
Electrodynamics Subject Exam Prep Quiz, Friday, April 29, 2017
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Electrostatics
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Orthogonality relations:
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Y

0

0

=
1

2

r
1

⇡

Y

�2

2

=
1

4

r
15

2⇡
e

�2i� sin2 ✓

Y

�1

1

=
1

2

r
3

2⇡
e

�i� sin ✓ Y

�1

2

=
1

2

r
15

2⇡
e

�i� sin ✓ cos ✓

Y

0

1

=
1

2

r
3

⇡

cos ✓ Y

0

2

=
1

4

r
5

⇡

(3 cos2 ✓ � 1)

Y

1

1

=
1

2

r
3

2⇡
e

i� sin ✓ Y

1

2

= �1

2

r
15

2⇡
e

i� sin ✓ cos ✓

Y

2

2

=
1

4

r
15

2⇡
e

2i� sin2 ✓

Legendre polynomials of order  3:
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Monopole Moment
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Magnetostatics
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Useful g factors:

electron -2.002319

muon -2.002332

proton 5.585695

neutron -3.826085
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LONG ANSWER SECTION

1. Consider a thin spherical shell of radius R with charge density

σ = σ0 cos θ,

where θ is the polar angle measured relative to the z axis.

(a) (5 pts) State the conditions relating the electric potential Φ on opposite sides of the
shell, R − ϵ and R − ϵ.

(b) (10 pts) Solve for the potential for both r < R and r > R.

(c) (5 pts) What is the electric dipole moment, d⃗?
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2. A square loop of dimensions L×L is centered at the origin with its plane pointing along the
z axis. Two charges, each +Q, move at a fixed speed v << c, counter-clockwise around the
loop as viewed looking down on the x− y plane from the +z direction. The charges always
are positioned on opposite sides of the loop.

(a) (5 pts) What is the time-averaged magnetic dipole moment?

(b) (10 pts) What is the magnetic field at a position (x = 0, y = 0, z) as a function of
time.
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3. (10 pts) Consider a finite volume with some constant current density J⃗(r⃗). Using current
conservation, ∇ · J⃗ = 0, prove that

∫
d3r J⃗(r⃗) = 0.
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4. YES or NO (4 pts)

(a) A configuration of charges has no electric monopole or dipole moments, but does have
an electric quadrupole moment. Will the quadrupole field as seen by an observer far
away be changed by moving the entire distribution by a finite displacement a⃗?

(b) A configuration of charges has no electric monopole but does have a non-zero electric
dipole moment and a non-zero electric quadrupole moment. Will the dipole field as
seen by an observer far away be changed by moving the entire distribution by a finite
displacement a⃗?

(c) A configuration of charges has no electric monopole but does have a non-zero electric
dipole moment and a non-zero electric quadrupole moment. Will the quadrupole field
as seen by an observer far away be changed by moving the entire distribution by a finite
displacement a⃗?

R
a)

b)

c)
r

5. (4 pts) Consider the three charge configurations shown above:
(a) two point charges +Q separated by R
(b) two spheres of radius r < R/2, each with charge +Q uniformly spread throughout the
volume, with the centers separated by R
(c) two spherical shells of radius r < R/2, each with charge +Q uniformly spread through-
out the surface, with the centers separated by R.

The work required to move the spheres (or points) from infinity to the separation R is labeled
Wa, Wb and Wc for each configuration. Label each statement as true or false.

(a) Wa > Wb

(b) Wa > Wc

(c) Wb > Wc
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