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9.2 Electromagnetic Waves in Vacuum 397

Example 9.2. If E points in the x direction, then B points in the y direction
(Eq. 9.46):

Ẽ(z, t) = Ẽ0ei(kz−ωt)x̂, B̃(z, t) = 1
c

Ẽ0ei(kz−ωt)ŷ,

or (taking the real part)

E(z, t) = E0 cos(kz − ωt + δ) x̂, B(z, t) = 1
c

E0 cos(kz − ωt + δ) ŷ.

(9.48)
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FIGURE 9.10

This is the paradigm for a monochromatic plane wave (see Fig. 9.10). The wave
as a whole is said to be polarized in the x direction (by convention, we use the
direction of E to specify the polarization of an electromagnetic wave).

There is nothing special about the z direction, of course—we can easily gen-
eralize to monochromatic plane waves traveling in an arbitrary direction. The no-
tation is facilitated by the introduction of the propagation (or wave) vector, k,
pointing in the direction of propagation, whose magnitude is the wave number k.
The scalar product k · r is the appropriate generalization of kz (Fig. 9.11), so

Ẽ(r, t) = Ẽ0ei(k·r−ωt) n̂,

B̃(r, t) = 1
c

Ẽ0ei(k·r−ωt)(k̂ × n̂) = 1
c

k̂ × Ẽ,

(9.49)

where n̂ is the polarization vector. Because E is transverse,

n̂ · k̂ = 0. (9.50)

(The transversality of B follows automatically from Eq. 9.49.) The actual (real)
electric and magnetic fields in a monochromatic plane wave with propagation
vector k and polarization n̂ are

Ordinary light beams are produced by different radiating atoms. 
The electric fields are randomly oriented. The light is un-polarized. 
Polarizing sheets allow light that passes thru to be polarized

A relevant Tube is
https://www.youtube.com/watch?v=9In9E5fT__E

Polarizers have long strips of molecules that vibrate in response to electric fields
in a specified direction. The energy of those waves is given up to the molecules.

          Other light waves with E in orthogonal direction gets through and is is polarized



Demonstration I’d have 
shown






