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Chapter 9.

PLANE E. M. WAVES AND
PROPAGATION IN MATTER

Electromagnetic waves in matter are similar

to and different from electromagnetic waves
in vacuum.

Before we go to Chapter 9, today’s lecture is

"A Review of D and H"
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Sections 5.4 : Electrostatics with Dielectrics

@ Classical microscopic electrostatics

V'E)=47T,O and VxE=o0
Quantum theory is different;
the classical theory is accurate for large Ny .

@ Classical macroscopic electrostatics
Matter is molecular, and molecules contain
electric charges. A molecule is electrically
neutral, but it can be polarized
(polar or induced). Then it has an electric
dipole moment.

Molecular electric dipole moments
B=J[d X p(®;
— a macroscopic polarization, 13)(3_())
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Define polarization P(X) = electric dipole
moment density

= moment per unit volume

= p(¥) n(x)

= What are the dimensions?
QL L3 = Q L2 = same as electric field
Polarization does not produce a net charge
density.
However, divergence of polarization does pro-
duce a net charge density.
The crucial equation is

pbound(z) =—Ve 1_3)(3_5))
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Electric dipoles ten to shield free charges.
Figures 5.8 and 5.9.
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® The displacement field
We can write

ptotal(z) = pfree(-)_c)) + pbound(-)_c)) =
pfree(x) —V ¢ P(X)

Then Gauss’s law becomes
V'E):471',01‘1‘ee_47'( VP
or

= —

V-B=4ﬂpfree where D =E+4nP

@ Susceptibility y and Permittivity €
For a simple macroscopic medium — “linear
isotropic dielectric” — we can write

P(X) = x(X) E() .
Then,

D) =e(®) E®) where €®) =1+ 471 x(®)
For a uniform isotropic medium, y and € are
independent of X.
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@® Electric dipoles tend to shield charges
Therefore, y >0 ande >1.

The range of values of € is large, from 1 to
~10%.

Electrostatics
VXE)=O; V'B:47Tpfree; D=¢E

What about time-dependent systems?
For time-dependent fields ...

— apply Fourier analysis ; F(t) — F(w)
— € depends on frequency ; € = e(w)
— e(w) is complex!

P(xt) is not oc £(x,t) because of time delay.
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5= @ Classical macroscopic magnetostatics

Sections 6.9 — 6.11 : Magnetostatics with

) ) Matter is molecular, and wmolecules contain
continuous media

electric currents from electron orbital motion
What is magnetism? and electron spin. Electric currents make
The Oxford dictionary of physics magnetic dipoles. The dipole moment of an
isolated molecule may be zero ( =
diamagnetism) or nonzero ( = paramagnetism
or ferromagnetism)

magnetism --
-- A group of phenomena associated with the
interaction between magnetic fields and mate-

rials. L

Molecular magnetic dipole moments
MAGNETISM > {diamagnetism, paramag- m= 5 56 XxdlI
netism, ferromagnetism, antiferromag- produce a macroscopic magnetization.

netism, ferrimagnetism}

@ Classical microscopic magnetostatics
V-B=0 and VxB= 4%(7

Quantum theory is different,
but the classical theory is accurate for Ny —co.
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Define magnetization M) = magnetic dipole
moment density

= moment per unit volume

= m(x¥) n(x)

= What are the dimensions?

IT/L 1L 3=QL™2,sameas Band E
Magnetization does not produce a net current
density.

However, curl of magnetization does produce
a net current density.

The crucial equation is Jpouna(®) = ¢ V x
M®).
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7 ® Magnetic Permeability u

® The magnetic fields Band H For a simple continuum medium — an
Some people call B the magnetic field and they 1§oicrop1c diamagnetic or paramagnetic mate-
rial,

call # the magnetic field. The nomenclature in

the Oxford dictionary of physics ... B() =@ HRX) ;

B = magnetic flux density, or wmagnetic or, for a uniform material, B =y H .
induction; Paramagnetism p > | ; polar molecules align
# = magnetic field strength, or magnetizing with B
force, or magnetic intensity; Diamagnetism u < | ; induced molecular
We can write moments anti-align with Z
Tiotal( D) = J tree( ) + T pounda( %) Typical size of the magnetic effect is (u — 1) ~

+107%or — 1075,

= Jfree( X) + ¢ Vx M(X) (much larger for ferromagnetism)

Then Ampere’s law becomes
- 4n 7 —
VxB=7-Jiree+4nVxM Magnetostatics

or VBoo; VxH - 4% Jue; BouH

Vxﬁ=47”jfree where H = §—47TM

What about time-dependent systems?
w = plw); but this is usually not as important
as € = e(w).
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Now, what are Maxwell’s equations for macro-
scopic electrodynamics?

I.e., fields (E, B, 1_3), H ), free charges (0fee)
and free currents (j free) iN the presence of

Section 7.1 — Time-Varying Fields
“Plausibility argument for the time-
dependent Maxwell equations”

QUOTE (page ?) . o macroscopic media (i.e., materials).
In summary, we have given plausible justifica-

tions for the four Maxwell equations, Review Section 7.3

“Coulomb” V-E=47r p 7.3.1 = Schiwinger's method (forces)

7.3.2 = Jackson's method (currents)

« ) = 1 3§ _ N
Faraday” VxE+ ; 5:=0 3 Ovong =~V - P
« 9 =4 1 8E 47T 4 — I
Ampere/Maxwell” VxB — ¢ 5= "-J and 7 poyng = cV X M + g—’;

“No-monopole” V .B=o0
UNQUOTE

Obviously those are the equations for micro-
scopic electrodynamics; i.e., fields and iso-
lated charges and isolated currents in other-
wise empty space.
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The Results Summary

P = Pree + Pbound = Pfree — V * P (1) The electrodynamics of materials may be

OP .

J Jfree + Jbound = Jfree +cVx M + ﬁ summarized by

Homogeneous field equations .. -
_g) 1 (9B a Poound = — V ¢ P

VXxE+, 5 =0 and VeB= 0; 9B
and inhomogeneous equations ... Jhound = ¢V x M + at

VeD = 4T Piree and V x H- % %—It) = 4% (2) For simple materials, we describe the
J free effects of molecular electric and magnetic
he_r)e . N N . dipoles by introducing the fields

D=E+47P and H = B—4n M ; o . o _
P&Xt) and M (3_5, t) are the elec. and mag. D=E+4nP and H = B—-41M .
dipole densities. (3) Then we need “constitutive equations”;

i.e., relations D=€E and B= u H.




