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F¥CDWLLING CF TTGHT POLARTZATION XEASUREENT

Lucjan Grochowski
Techrical "niversity of Warsaw,ul.inrbutta 87 pok.325 Gm. NP ,
Pl - 02 524 Varszewsn , Poland

A model of 1ight pelarization measurcment given by a ieneral
algorithm formed at the aim of coherency malrix formalism of
electronagnetic wave ia reported, There are shown Lhie operations
needed for mansurement of any polarization state and control of
measurcment procesa at determinntion of physical guantities by
means nf polarizalior parameters,

The formel theory of measurecmeni as han been deveioped in recent
years has introduced the mathematlicel models describing the measu-
rement procedure 1. These models settle the seyuence and inter-
action of measurement operntions necded for determination of
measurcd parameters. 11 enebles to treat the measurement proce-
durc on brosd tasis and to optimslize this procedure in any
manner e.:. for receiving of best accurccy of measured quanti-
ties. Up to now,these models in polarization measurement are not
used,however,more frequent uae of the polarized light in diffe-
rent complex ireasurcments,causes the need of their application.

The purposc of this paper is to form a main base for modeo-
1ling of polarization measurcmeuts by the use of a coherency
matrix formallism - rigorous hut simultaneously compect descrip-

tion of any 1lizht polarization. It is realized by the introduc-

tion of a #eneral algorithm of polarization measurement which
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418 GROCHOWSKIL

sistemntizes all possible cases of polarization and settles
ricasurement operaticns,
Iet the light polarization stote be given by Woll’s coherency
L P
mabtrix
J
“ax ny
- A

J = (13
Tyx  Jyy

which fully and uniquely describes any polarized wave as well as
any unpolarized electromsgnetic wave, And let the conmonly used
E

Joo. 1
ratio of x,y electric Tield components tan ¥ =(Jll) = EI
XX

- and

phase difference £ = crE - dﬁE be two parameters suffi-
v x

ciently desecribing completely polarized wave,

The accursate measurement of eny polerization state is equivalent

to determinetion of elements J or at simplifie

xerTyy Txy Tyx
assumption of parameters ¥ , £ ., However,the light polarization
states are not observables, they are determined in ihe measurement
by the derivate quantities, From the formal point of view it means
that polarization measurement are the indirect measurements.

Using the mathematical formalism each measured polarization
state Pi,named further a measured object,can be treated as an
elemen; of the set consisting the same quentities which form the
set of all polarization states

P= {P.,PyP5.02 ... } (2)
In this get the polarization states are determined with accuracy
of quasimonochromatic approximation caused by the real conditions
of the measurement, The measurement of each state Pi resolves it-

self to the measurement of the derivate quantities of P - the

i
light intensities which form the set

In = {In-l,Inz,.InBoocInnoc- } (3)
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Both sets in eq.(3) and (2) are equivalent,if the set P is unique-

. . . 2,3
ly mapped into set In,it assures the matrices product™’

, J J cos p
i€ . XX x ; (4
I(p,g) = (cos p e “sin p) <J ’ 3 y) (e"lasin p)
Yy Yy

makes the light intensities I(p,€) dependent on elemenis of cohe-
rency matrix for : p - the angle of 1lisht vibration with an asswied
reference plane and £ -~ phase difference beiween x,y components of
electric field,

Bach group of four intensities I{p,&) which uniquely determine

elements Jxx’Jyy’ny’J ‘kes an element of the set In. By this,for

arbitrary quasimorochromatic wave,the set P of light polarization

states is homomorphicaily mapped into the set In of light intensities,

It is result of operation gp accomplished in the optical subassem-
hlies of corresponding instrument, Following this,the light inten-
sities Igi are linearly changed info electrical signals in photodec~
tors realizing the operation ODq The photodetectors are connected
with electronic unit where the measured signals are subbmitted to
further processing. There can be used two tests. The test I distin-
guishes the unpolarized light from partially and completely polari-

zed light states; then arc fulfiled the conditions : ny=Jyx=O
and J__=J for completely unpolarized light., The test II distin-
guishes partially polarized light waves from completely polarized
waves and corresponds to conditions : JXXJJy Xy yx for completely
polarized light and Jxnyy'>nyJyx for partinlly polarized.

If the light is pertislly polarized,the electrical signals corres—
ponding to elements of coherency metrix are measured separstely by
the use of operation op5- Similarly ,if the light is treated as

completely polarized the paremeters ¥, £ are measured by the use

of the operation opg-
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Using the operatlons Op410P5 and QEB,having the sense of different

me 1surement methods, three classes of numbers are obtalned : the

class Clgiven by gquantities corresponding to JU describing un-
polarized light,the class C2 given by quantities corresponding to
Jxx’Jyy'ny’Jyx and describing the partially polarized light,the
¢class C3 given by quantities corresponding to Y, € and describing
the completely polarized light. These
classes of numbers ¢1,C2,C3 identify

each measured object - any polarization

states although they have no physical

interpretation by themselves. In many

cages the knowledge of measurement

results used to form these classes

|x+AA makes a final product of measurement,
cl

frequently yet,such measured parameters

are utilized in further computer proces-—

sing for determination of other physical

quantities. Then,the computer is used

on line for control measured procedure

in operation 0P OBy and measuring

conditions.
Measurement algorithm

The presented above sequence of measurement operations were obtalned
for one wavelength A; . The measurement for optional different A can
be made similarly by the repetition of the same operations; for
given spectral range these operations are performed for AA from M
up to A, ( 1if o< A,

The symbolic representation of the presented procedure can be descri-

bed by (P ., op, In, °Py.p,3 » 01.2,3,00 , Ph > (5)
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expressing the number operations required for identification of mea-
sured object - the light polarization or the physical quantities Ph
after computations co eccomplished in the computer. The description
forms an generul algorithm of polarization measurement which is

shown.
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