2. Gauge Transformation

(a) (2 pts)

Define the vector potential A and the scalar potential ® using
Maxwell’s equations. (i.e. give their relationships to the E and B

fields.)
(b) (3 pts) Show that when A and ® undergo the gauge transforma-
tions,
A=A + VA, (SI) and (Gaussian)
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where A is an arbitrary scalar, B and E are unaffected.

(c) Two gauges used in solid-state physics for static, uniform magnetic
fields B (i.e., constant in direction, magnitude, and time) are the
Landau gauge and the circular gauge. Examples for B = ByZ of
each gauge respectively are:

A = (A, Ay, A) = (0, By, 0)

and :
AI = (Afm Alya Alz) = (—Boy/2> BOx/27 O)a
with
d =0,
for both gauges.
i. (2 pts) Show that A and A’ with ® = &' = 0 describe the
same E and B fields.

ii. (3 pts) Find the scalar function A that produces the gauge
transformation from A to A’ in part (c).
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