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Properties of Electromagnetic Waves

Basic properties of any wave:

• Frequency: �
• Period: � = 1/�
• Wavelength: �
• Speed (in vacuum): �
• Speed (in a medium): � = � 	⁄ < �
• Angular frequency, � = 2��
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- means the wave propagates in the +x direction.

+ means the wave propagates in the –x direction.



Intensity of an EM Wave

• Electromagnetic waves carry energy

• A source of waves is characterized by its power (the 
rate at which it radiates energy)

• If the source is isotropic, the energy spreads out 
uniformly in all directions, over the surface of a 
sphere

– Surface area of a sphere of radius � is � = 4���

• Intensity is defined as the power per unit area

• Intensity at a distance � from a source with power �
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Intensity of an EM Wave
Intensity is defined as the energy that passes 

through a unit area during a unit time interval.
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Not all sources are isotropic… 

(lasers and flashlights aren’t)

But some are…

(stars, incandescent light bulbs, candles, hot objects)



The Poynting Vector

• Energy moves with the same speed as the wave and in 
the same direction as the velocity.

• The Poynting vector has a magnitude equal to the 
instantaneous wave intensity and points in the direction 
of wave propagation.
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Time Averaged Poynting Vector

• The time-averaged value of the Poynting vector, ., is the 
same as the wave intensity
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(Intensity can be expressed either in terms of  :, C:,  ?@A or C?@A)

• Intensity specifies the power per unit area (W/m2) 
carried by an EM wave, averaged over time.

• Key idea: intensity is proportional to  � (or C�).







Closely Related Concepts











Example 2:
Calculate (a) the intensity, (b) energy density, (c) 

amplitude of the E-field and (d) amplitude of the B-
field, all at 1 m from a 100 W light bulb?
(assume all 100 W goes into EM radiation.)



Polarization

Does this concept apply to light?



Polarization of Light
Polarization is a property of light that describes the 

orientation of the  -field oscillation in the wave.



Polarization of EM Radiation

• For any EM wave, the electric field is perpendicular to the direction 

of propagation

• There are many possible directions of the electric field in an EM 

wave

• Knowing the direction of the electric field in an EM wave is 

important for determining how the wave interacts with matter.

• Most light is unpolarized

• Polarized light can be produced from unpolarized light by using a 

polarizer

• A polarizer often consists of a thin, plastic film that allows only the 

component of the electric field parallel to a particular direction to 

pass through.  This direction is called the axis of the polarizer.

• A polarizer absorbs the component of the electric field that is 

perpendicular to the polarizer’s axis.



The Effect of a Polarizer

• Example using microwaves:









Polarization by Reflection

• Reflected light has its electric field preferentially 

oriented parallel to the surface.

• The other component is preferentially transmitted 

into the medium.



Polarized Sun Glasses


