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Problem 18: 5 points

One frame of reference F; is moving relative to another frame of reference F, with a velocity vy,,
which in turn is also moving relative to another frame of reference F3; with a velocity v,3. The
velocities are parallel.

What’s the relative velocity v,3 between F; and F3?

Hint: The Lorentz transformation is given by
A
t = (t +—=x )
y r CZ r
x=y(x +uvt)

with ¥ = (1 — v?/c?)71/2, the elapsed time and position of the resting frame t’ and x’, the elapsed
time and position of the moving frame t and x, and the relative velocity v between the frames.

Sketch: Shooting an object with relativistic speed in a spaceship, which also travels with relativistic
speed.
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Problem 19: 2+2 points

The electromagnetic tensor is defined by

F, =0,A, — 0,4,

with the electromagnetic four-potential 4, = 1,, A" = ((l), ) )

a) Calculate the entries of the electromagnetic tensor F,, . Hint: There are only 6 independent
entries.
b) The electric and magnetic field are calculated via
04

E = (E,E,E,) = —5 Vo,

B = (BB, B,)=VxA.
Show that the electromagnetic field tensor can be rewritten in the following form:

/ 0 E E E \
| -E, 0 -B, B
— Ey

b = B, 0 -B
\—EZ -B, B, 0 /

Problem 20: 4 points
Use the equation

g, F* =JH,
with the four-current J* = (p,]) = (p,Jx,J,J), to derive two Maxwell’s equations

V-E=

©

)

General Hints:

0
P = gAY — v an = | g
E, B, 0 —-B,
E
3 _(d d d d)
o \dt'dx’dy’ dz
(d d d d)
a'u: .0 7 0T 7 T
dt dx dy dz

convention: c=1,¢=1,pu =1
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