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SPECTROSCOPY LETTERS, l0(6), 417-421 (1.977) 

Luc j an  Crochorvaki 
Tec1:cicnl. Ynjversity c>f :‘~ciranvr,?il.I;r.rrhi.ittn 07 pok.325 Gm. IrlP , 

PI - 02 524 ;:orase.wrL , Foland 

A model of 1fc’nt pclnrixatioIi  ilit?asurome.rit Liven hg a cenernl  
nljpritlim formed st the nim of cohcreocy nmLrix fcrmalisn of 
slcctronsl;:!otic save i s  reported,  Thcrs c r e  snovni llre operations 
neeried for naneurement o f  m y  polnrizet ion s t a t e  mid control. o f  
inensmcniont prncnsn a t  determinotion of pliysicn.1 qunrit i t iee by 
meavn of polmizn Lion parme te r s .  

The formal theory o f  neasurcnient ns hnn h n m  developed i n  recent  

yonrs h a  introduced the mathonntical models deecribii:c the measu- 

rumont proced:rre . These iiiodels s e t t l c  tl:e soquome and iiiter- 

ac t ion  o f  aisnsurens:it operntioris necded for deliemination o f  

i;icoeurcd pa rme te r s .  It eiiRblee to  treat the ineasuremect proce- 

d ~ r c  on broRn basis and t o  optirneliee t h i s  proce6ure i n  any 

rn!mner 0.:::. for recelvinE of best  accurncy of iiiennursd quenti- 

t i e s .  Lp t o  naw,t;hese models l r i  po la r i za t ion  meamrerne?it a r e  not 

used,however,more frequent line of the polarized 1ig:It i n  diffe-  

r en t  coniplex i::oasurements,cnuses the need of t h e i r  application. 

1 

The purposc of t h in  paper i s  t o  form a main baoe f o r  nodc- 

l l i n g  of polrirization measnrcmerrts by the  me o f  a coherency 

matrix formelism - ricorous hut simultaneously compact deecrip- 

t i o n  o f  any 1i::ht pol.ar1zation. It I s  r ea l i zed  by the  introduc- 

t i o n  of a !general algorithm of po la r i za t ion  mensurement which 
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41 8 GROCHOWSKI 

s i s t e m n t i z e s  ~17.1 p o s s i b l e  ca8co of p o l a r i z n t i o n  and s e t i l e s  

ricnslirement o p e r a t i c n s .  

!,rt time 1ig:St p c i h r i z n t i ~ ~ i  s t a t c  i ? ~ ?  giver[  by  TO:^ i”s cohrreiicy 

which fully and u n i q ~ ! e l y  d e s c r i b e s  any  p o l a r i z e d  wave as well QS 

m y  u n p o l n r i z e d  e1ect:rotl:egtietic wave.  And l e t  t h e  commonly used  

r n ’ t i o  0.f x,y e l e c t r i c  f i e l d  coinporionts t a n  F = ( ~ x x )  = 

pli:)r:C d i r f e r e n c e  = cJ- - be two p a r a m e t e r s  s u f f i -  

cient1.y d e s c r i b i n g  c o n p l e t e l y  p o l a r i z e d  wave. 

T h e  ~ c c l ~ n i  t c  measureneiit o f  any p o l a r i z a t i o n  s t a t e  is  e q u i v a l e n t  

t o  d e t c r m i n a t i o n  of elem.ents J,,,JyyyJ,y,Jyx o r  a t  s i m p l i f i e  

assumption o f  parameters  , E . IIowevor,the 1i:;ht p o l a r i z a t i o r ,  

s t a t e s  are n o t  o b s e r v a b l e s ,  they  are deterr i i r ied i n  the iceasurement 

by t h e  d e r i v a t e  q u n n t i t i e s .  From t h e  f o r m a l  p o i n t  o f  view i t  means 

t.hat pol n r i z a t i o n  ineasiirement are t h e  i . n d i r e c t  measurements. 

J 1/2 E 
Ex and XX 

$v E, 

Using t h e  .mathemnticel formal i sm each  mcasurcd p o l a r i x a t i o r i  

s t a t e  Piynamed f l i r t h e r  a measured o b j e c t , c m  be  t r e a t e d  as an 

element  o f  t h e  set  cor : s i s t ing  t h e  same q u c n t i t i e s  which form t h e  

se t  of a l l  p o l a r i z a t i o n  states 

- 

P = {P,,P2yP 3...Pn... (2) 

I n  this ne t  the p o l a r i z a t i o r .  s t a t e s  a r c  deterrnined w i t h  acouracy  

of  quasimonochromatic approximat ion  caused  by t h e  real  c o n d i t i o n s  

o f  thc ncnsurement. The measurement of each state Pi r e o o l v e s  it- 

s e l f  t o  t h e  measurement of t h e  d e r i v t i t e  q u a n t i t i e s  o f  Pi 

li&t i n t e n s i t i e s  which form t h e  set 

- 
- the - 

I n  = { In ,  ,Tnp,In3.. .In,. . . f ( 3 )  
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MODELLING OF LIGHT POLARIZATION MEASUREMENT 41Y 

Both sets i n  cq.13) a n d  ( 2 )  a r e  e a t l i v a l e ~ 1 1 , i f  t h c  sc3t _P i s  unique-  

Ig rnspparl i , l t o  s e t  I n , i i  i ~ ~ : s i i r c s  tire m a t r i c e s  p r o d u c t  2,3 

IlnicP!- t i l (  1 i t i e s  r ( p , & )  sicI.er,drrit on elnrnt t a  o f  coilc- 

rencg  m 3 t r i x  f o r  : p - tllc an::lr of 1 t v i b r a t i o n  w i t i l  an  

i-+fp’n‘Pnr- p7arir  a r i d  & - p h n r e  d i f fcJ ’  c 1 x 2  :ween x , j -  components of 

electric f i e l d .  

% R C ~  r o u p  of f o u r  in t e n s i t  ics  I ( p , E )  vrliicii iLnique1y de tcr r i ine  

el enients Jxx, Jyg,JxY,JYx i v k e s  : i t l  element  o f  t h e  s e t  In. By t h i s , f o r  

a r b i t r a r y  que,s i r ioi  ochromet ic  w v e ,  t k e  se t  S, of  l i g h t  p o l s r i z a t i o n  

s t a t e s  is homomor?’-iic?lly mapped i i i t o  t h e  s e t  of  l i L h t  i n t e n s i t i e s .  

It i s  r ~ s u l t  of  operr i t ion 22 a c c o r ~ p l i s h e d  in t h e  o p t i c a l  subassem- 

h l i e s  o f  correspon-ljv, inntr .1  . P o l l o v i n g  t h i s , t h e  l i g h t  i n t e n -  

s i t i e s  Egi are l i n e n r l y  char:ged i r i to  e l e c t r i c a l  s i i ; n a l s  i n  photodec- 

t o r s  renlizin<: t h e  oper:qtion gp., . The p h o t o d e t e c t o r s  a r e  connected 

w i t h  e l e c t r o n i c  unit where t h e  measured s i g n a l s  arc subbmi t ted  t o  

f u r t h e r  p r o c e s s i n g .  There c m  be used  two tes t s .  The tes t  I d i s t i n -  

g u i s h e s  t h e  u n p o l a r i z e d  li{;h,t from p a r t i a l l y  and c o n p l e t e l y  p o l a r i -  

zed l i & h t  s t a t e s ;  t h e n  arc f u l f i l e d  t h e  c o n d i t i o n s  : JXT,=J =O 

and Jxx=Jyy for comple te ly  ur ipolar ized  l i g h t .  The t e s t  I1 d i s t i n -  

g u i s h e s  p a r t i a l l y  p o l m i z e d  1i;ht waves from comple te ly  p o l a r i z e d  

waves and c o r r r s p o n d s  t o  c o n d i t i o n s  : J J =J J f o r  comple te ly  

p o l a r i z e d  li(:ht and JxXJyy >J  J for p a r t i a l l y  p o l a r i z e d .  

If t h e  l i ih t ,  i s  p a r t i R l l y  polar ized , t i : e  e l e c t r i c a l  s i d n a l s  c o r r e s -  

ponding t o  e lements  o f  col-.erency m a t r i x  a r e  n e a s u r e d  s e p a r s t e l y  by 

t h e  use  o f  o p e r a t i o n  gp2. S i m i l a r l y  , i f  t h e  l i g h t  i s  t r e a t e d  as 

comple te ly  p o l a r i z e d  t h e  p a r f m e t e r s  t , E  

3‘ of  t h e  opera t ior .  

J YX 

XX YY XY YX 

XY YX 

a r e  measured by t h e  u s e  
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420 GROCHOWSKI 

Using the operations ~ I E ~ , ~ E ~  and g~~,having the sense of different 

mtirurement methods,three class@ of numbers are obtained : the 

class Slgiven by quantities corresponding to Jxx describing un- 

polarized light,the class C2 given by quantities corresponding to 

J,,Jyy,J,y,Jyx and describing the partially polarized light,the 

class C3 given by quantities corresponding to 7f , E and describing 
h 

the completely polarized light. These 

classes of numbers CY,CC,C> identify uosimnroc*mPtrc 

each measured object - any polarization 
states although they have no physical 

interpretation by themselves. In many 

cases the knowledge of measurement 

I----& 1 results used to form these classes 

makes a final product of  measurement, 

frequently yet,such measured parameters 

are utilized in further computer proces- 

sing f o r  determination of other physical 

quantities. Then,the computer is used 

on line for control measured procedure 

in operation g ~ , g ~ ~  and measuring 

conditions. 
Measurement algorithm 

The presented above sequence of measurement operations were obtained 

for one wavelength 4.. The measurement f o r  optional different 2 can 

be made similarly by the repetition of the aame operations; f o r  

given speotral range these operations a m  performed for A A from h; 
up to h, ( if 2; < A"). 
The symbolic representation of the presented procedure can be descri- 

bed by (P . OP , In , o ~ ~ . ~ , ~  , C1,2,3,00 , Ph > ( 5 )  
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MODELLING OF LIGHT POLARIZATION MEASUREMENT 

expressiq: the number operations required for identification of mea- 

sured object - the light polarization or the physical quantities Pg 
after computations 20 acconplished in the computer. The description 

forms an genertrl algorithm of pola-rization measurener?t which i3 
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shown. 
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