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For EM wave equation derivation

J =0 assumed

What if E—field generates currents?

J=c-E,c#0




Lecture 3: Reflection From Perfect Conductor

Jza-E, o#0
V-D=p VxH = aE+ja)8§=j60(3—j£)E
_ _ )
V-B=0 d

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

2
2 k= ofue, =0 ﬂe(l—jij = p- ja,
EW

D
B=uH Consider plane wave solution:

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

Exponential Decay!
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Lecture 3: Reflection From Perfect Conductor

E=xEe e

Why decay?

o : attenuation constant
=» |0SS

[ : phase constant

How much does the wave
penetrate into the medium?

S :l Penetration depth,
a Or Skin depth

What if ¢ is infinitely large?

Si Photonics (2022/2)




Lecture 3: Reflection From Perfect 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 3: Reflection From Perfect Conductor

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

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

— OB
VXEZ—— El,t:E2,t
ot
— _ D -
VxH:J+a— a x(H,—H))=J,
ELHy | €M Ot
V.D = Yo, 82E2,n _‘91E1,n = Py
V.E:O /u2H2,n_lulH1,n:O
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Lecture 3: Reflection From Perfect Conductor

G:O O = o0 E}’:? Et:E2,f

[u—
)

i Atz = 0, Ez,; =0
= XE, exp(~jpz) _ _
E(z=0)+E(z=0)=0

A

L2
E,.(2)= XE,exp(—jBz)—XE, exp(jfz) =XE,(-2/)sin(Bz)
_total (Za t) = Re [on (_2]) SiD(,BZ) exp(ja)t)] = fEO 2 sin(,Bz) sin(a)t)

=» Standing Wave!

Er =—XE, exp(jfz)
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Lecture 3: Reflection From Perfect Conductor

H-field for z<0?
& H 7_ _FEo
o=0 O = Hi= FXP( JPz)
_ =5 _ _E |
L, . E=0 H, =y —"exp(jpz)
= XE, exp(—jpz) 7
_ — Eo E,
Er < Htotal(Z) yyexp( ]/BZ)+_)/7€XP(],BZ)
) ;
XE, exp(jfz) 52E0 oo(82)
n
H,  (z,t)=Y 250 cos(fz)cos(wt)
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Incident Wave Reflected Wave

E =XE, exp(-j z) E, = —XE, exp(j )
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Lecture 3: Reflection From Perfect Conductor

— _2Fo
Etotal (Z,t) = )—CE()Z Sin(ﬂz) Sin(a)t) Htotal (z,t)= ) TCOS(IBZ) cos(wt)
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Lecture 3: Reflection From Perfect Conductor

e, u, o=0

E =%, exp(—jfz)| =

—  _FEo , _

Hi=y FGXP(—J,BZ) H=0
E =—XE, exp(jfz)
_ _E .

H, =y—exp(jBz)

n A

v 7
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B.C. at z=0?

E

1,¢

=F

2.t

ngz,n - glEl,n = Ly
p, =0

Zx(ﬁz_ﬁl):js i, , —mH,, =0

EX(O—)_/zEOj J.
)

- 2F
J =x—
Ji

S
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El — yEOe_jﬂxxe_jﬂzZ

B.=ksinl, k=owue
B.=kcosb

Si Photonics (2022/2)



Lecture 3: Reflection From Perfect Conductor

Er — ? EI" — ;Ere_jﬂrxx jﬂrzZ

p..= ksin@ , B,.= kcosb,

€1, My
Boundary condition at z=0
EOe_jIBxx _I_Ere_jﬂrxx — O
p.=p. and Eo=-E;
El — yEOe_jﬂxxe_jﬂZZ 91 — 9}, ﬂZ_ 1z

B.=ksin@, pB.=kcost
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Lecture 3: Reflection From Perfect Conductor

E. = —yEe e

p.= ksinf St
p.=kcos6

El — yEOe_jﬂxxe_jﬂZZ

Eua = E+E, = yEe Pe /' — yE e el
=y EOe—Jﬂxx [ o Pz _ ejﬂzz]
— L B N
= yEe /" (=2))sin(f.z)
x—direction: Plane wave propagation  z-direction: Standing wave
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Lecture 3: Reflection From Perfect Conductor

El — yEOe_jﬂxxe_jﬂZZ
E, = _; E, o P oI B

Erors == ;Eoe_jﬂ > (—2 j)sin( ,BZZ)
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QO—>0

| E=H =0
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Lecture 3: Reflection From Perfect Conductor

= S e R R SV
TSR e SR

Eww == yEje ™ (=2)sin(f.2)

B.=ksin@, p.=kcos6

Incidence Angle : 0
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Lecture 3: Reflection From Perfect Conductor

Er=—yE, e /PP How about H-fields?

Ei:l(aXEz) a_k:}sin«9+;cos<9
n

(z sin @ — x cos 0) ~IPex g P:2

£y
7

Hr:l(akxEr) azgsinﬁ—gcosﬁ

— E - . — . .
H- :——°<zs1n6?+xcos6?)e TP gIb:2

n

El — yEOe_jﬂxxe_jﬂZZ
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Lecture 3: Reflection From Perfect Conductor
Ei _ ;Eoe—jﬁxxe—jﬂzz
Er — _; EO o B gIPB:

Etotal == ;Eoe_jﬂ"x (—2]) Sil’l(ﬂZZ)

Hi= ﬂ(; sin 6 — x cos H)e_jﬂxxe_jﬂzz
n
) H, = —&(E sin 6 + x cos H)e_jﬁxxejﬂzz
— n
"
— E. . — , , — . .
Hoa = —2e /P [z sin@(e " — e’ )~ xcosO(e” + efﬁzz)]
n
By ipa[ D N —
=—e¢e " zsin@-(-2j)sin(B.z)—xcos@-2cos(p.z
At 220 ; | zsin0-(-2)sin(B.2) (B.2)]
p=?  Jo=?  ax(H,—H)=1, . -
9, Propagation of current densities

cosfe””* into x—direction

a =z H,=0 J,=zZx(-H,) =7 .
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Lecture 3: Reflection From Perfect Conductor

Ewa == yE,e " (<2)sin(B.2)

Huw = L0 g0 [E sin 0+ (=2 j)sin(.z) — x cos 8- 2 cos( ﬂzz)]
n

— % EO T . —

H o =—e"™ [zsm(9-(2])s1n(ﬂzz)—xcosH-2cos(,BZz)]
n

B=Re[ExA]

g;)y Re| ¥4sin Osin’(B.z) + Z(~4 j) cos Osin(5.z) cos(3.2) |

_2E¢
=X

sin @sin’(f.z)
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Lecture 3: Reflection From Perfect Conductor

S E: = yEOe—jﬂxxe—jﬂzZ
E, Only y—component = Perpendicular polarization
g—>00 (E—polarization, s—polarizat
E=H =0 What if E-field has x— and/or z—components?
e — — —
E, =(xE, +zE. e e
E. = Parallel polarization
(H-polarization, p—polarization)
X . . .
Easier to analyze with H; given
y £

E. H,. E ?
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Lecture 3: Reflection From Perfect Conductor

Homework:

Given 77 =yLo pinpine
L7

(1) Show the following
Ej — E() (; cosd —;Sin 9)e_jﬂxxe—jﬂzz
F = ;ﬂ e_jﬂxxe-i‘jﬂzz
n
— _EO (; COS 0 + ESin H)Q_jﬁxerrJﬁZZ

(2) Determine P,

(3) At z=0, determine £,
(4) At z=0, determine J,
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