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Abstract

This thesis contains theoretical and experimental studies on coherence, polarization,
and cross-spectral purity of vector light fields. We first develop and characterize a
source having variable degree of polarization (DOP). We derive a mathematical re-
lation that connects DOP, two-time degree of coherence, and the normalized first
Stokes parameter (or distinguishability), also experimentally verified it by using a
Mach-Zehnder interferometer (MZI). As a result, by using two different techniques
(a) by controlling the correlation between orthogonal electric field components hav-
ing fix value of normalized first Stokes parameters and (b) by changing the normal-
ized first Stokes parameters of beams having uncorrelated orthogonal field compo-
nents, we achieve the tunable DOP source. Since electromagnetic fields are partially
polarized in nature, we theoretically and experimentally determine the temporal
electromagnetic degree of coherence, the temporal degree of cross-polarization, and
the DOP using the intensity-intensity (fourth order) correlation of a laser and a
light emitting diode (LED) source for any value of DOP for these fields. We also
study the effect of spectral parameters on the DOP at the back focal plane of 2-f
and 4-f lens systems when spectral electromagnetic Gaussian Schell-model beams
pass through these lens systems. Further, we investigate the cross-spectral purity
(CSP) and strict CSP for stationary and nonstationary electromagnetic (EM) opti-
cal fields. First, theoretically, we obtain the properties of cross-spectrally pure EM
optical fields if they pass through two similar ground glass diffusers (GGD) mov-
ing in opposite directions with identical speeds or rotating in opposite directions
with equal angular speeds, and second, we propose a scheme to achieve the condi-
tions of CSP using a single GGD. This study also proves the equality of space-time
and space-frequency degrees of cross-polarization for strict CSP. Finally, we obtain
the mathematical conditions of CSP and strict CSP for nonstationary vector fields
which are now-a-days avaliable using pulsed and modulated lasers. These funda-
mental studies on coherence, polarization, and CSP are expected to advance the

field of statistical optics to a great extent.
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