
E&M II - Midterm 2

PHSX 520 - Fall 2015 Due Monday, Nov 9, in class

Problem 1

Give short answers to the following questions (you may use extra scratch paper, but the answer should fit into
provided space, show only main equations):

(a) Three time-varying charges lie on the z-axis: �Q sin(!t) at z = a; 2Q cos(!t) at z = 0; �Q cos(!t+↵) at z = �a.
Find the first non-vanishing radiation component as a function of phase shift ↵ (dipole, quadrupole,. . . ).

(b) Write down the dipole moment associated with motion of free electron in the field of monochromatic wave
êE

0

exp(�i!t)

(c) Two identical small spheres are located at (x, y, z) = (0, 0, 0) and (0, 0,�/2). The di↵erential cross section of a
single sphere for incident wave E

0

e

ikz, with k = 2⇡/�, is d�(✓)/d⌦. The di↵erential cross section due to both
spheres is (same incident wave):

(d) Use scalar di↵raction theory and re-use integrals from class/homework notes to determine di↵raction pattern of
a normally incident wave on ellipsoidal opening in otherwise non-transparent screen. Semi-axes of the ellipse are
a, b � �.
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(e) Incident wave with energy flux S

0

ẑ is scattered on an object. Assume the object does not absorb any radiation

and only scatters it with di↵erential cross-section
d�

d⌦
(✓,�). What is the time-averaged force acting on the object?

(use momentum conservation and geometrical meaning of scattering cross section)

Problem 2
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A plane wave incoming along the x-axis is scattered on a cylinder extended
along the z-axis. The cylinder is a uniform dielectic " (µ = 1) of radius a, and
height 2h. The radius a ⌧ � of the wave, but h(> a) can be greater or smaller
than �. You can neglect the edge e↵ects and treat the cylinder as infinitely
long for calculation of induced polarization. Calculate:

(a) the di↵erential scattering cross-section
d�

d⌦
(✓,�) between di↵erent incom-

ing (ê
y

, ê

z

), and outgoing (ê
�

, ê

✓

), polarizations.

(b) the di↵erential cross-section for unpolarized light; the total di↵erential
cross section; express them in terms of geometrical cross-section.

(c) What are the e↵ects of the extension along the z-axis on the scattering
pattern? Consider kh ⌧ 1 and kh � 1 cases.

(d) What are the scattering angles, along which the light is completely polar-
ized? What is the direction of this polarization?

(e) Estimate the total cross-section in two limits, kh ⌧ 1 and kh � 1.


