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Electromagnetic waves

Electromagnetic 

radiation is a self-

propagating composite 

of an electric field plus 

a magnetic field

Changing electric field produces

Changing magnetic field produces



Light as an electromagnetic wave



Electromagnetic Wave Polarization

• The direction of the electric field is perpendicular to the direction of 

propagation

• The direction of the magnetic field is perpendicular to the direction of 

propagation and the electric field

Polarization : the orientation of the direction of the electric (and magnetic) 

field with respect to the propagation direction

Linearly Polarized Light

z

y

x



Film polarizers (polaroid)

Polymer strand direction
absorbs light along this direction 

unpolarized

linearly
polarized





Activity with Polarized Glasses
Round rimmed glasses 

Put on the round rimmed of glasses.  Close your right eye and observe at 

your partner wearing the same glasses, looking specifically at their 

lenses. Draw and describe what you see.  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Now close your left eye and observe at your partner wearing the same 

glasses, looking specifically at their lenses. Draw and describe what you 

see. 
 
 
 
 
 
 
 
 
 
 



Round rimmed glasses 

Put on the round rimmed of glasses.  Close your right eye and observe at 

your partner wearing the same glasses, looking specifically at their 

lenses. Draw and describe what you see.  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Now close your left eye and observe at your partner wearing the same 

glasses, looking specifically at their lenses. Draw and describe what you 

see. 
 
 
 
 
 
 
 
 
 
 

Both lenses look equally dark.

Same as before.  Both lenses look equally dark.

Activity with Polarized Glasses



Activity with Polarized Glasses
Horned-rimmed glasses 

Put on the pair of horned-rimmed glasses.  Close your right eye and 

observe at your partner wearing the same glasses, looking specifically 

at their lenses. Draw and describe what you see. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 

Now close your left eye and observe at your partner wearing the same 

glasses, looking specifically at their lenses. Draw and describe what you 

see.  
 
 
 
 
 
 
 



Horned-rimmed glasses 

Put on the pair of horned-rimmed glasses.  Close your right eye and 

observe at your partner wearing the same glasses, looking specifically 

at their lenses. Draw and describe what you see. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 

Now close your left eye and observe at your partner wearing the same 

glasses, looking specifically at their lenses. Draw and describe what you 

see.  
 
 
 
 
 
 
 

Activity with Polarized Glasses

The lens on my left (my partner’s right) looks darker.

The lens on my right (my partner’s left) looks darker.



Polarized sun glasses

http://images.google.com/url?sa=i&rct=j&q=polarization+on+reflection&source=images&cd=&cad=rja&docid=x2WhQL2DaGmyzM&tbnid=onxNWchUTXdrBM:&ved=0CAUQjRw&url=http://www.arborsci.com/cool/polarization&ei=R4RkUa--KIOP2gWymYCIDw&bvm=bv.44990110,d.b2I&psig=AFQjCNGLLgQonlJdvnZ0ErLs2vV4QltfLg&ust=1365628316929851
http://images.google.com/url?sa=i&rct=j&q=polarization+on+reflection&source=images&cd=&cad=rja&docid=x2WhQL2DaGmyzM&tbnid=onxNWchUTXdrBM:&ved=0CAUQjRw&url=http://www.arborsci.com/cool/polarization&ei=R4RkUa--KIOP2gWymYCIDw&bvm=bv.44990110,d.b2I&psig=AFQjCNGLLgQonlJdvnZ0ErLs2vV4QltfLg&ust=1365628316929851






Polarized Glasses: Top View
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Polarized Glasses: Top View
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http://upload.wikimedia.org/wikipedia/commons/8/81/Circular.
Polarization.Circularly.Polarized.Light_Right.Handed.Animation.3
05x190.255Colors.gif

http://upload.wikimedia.org/wikipedia/commons/8/81/Circular.Polarization.Circularly.Polarized.Light_Right.Handed.Animation.305x190.255Colors.gif
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Polarized sun glasses will only pass vertically polarized light



Polarized sun glasses will only pass vertically polarized light





Polarized sun glasses will only pass vertically polarized light



Polarized sun glasses will only pass vertically polarized light

















Light from a rainbow is highly polarized

(internal reflection near Brewster angle)

Polarization Orientation Along Rainbow



Reflection of polarization parallel to surface

(perpendicular to plane of incidence)

No component parallel to surface 

(perpendicular to plane of incidence)

No reflected wave

Brewster Angle

Unpolarized light becomes polarized upon reflection



A. Real

B. Fake

Is this a real picture 

of a double rainbow?



A. Real

B. Fake

Is this a real picture 

of a double rainbow?



Lasers and the 

Nobel Prize

1st Nobel Prize in 

physics for the 

laser was in 1964

Optics and 

Photonics New 

May 2014



©2008 by W.H. Freeman and Company

http://www.optique-ingenieur.org/en/courses/OPI_ang_M01_C01/co/Contenu_05.html
http://www.optique-ingenieur.org/en/courses/OPI_ang_M01_C01/co/Contenu_05.html


Laser Schematic

1. Gain medium  (gas, crystal, semiconductor)

2. Pump source (electrical discharge, optical source)

3. Mirror 1: High reflector (R=1)

4. Mirror 2: Output coupler (R=0.9)

Gain + Feedback → Laser

Mirror

Output

Mirror 1
Mirror 2

Gain medium

Pump source
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Red Laser Pointer
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Green Laser Pointer
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Quantum Picture of Light and Matter

Classical physics: particle or wave

Light → wave

matter → particle

Principle of Complementarity

Although the classical concepts of wave and particle are 

mutually exclusive concepts, compliments of each other, 

it is necessary to use both concepts together to 

understand the quantum nature of light and matter.



Reflection of polarization parallel to 

surface (perpendicular to plane of 

incidence)

Brewster Angle

Unpolarized light becomes polarized 

upon reflection
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