
PHYS 402 Spring 2017 6’th homework assignment. Due Apr 4’th.

1. In the last assignment you have calculated the electromagnetic fields of a
charged particle moving with a constant velocity in relation to an inertial
observer by two means. In this part of this homework you shall use the
generic formula we have found for the retarded potentials

Aµ(~r, t) =
µo
4π

∫
d~r′3dt′

1

|~r − ~r′|
Jµ(~r′, t′) δ(t− t′ − |~r − ~r′|/c)

Let us fix that the velocity of the particle is along the +k̂ direction and
that at zero time it passes through the origin. You have shown that one
will have in this case

J0(~r, t) = cqδ(x)δ(y)δ(z − ut)
J3(~r, t) = uqδ(x)δ(y)δ(z − ut)
J1(~r, t) = 0

J2(~r, t) = 0

where u is the speed of the particle.

Now take all the integrals except the t′ integral to arrive at

A0(~r, t) =
qµo
4π

∫
dt′
δ(t− t′ −

√
x2 + y2 + (z − ut′)2/c)√

x2 + y2 + (z − ut′)2

A3(~r, t) =
quµo
4π

∫
dt′
δ(t− t′ −

√
x2 + y2 + (z − ut′)2/c)√

x2 + y2 + (z − ut′)2

with A1 = A2 = 0.

The delta function defines what t′ is via the zero of its argument. That is
t′ is defined via

t′ = t−
√
x2 + y2 + (z − ut′)2/c

as the math suggests the solution will involve the manipulation of a
quadratic equation. However argue unambiguously that for a fixed ”ef-
fect” event described by (~r, t) there can only be one ”cause” event with a
unique (~r′, t′) as we deal with a point particle. So one must only consider
a single root commensurable with the physics of the game.

Now invoke the known property of the delta function which states that

δ(f(z)) =
∑
i

1

|f ′(zi)|
δ(z − zi)

where f(zi) = 0.

Along with the uniqueness of the solution for t′ show that you arrive at
the results you have found in the previous homework assignment.
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2. In class we have studied a particular case of dipole radiation. Now consider
a circular current loop of radius R centered at the origin and sitting at the
z = 0 plane. Assume that the current is oscialltory with frequency ω and
that at zero time the current is maximal. First find the elements of Jµ -in
cartesian co-ordinates- assuming that there is a net current going counter-
clockwise on the loop. Using this find the potentials and the electric and
magnetic fields. After this using ~S = ~E × ~B/µo find the total power
radiated as we did in class.

3. Now assume that there is a single particle undergoing counter clockwise
circular motion of radius R and angular frequency ω on the z plane such
that the origin of the circle is at the origin and that at zero time the
particle is at Rı̂. Find the potentials, electric and magnetic fields and the
total power radiated. Make sure you describe the power radiated in terms
of the acceleration of the particle.

4. Consider the following object

Tµν =
1

µo

(
−FµαFνα +

1

4
δµνF

αβFαβ

)
• Show that Tµµ = 0.

• Show that when Maxwell’s equations are obeyed one has

∂µT
µ
ν + FνµJ

µ = 0

and thus when there are no sources one has ∂µT
µ
ν = 0.

• Express the components T 0
0 and T 0

i = −T i0 in terms of ~E and ~B.
As in the absence of sources one has ∂µT

µ
0 = 0 one can consider Tµ0

as a conserved four-current. Interpret.

2


