
PHYS 401 Fall 2016 10’th homework assignment. Due Nov 29’th.

1. Solve problems, 5.23, 5.24, 5.25, 5.26 and 5.27.

In what follows we shall study the parity reversal symmetry pertinent to
electrodynamics.
Parity In three dimensions space inversion amounts to reverting all space
points with respect to the origin; that is one makes for all points in three
space ~̃r = −~r. Note that in three dimensions this can not be achieved
by a rotation since rotation matrices will have determinant +1 whereas the
matrix that would perform this transformation will have determinant −1.
We shall adopt the active point of view and assume that one really changes
the location of points and hence objects in the three space as described above.
In the active perspective you can keep your original right handed unit vectors
ı̂,̂ and k̂.

• Show that if the position of a particle is given as ~r and its velocity there
is given as ~v(~r) one will have

~̃v(~̃r) = −~v(~r)

Objects that rotate as ~r and that has the same behaviour as ~r under
parity transformations are called vectors.

• Now show that objects of the form ~r · ~r and ~v · ~v and ~v · ~r all are
invariant under parity transformations. Eg: ~̃r · ~̃r = ~r · ~r. Quantities
that transform like this are called scalars.

• Now consider the angular momentum of a particle given as ~L = ~r × ~p
and show that under parity transformations it remains to be the same
vector. Objects that transform like this are called pseudo-vectors.

• Now consider an object like ~r · ~L and show that under parity transfor-
mations it reverses sign whereas under ordinary rotations it is invariant.
Objects of this type are called pseudo-scalars.

• Assume that the charge of a point particle will not be affected by parity
transformations and hence argue that the charge density function obeys
the following

ρ̃(~̃r) = ρ(~r)

where as defined ~̃r = −~r.
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• Since position of a point particle is reversed by parity transformations
one can say that its velocity also reverses, that is one has ~̃v(~̃r) = −~v(~r).
From this and the above argue that the current density obeys

~̃J(~̃r) = − ~J(~r)

• Now assume that Gauss’ and Ampére’s law still hold with the parity
reversed systems. That is

~̃∇ · ~̃E(~̃r) = ρ̃(~̃r) (1)

~̃∇× ~̃B(~̃r) = ~̃J(~̃r) (2)

Show that in order to arrive from the above to the same equations for
the untilded variables, that is to arrive at,

~∇ · ~E(~r) = ρ(~r) (3)

~∇× ~B(~r) = ~J(~r) (4)

one must have

~̃E(~̃r) = − ~E(~r) (5)

~̃B(~̃r) = + ~B(~r) (6)

Note that to arrive here we have simply used the transformation prop-
erties of charge and current density under the parity transformations
and these simply followed from the fact that the charge of a point par-
ticle can not change under parity transformations since it is an intrinsic
object that is not related to where the particle is.

The behaviour of the electric and magnetic fields under parity -and
hence the fact that the field equations do not change form- simply
means that by constructing a new configuration from a given one using
the parity transformations we generate another physically realizable
configuration that will have the transformed fields as solutions. Thus
from solutions we can generate solutions using parity transformations.

• Now consider the field of a point charge sitting at the center of the co-
ordinate system. Justify the result above by explicitly drawing a figure.
Try doing the same for a dipole with positive charge at ak̂ and negative
charge at −ak̂. Think in three dimensional terms and be careful for
this second part.
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• Now consider a current ~I = Ik̂ along the z axis. Use the parity transfor-
mations -pick your origin on the wire- to show that one gets the phys-
ically viable configuration where the current runs backwards. Again
draw a picture and think three dimensionally.

• Mirrors: A mirror reflection is not parity transformation but is related
to it since this one also has determinant −1. Consider reflection by
a mirror which is perpendicular to the z axis. This will mean that
(x̃, ỹ, z̃) = (x, y,−z). One can arrive at this result by first performing
a parity transformation followed by a rotation of 180 degrees about the
z axis. Now considering ~̃r is given as prescribed for this mirror. Find
how the current density, electric field and magnetic field transforms.
You will have to do those component by component.

A generic property you should know about any kind of orthogonal
transformations with det(O) = ±1 is the followings.

For vectors one has V ′
i (x′) = OijVj(x) and for pseudo-vectors (or axial

vectors) one has B′
i(x

′) = det(O) OijBj(x) where x′i = Oijxj.
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