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PHY 842 SUMMARY

The purpose of a course like PHY 842 is to
learn...

= first principles

= math methods

= examples

The course had many subjects:
CH9 Electromagnetic waves & optics

+ Frequency dependence of polarization;
e(w)

CH11 Radiation by systems; J(x,t) — dP/dQ

R
+ Radiation by charges; r(t) — E and B —
dP/dQ

- general results

- Larmor’s formula

- synchrotron radiation

- Cherenkov radiation

- Bremsstrahlung

CH12 Scattering of light
+ Diffraction of light




FIRST PRINCIPLES FOR EVERYTHING

Microscopic Maxwell’s equations

VeE=4mp and VxE=-—B
cot
VeB=0 and VxB=4—nJ+i
C c ot

gaussian units

First Principles for continuous media

Macroscopic Maxwell’s equations

VeD=4rps,, and VxE=- —
c ot
- - 4 - a_)
VeB=0 and VxH==Ej _+ <
c cot

BUT what are D and H ?

They come from P and M (how?)
& that leads to € and u« (how?)

You’ll need to know this for the final exam.
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Optics
Light is normally incident, from air, on the plo-
nar surface of a dielectric medium. What frac-
tion of the energy reflects from the surface?

~
B Cuun, dinfeede o
[
Elnjia =
Tt IR .
EyN Ay e '
s
¢
E, e & & ellhswb
H, = _:,= E, 3, e /(he-ui
+ 4
£ = E,E et(ﬁt wit)
Hi=8, = B, e, e (lz-0t)
a: -%'s\, E‘Q!-—d‘*)
0B = &, % e (H2-o®)
2 . r
EM#(A‘\-J Co sl iy Ea-ﬁ’AE,-
b+ E = B
Qlﬂié‘#\--:
dot v B 7 (2) Mt & K7
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The classical electron theory = € w)
How did we do that?

recall...
(1] o 4 4 .
mx=-yx - mng - e Eg e 't

Re. implied,
P(t) = - e x(t) n,,

P=x.(w) Epe ™ and e= 1+ 45 x,
—

2 n2
e(w)= 1+ 4te - 2b '
m wH-w -1wy

complex and frequency dependent, which
has interesting consequences.

Plasma frequency?

For a plasma, wp = 0.

valt) = x(t) = =22 g7l
Ix(t) = nc (—2e vx(t)) = ofw) Ex(t)
s oolw) = — y_—lw

= general dispersion relation is
2 k?=w? u{ elw) + 4ri o(w)/w }

exencide 9.5.5

For high frequencies,
2

eplw) = 1- w—;’ where w,= 222
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The general theory of radiation

The general theory applies to radiation, and
also to scattering of light by microscopic
particles.

Exercise 12.1.1. Use the model of Section u.5 and the harmonic
results in (11.112) to discuss the scattering from free or hound
electrons in a medium in electric dipole approximation. Using a
linearly polarized incoming wave and integrating over angles, show
that one obtains the cross section

oy : dP - BT o,
"J(w'_:l = \/dﬂ (_) Il.l'l,b'cll — _‘—i"zfll.;,-,l:].,
)., 38

where r, = e*/[mc?) is called the classical electron radius
(encountered again in Chapter 14), and where

- [l‘“a - ‘*'*:2:'2 +"‘.'2b.,!2].

which gives a resonance in the cross section at @ = @y, The low and
high energy forms of this cross section are

2 Q oy 2
- Wi I,. '| & 2 [
W<€ W, — Tl P | e y
- / 3 ¢ wi
s By
W wp, v Jlw) s —rg.

The first result gives rise to so-called Rayleigh scattering and the
second is called the Thomson cross section. In particular, Rayleigh
scattering implies that sunlight is preferentially scattered at higher
frequencies, resulting in our blue sky and red sunsets!
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Lecture of October 26
The classical electron model of light scattering

@ An electromagnetic wave impinges upon a
molecule

The incoming E.M. wave is a plane wave,

moving in the z direction, and linearly polar-
ized in the x direction,

E(it) = o, E e (kz-wi)
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® Motion of the electron(s)

Using the classical electron model, the
motion of the negative charge is described by

2 > .
mdd2r=—K-r’—y O(Ii—:—eEogxe"‘“iL
t

i.e., a damped driven oscillator.
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The steady-state solution: the electron oscil-

lates in the x direction, with the driving fre-
quency w;

() = e, e e TlwWt A
where

—eEo

m(wg - w2) -iyw

wo = \/ K /m = the “natural frequency”.




® The electron radiates @ Scattering and the cross section

Larmor’s formula; the average power inte-
grated over all directions is

Pavg = 2::2;2 where a? = ( (x)2 ) :
C

\J

We have A= A; +i Ay, and so

.

N
be caneful about tatking Uhe eal part of x(t) ‘K
d

x(t) =Re { e A}=A; cos(wt) + A, sin(w SEE I I \
t)
') 2 I 4 ) , -
X" )= 1wt (A3 +A3)
Pavg=e_3w4(A%+A%)
C
= e4 EOZ w4
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The definition of the scattering cross section
is
o= ——
Sinc
where P = outgoing power averaged over
time;
and S;,c = incoming intensity

= incident power per unit area averaged

over time
>
Sinc= ﬁ(ExB}: Lﬂ_ E(2)
Thus,
o= "34’-:(2)“"4 1 8

3¢ m(wi- w?)i+y? w? cE}
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87 2 w?
re 2 2\2 2
3 (w§- W)+ (yw/m)
re = = = the “classical radius” of the

mC2

electron
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