
Arizona State University, Physics 311
EXAM 3, 2014-04-21

Instructions: The exam is closed book and timed. Show intermediate steps. [45 pts]

[8 pts] 1. Calculate the magnetic field along z-axis due to a circular loop
of wire of radius a centered on the xy-plane with current +I in the φ̂
direction.

[10 pts] 2. Show that the magnetostatic field equations ∇ · B = 0 and ∇ × B = µJ ensure the
existance of a vector potential A. Is the potential unique, or how can it transform and still be
valid? Show that −∇2A = µJ , assuming ∇ ·A = 0.
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[12 pts] 3. Essay question: compare and contrast electrostatics and magnetostatics, both in terms of
phenomenology [observations], and conceptual formalism. Be sure to include electic and magnetic
materials, and the flux and flow of relevant vector fields in your discussion.

2



z

R

M

[15 pts] 4. Calculate the bound current densities Kb and J b in
and around a sphere of radius R with constant magnetization
M = M0ẑ. Calculate the magnetic scalar potential U inside
and outside and the magnetic field B inside the sphere. Draw
the magnetic flux lines. How does you solution differ from the
electric case with constant polarization P = P0ẑ?
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