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Phys 774: 
Polarization of Light

Fall 2007
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Polarization of Electromagnetic Wave 

General consideration of polarization

Jones Formalism

How Polarizers work

Muller matrices

Stokes parameters

Poincare sphere

Where is the polarization information hidden ?
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Polarization of Electromagnetic Wave 

Jones Formalism / Lecture QZ
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Elliptically polarized light
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Polarization of Electromagnetic Wave 

Jones Formalism 
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For Polarized light 
state of polarization 
is represented by 2x1 
matrix of complex 
amplitudes:
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Polarization of Electromagnetic Wave 

General consideration of polarization
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In general situation:

      0    0
    0      0

   0     0   

xx xy xz xx

yx yy yz yy

zx zy zz zz

ε ε ε ε
ε ε ε ε ε

ε ε ε ε

⎡ ⎤ ⎡ ⎤
⎢ ⎥ ⎢ ⎥= =⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥⎣ ⎦⎣ ⎦

6 independent 
components

In isotropic media:
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Jones representation for Polarization

Jones Formalism for polarization; E-matrices 
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Elliptically 
polarized light
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Jones representation for Polarization
Jones Matrices for optical elements 
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Sample in 
Ellipsometry: 
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Change of Polarization of Electromagnetic Wave 

Jones Matrices for rotating optical elements 
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How Polarizers work ? 
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Examples:
Wire-grid polarizer
Electro-absorption modulator 10

How Polarizers work ? 

Brewster polarizer
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How Polarizers work ? 

Birefringent
polarizers
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Optical axis Z ˆ( )D Eε ω=

( ) ( ) ( )zz xx yyε ω ε ω ε ω≠ =

How Polarizers work ? 

Thin-film polarizers (narrow band)
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Stokes Parameters for Polarization of Electromagnetic Wave 

Stokes Parameters, Intensity,  and Poincare sphere  
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Stokes Parameters for Polarization of Electromagnetic Wave 

Stokes Parameters, Intensity,  and Poincare sphere  

0

1
0
0
0

S S

⎡ ⎤
⎢ ⎥
⎢ ⎥= ⋅
⎢ ⎥
⎢ ⎥
⎣ ⎦

Unpolarized light 

0

1
1

0
0

lS S

⎡ ⎤
⎢ ⎥±⎢ ⎥= ⋅
⎢ ⎥
⎢ ⎥
⎣ ⎦

Linearly and circularly 
polarized light 
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Elliptically polarized light 
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2γ

Change of Polarization of Electromagnetic Wave 

Optical elements, like polarizers and returders, are equivalent to 
rotation of the Stokes vector around their characteristic vectors by a 
certain angle.  
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Relationship between different representations of the light  
Polarization  

Stokes parameters and J-Jones matrix elements for time-averaged 
quantities:
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Muller Matrices for Polarization of Electromagnetic Wave 

Muller Matrices 
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MM and Polarization 

Muller Matrices for some ideal common optical elements: 
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Polarization of Electromagnetic Wave 
Another view at Ellipsometry

Muller Matrices for sample measured in Ellipsometry:
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Description of Polarization changes 

Muller Matrix for rotation of the coordinate system:
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What is far-IR Ellipsometry?

Far-Infrared Ellipsometry is a technique which allows one to measure very accurately and with high 
reproducibility the complex dielectric function ε(ω) = ε(ω)1 + i ε(ω)2 of oxide thin films and single 
crystals. It measures the change in polarization of Infrared light upon non-normal reflection on the surface 
of a sample to be studied. To extend the Ellipsometry technique to the Far-Infrared part of the 
electromagnetic spectrum, we are going to carry out these experiments at Brookhaven National Laboratory, 
National Synchrotron Light Source. Synchrotron light provides three orders of magnitude more brilliant 
light in the Far-Infrared as compared to conventionally available light sources, like mercury arc lamps.
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Jones matrices and Ellipsometry  

Jones matrix representation for Ellipsometry measurement:
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Limitations of the previous formalism
Using example of birefringence 

Optical axis Z ˆ( )D Eε ω=

( ) ( ) ( )zz xx yyε ω ε ω ε ω≠ =

What if we have simultaneous 
birefringence and optical activity? 

Answer: 
we will use Jones N – matrices for 
non-local effects


