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Maxwell’s Equations

Static fields:

Integral Form Diftferential Form

Faraday's Law ggE dl = —fM ds VXE=-M

Ampere's Law EﬁH di —fJ ds VxH=J
Gauss' Law iD-dE:fpvdV V-D=p,
s 14
¢ B-d5=0 V-B=0
Time-varying fields:
Integral Form Differential Form
| o d e - - 9B -
Faraday's Law f&dl ——E[B-ds—f/\/l-ds VXS——E—M
| . 9D - — - oD
Ampere's Law fH-dl-[j-der[E-ds VXH—j—I—E
Gauss' Law D-ds = | p,dV VD=p,
ypa=]
$B-ds=0 V-B=0
Time-varying fields, simple media, & stationary circuits:
Integral Form Differential Form
Faraday's Law 9§E_-dl_:—uifﬁ-d§—f/\7l-d§ ?xg:—uﬁ—/\]
dt ot

Ampere's Law fﬁH dl —afg -ds —l—a—fﬁ' -ds ﬁxﬁ:ag_—l—f:%—f—l—j

+fjds

Gauss' Law
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Time-harmonic/sinusoidal steady-state time-varying fields:

Integral Form Differential Form

A

Faraday's Law ggfodl_:—jwféodﬁ—fﬁ-d? @xﬁz—jwﬁ—M

Ampere's Law j;ﬁ-dl_:fj-di—i—jwff)-ﬁ ?x[flzj—i—jwll)
Gauss' Law SglL)-dE = ff)v dv VeD = P,
s Vv
§ Beds =0 VeB=0

N

Time-harmonic/sinusoidal steady-state time-varying fields &
simple media:

Integral Form Differential Form
Faraday's Law %f-dl_:—jw,ufflod?—f]\f[.dy ﬁxﬁz_jwﬂﬁ_ﬁ
Ampere's Law Eﬁﬁ-dl_:(a+ng)ffoa?+fjod§ ﬁxﬁ:(g+jw5)fj+j
Gauss' Law Eﬁl%-dizlfﬁvdl/ T =2
N € vV €

Heds =0 Vel =0
y
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Other important relationships:

Integral Form Differential Form
Eqgn of Continuity / — d — —
Conservation of Charge g dt, ot
Lorentz Force Eqn. F=qE +uxB)
Constitutive Relations D=cl=ce,f B=uH=puH
Ohm's Law J. =0
Electric Magnetic
Boundary [Tangential- £, =&, ord_, x(&, —&)=0 i, x(H,—H,)=J,
Conditions | Normal- a ,«(D,—D,)=p, B, =B, ora,«B,—B,)=0

where surface normal 4, ,, 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, g = 8.8541878 x 102 F/m
Permeability of free space, po = 4nx107 H/m

Poynting Vector S=ExH

Poynting Theorem

Differential Form- —VeS=E.

J
I —.85 —.85
Integral Form- E{gS ds —[5 jdV—i—![ﬁ ]dV+f[H ]dV




