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Abstract

This thesis contains theoretical and experimental methods to investigate the characteris-
tics of partially coherent and partially polarized classical optical fields and their impact on
statistical features and propagation through random media (e.g., atmospheric and oceanic
turbulence). We start by constructing and examining a source with tunable coherence and
polarization characteristics. An unpolarized laser beam passes through a balanced Mach-
Zehnder interferometer to control the polarization features. Coherence attributes of the
source are manipulated using the spot size at the rotating ground glass diffuser surface.
The generated source covers almost all of the range of coherence and polarization. Further-
more, we verify the validity of the van Cittert Zernike theorem for various multi-scattered
sources. The tunable coherence and polarization source is further used to understand the
statistical features of the electromagnetic beam propagation through the polluted smoke
environment. Interestingly, the study reveals that the two-point correlation in spatial
position, for scalar case degree of coherence and vector case electromagnetic degree of
coherence, deteriorates as the beam propagates through a smoke channel. Meanwhile, the
polarization of the source remains unaffected through the smoke environment. The devel-
oped tunable polarization source is free from the correlation between the orthogonal (z-y
correlation) components (due to the unpolarized laser source). For later studies, we used
two kinds of polarization sources: (a) uncorrelated and (b) correlated sources to investi-
gate the degree of cross-polarization (DOCP) of the source across the beam radius. The
findings indicate that modifying the coherence and polarization characteristics of the input
source has a notable impact on the DOCP across the beam radius. Further, we investigate
the Stokes fluctuation correlation and Stokes scintillation parameters for an electromag-
netic Gaussian-Schell model beam (EMGSM). The experimental study discloses that both
the coherence and polarization of the input source severely affect the Stokes fluctuation
correlation and scintillations. So, the Stokes scintillation parameters can be controlled
by controlling the coherence and polarization features of the input source. Then, such
beams with controlled Stokes scintillation parameters can be used as per the requirement
of the user. Finally, we also explore the oceanic turbulence medium for the propagation
of EMGSM. This theoretical work explores the impact of coherence and polarization on
the Stokes scintillations of the beam. The results manifest that coherence and polariza-
tion are important factors in controlling the Stokes scintillation parameters through the
marine turbulent channel. These foundational investigations into coherence, polarization,
and their unification are anticipated to propel the realms of classical and quantum optics

significantly.
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on the normalized Stokes scintillation parameters vs. the beam radius.
Different color lines correspond to different e: Black line 1079, Red dash line
1078, Green dot line 1077, Blue dash-dot line 1075 and other parameters

are similar to Fig. 6.4. . . . . .. ... o 100

Effect of salinity-temperature difference (w) on the normalized Stokes scin-
tillation parameters vs. the beam radius. Different color lines correspond
to different w: Black line -5, Red dash line -3.5, Green dot line -2.5, Blue
dash-dot line -1.5, and Purple dash-dot-dot line -0.5, and other parameters
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Abbreviations

BS Beam Splitter

CCD Charged Coulped Device
CSD Cross Spectral Density
DOC Degree of Coherence

DOP Degree of Polarization
DOCP Degree of Cross Polarization
EM Electromagnetic

EMDOC Electromagnetic Degree of Coherence
EMGSM Electromagnetic Gaussian Schell Model

FSO Free Space Optical

GS Generalized Stokes

HBT Hanbury Brown Twiss

HWP Half Wave Plate

MZ1 Mach Zehnder Interferometer
NDF Neutral Density Filter

OoTG Optical Turbulence Generator
PBS Polarizing Beam Splitter

PD Photo Detector

Q Quarter Wave Plate

RGGD Rotating Ground Glass Diffuser
SI Sagnac Interferometer

TS Telescopic System

YDS Young Double Slit

X1V



Symbols

E Electric field

k Wavevector
I(r) Intensity
S(r,w) Spectral density

W(ri,r2,w) Cross-spectral density function
y(ri,re, T) Complex degree of coherence

wu(ri,re,w)  Spectral degree of coherence

c Speed of light in vacuum

w Angular frequency

A Wavelength

%4 Visibility

~(T) Temporal degree of coherence

J(r,t) Polarization matrix

Sp(r,w) Stokes parameters in space-frequency domain
Sn(r1,ro,w) Generalized Stokes parameters in space-time domain

Nn(r1,T2,w)  Space-frequency Coherence Stokes parameters normalized by zeroth usual
Stokes parameters

DY (r,w) Space-frequency normalized Stokes scintillation parameters
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