An electromagnetic plane wave propagates to the right.

Four vertical antennas are labeled 1-4.

1,2, and 3 lie in the x-y plane.

1,2, and 4 have the same x-coordinate, but antenna 4 is located
further out in the z-direction.

Rank the time-averaged signals received by each antenna.
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The electric field for a plane wave 1s given by:

E(X,t) = E '™

Suppose E, points in the +x direction.
In which direction 1s this wave moving?

A) The x (1) direction. ;)\

B) The radial (7*) direction U\

C) A direction perpendicular to both k and % l/\
D) The k direction ’B‘/\

E) The k direction \



If I have an E-field expressible as such:
E(X,t)=—E, """k
How should I write the associated B-field?

A) Byeltky=wt)f
B) -Bye!ky—@bk
C) -Byellky-ot)p
D) -Bye'ty=®b)j
E) Bye'ky—ebj



Here 1s a snapshot in time of a longitudinal wave:
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The divergence of this field is:

A) Zero V ,é Y %Ex N AEI . 5&
B) Non-zero DX b‘j )1

C) Can’t tell



Electromagnetic fields in vacuum with divergence are:
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Electromagnetic fields in vacuum that have a
longitudinal component are:
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The dascovery of Lax, Loussell, and Knight (LLK) [Phys. Rev. 9, 178 (1974)] that electromagnetic
beams in vacuum do have a longitudinal component can be proved experimentally from the polar-
wzation mdependence of the energy of electrons from the focus of a laser. For this purpose we had
10 develop the LLK paraxial approximation to a Maxwellan exact solution for a Gaussian beam.
Inserting the exact solutions into the Maxwellian stress tensor expression of the nonlinear force for
the electrom acceleration demonstrates & polarization dependence if only the transversal optical
components are used. Including the exact longitudinal Selds results in the experimemally proven
polarization independence.



