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Problem 43
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The definition of the Field Tensor is F., =

Part A:F=mﬂhcﬁ+@3—

Since F = 3 Fdr* Ade. Let p=0,1,2,3and »=0,1,2,3:
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Using the components of the F,, tensor and changing d* to df, dz, dy, dz, F becomes:
F o= S(-Ei)(dtnde) + 5(~Es)(dt Ady) + 5(~Fs)(de A d2)
+%{E;}{dmﬂ &) + 3 (Bs)(de A dy) + 5 (~Ba)(de A dz)
+5(Ea)(dy A dt) + 5 (~Bs)(dy A da) + 5(B1)(dy A d2)

+%{E3:I[dz Aodt) + %{sz{dz Aodr) + %I{—Bl}{dzh dy)

Grouping the di terms together:
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Notice that w; = A;de* for i =1,2,3. So, wg = (Epdz) + (E,dy) + (E.dz).
Also notice that @ 7 = g Asepda’ A da®. So, @5 = (B:)(dy A dz) + (By)(dz A dz) + (B.)(dx A dy).

Therefore F = wg Adi + ¥ 5.




Part B: F,, = 8,4, - 8,4,

Given: E = -VV — %;i

Rearraging you get %% =GV -—E
So, 8 = -0V —E %~ 5V - By ¥ = -0V - By

Given: B=V x A

Thus: By = dhdz — daAz By = hdy — Az By = di Az — Ay

Let p=10,1,2,3 and » =10,1,2,3 in F,.
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This creates the Field Tensor:
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Problem 45

Using 43a, we know
F=wrhdi+®5

Since A = A da*, A, = (-V, A)
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Problem 46

A= Auda* and A' = A+ dx

Therefore, dA = dA’

Alternately, you could show this by
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Test 2: Take Home Exam
46. Show that 4= A dx" and 4"= A+dA yield the same field tensor.
F=d4 and F'=d4’

We wish to show that F = F”.

F':M'
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=dd+d*A

—
=0
=dd
=
w F=F

47.  Before we discussed the Coulomb Gauge Ve 4 =0 and the Lorentz gauge 8,4 =0. Which
of these gauge choices is preserved under a Lorentz transformation?

First,
Want to show that Ve 4=0 does not imply Ve A4 =0 so we will show a counterexample,
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We assume that Ve 4 =0 holds in the x-frame.
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We start by examining each term on the right-hand side.
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Test 2: Take Home Exam
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. VeA#0, so the Coulomb gauge is not preserved under a Lorentz transformation.

Mext,
Want to show that aﬂA*‘ =0 = 5;.2” =il
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So the Lorentz gauge is preserved under a Lorentz transformation.




Test 2: Take Home Exam

48. Show that if a charge g is at rest with B = B in S then it is in constant velocity motion in S
where S’ is x-boosted S.

Let us consider S — (I,x, ¥, z} and §' — {r’,x', y",z')

t' y =y 0 0t
Xl |- vy 0 0]|x
ylI 1o o 1 o0ofly
T 0 0 0 1)\z

InS—
B=B: where B=(0,0, B) and E=(0,0,0)

Assume a charge, g, is at rest.
The force on the charge is F = q[E +ux E) and ;.;(I =0)=0.

Thus, with the equation of motion

F=L2(F'H}7 +ma}'”7=> m.};v()f:» ——ﬂ = wu=keR & k=0
I dt dt
=0bicu=10
InS’ —
X(t'=0)=y'(t'=0)=2'(¢=0)=0 and u'=(-4,0,0).

So, F'=q(E'+u'x B').
We need to find E' & B'.

To do so, we will use the results from a previous homework problem along with
u' =(—ﬁ, 0, ﬁ], B:{(},’ 0, E} and E:{(]! 0, {}}:

We know F, =(ﬁ'l):(ﬁ" )fFﬂﬂ gives us

E, =E =0 B =B =0
E, :T(Ez'ﬁga.}:_?ﬁﬂ B, =7{Bz +ﬁEJ}=ﬂ
E, =?’{E3+ﬁ32}zﬂ B, =}’(B3—ﬁE2}=yB

So, E'=(0, —yfB, 0) and B'=(0, 0, yB).




ik Now plug those values into F' = g(E'+u'x B’)

F'=q((0, - 7B, 0)+ (= B, 0, 0)x (0, 0, yB))
=q((0. - 788, 0)+(0.7B, 0))
=4((0,0,0))
=)

Therefore, there is no force charge in the moving frame.

Thus,

F=0 = _o = J=k ker
dt

So there is constant velocity in the moving frame,
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