6. E&M Waves

A monochromatic, plane polarized, plane electromagnetic wave travel-

ing in the z-direction in the lab (in a vacuum) can be written in the
following 341 dimensional form:

E = FE, % ei(kz~wt),
B = B, y 6i(/cz—wt).

(a) (3 pts) Combine this E and B into a single electromagnetic field
tensor F*P and use Maxell’s equations in the 4-dimensional form

GOFM -+ 8ﬂF'ya -+ a,yFaﬁ = (),
OuF*? =0

to find all constraints on the 4 constants Fq, By, k, and w (i.e., the
above wave won’t satisfy Maxwell’s equations for arbitrary values
of all four of these parameters). Depending on your choice of con-
ventions: z® = (20, z!, 2%, %) with 2° = ¢t or 2* = (2, 2%, 2, 2*)
with z* = ct and ' = 2,22 =y, 2° = 2.

(b) (1 pts) What are the values of the invariants F*# F,5 and €*# Fog Fy5
for this wave?

(c) (3 pts) Use a Lorentz boost to find [’ *f in a frame moving in the

+2z direction with a speed v. Don’t forget to express your answer
in terms of the moving coordinates ¢t and z', ¢/, 2.

(d) (2 pts) What is the frequency and the wavelength of this wave in
the moving frame?

(e) (1 pts) How have the electric and magnetic fields changed in di-
rection and/or magnitude?
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