
Physics 2c  Lecture 26 

Chapter 34 
Electromagnetic Waves 

 



Plane Electromagnetic waves 
- description - 

Wave fronts (infinite & parallel) 

B-field 

E-field 

E & B fields are the 
same everywhere  
within the plane. 
 
E & B fields always 
orthogonal. 
 
E & B fields always 
orthogonal to wave 
velocity.  



Polarization 

The orientation of E in the y-z plane is arbitrary. 
Polarized EM waves have well defined orientation. 

However, once E is chosen, the orientation of B is fixed. 



Speed of Electromagnetic wave 
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Maxwell unified E&M&O by realizing that  
his equations allow for waves that propagate  

at the speed of light!  



Relationship of E and B 
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The Electromagnetic wave 
spectrum 



Polarized light sources 
- examples - 

(typically) polarized: 
radio, TV, radar, ... EM from simple antennas. 
Lasers. 
 
(typically) unpolarized: 
sun light 
light from light bulbs, or other hot sources (e.g. the glow of fire). 



Polarizers 



Law of Malus 

! 

I = I0 cos
2"

E.g.: Intensity,I, of unpolarized light drops by  
factor 2 when going through a polarizer  

because “unpolarized” = random polarization  
and the average of the square of a cos is 1/2. 



Q to ponder: 

●  You have unpolarized light that traverses a 
sequence of two polarizers whose 
polarization axes form and angle of 60 
degrees. 

●  What fraction of the intensity of the 
unpolarized light makes it through both 
polarizers? 



Answer 
●  Yes. 
●  Imagine subjecting polarized light with a sequence 

of polarizers, all of which make a small angle with 
each other. 

●  Each polarizer reduces the intensity by cos2 
●  However, each polarizer also forces the light to be 

polarized along the polarizers axis. 
●  Imagine 900 polarizers, each with 0.1 degree from 

the previous: cos18000.1o = 99.7% 
●  In contrast: cos290o = 0. 
●  It is thus in principle possible to rotate light with 

consecutive polarizers at small angles, and with 
only small losses in intensity.  



Producing EM waves 

Alternating current causes antenna to emit EM waves. 



Example: Dipole Field 



Energy flow 

This is the amount of power per unit area transferred by 
an EM wave along its direction of propagation. 

Power = Energy/time 
<S> is thus the average energy transferred by an EM 

wave through a unit area per unit time.  
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Radiation pressure 

The light shows a small particle that levitates  
because it is hit by a laser beam from below. 



Radiation Pressure 
Pressure = Force / Area 

Force = momentum/time 
=> Pressure = Momentum / (Area * time) 

 
In Physics 2b you learned:   

EM wave momentum = EM wave Energy/c 
EM wave Pressure = EM wave energy/(c*area*time) 

 
Radiation Pressure = <S>/c 

 



Exercise 34-6 

A laser delivers 5MW/m^2.  
It is pointed on a 100micron diameter particle. 

 
What’s the maximum mass the laser can lift? 



Solution 
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S
c

=
5 MW
m2

3 "108m /s
=
mass "10m /s2

# 50µm( )2
=
mg
#R2

mass =1.3 "10$11kg

Pressure = Force / Area 


