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/ Abstract \

Phase loss is a typical problem in the optical domain and optical detectors measure only the amplitude distribution of the signal without a phase. We
present and examine a technique based on the Stokes correlation for enhancing the phase measurement by a factor of two. Enhancement in phase
measurement is accomplished by the evaluation of the correlation between two points of Stokes fluctuations of the randomly scattered light and
recovering the enhanced phase of the object by using three steps phase- shifting along with the Stokes correlations. This technique is expected to be
useful in the experimental measurement of the phase of a weak signal and in imaging. /

Introduction Schematic Setup

» Phase is a crucial parameter in optical domain

» Several methods have been proposed to quantitatively measure the phase
and among them interferometry is a commonly used technique.

» We present and examine a highly stable noninterferometric technique to [w
recover and enhance the phase measurement by a factor of two
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QWRP: quarter wave plate, LP: linear polarizer. The CCD
records intensity speckle patterns at the observation plane

Result and Discussion Theoretical background

At the transverse plane z=0, the complex field of coherent-polarized
light is given as

E(#) = Ex(7)éx + Ey(7) &, (1)
where E, (#)and E,, (#) represent the x and y polarization component of
the beam respectively. Stokes parameter of the scattered field as

S, = ET(#)c"E*(#), n€ (0,.3) (2)
o is the identity matrix and o?, 62, o2 are the Pauli spin matrices of 2x2
order. The fluctuations of the SPs around their mean value is given as

AS,(r)=S,(r)—< S, (r) >
Correlation of Stokes fluctuation is given as,
Cpq(ry,12) =< AS,(r)AS,(r,) > wherep,q € (0,...,3)  (3)
Cre(11,72) = C22(1r1,12) — C33(r1,17)
x Re [Vny (rlr rZ)W;x (r1; rZ)]

Figure 2. Simulation results: (a) amplitude distribution and (b) corresponding W, (ry, o))Wet . (11, 15) = < EX(r))Ey (1) > [< EX(r)E, (1) >]*
phase distribution for vortex beam of charge /= -1; Experimental results: (c) xy( 1 72) yx( 1 72) R 2) > | y( Ex(r2) >

amplitude distribution (d) corresponding phase distribution for the vortex beam
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Cre(11,12) X Re[< Ex(1)Ey(1ry) > {< E;(r)Ex(r2) >} (4)

with [=-1
now combined Eqg. (4) with three steps- phase shifting method to
/ _ \ obtain CPCF which is given as,
Conclusion C(Ar) = 2€0,(Ar) — CZF3ar) — ™3 (ar) +

This method is expected to be helpful in measuring weak phase information. V3i[C2TP (ar) — 7P (ar)] (5)

The proposed method's viability is assessed by numerical simulation, which

:zfcf?rlrl]grivs: by an experimental demonstration to gain enhanced phase where C;Z/S(Ar), 652/3( Ar) and 2, (Ar) indicate the real componen
\ ' of the CPCF with phase shift of 4?”2?” 0 respectively.
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