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Abstract

In this thesis, we explore both theoretically and experimentally the modification and
manipulation of spectral and polarization properties of light using electro-optically
controlled nematic liquid crystal (NLC). NLCs are significant due to their fast re-
sponse to applied electric fields and their ability to control the light polarization make
them essential in various technologies. First, we show the shaping of the broadband
spectrum of light passing through NLC with the help of manually controlled polar-
izers. The different shapes of broadband spectra have many applications for making
spectral filters, designing optical sources of various coherence lengths, metrology,
etc. Secondly, we demonstrate the shaping of spectra by electro-optically controlled
NLC which provides us with a fast response. Electro-optically controlled shapes
of light spectra are used for designing the tunable optical frequency ruler and an
optical switch is demonstrated. A free-space optical communication scheme is also
proposed using the spectral switch. Further, We focus on controlling the polar-
ization properties of light fields, such as the degree of polarization (DOP) and the
state of polarization (SOP). We manipulate the polarization attributes of light using
electro-optically controlled NLC. A variable DOP in reflected light is achieved when
an unpolarized light is incident on electro-optically controlled NLC at Brewster’s
angle. It is also demonstrated that the SOP in reflected light can be tuned when
a polarized light is incident on an electro-optically controlled NLC. This tunability
of DOP and SOP is found to be in good agreement with the experiment. DOP
of partially coherent fully polarized light decreases or fades as it propagates via
birefringent media. NLC materials naturally have large birefringence so the retar-
dation length is large. This property can be utilized to fade the DOP for an even
smaller value. In this study, NLC is used as birefringent media for DOP fading
which provides us with the tunability in birefringence with respect to the applied
voltage. This is a novel method to tune polarization with the help of an electro-
optically controlled NLC cell. In the present study, we examine how the SOP varies
in response to changes in the DOP, and how both of these parameters can be con-
trolled by applying voltage. This investigation delves into the intricate relationship
between these polarization properties and the influence of external voltage, provid-
ing valuable insights for applications in the field of optics and developing optical

devices.
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