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Problem 6.15
Let us consider a conductor or semiconductor that has current induced by an applied electric field

with an applied, transverse magnetic field. With the applied magnetic field, the electric field obtains a
component orthogonal to both the applied electric and magnetic fields.

a) Using the vectorial nature of E and J and the dual nature of H, we are to determine E to second
order in H.
If we didn’t remember that H was a 2-form and näıvely wrote down all the terms to

linear order in J and second order in H we would have

E = αJ + βH + γH× J + δ(H ·H)J + ε(H · J)H +O(H3).

This is almost identical to what we are looking for.
Notice that because J is contravariant vector like E, α can be nonzero; and, in fact,

comparing this with the H = 0 case we see that α = ρ0, the resistivity.
Similarly, because H ·H is a scalar—as opposed to a pseudoscalar—δ can be nonzero;

Jackson chooses to call it δ 7→ β1.
Because H is a 2-form (or sheaf field) and hence even under parity, β must be zero.
Notice that H · J is a pseudoscalar, odd under parity, (H · J)H is even and so ε can be

nonzero; Jackson chooses to call it ε 7→ β2.
Lastly, because H is odd under parity while H is even, we have that H× J is odd and

so γ can in general be nonzero. I imagine that Hall chose to call it R.
Putting this all together, we have that

E = ρ0J + R(H× J) + β1(H ·H)J + β2(H · J)H.
‘óπερ ’έδει δε�ιξαι

b) We are to study the expression arrived at in part (a) above considering the time-reversal prop-
erties of the fields in question.
The electric field is even in time whereas both J and H are odd. Notice that because ρ0

is caused by resistance—a phenomenon with a well defined arrow of time—it is odd
under t. This means that ρ0J is still allowed.

The term H×J is still allowed because the product of two objects odd in time is even in
time. However, unless β1 and β2 are odd in time they must be zero because (H ·H)J
and (H · J)H are both odd.

Therefore, we restrict the expression to

E = ρ0J + R(H× J).
‘óπερ ’έδει δε�ιξαι

Problem 6.18
Let us consider the Dirac equation for the vector potential of a magnetic monopole and its associated

string L on the z-axis,

A =
g

4π

∫

L

d`× (x− x′)
|x− x′|3 .

a) We are to explicitly calculate A in spherical coordinates.

It is fairly obvious that the vectors r̂ and θ̂ lie in the plane spanned by d` and (x− x′)
which allow us to trivially conclude that Ar = A · r̂ ∝ d` × (x − x′) · r̂ = 0 and
similarly for Aθ.
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