ELECTROMAGNETIC FIELDS AT BOUNDARIES

Differential Form of Maxwell’s Equations:
[XE =-0B/ot, [xH=J+0D/0t [=D=p, [=B=0
Gauss’s Divergence Theorem:

Faraday's Law

efNda Ampere's Law
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FIELDS PERPENDICULAR TO BOUNDARIES

Using Gauss’s Law (J’Sﬁ-ﬁda =J'Vpdv):

[{D*Ada=(Dy -Dop)A  (imd - 0)

Therefore:

D1n, — Doy = 05 Yields:

ISE -fida = (By, ~B2n)A =0 yields:
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BOUNDARY CONDITIONS FOR PARALLEL FIELDS

I ’ " [ = _=-i ReRn "
Usmg Fai\radays Law: chE ds dtIAB nda:
QSCE°dS = (E1// —Ez//)L (imod - 0)

__d . 5.43
= EIAB da - 0

—_—)

Therefore E,, = E,, and

ﬁX(El—Ez):O

Using Ampere’s Law: chﬁ.d§=fAj°d5+%jAﬁ°d5
ngH-dE, = (H1// —Hz//)L (lim d - 0)

= [pdeda+S[aDeda - (Js o)L

Therefore: EAGIELRIER
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FIELDS INSIDE PERFECT CONDUCTORS

Electric Fields Inside Perfect Conductors:

Ifo -~ 0 and E20: Then J=0E - o

Butif J - oo Then H - » since [XH =J+0D/ot

Butif H - o Then Wy, = pHZ/2 — © and wpy, — o
But wy, cannot — oo: Therefore 2= ELE perfect conductors
Since E =0 inside: Therefore fof=10 Tl =8 since [=3E =p

Magnetic Fields Inside Perfect Conductors:

Since E=0 and = -0B/ot, therefore 0B/ot=0
And therefore: perfect conductors if a = O first

Superconductors: B inside

v Superconductivity fails above a g — |,

— 5 critical B = f(Tomperature) OUtSIdE! |1/
B Thus currents in superconducting wires are limited
— (use ribbons) Cryotrons (Prof. Dudley Buck ~'58)

|, turns off |, (switches and logic)

L8-4



BOUNDARY CONDITIONS, PERFECT CONDUCTORS

General Boundary Conditions:
E1,D1

H1,B1 Os

[B ik parallel to perfect conductors
[_E ik perpendicular to perfect conductors
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REFLECTIONS FROM PERFECT CONDUCTORS

Solution Method for Boundary Value Problems:

1) Write fields in terms of unknown coefficients (no boundaries);
typically a sum of terms

2) Write equations for fields that satisfy boundary conditions
3) Solve for unknowns and check answer with Maxwell Equations

Example—Plane Wave Perpendicular to ¢ = co:

X
— i E(Z’to) =
1) Incident; Ei :)‘/Eoe_JkZ AN Nwee 1977 _
VAVAVAV 0 £
Reflected: E, = yE etk
Transmitted: E; = yEre %2 =0 here
2) Match B.B.: E;(0)=0:

Ei(z=0)+E;(z=0)=E(z=0)=0

3) Solve: e 0 +E et KOH 0 CEI=-E,
“Standing wave”
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PURE STANDING WAVES

Waves Reflected by Perfect Conductor:
Incident: = JE e ¥ Reflected:

Hj = _X(Eo/no)e_jkz
= YEq (e7ikz _gtikz) _ ~2j9E sinkz

)‘((Eo/r]o)(e_jkZ + e+jkz) = 2%(Eo/No ) coskz

Total:

|| ITII

Time Domain:  E(t,z) = Rg Eejwt} = 29E, (sinkz)sinwt
H(t,z) = Re @ejwt} = 2%(Eo/no ) (coskz)cos it

y
; |

1 g
Surface Charge: 05 =feDp =0 Mdm=—2H
Surface Current:  Js = AixHy = 2§(Eg/ny Jcoswt Am™1H




POWER AND ENERGY IN STANDING WAVES

E = -2jJE, sinkz
= 2% (Eo/No )coskz

Waves Reflected by a Perfect Conductor:
Since: E(t,z) =Rg Eej“’t} = 29E, (sinkz)sinwt

||

H(t,z) =Rg @ej@t} = 2% (Eo/No ) (coskz) cos wt

Then: S(tz) =ExH=2(E2/n,)(sin2kz)sin 2ot

S(z) =ExH 2 -2j2(E2/n, )sin2kz

And: W (t2) = [Et 22 2 = 2682 (sin? kz)sin ot =3 H

l - 7
W (t,2) = p|ﬁ(t,z)|2\/‘2/:\2/u%£{>r;oﬂ)2 (cos?kz)cos? ot =

W X
AMAA )
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