
3.6.3.2 Stokes Parameters

Ref: Optics by Hecht and Polarized Light by Shurcliff

Let us have 4 filters, each of which transmits 50% of natural  radiation

#1  isotropic filter, passing all states equally, transmits Io

#2  linear polarizer, transmission axes are horizontal,  transmits I1

#3  linear polarizer, at 45°, transmits I2

#4  circular polarizer, opaque to L-state, I3

Define Stokes parameters

So = 2 Io

S1 = 2 I1 - 2 Io

S2 = 2 I2 - 2 Io

S3 = 2 I3 - 2 Io

So is the incidentirradiance.

The other 3 Stokes parametersspecifythe state of polarization

é S1

If S1 > 0, resembleshorizontalpolarization

If S1 < 0, resemblesverticalpolarization

If S1 = 0, beam shows no preferentialorientation

Hi.e. ellipticalat � 45 °, circular, unpolarized L
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é S2

If S2 > 0, resemblespolarizationat + 45 °

If S 2 < 0, resembles polarizationat - 45 °

If S 2 = 0, neither

é S3

If S 3 > 0, tendency toward right handed

If S 3 < 0, tendency toward left handed

Calculating Stokes parameters

é Electric field

Ȩx = Ax Cos@k z - w tD i
`

Ȩy = Ay Cos@k z - w t + fD j
`

Ȩz = 0

é Stokes Parameters

So = XAx2\ + XAy2\
S1 = X2 Ax

2\ - XAx2 + Ay
2\ = XAx2\ - XAy2\

S2 = [2
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S3 = We must calculate using Jones Calculus

Multiplying the incident radiation times a right circular polarizer yields
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 we have right handed circular.

Often normalize Stokes parameters by dividing by S o.
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Degree of Polarization

If beam is unpolarizedSo = XAx2\ + XAy2\ and S1 = S2 = S3 = 0

For completelypolarizedlight So
2 = S1

2 + S2
2 + S3

2

It can be shown that the degree of polarization, V, is given by

V =
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Addition of Stokes parameters

For incoherent beams the Stokes parameters add

So
’’’ = So

’ + So
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’’’ = S1
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’’

S2
’’’ = S2

’ + S2
’’

S3
’’’ = S3

’ + S3
’’

StokesParameters.nb 3



Stokes Vectors and Mueller Matrices

Stokes Vectors

Unpolarized Light

upStokes =
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Linear Horizontal
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Linear Vertical
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Linear at +45 degrees

lp45Stokes =
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Linear at -45 degrees

lm45Stokes =
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Right Circular

rcStokes =
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Left Circular

lcStokes =
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Mueller Matrices

Horizontal linear polarizer

hlpMueller =
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Vertical linear polarizer

vlpMueller =
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Linear polarizer at + 45 degrees

lpp45Mueller =
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Linear polarizer at - 45 degrees

lpm45Mueller =
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Quarter-wave plate with fast axis vertical

qfavMueller =
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Quarter-wave plate with fast axis horizontal

qfahMueller =
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Rotation Matrix

rotMueller@q_D :=

i

k

jjjjjjjjjj

1 0 0 0
0 Cos@2 qD Sin@2 qD 0
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RotatedMatrix = rotMueller@-qD R@0 ° D rotMueller @qD;

OutputPolarization = rotMueller @-qD R@0 ° D rotMueller @qD InputPolarization;
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