B A RGE
GmBEL

Electrodynamics in
matter

Electrodynamics

Polarization




Polarization

0 = Po + Pyp

“exterval” charges Polarization charges o
(due to Eand B activg on wmatter) /pP =

Continuity equation  pp = =V -, J=p j,=P
pp=—V-P
P = ap Electric dipole densit
pp=-V-P T v A
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Magnetization

j=Jdoti,tim
“external” currents Polarization currents Circular currents

jo = Pov jp=P cansing wmaometic moments m -
Not related +o charge separation Pm =0

Continuity equation 0+ V-7 =10

0
V-j =0 j., =V X M] [M - Maguetic dipole density

m :W




Polarization & Magnetization

0= Qo+ Pp PP:_V'P]

“external” charges Polarization charges f 0
(due to € and B acting on matter) P = °r Electric dipole dewsity
oV

. . . . P — v pe M]

J=Joti,Tim |
“oxternal” currents Circular currents cansing . om

magnetic wmoments m M = oV WMaguetic dipole density

Polarization currents
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Polarization & Magnetization
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Maxwell’'s equations

V- E = —p0 * Charges are sources of the electric field
€0
V -B =0 * The magnetic field as no sources (no monopoles)
0B _ - -
V X E = — a_ * Time-dependent magnetic fields generate electric fields
t
. JE .
V X B = Ho€o g + HoJ  Time-dependent electric fields and currents generate magnetic fields

o )

A
Vacuum permeability 1o = 471 - 10~ E Vacuum permittivity €9 = 8.854... - 10_12—8
A? Vm



Maxwell’'s equations

1
WMaxwell [V-E: —p] VXB:]/toé’oa—E+ﬂ0f
€0 ot
o = po+pp J=Jot+i, TV xM
=po— V- P =j,+P+V xM
1 : .
eV -E=pp—V- P V—VxB=j0+P+V><M+eOE
0
1 . 0
00 =V - (eE+ P) V X V_B_M :]O+a(€oE+P)
0
: 1
[V-D:‘Oo]wiﬂn [D:€0E+P] [VXH:D‘I'jO] With [ H:%B—M]

Displacement field maguetizivg field



Maxwell’'s equations

4 | ) 4 )
V matter
VE:—‘O ACAAN VDZPQ
€0
OB oB
V X E 5 Y
oE . oD
VXB:;M0€0§—|-#0] V><H:§_|_]’O
- / -
Vacuum permeability g = 471 - 1077 % Displacement field (with polarization) D = €gE + P
e ) As . : : . . 1
Vacuum permittivity €9 = 8.854...-10 Magnetizing field (with magnetization) H = —B — M

Vm Ho



Maxwell’'s equations

- \
eoj{E-dS = /pdV vacaum
des_o
fﬁdl-— —-w
1 E
— B-M:i/fd8+q) 9 4s
I/loaA J ot
- /
. - N
Vacuum permeability g = 47 - 10" A2
A
Vacuum permittivity €p = 8.854... - 10_12—S
Vm

\
%D ds — /,00 dv matter
1% Vv
deS:
oV
fEmU:— 9B s
of

Displacement field (with polarization)

Magnetizing field (with magnetization)

/
D = eE+P
H='B M

Ho



