Maxwell’s Equations

Static Fields:

Integral Form Differential Form
Faraday's Law 9§E-d7:0 VXE=0
Ampere's Law 551? l_:f s VxH=J
Gauss' Law V-D=p,
§oa [
V-B=0

563 ds =0

Time-Varying Fields:
Integral Form Differential Form
=~ d [z = = OB
Faraday's L E-dl =—— | Bds VXxE =——
araday's Law f dtf s X 2y
_ _ _ 9D
Ampere's Law 5571, dl = fj ds +f— ds VXH:J%—E
Gauss' Law D-ds = [ p,dV VD=p,
o
$B-ds=0 V-B=0

Time-Varying Fields, simple media, & stationary circuits:

Integral Form Differential Form

eodl = L (7.d5 = s OH
Faraday's L E.dl =—u— | H-d & —_, 2t
araday's Law 9? Mdt[ 5 ’ -
Ampere's Law 9§7?(-dl_:af§-d3+5ifg-d5 ﬁxﬁ:ac‘7+sa—g+\7
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Gauss' La E-ds =— dv V=1
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Sinusoidal Steady-State Time-Varying Fields:

Integral Form Differential Form

Faraday's Law %f-d?z—jwff?-d? VXE=—jwB

Ampere's Law ‘C}glfl-dl_:fj-aT%—jwfﬁ-dE ﬁx[flzj%—ijL

Gauss' Law D-ds = p,dV ﬁf):ﬁ
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B-ds=0 V-B=0
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Sinusoidal Steady-State Time-Varying Fields & Simple Media:

Integral Form Differential Form
Faraday's Law fl%?-dl_:—jwuflfl-dﬁ ?xf?:—jw,uHL
Ampere's Law 9§ﬁ-d7:(a+jw€)f§~d5+fj~d§ ﬁxHL:(U—I—jwa)f—l—j
2 1 . — 2 )
Gauss' Law 9§E.d§:—fpvdV VE=L
s € Vv €
§H-d5=0 V-H=0
Other important relationships:
Integral Form Differential Form
Eqn of Continuity / = d = = op
ds =—— dv V- J=——+
Conservation of Charge Exﬁ J dt 7[ P J ot
Lorentz Force Eqn. F=qE +uxB)
Constitutive Relations D=cl=¢,E+P B = uH = p,(H+ M)
Ohm's Law J. =0
Electric Magnetic
" Tangential- £, =&, or d,,x(€,-&)=0 Gyo x(Hy, —H) =T,
Boundary Conditions R _ _ A 2
Normal- dyy (D, =Dy)=p, B,,=B,, or d,,-(B,—B,)=0
where surface normal g,,, points from region 1 into region 2, and B,, & D,, point away from boundry

while B,, & D,, point toward from boundry



Poynting Vector

Poynting Theorem

Differential Form-

Integral Form-



