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Problem 1.

a) How to chose Λ(r, t) in the Lorentz gauge?

We want in the transformed system that

∇ ·A′ + εµ∂tV
′ = 0,

where (the gauge transformation)

A′ = A +∇Λ(r, t)

V ′ = V − ∂tΛ(r, t)

Plugging these latter results into the Lorentz gauge condition:

∇(A +∇Λ) + ε0µ0∂t(V − ∂tV ) = ∇A +∇2Λ + ε0µ0∂tV − ε0µ0∂2t Λ

= 0

which leads to

∇2Λ− ε0µ0∂2t Λ = −∇A− ε0µ0∂tV (1)

∇2Λ− ε0µ0∂2t Λ = − [∇A + ε0µ0∂tV ] (2)

For a given set (V,A) of allowed potentials, the Lorentz gauge can be obtained by
choosing a gauge function Λ(r, t) that satisfies equation (2), i.e. a wave-equation with
a right hand side given by the original potentials.

Problem 2.

a) We have

A(r, t) =
µ0
4π

∫
d3r′

J(r′, tr
R

)

tr = t− R

c
R = |r− r′|
B = ∇×A

For the calculation

B = ∇×A(r, t) =
µ0
4π

∫
d3r′∇× J(r′, tr)

R

Bi =
µ0
4π

∫
d3r′εijk∂j

Jk(r′, tr)

R
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∂j
Jk(r′, tr)

R
=
J̇k(r′, tr)(−1

c∂jR)

R
− Jk(r′, tr)∂jR

R2

= −

[
Jk(r′, tr
R2

+
J̇k(r′, tr
Rc

]
∂jR

R = |R| = |r− r′| =
√

(xm − x′m)(xm − x′m)

∂jR =
2(xm − x′m)∂jxm

2R

=
(xm − x′m)

R
δjm

=
xj − x′j
R

=
Rj

R

Collecting all the terms gives

Bi =
µ0
4π

∫
d3r′εijk

Ri

R

{
−

[
Jk(r′, tr
R2

+
J̇k(r′, tr
Rc

]}

Hence

B =
µ0
4π

∫
d3r′R̂×

[
J(r′, tr
R2

+
J̇(r′, tr
Rc

]
(−1)

B =
µ0
4π

∫
d3r′

[
J(r′, tr
R2

+
J̇(r′, tr
Rc

]
× R̂


