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Maxwell’s Equations

Static fields:
Integral Form

Faraday's Law 9? E-dl =0

Ampere's Law SEI-_I-dI_:fJ_.d§

Gauss' Law D.-ds= | p,dV
yods=]

fﬁsé-d§:0

Time-varying fields:
Integral Form

Faraday's Law 9§§-df:—%fl§-d§

Ampere's Law fﬁ-dl_:fj.d§+ E.dg ﬁxﬁ:jJrE

Gauss' Law fﬁ-d§:fpvdv

Differential Form

Time-varying fields, simple media, & stationary circuits:

Integral Form

Faraday's Law ggé_’.dl_:—u%fﬁ-%

Ampere's Law ggﬁ-dl_:afé_’-d§+e%fé_‘-d§

+ [F-ds

S

Gauss' Law 9§5-d§:%fpvdv
S \Y

ggﬁ-d§:0

S

Differential Form

G5
£
V-H=0
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Time-harmonic/sinusoidal steady-state time-varying fields:
Integral Form Differential Form

Faraday's Law 9§I§-dl_:—jwf§-d§ VxE=—jwB
Ampere's Law gglj-dl_zfj-d§+ jwf D.ds VxH=1J +jwD
Gauss' Law Deds = [ 5, dV TeD=p,
yoos=]
9§ Bed5 =0 VB =0

Time-harmonic/sinusoidal steady-state time-varying fields &

mimple media:
Integral Form Differential Form

Faraday's Law §I§od|_:—jw,uf H.ds ﬁxé:—jw,uHi

Ampere's Law 9§Hi-dl_:(a+ ng)flf.d§+fj.d§ TxH=(0+ jwe)E+J

Gauss' Law Sﬁ Euds— 1 f 5, dV TE =P
s € Vv £

Heds =0 VH =0
9
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Other important relationships:

Integral Form Differential Form
Egn of Continuity / = = 0Op
. JedS = ,dVv Ve -
Conservation of Charge 36 f p J= ot
Lorentz Force Eqn. F=q(E+UxB)
Constitutive Relations D= 5— el B=pH=p,H
Ohm's Law J. =o€
Electric Magnetic
. [Tangential- &, =&, or 4, x(E,—&)=0 a, x(Hy,—H,)=J.
Boundary Conditions d L (& =&) _ Bux( 2 ) =J.
Normal- an12°(D2 _Dl) = Ps By, = B,, or an12’(Bz - Bl) =0

where surface normal &,,, points from region 1 into region 2, and B,, & D,, point away from boundry
while B,, & D,, point toward from boundry

Permittivity of free space, go = 8.8541878 x 1012 F/m
Permeability of free space, po = 4nx107 H/m

Poynting Vector S=ExH

Poynting Theorem

Differential Form- —

\Y J
Integral Form- —9§§-d§:f5_-jdv+ [anp]dv +f[7-_{-%lf]dv
S \%




