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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 al states equally, transmits |,

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

#3 linear polarizer, at 45°, transmitd,

#4 circular polarizer, opaque to L-staltg,

Define Stokes parameters
So =21,

S1=211-21,
S =21,-21,
S5=213-21,
Ssistheincidentirradi ance.

The ot her 3 St okes par anet er sspeci fythe stat eof pol ari zati on

| Sl
If S, >0, resenbl eshorizontal pol ari zati on

If S3 <0, resenblesvertical pol arization

If S3 =0, beamshows nopreferential orientation
(i.e. elliptical at +45°, circular, unpolarized )
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=S

IfS, >0, resenblespol ari zati onat +45°
IfS , <0, resembles polarizationat -45°

IfS , =0, neither

"S53
IfS 3 >0, tendencytoward right handed

IfS 3 <0, tendencytoward left handed

Calculating Stokes parameters

m Electricfield
E,=ACos[kz-wt]i

E;=0

m StokesParameters
So = (A + (A

S =QRAY-(B+ A = (A - (A

S = <2 ‘ % (Ac+ Ay et ?)

2> ~ (A + A = (2AA Cos[])

S; = We must calculate using Jones Calculus
Multiplying the incident radiation times aright circular polarizer yields

1 (1 1)( (Ao ):[ F ((Ao +1 (et ? A)) ]

2 i 1 (Aet?) 1 (-1 (A) + (e P A))
intensity = <711-2 (A§+A§+2AXAchs[¢>+%])>: <% (A + A -2 A A, Sin [¢>])>

S =(-2AA Sin [¢])

Note: If ¢ =- izr we have right handed circular.

Often normalize Stokes parameters by dividing by S o-
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Degreeof Polarization
| f beami s unpol ari zedS, = (A7) + (AZyandS; =S, = S5 =0
For conpl etel ypol ari zedlight S2 = S +S3 + S3

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

vo o NSE+ S+

Ip+lu_ So

Addition of Stokes parameters
For incoherent beams the Stokes parameters add

S =S+S,
S =SS
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Stokes Vectors and Mueller Matrices

Stokes Vectors

Unpolarized Light

upSt okes = [

];

1
1 .
ol
0

Linear Vertical

1
-1

| vSt okes = [0 ]
0

Linear at +45 degrees

O OO

Linear Horizontal

| hSt okes =

1
0

| p45St okes = [1];
0

Linear at -45 degrees

1
0

| Mi5St okes = 1 ;
0
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Right Circular

1
0].

rcSt okes = ol
1

L eft Circular

1
0

| cSt okes = ol
-1

Mueller Matrices

Horizontal linear polarizer

1100
112100
hIpNUeIIer:EOOOO,
0 00O
Vertical linear polarizer
1 -1 00
11-1 1 0 0],
vIpNUeIIer:; o 0 0 ol
0O O 0O

Linear polarizer at + 45 degrees

1010
110 0 0 0Of.
| pp45Muel l er = 1101 0l
0 00O
Linear polarizer at - 45 degrees
1 0 -10
110 o 0 Of,
Ipm45|\/UeIIer=? 10 1 ol
0 0 0 O
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Quarter-waveplate with fast axisvertical
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Quarter-waveplate with fast axis horizontal
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o o
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Rotation Matrix

0 0 0
Cos[2e8] Sin[2e] O
-Sin[2e] Cos[2e] O

0 0 1

RotatedMatri x =rot Muel | er [-6] R[0 ° ] rotMueller [6];

rotMieller [e_]: =

O O O

OutputPolarization = rotMueller  [-6] R[O0 ° ] rotMueller

[6] InputPolarization



