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differential MAXWELL'S EQUATIONS integral
V'‘B=0 § dA'B =0
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VXE+8_I_O §dLE——dt [dA’B =-"4
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VxB — ——=uod dL'B = dA*(J +eo—
x 25 Mo § pof dA*(J +eo >
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+ Polarization density of electric dipole moments P
 Polarization density of magnetic dipole moments M

» Displacement field
* Polarization charge
» Free charge

D =¢oE + P
pbound = VP
pfree = p — pbound

 Polarization current Jpol = oP/ot

* Current Jfree=J — Jpo| - VxM

+ Field strength H=Bjluo- M
differential MAXWELL IN MATTER integral
V'B=0 § dA’'B =0

OB _ e d .

V xE +8_t_ 0 (Faraday) § dL*E=-§; [dA'B
V<D = pfree (Gauss) § dA D= Qfree
Vx H — %= Jfree (Ampére) §§ dL *H = [ dA *(Jfree + %)

Vedfree + Opfreelot =0 (charge cons)

§ dA-Jfree = — 0Qfreelot

Linear media:
(but ferromagnets aren't linear)

Field Energy

dpMagE(r) =H(r).dB(r) ’ dpE|ecE(r) =E(r)°dD(r) , S =ExH y

Inductance Mutual inductance ®,, =M, |/, ,
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P=yE D=¢cE=(1+y)e E
M =ymH, B = pH = (1+ym)n H

VeS8 + 0pgnerg, /0t =0

Self inductance ® =L /
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Electromagnetic Waves

Plane waves in uniform space:

E(r,t)=E,e'* ™ and B(r,t) = B,e'*"" = Lix E(r,t)
c

dispersion relation k* = uew’ +iucw, k =k, + ik,
wavelength 21

r=2mn = Rek * =k
definitions of wave quantities insulator (o=0) free space
. 1
phase velocity vp = @/ kg Vp = @ Vp =¢C
index of refraction n = V—i) n = (er yr) n=1
Attenuation length o .
5= 1/ Im k “skin depth” d = = (no attentuation)
EM Waves at Plane Boundary match on interface:(k,)xﬁ =(kR)xﬁ =(kT)xﬁ =kxn
k1sin0] =k1sSinbR k1sin61=k2sinOR
16/ =06R =6 wave vectors [In1sin61=n2sin6
law of reflection Snell's law
£ =F 2 n1cos61 E - E 2 cos01/n2
TmL = Eims X nqcos01+n2c0s02 mml = Eiml " c0s04/n1+cos62/n

n1co0s61—n2cos0H2 c0s02/n2—c0s061/n1

Ermi = Eimy n1cos01+n2cos02 Erm| = Elmy cos01/n1+cos62/n2
Brewster angle: 61+62 = 11/2
Potential Fomulation
fields from potential: B=VxA, E=-VV - %
retarded potential A(r) =Z—ﬁ [d3R J(R, |T;t"_“§|_'1/ ° - (J, cp) , A(r.t) = (A(r,t), V(r,b)/c)
Electric Dipole Radiation
rep(t-r/c)

electric dipole p(t)=poe'” , s << A.r = V(r)= (1r +ik ) = static + radiation

41'rgor2

1 E( (r°po)r) e
4-”80 r 0o — r2 a—r

sin@

Eraq(rt) = elo(t=r/c) x

In spherical coordinate (p(f) // 2) E o« JE(rt) Il -0, B(rit) I/l —¢, and S(r,t) /] 7
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