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Exercise 12.1.1. Use the mode! of Section 9.5 and the
harmonic results in (11.112) to discuss the scattering
from free or bound 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

olw) =_fd&2 (dﬂ)m 15ol = 27,

where 1, = £2/(me?) is called the classical electron radius
{encountered again in Chapter 14), and where
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which gives a resonance in the cross section at w = ay.
The low and high energy forms of this cross section are
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Pr11-2:Exercise 12.3.1
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Exercise 12.3.1. The induced charges and currents on
the surface of the spherical conductor are given by
{12.58) and (12.59), using stand_;}rd harmonic incident
plane wave fields Fiy, and Bi,e with initial wave
number %, and polarization vector &,

{a} Make sure that (12.58) and (12.50) form a conserved
ecombination by showing the continuify equation is
satisfied for the given incident fields.

(b} Use an adapted Equation (12.34) for the scattering
amplitude to calculate the polarized scattering
amplitude induced hy the surface current J (71,
Show that it gives the shadow (forward) scattering
amplitude, Equation (12.64}. Thus, we can regain
the entire scattering amplitude by integrations over
just the illuminated portion of the sphere!
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Pr11-3:Exercise 12.3.2
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Exercise 12.3.2. Consider high-energy scattering of

electromagnetic plane waves (initial direction kg, initial

polarization vector &) off of a perfect conductor in the

shape of a {lat disk of radius o. Consider only the special

case of k&, perpendicular to the plane of the disk, as
owzor-  Shownin Figure 12.6:

(a) Show that the iHluminated side unpolarized
differential cross section is (¥, - k = cosf)

do | a’Ji(kasin 9).5

_4 .{A':.'
—=| == sin*(§/2),
dil oy sin®§ 672

where J,(x) is an integer Bessel function.

{b) Plot this for increasingly large values of ka 3 1.
Notice the cross section peaks in the backward
direction, as one would expect.
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Mathematica claculations for Exercise 12.3 .2

(34)

part a

mi7a- Remove["Global' «"]
ez = {0, 0, 1};
ei[l] = {1, 0, 0};
ei[2] = {0, 1, 0};
k = {s8, 0, cO};
ef[1] = {-co, 0, S0};
ef[2] = {0, 1, 0}
Dotlk, ef[1]] // FullSimplify
Dot[k, ef[2]] // Fullsimplify

oulfigo} ©

oufigt}= @

mjtesp- polsum = 1/2 * Sum [Sum[
(Dot[ef[j], Cross[k-ez, Cross[ez, ei[i]]11) "2,
{i, 1, 2}], {i, 1, 2}];
polsum = polsum /. {s© - Sqrt[l-co?r2]};
polsum = polsum // FullSimpl-ify

cute7 (-1 +co)?

partb

mnsoy- O[X_, ©_] = BesselJ[1, x+Sin[e1]172+Sin[e/2]*4/sin[e] "2

: 2 PN CAL
owte- Besseld[1, x Sin[e]]1% Csc([6]2 Sin[—]
2
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wnps- LogPlot[{
o[i, e}, o[2, 6], o[5, O]},
{6, 0, Pi}] // Rasterize

DO

Qul191]=

1o

mpez;- LogPlot[{
o[1e, 8], 0[50, o]},
{6, 0, Pi}, PlotPoints » 1600] // Rasterize
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