Jackson Problem 11.14
B. J. Mattson

1 Part a

If I can show that this equation is Ohm’s law in the rest fram, since the equation is
covariant, I will have shown that it is the covariant generalization of Ohm’s law.
In the rest frame of the particle,

So,
ugJ? =J° = (3)

F*Pug = F*° = (

Then, plugging these into the given equation,
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Equating components:

The second of which is just Ohm’s law. So the given equation is the covariant generaliza-
tion of Ohm’s law.

2 Partb

From part a, I know that
Je — <u5J’3) u® = o F*Pug (8)



So,

JO—(u[;J/B)uo = UFOﬂUg
Ji—(u[gJﬂ)ui = oF%ug

Now, j° = p and u® = . Then equation ( 9) can be written:

p— (U5J’B) 7= F%ug

Or,

Using this in equation( 10) gives (along with u® = yv?)

Jt— pv' 4+ o F%ugvt = o FPug

Let’s look at a couple of these pieces by themselves.
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Using these in equation( 13)
=0y (B + (7% B) - (B-0) ) + ot

So, finally,

-

J=oy(E+ (7x B) - (E- 7)) + pv

3 Part c

In the medium’s rest frame,
And in the frame from part b,

Transforming J# into the rest frame,
J'=p=y(p-7-J)=0
Or p =7 - J. Using this in the result from part b,
J=o0y(E+7xB—(E-0)9)+(v-J)7
Assuming v is in the z-direction (v = vZ),

J=0y(E+7xB—(E-0)0) + Jo%

Then
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And, finally,
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