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Abstract
Nopparatjamjomras, S., Chitaree, R. and Soankwan, C.
Construction and application of an automatic Stokes parameters photopolarimeter
Songklanarin J. Sci. Technol., 2004, 26(2) : 285-294

Stokes parameters are used to describe the polarization state of the beam. The Stokes parameters can
be used to analyze the properties of a sample in terms of retardation and specific rotation. As several conven-
tional instruments for measuring the Stokes parameters involve many procedures and a lot of time is re-
quired, the application area is limited. Therefore, to lessen the measuring period and widen the application
area, in this research, an automatic instrument for determining the state of polarization based on a technique
employing Fourier analysis coupled with some simple computer controlled electronic circuits are proposed.
The technique of this measurement is called “Fourier analysis using a rotating quarter wave plate”. This
system is composed of a rotating quarter wave plate controlled by a stepping motor, a fixed linear horizontal
polarizer and a detector. The intensities obtained from the receiving detector are analyzed with Simpson 's
method and Fourier Analysis to calculate the Stokes parameters. The performance of the instrument was
preliminary examined by measuring several known polarized beams. In addition, the instrument was used as
a tool to determine the specific rotation of D-glucose and phase shift of known retardances. The experimental
results were found to be in agreement with theoretical results.
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Figure 2. The arrangement of the optical components used in the Fourier analysis using
a rotating quarter-wave retarder method.
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Figure 5. The complete setup of the polarization analyzer unit.
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The average normalized Stokes param-
eters detected by the polarization anal-
yzer unit are SO = 1.000, S1 =1.115,S2 =
-0.124, S3 = -0.000 and the azimuth is
-3.166". The average normalized Stokes
parameters calculated by using equation
(6) are S0 =1.000, S1 =1.000, S2 =-0.000,
S3 = 0.000 and the azimuth is 0.000°.
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The average normalized Stokes param-
eters detected by the polarization anal-
yzer unit are S0 = 1.000, S1 = 0.955,S2 =
-0.651, S3 = -0.004 and the azimuth is
-17.128’. The average normalized Stokes
parameters calculated by using equation
(6) are S0 =1.000, S1 = 0.809, S2 = -0.588,
S3 = 0.000 and the azimuth is -18.000°.
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Figure 10. The average normalized Stokes para-

meters detected by the polarization
analyzer unit are S0 = 1.000, S1 = 0.160,
S2 = -0.380, S3 = -0.904 and the azi-
muth is -33.556". The average normal-
ized Stokes parameters calculated by
using equation (6) are S0 = 1.000, S1 =
1.117, S2 = -0.321, S3 = 0.940 and the
azimuth is -35.000".
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Figure 11.

The average normalized Stokes para-
meters detected by the polarization
analyzer unit are S0 = 1.000, S1 = 0.386,
S2 = 0.460, S3 = -0.817 and the azi-
muth is 25.014°. The average normal-
ized Stokes parameters calculated by
using equation (6) are S0 = 1.000, S1 =
0.413, S2 = 0.492, S3 = -0.766 and the
azimuth is 25.000°.



2. qUaIUASUNS M.
N 26 1fun 2 N.a.-10.8. 2547

293

1A39893A Stoke parameters wUUONLUNA
3%y unfarludndy wazao

Half wave plate with € = -40°

12

IR Y.
T e
el 11( i
un' m b e e wlm ad e
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meters detected by the polarization
analyzer unit are S0 = 1.000, S1 = 0.960,
S2 = -0.329, S3 = -0.034 and the azi-
muth is -80.501°. The average normal-
ized Stokes parameters calculated by
using equation (6) are S0 = 1.000, S1 =
0.940, S2 = -0.342, S3 = 0.000 and the
azimuth is -80.000°.
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Table 1. The results of the retardation measurement.

Figure 13. The average normalized Stokes para-
meters detected by the polarization
analyzer unit are S0 = 1.000, S1 = 0.860,
S2 = -0.671, S3 = -0.023 and the azi-
muth is -18.978". The average normal-
ized Stokes parameters calculated by
using equation (6) are SO = 1.000, S1 =
0.766, S2 = -0.643, S3 = 0.000 and the
azimuth is -20.000°.

Sample 1 Sample 2 Sample 3 Sample 4

1] 1.000 1.000 1.000 1.000
S1 0.016 -1.004 -0.113  0.016
S2 -0.019  -0.082  -0.055 -0.009
S3 -1.006  -0.051 1.004 1.005
Retardance 89.135° 177.106° -96.407° 89.119°
(Measured)
Retardance  90° 180° -90°or270° 90°
(Theoretical)
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Figure 14. The relation between the optical rota-
tion of the linear plane polarized light
and the concentration of the D-glucose
solution.

et al. (1992) 2.469% TANNAANAINBIAAN

A ldusuinzaseanudinduues 1acaanldlunns
dl' €d‘ a 1 a

naaas avangunsainidlumaasenliazidaans

a 14
Jwnnzvinavaz g1

o ao X o A A A o

log 30ud9mIden wrsa Soaiasilanld
lun193m9ed awelwalsduoon Juuudalutan
a oA a & & o Ao a
BSenI1 esesieser anuslnan s leasiRdania
waaaging @9 wmgoraninenlal wysoivas
dardann 90° nanisEuinzesgUnsainie vllag
ANAVULWINNLALDIL 9 (tilt errors) (Williams, 1999
wae Williams et al, 1997)
(Surachai, 2002)
@182 (numerical error) T9Usznaveie round off

ANMNRANAINAIN A/D
AMNHANAINIINNITATUIAN

e truncation error (Gregory and Redmond, 1994)

lu uvasuiaziauidaly fa nrsudle
ANAAWAIAYEIA1  Stokes parameters NIa 6
A ] 6 % 1 (¢} a
Wasnannll wysolvesdantaann 907 anaad
THlunsifudeys  @eouldsunsuildlunisysuas
‘ﬁl A L e 1 1 1 U
wnInedalasdnludd uaz uassunasinglnld wnn

1%l AC unuuuaLaas

a a

nnfnsslszma
ao X o = i Iy @
Nuddeh w130 15gaae ke FEAN
¥ s
AULATRFENNLANINIIUAINIT 0T UIBRiNFnd
AUTMUING  WIadrNa b ARy weagy AuT
g s
a3.27Y 819eesdana wig w3 n e a3LANANa

&

Aaa [ 4 a o 6 (% a
FAIAINNT LA AT.INDWUD ‘]J?]J'inZ]‘YIﬁ

1N 13591994

Brossean, C. 1998. Fundamentals of Polarized light:
A statistical optics approach, John Wiley & Sons,
Inc., New York.

Collett, E. 1993. Polarized light: Fundamentals and
Applications. Marcel Dekker, Inc., New York.

Cote, G.L., Fox, M.D. and Northrop, R.B. 1992.
Noninvasive Optical Polarimetric Glucose Sens-
ing Using a True Phase Measurement Technique.
IEEE Trans. Bio-Med. Eng.; 39(7) : 752-756.

Gregory D., Wiggeren, V. and Roy, R. 1999. High-speed
fiber-optic polarization analyzer: measurements
of the polarization dynamics of an erbium-doped
fiber ring laser. Optics Commun.; 164 : 107-120.

Gregory, J. and Redmond, D. 1994. Introduction to
Numerical Analysis. Jones and Bartlett Publish-
ers, Inc., USA.

Hecht, E. 2002. 4" edition. Optics. Addison Wesley,
the United States of America.

Newport. Optics and Mechanics 1999/2000 Catalog.

Stenflo, J.O. 1984. Solar magnetic and velocity-field
measurements: new instrument concepts. Appl.
Opt.; 23(8) : 1267-1278.

Surachai Nopparatjamjomras. 2002. Importance of us-
ing the high resolution A/D for the data acquisi-
tion in the optical polarization state analysis.
28" Congress on Science and Technology of
Thailand at Queen Sirikit National Convention
Center, Bangkok: 732.

Williams, P.A. 1999. Rotating-wave-plate Stokes po-
larimeter for differential group delay measure-
ments of polarization-mode dispersion. Appl.
Opt.; 38(31) : 6508-6515.

Williams, P.A., Rose, A.H. and Wang, C.M. 1997. Ro-
tating-polarizer polarimeter for accurate retard-
ance measurement. Appl. Opt.; 36(25) : 6466-
6472.



