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1. (20 points.) Determine the magnetic field due to a point charge moving with uniform
velocity.

2. (20 points.) Using Biot-Savart law determine the magnetic field due to an infinitely long
wire carrying a steady current.

3. (20 points.) It is a bit perplexing that the magnetic field due to an infinitely long solenoid
is independent of the radius of the solenoid. It prompts us to investigate the limiting case
when the radius of the solenoid goes to zero. Such a solenoid can be imagined to be
built out of point magnetic moments stacked up along the z axis with all their moments
pointing along the z axis. Let us define the magnetic moment per unit length for a such
an infinitely thin ‘solenoid’ to be

magnetic moment

length
= λ = ẑ

dm

dz
. (1)

A Dirac string constitutes of an infinitely thin solenoid that extends from a point r′

to infinity along an arbitrary curve. Let us consider a Dirac string that extends from
the origin to infinity along a straight line, the negative z axis. Thus, we can write the
magnetic moment density

ẑλδ(x)δ(y). (2)

(a) The magnetic vector potential for an infinitesimal element of the ‘solenoid’ is that
of a point magnetic dipole given by

dA =
µ0

4π

dm× (r− r′)

|r− r′|3
= φ̂

µ0

4π

λρ dz′

[ρ2 + (z − z′)2]
3

2

. (3)

Thus, the total magnetic vector potential at any point is obtained by the vector sum
of all the elements, using integration,

A(r) =

∫
dA = φ̂

µ0

4π

∫
0

−∞

λρ dz′

[ρ2 + (z − z′)2]
3

2

. (4)

Complete the integral and show that

A(r) = φ̂
µ0

4π

λ

r

(1− cos θ)

sin θ
. (5)
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(b) Evaluate the magnetic field for this magnetic vector potential using the relation

B = ∇×A (6)

and show that

B(r) =
µ0

4π
λ
r̂

r2
. (7)

Compare this to the magnetic field due to a magnetic monopole.

(c) Evaluate
∇ ·B. (8)

Is it zero?

4. (20 points.) Verify that

K(0) =
π

2
, (9a)

E(0) =
π

2
. (9b)

Then, verify that
E(1) = 1. (10)

Note that

K(1) =

∫ π

2

0

dψ

cosψ
(11)

is devergent. To see the nature of divergence we introduce a cutoff parameter δ > 0 and
write

K(1) =

∫ π

2
−δ

0

dψ

cosψ
. (12)

Evaluate the integral, (using the identity d(secψ+tanψ)/dψ = secψ(secψ+tanψ),) and
show that

K(1) ∼ ln 2− ln δ −
δ2

12
+O(δ)4 (13)

has logarithmic divergence. Using Mathematica (or another graphing tool) plot K(k) and
E(k) as functions of k for 0 ≤ k < 1.
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