident Fields:

EI' _ VE;Oeimzeij‘ﬁZ
i

I’:Ii _ 7)‘(7)/09 a1Zg jB1z
m

Reflected Fields:

Er _ ?E;Oe” \Zejﬁ\Z
r
Itlr _ i@emzej:ﬁz
m
Transmitted Fields:
Ef _ ?E;Oefaﬂef/\'igz
~ =

Hf — 72 )/0 e*(}yZefjrbZ
2
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Schedule Normal (TEM) Incidence

TEM Example Oblique: TE Oblique Incidence: TM AF

E
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NORMAL INCIDENCE (TEM): BC's
Use boundary conditions,

assuming we know incident Now, for dielectric (o = 0):
E-field i
— — br,
En = Ep nx = 1207 -
e
i r _ gt )
Eyo + By = Eyo v =AJjwp (o + jwe) = jwy/pe
0 y
. . R =a+jg
Moy X <H] - HQ) :/g a=0 B = wy/pe
El E’ Ef
5 x (yﬁ +y-2 _y@) -0
m m T2
2 eqns, 2 unkns (Ef; & EL):
_EBo_  _m—m
Eo ~ m+m
E? 2
T=... =20 74T 1z
Eo M2 + M

ECE343 (Spring 2025) 5/15



Schedule Normal (TEM) Incidence

Oblique: TE

NORMAL INCIDENCE (TEM): EXAMPLE

€r2
Hr2

€r1
Hr

E{/O: ] V/m,Er] - ],Er2:2

z>0

N
I
(@]

z<0
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Oblique Incidence: TM ..

'ACADEMY

y = o O+ i)

— a=0,8=uwue
5, :w<3.34>< 10 Q)

By = w (4.72 x 10*")

m = ]\22” - 377Q
o = % = 267Q
Mem = %
267 — 377
_ % — 071

T=1+ gy = 0.829
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Schedule Normal (TEM) Incidence TEM Example Oblique: TE Oblique Incidence: TM AF
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NORMAL INCIDENCE (TEM): EXAMPLE (CONT'D)
f? " Incident Fields:

T
Hr2

& ~ . Iy
i F;,Ir— E' = YEi,Oei'”Zefj*;‘Zy(]V/m) ele—ihz

E
-0 E!
H - % y0 e MZg=ihiz _ _g | Ve isiz

y z
. E
. H'F 0 377
Hl_ ” = —X(2.54mA/m) e /12
E

" Reflected Fields:

" z<0 ~ 5 )
E = yE;OrTEMemZe/mz _ (1V/m) (70.]7]) gtz
,E/r _ 2727]77] ej;ﬂz _ 2(0454mA/m) e/';%z

Transmitted Fields:
E' = yEjTem22e /%2 = §(0.829V/m) e~/

N E . ’
At = %L x2eZ = _%(3.10mA/m) e /%
12
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Schedule Normal (TEM) Incidence TEM Example Oblique: TE Oblique Incidence: TM P
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OBLIQUE INCIDENCE: TRANSVERSE ELECTRIC (TE)

z>0 N L
El = %Elge/(71°d)

a,=Yyy+2z
B =98y + 265,
= y518in (6;) + 28,cos (0’)
E— inOefj;’h(ysin(()’)+zcos(()f))

i
EXO

m

|ycos (¢7) —2sin (¢') ]

L [xsin(6")+zcos(0")]

F =

z>0
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Schedule Normal (TEM) Incidence TEM Example

OBLIQUE INCIDENCE (TE)

Er — ?E)r/oefjﬁw (xsin(0")+zcos(0"))

- E" .
r_ 20| _ % " _ %ej i
H = b [ Xcos (0") — zsin (9)]

e B [ysin(6")+zcos(6")]

Oblique: TE Oblique Incidence: T™M oz

AAAAAAA

B = yEo7e)
- E’0
t_ o[ o t Sai t
H = . [ XCOos (9 ) + Zsin (9 )}
PRLY [ysin(6")+zcos(6")]
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Schedule Normal (TEM) Incidence TEM Example Oblique: TE Oblique Incidence: TM

OBLIQUE INCIDENCE (TE)

Use transverse (E-field) BCs to
determine 6" and 6':

En(z=01) = Ep(z=0,1)
VE;/OG—J'& (xsin(0')) n yE)r/Oe—jﬁ’w (xsin(07)) _ VE;Oe—Jﬂw (xsin(6"))

"Phase Matching” =

—jByxsin <9f) = —jBxsin (0") = —jBaxsin <9T>

Hi il
prsin (6) = Bosin (6°)

6" = sin~! [2;sin (9’)}
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Schedule Normal (TEM) Incidence TEM Example Oblique: TE Oblique Incidence: TM

OBLIQUE INCIDENCE (TE)
Use fransverse (H-field) BCs to determine g and Trg:

oy~ E
&y x (Fh—Fp) =J  with: T = 20
y0

57)50 _ mpcos (8') —mcos (67)
Elg  1m2c0s (8) + mcos (67)

e =
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Schedule Normal (TEM) Incidence TEM Example Oblique: TE Oblique Incidence: TM P

OBLIQUE INCIDENCE (TE): SUMMARY

20 TE Summary

0" = sin™! [g;sin (9’)}
0 = 0/‘

1pc0s (6') —mycos (67)

12C0s (07) + mcos (67)
2npc0s (6

~ 1pc0s (6) + mcos (67)

Mg ==

Fe

z>0
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Schedule Normal (TEM) Incidence TEM Example Oblique: TE Oblique Incidence: TM e

OBLIQUE INCIDENCE (TM)

229 TM Summary

t a1 [ Bla (i
- 0" = sin [525|n (9)]
efzgi
_ 1pCOs (0") —mcos (6

™= pcos (6F) + micos (67)
2n,c0s (9')

fm = t i

z>0 mCos (67) + nycos ()
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Schedule Normal (TEM) Incidence TEM Example Oblique: TE Oblique Incidence: TM P

AAAAAAA

OBLIQUE INCIDENCE (TM): EXAMPLE

] o E— YEo &P (xsin(6")+zcos(6;))
H— n]]apxﬁ_n]](mz)xy
T . .
= ? (Z-X)
| L H = no]y (ch0§ (9’) + 2sin (6’))
0" = sin”! [g;sin (9’)] N g P (xsin(¢') +2zc0s(6)))
E" = yIeEoy

o = ¢

. —jBy(xsin(6")— 0;
By _ mcos(6) —meos(e) e 0l

Eyo  mcos (07) +mcos (0) pr _ Mefoy ()‘(cos (9’) + Zsin (0’))
) ' m
v = 212C0s <9,) eI (xsin(6")—zcos(8;))

~ mcos (67) + npcos (07)
ECE343 (Spring 2025) 14/15



Schedule Normal (TEM) Incidence TEM Example Oblique: TE Oblique Incidence: TM

OBLIQUE INCIDENCE (TM): EXAMPLE
Ef - ?TTEEoy
@ JP2(xsin(6) +zcos(6y))
Fit = Tebor ()‘(cos <0f> + 2sin ((ﬂ))

2
o Ip2 (xsin(0")+zcos(0;))
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