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Atrstract. А method of analysis of the Stokes раrашеtеrs is proposed. With quasisimultaneous
measurement of the раrаmеtеrs 1, Q алd [/ thе гаdiаtiоп is passed through the input phase plate
.\/а (the highest velocity axis makes an angle of 0О), the electro-optical modulator (the highest
velocity angle *45"), the роlатizеr (transmission axis 0"), а voltage corresponding to а phase
shift of +^/4,0, -)/4 being fed to the mоdulаtоr. Whеп analysing the раrаmеtеrs I,Q, апd,V
the input phase plate is positioned so that the highest velocity axis is aligned at an angle of 45..
The radiation is rесоrdеd йth а рапоrатriс high геаdоut-rаtе detector, the infoTmation being
represented in thе fоrm of thrее images, which соrrеsропd to the indicated phase shifts of the
modulator.

Кеу wоrds: methods: data analysis - polaTization - Stokes ралаmеtеrs

Тhе Stokes раrаmеtеrs сhаrасtеrizе the state
of Tadiation polarization. They аrе symbolized as
I,Q,U,И, whеrе 1 is the intensity, Q,[/ аrе the
linear polarization раrашеtеrs, И the circular ро-
larization раrаmеtеr. Measurement of these ратаm-
eters provides information of the рIеsепсе of mag-
netic field (Zeeman effect). AnaJysis of ciTculaT рь
Iarization in spectrai lines (И раташеtеr) permits
the longitudinal magnetic field strепgth to Ье eval-
uated. Measurements of the Stokes раля.mеtеrs in а
continuous spectrum give information оп lаrgе mag-
netic fields. The application of upto-date асhго-
matic plates made it possible to сгеаtе neý- gепеr-
ation devices fоr sресtrороlалimеtriс studies (Naj-
denov and Panchuk, 1996). Тhе соmmоп dЪadran-
tage of all these devices is that whеп used йth the
ВТА, the techniques of successive шеаsurеmепt of
the Stokes parameters is applied. The patent sеаrсh
has shown that there exist ways of quasisimultaneous
measurement of thrее Stokes ратаmеtеrs. Неrе аrе
used piezoelastic modulatoTs йth sinusoidal modu-
Iation (Berdyugin and Shakhovskoi, 1993; Gалdоr-
fen and Povel, 1997). When realizing the design Tvith
right-angle modulation on KDP-type crystals for the
simultaneous measurement of the Stokes раrа,mеtеrs,
great light losses arise. The devices аrе bulky, haTd to
tune and operate. This impedes effective solution of
the рrоЫеms associated чdth thе investigation of ро-
larization in objects whose раrаrпеtеrs чаrу at shоri
times. This is why the introduction of а рrосеdurе
of fast measuring the Stokes раrаmеtеrs seems quite
urgent.

The simultaneous recording of the fouT Stokes ра-

rameters is the technique closest to the proposed рrо-
cedure in члhiсh the radiation is passed through two
modulators аrrапgеd in an appropriate mаппеr. In
turn they аrе fed а special fоrm voltage (Kuvshi-
nov апd Levitan, 1983). Such а device, consisting of
two modulators has an essentiallv sophisticated cir-
cuit and decreases the mеаsurеmепt precision because
of the епотmоus light losses. It shouid Ье noted that
the manufacture of high-voltage gепеrаtоrs to con-
trоl the modulators at а phase shift of .\/2 is quite а
рrоЬlеm.

The aim of the рареr is to show that the suggested
pTocedure imрrочеs the precision of measurement of
роlаrйеd radiation parameters. This aim can Ье at-
tained provided that а minimum пumЬеr of optical
elements is used arrd а special form modulation is ар-
plied.

In the рrосеdurе proposed, when measuring
сопсurrепtlу the parameters 1, Q and [/, the rаdi
ation iý passed through the input phase plate )/4
(the highest velocity axis is at an angle of 0.), the
electrooptical modulator (the highest velocity axis
is at ап angle +45'), polarizer (transmission axis
is at 0"), а voitage corresponding to а phase shift
of +.\/4,a,-^l4 being fed to the modulator. When
a,nalysing the раrаmеtетs I,Q and И, the input phase
plate is positioned so that its highest velocity axis is
at 45". The гadiation is recorded with а рапоrаmiс
high readout rate detector, the information being
represented as thrее images vrhich соrrеsропd to
the indicated phase shifts of the modulator. The
Stokes раrаmеtеrs аrе calculated in the following rмay:
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iy : 0.5 arctan(Lr/Q);
2Ig-11 -12

It -l Iz

where fi is the intensity of the spectrum resolved in
the first image, 12 is that registered in the second
image, 1з in the third опе.

The соrrесtпеss of the method is gTounded math-
ematically Ьу means of NIulIer matrices. Let .L/r de-

note the Stokes vector, М2 the matrix of the input
phase plate with the highest velocity axis aligned at
the angle of 0О, Мз the modulator matrix at а phase
shift of *45", Мц - 0О, Мь - -45О, Мб the polaroid
matrix, М7 - the matrix of the рhаsе plate with the
highest velocity axis aligned at 45":

-Мч

-Мь

-М7

\\ihen dеrir-iпg the Stokes parameters I,Q,U,
multiply the matrices fоr the phase shift KDP +)/4,
0, -)/,1 in the follorr-ing fashion:

Calculate the 1iпеаr polarization parameters Ьу the
formuIae:

Io-I,
l ) - 

-.

чтт1
J1*12

2Iз-I1-12
Il*Iz

Ф : 0,5 arctan(t//Q).

То compute the раrаmеtеrs 1, Q) И, multiply the шаt-
ices as follows:
It: Ма *. Мз * М7 * М1,
Iz:Мв*МlэrМ7*М1,
Iз:МвхЛl5хМ7*М1,
the Stokes раrаmеtеrs are derived frоm the formulae:

I"-L()- " -.* 1, +1:'
т_ 2Ig - I7 - 12

It*Iz

The block diagram of the device used to realize the

рIосеdurе being described is shown in Fig. 1. It in-
соrроrаtеs polarized radiation sоurсе 1, quarter-waтe
plate 2, electrooptical modulator 3, Wollastone рrisrг_
4, detector 5, distributing unit 6, computer 7, сопtrс_
generator 8.

Fig.2 displays а facility used to provide the соп-
tгоI voltage, It consists of two identical trапsfоrmеrs,
the secondary windings of which аrе connected in se-

ries; the рrimаrу windings аrе separate, Rectangula:
pulses shifted Ьу 90О, as'shown in Fig. 3, аrе fed to th.
рrimаrу windings. The trапsfоrmеrs symmetrize the
voltage at the modulator, which improves the mеа_-

surement ассurасу.
Тhе described procedure has been realized B-it]-.

а two-channel polarimeter the author made for th.
telescope Zeiss-1000 of SAO. Measurements of аstг, -
physical standards in the spectral bands В and V hа,,,.

It:Мв*Л{з* I|[2*M1,
Iz:MB*M4*h[2*Mr,
Iз : Ма * М5 *, М2 * М1, to yield
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Figure t: Тhе bloclt, di,agram о| the detice: 1 - ро-
Iari,zed rad,iat,ion sollTce, 2 - plate 

^l4, 
3 - elec-

trooptical mоdulаtоr, ] - polorizotion dividiпg uпit,
5 - photodetector, 6 - distributiпg facilit!, 7 -
соmрutеr, 8 - сопtrоl gепеrвtоr.

Figure 3:. Тhе shаре ot рulsеs fed to the рrimаrу uli,nd-

iпgs ol the trвпs!оr"m,еrs.

r роlаrйаtiов vaTiations in spectrum from 5 to
10 minutes (CCD detector);

о linear адd сirсulаr polarization in В and V
baвds (twо.сhалпеl роlаrimеtеr with а photoelectric
multiplier as а dеtесtоr).
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Figure 2: Соппесtiоп of the trоrвJоrtпеr uiпdiпgs.

shown that accuracy defined Ьу the statЪtics of pho-
tocounts can Ье attained Ьу using 1his ргосеdurе.

The introduction of the technique at SAO рег-
mitted the results published Ьу BeslTolTa},a et al.
(1995), Somov ei а1. (1998) 16 }g gfofained.

Using the б m telescope we сап сuгrецtlу study

о polarization variations in sресtruш at ti:mes

of 32 milliseconds (а detector is sсаппеr);
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