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Maxwell’s equations 4 continuity relation

Consider real valued physical quantities: £(7,t), H(7,t), etc Pm, M(T,t) —

=z z e Not physical
L, e Mathematical
t .
SV X E(t) = _(9[5’({(;;, ) M(7,t),/Faraday, 1843 (1) convenience /
OD(7 .t e Makes symmetric
V% H(F t) = g;’ ) + J(7,t), Ampere, 1823 (2)
v ¢ .
V-D(rt) = pe, Coulomb, 1785 #~ (3)
V- B(7,t) — Gauss, 1841 (4)
. 0
— V- I = =7
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Maxwell’'s equations: a wave example

Let's apply the equations in source/charge free vacuum (v * B) = —}u" (V’x ")

o a!: /
VHXEED = &-305} P& Sa
VxH(Ft)—aD(F,t):}/ e ST aare
SV D(*’> 0. B = et P LET LS ety "L
- ’ " = Cocll (s Qs‘o
Pt =0, L £ )
AV B(rt) =0, /‘B(F,t) Z/LOH(F,t)‘xS £=6¢ Cos(kz. wt +p;\

Take a curl of first e ¢

(V x( Vxé’rt CE"V\_EWV/S)JE]E
Vlfi'zt 1‘57.]

\)JJ
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50,,\1)[&, Time Harmonic form

Electrical Engineers prefer phasors! e.g. £(7',t) = Re[E (7)el“!] wb o E(7) — complex
- a e EE / Ph

© V x E(7) = —jwB(7) — M(f‘)/ (5) conventiéns
V x H(7) = jwD(7) + J(7) (6) I
V- D) = pe @
V- B() = pm ®
Constitutive relations: 4 0\\":sw
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y \ l Tangential Boundary Conditions
Start with V x E(7) = —jwB(F) — M ()« If vxg ds = § 3 au J-p8- M).
1 ::& 'y
R , /? gtulz +m)
e e e
1 z’ﬂ,»
|79 4:-—;;:—9 2% _ J\
= _ w b-l
€)1 + (&) ~E)yty -() p- €)Y - (&),52 -
k_.,-——-v--’ —A — b"_
(&), —E),] &+ {
L ) ] UxH = JuD-l-j &

A 2/, ~& ) T
. /’/p‘flﬂr LYz 2z
A[’% g uﬁ:’u‘W/ ‘b""b"n‘;‘

n X (Ey — E)) = —M,. [ Similarly 2 x (Hy — Hy) = J,.
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Normal Boundary Conditions o
Start with V- D(7) = +p,  — [q.odv = $0-d = (DJ,,“ —(m)os+ ¢ )iy

e S v T
n N L
7 Lo gov = R os(TRy)

\

9

r
=N

~
R y"'%
-/

n - (D2 - Dl) = Pes- Similarly n - (Eg - él) = Pms-

—
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Power in a field

\ﬁj
&

Instantaneous Poynting vector defined as | S(7,t) = E(7,t) x H(T, 1)
— -~
—wt
- wt] = ([ BV E i
Use@ = Re[E(F)el™!] [ f/_r & ]t -
jwk Jwt] 2-'” S0 o
H’ = 4 HJ TR € ’r
L[ Re e s P
¢ = IRQ(I:-»H')JI—RL'.[(E“H)CJ ]]
Sav(7t) = () x H ()

E
— PW"%
/j \ mwj 5 }uzactn
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niquen heorem
o Uniqueness theore

Statement: The field (E(7),H (7)) created by some sources J(7)
in a lossy volume V are unique if{any|one of these are true; ——

x\J
@ E()tan over S is known v w

(2] (F’)tan over S is known

© E(7)ian known over some part,

(7)tan known over rgr_njmg_p_a_rtifi q

‘Eltijl ml Djl

”~ B —_
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XL
5,_00 ‘g-h@a\lz\a

Say we have some sources in vacuum /

@ﬁ[ V x Eo(i) = —jwpoHo(7) — M (7)
V x Ho(7) = jweoEy(7) + J(7) /

\
Subtract the two sets of Eqns
\ v
V X (E(F) = Eo(7) = —jw( pH = pato)

V x (A7) — Ho(7) = + yw( £E - ¢, )

Define: ES(F):Q H,(7)

E-%

\—1 SCL&W (! E&Us

1 Il

Volume Equivalence Theorem

v

- now place an obstacle in the medium

W5 B B
K77V B = —jeon) A - @) [
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I

(0:?’ & ‘3‘10’ & Nolume Equivalence Theorem (contd.)

V x (E(F) — Eo(F)) = —jw(pH (7) — ,uoHo r) Have replaced obstacle by
—jw(.\l” _ F.a(H Hs):[ equivalent volume sources

10/11

- =ywl (e -pa + poty) —\)
V x (H() — Ho(F) = +jw(eE(7) — eoFo(7)) =
- Hw( €€ -€.(E-£))
/ = Hul(e -¢)E + &,Es)

Define M:E‘lﬁﬂ) :Jd(p‘/-}b)-l-/{ J;q( F) = JH(E &)E .,)p :

*

Finally gives _ -

V x Hy(7) = +) w £.Es

7
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Surface Equwalence Principle

v ./
Recall tangential boundary conditions: 7 x (EQ —El) = —Ms, (H2 —Hl) =+J
feal pﬂlue""“/ !«& l}s-
: e (ot
dov Qv L. Maift i)r1$ 1 ,
<(/q'.c ':\ % v “‘&;{ ¥ ). \}ﬁs io ves
% 9 a ' 14""“‘3 5 quyd.ence
j \ ; hY
N R % [ ww thr
N (o X Jhd’
s o™ T
A xE = RxE+ O/ _j "/,a
N R 'm:E = 0 -
VA, 275 TG % <E,

The discontinuity of fields is saved by the presence of surface currents

Surface Eqv: Replace object by tangential surface currents
Volume Eqv: Replace object by volume currents

—_—
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o

i
Reference: ChapterJY\of Advanced Engineering Electromagnetics - C A Balanis
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