Electrodynamics Subject Exam Prep Quiz, Friday, April 29, 2017
your name(s)

DO NOT WRITE YOUR NAME OR STUDENT NUMBER ON ANY SHEET!
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Electrostatics

V-E= 4dmp
E=-Vo
V2® = —4mp
rE=; [ @)

Laplace Equation: V2® =0
Laplace Operator:

02 0? 02
o0 "o T o
2 10 0N 10 &
v _p8p<pf)p) p28¢2+822
2
vz_W( 8>+;2(Sm92)+;i

V? =

r2or\" Or r2sinf 00 00 r2s5in260 O¢?
of . 1 af 1 0f -
v i -z
= or Tt r 06 o+ rsinf 6¢¢
Solution, Cylindrical Coordinates:
The large and small  expansions arev:
1 J, ! <m> " 4.43)
2[In(%)+0.5772---], m =0
Nutw) > { P B e
and the expansion for large x are:
2 mmw T
z>1,m Im(z) — — cos <m -— = —) s (4.44)
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Np(x) — 4/ —sin (:c————).
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Each of these expressions assumes m > 0, and the constant 0.57772 is Euler’s constant.

Solution, Spherical Coordinates:
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Orthogonality relations:
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Spherical harmonics of order < 2:
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Legendre polynomials of order < 3:
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Multipole Expansions

Multipole Moments
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Monopole Moment
1= [ o)
Dipole moments

pi= [ o,

Quadrupole moments

Qs = [ ol rir; - 5y)

Magnetostatics

Vector Potential

1
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Biot-Savart Law

B’(F) _ /d3r' j(fy) X (7?_7?/)
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Net force on a current density J due to a magnetic field
Fe [dr7xB
Magnetic Moment
1 -
m—/ﬁ%FxJ
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Magnetic field due to magnetic moment

= m  3r, .
B = —ﬁ + ﬁ(m . 7“)
Torque due to magnetic field
T=mxB

Potential energy of magnetic moment in a magnetic field
U=-—m-B

For intrinsic spin S, the magnetic moment is
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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
o = ogcos 6,
where @ is the polar angle measured relative to the z axis.

(a) (b pts) State the conditions relating the electric potential ® on opposite sides of the
shell, R — € and R + €.

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

(c

) (5 pts) What is the electric dipole moment, d?
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SECRET STUDENT NUMBER: _STUDNUMBER

Extra workspace for #1
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2. A square loop of dimensions L X L is centered at the origin with its plane pointing along the
z axis. Two charges, each +@Q, move at a fixed speed v << ¢, counter-clockwise around the
loop as viewed looking down on the  — y plane from the 4z 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.
=" <

- L-
— - _Q/\r_b
~_ — L - - -

2V < Q»
RN —_ T — v

- % L oL T L=
2 %%¢~/3/ ) e . o e o9

- R
L. — 7,
Ly Q/~ %cj
6 e T/
%—



SECRET STUDENT NUMBER: _STUDNUMBER

Extra workspace for #2
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3. (10 pts) Consider a finite volume with some constant current density J(7). Using current
conservation, V - J = 0, prove that

/ & J(7) = 0.
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Extra work space for #3
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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/ll)j (zganged by moving the entire distribution by a finite displacement a?

(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 a?

(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 a?

=
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(4 pts) Consider the three charge configurations shown above:

(a) two point charges 4+@Q separated by R

(b) two spheres of radius » < R/2, each with charge +Q uniformly spread throughout the
volume, with the centers separated by R

(¢) two spherical shells of radius » < R/2, each with charge 4@ 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
W,, Wy and W, for each configuration. Label each statement as true or false.

(a) Wo > Wy ’ﬁ%éﬁQ

(b) Wo > We f—=alos
(c) Wi > W, £ Moo



