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Lecture 6: EM Waves in Conductor
(Cheng 8-3, 8-6) =

V-D= Jo,
VXE — _58_}: ==> —]CUE For EM wave equation derivation
V-B=0 J =0 assumed
Vxﬁ j+ 55 __>7+ a)B What if E—field generates currents?
- ot ’ J=c-E,c#0
D=¢E
B=uH
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Lecture 6: EM Waves in Conductor

7=G°E, o#0
V-D=p VxH = aE+jco8§=j0)(3—j£)E
_ _ )
V-B=0 d

= Complex permittivity &, =¢-j—
- - —_ 0
VxH=J+ jwD
Wave number k? 1

DZEE k= w Ue, =@ ﬂg(l—jijzzﬂ_jaa
L EQ
B

= uH Consider plane wave solution:

F = ;Eoe_jkz _ ;Eoe—j(ﬂ—ja)z — xEOe—jﬂze—az

Exponential Decay!
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Lecture 6: EM Waves in Conductor

E=xEe e

Why decay?

o . attenuation constant
[: propagation constant
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Lecture 6: EM Waves in Conductor

)

k= w a)\/7( j = f— ja, 8023'j;

Wavelength: —

(D) (0
— (B is w—dependent in certain materials) ==>
b B()

P

Phase velocity:

. Ow .
For energy propagatlonia— (GI’OUD Ve|OCIty)

@ Vs [ for ionized gas
(Fig. 8=7 in Cheng)
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Lecture 6: EM Waves in Conductor

E=xEe e

How much does the wave
penetrate into the medium?

S :l Penetration depth,
a Or Skin depth

What if ¢ is infinitely large?
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Lecture 6: EM Waves in Conductor

Consider EM waves normally incident at a perfect conductor at z=0

&, U _
r=ee No penetration (skin depth = 0)
o=0
E L E=0 = Reflection
E: =XE, exp(—j32) Reflected E-field?
E =7
AX
y Z
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Lecture 6: EM Waves in Conductor

v Boundary Conditions: Constraints on &,H fields at a boundary

= Each of Maxwell’'s Equations provides one constraint on E or H

&, 1, &y, M,

=» Same tangential E—fields across the boundary
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Lecture 6: EM Waves in Conductor

& H E}, =9 El,t - Ez,t
c=0 O =@
E R E:O Atz=0, EZ,t:O
=XE, exp(—jfz) E(z=0)+E(z=0)=0

L E =—xE,exp(jpz)
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Lecture 6: EM Waves in Conductor

Incident Wave Reflected Wave

E =%E, exp(—jBz) E, =-XE, exp(jfz)
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Lecture 6: EM Waves in Conductor

Total E-field forz< 0  E,.(2)= XE,exp(—jBz)—XE, exp(jpz)
= XE,(-2/)sin(f2)

10_..-'1'-'- :

E, (z,t) = XE,(-2j)sin(Bz)e’”

Re| E,,,(z,0) | = XE, 2 sin( Bz) sin(wr)

= Standing Wave!

B T o e S 0
i et 5
10 = : et 10
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Lecture 6: EM Waves in Conductor

H-field for z<0?
& H | E
o=0 O =0 Hi= J’;OCXP( jPBz)
_ - g |
E, £=0 H =y—"exp(jpz)
= XE, exp(—j fz) 1
. E,
Er < total(Z) yyexp( ]/BZ)+_)/7€XP(],BZ)
- XxE '
xE, exp(jpz) 2Eo cos( B2)
n
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Lecture 6: EM Waves in Conductor

Etotal (z) =XE,exp(—jBz)—XE exp(jBz) Houul(2)=7 FGXP( JBz)+y %GXP(JﬁZ)

=XE,(=2)sin(fz) 2E0 cos(f3z)
]
= — : : _2E,
Re| E,,,(z,t) | = XE,2sin(Bz)sin(wr) ~ Re|f,
T
. Power flow? ERe[ExH}

(Flow of power density time average)
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Lecture 6: EM Waves in Conductor

H—field for z<0?
g, 1
E
o=0 O = Hi= y;oexp( JjPBz)
E | E= _ _E |
_EEG Cip )' 0 H, =y7(’eXp(JﬁZ)
=X XP\— Z —
v Py H=0 £
E, < H,,(2)= y;GXp( Jﬁ2)+y76Xp(JﬁZ)
=—xE, exp(jfz)

H-field for z>07

Boundary condition for H?
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Lecture 6: EM Waves in Conductor

v Boundary Conditions: Constraints on &,H fields at a boundary

= Each of Maxwell’'s Equations provides one constraint on E or H

— 5B
VXE = El,z :Ez,t
8t
VxH = 7+8D H,,—H, =J,
ELHy | €M Ot
V.D = Yo, 82E2,n _‘91E1,n = Py
VEZO IU2H2,n_lulH1,n =0
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Lecture 6: EM Waves in Conductor

Homework: (Due 9/20)

Determine p and js at the interface (z=0)

Py
o=0 o

I
8

E .

1

= XE, exp(—jfz)

oy |
I
|
I

A

v |7
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