
Chapter 32 – Electromagnetic 
Waves

Visible light, radio waves, cell 
communications, UV tanning, HDTV – these 

are all examples of EM waves





http://upload.wikimedia.org/wikipedia/commons/a/a9/Light_spectrum.png


Maxwells Equations in Vacuum
No charges or currents



Let there be Light – Vacuum Solution

A mathematical memory from vector calculus – no Physics

Now add Physics

.

Putting this all together we get the vacuum wave equations for E and B 



Wave Equations

This is similar to a scalar wave equation where c is the speed of the wave



Solutions to the Wave Equations

The following is a solution for ANY well behaved function f
K is called the wave vector – here it is a unit vector that points 
in the direction of wave propagation

E, B and K form a mutual orthogonal system



E, B (M) and wavelength
K = 2π/λ



E, B and K – Right handed coordinate 
system



Visible light
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Impedance of the Vacuum
Our modern view of the vacuum is that it is  

a sea of all things at negative energy. 
Thus it is NOT NOTHING.

It has an impedance



Electromagnetic Energy Density and 
Flux and Quanta
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Dispersion in materials – polarization 
depends on frequency


