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Abstract

This thesis is a study of polarization structured optical beams that contain various Stokes singu-
larities. Singularities are ubiquitous in nature and can be found in many different forms in nature.
Optical singularities are points of dislocations where some parameter that defines the light field is
indeterminate. Phase and polarization singularities are examples of optical singularities which are
mainly dealt in this thesis. Due to the azimuthal component of the Poynting vector in phase singu-
lar beams, these beams are known to carry orbital angular momentum. Polarization singularities
are subset of general Stokes singularities. Stokes singular beams are superposition of orthogo-
nally polarized beams wherein at least one of the superposing beams carries a phase singularity.
Depending on the topological charge of vortex beams and polarization states of the superposing

beams, generation and detection of various Stokes singularities are discussed.

Stokes singular beams are inhomogeneously polarized, and can be represented as a spatial region
on the Poincaré sphere. The finite size of the beam limits its occupancy on the Poincaré sphere. A
beam that encompasses all possible polarization states in its cross-section is called a full Poincaré
beam. There is an increasing interest in generating full Poincaré beams due to their wide applica-
tions in various fields of optics. We show that by modulating the weightage of superposing modes
in the formation of a particular Stokes singularity, beams with all possible polarization states in its
cross-section can be realized. Two new geometric constructions are introduced named linear hy-
brid order Poincaré spheres to represent such beams as points on the sphere. Various degeneracies
associated with polarization singular beams are identified and discussed. It is shown that diffrac-
tion in combination with polarization transformation can be used to lift any degeneracy associated

with polarization singular beams.

In this thesis, the impact of perturbation on vector field polarization singularities is also investi-
gated. It is shown that the strength of perturbation can be measured by examining the perturbed
beam. The probable uses of this technique in studying the chiroptical effects are discussed. Ad-
ditionally, the thesis also reports novel technique to produce spatially varying lattices of Stokes
singularities by tailoring multiple beam interference of vector beams. The exotic polarization
structures examined here may offer great advantages in optical trapping, image processing, optical

manipulation, chirality measurement, optical communication, and focal beam shaping.
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perturbed V-points are shown. A magnified version of the central part of Stokes
phases and SOP distributions are shown as insets. Silver dots on the Stokes phase
map represent V-point singularities and cyan dots on the magnified Stokes map
represent C-point polarization singularities. The amount of perturbation increases
on going from (1-3)ineachcase. . ... ... ... ... . ... ..., .
Experimental set up, SF: spatial filter assembly, L1, L2: lenses, P: Polarizer, HWP:
half-wave plate, PBS: polarizing beam splitter, S wave plate, BS: beam splitter,
GTP: glan thompson polarizer, SWP: S: sample, M1, M2: mirrors SC: Stokes

camera. Two arms of the interferometer are marked with 1 and 2. . . . . . . ..
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6.5

6.6

6.7

6.8

7.1

Experimental results: Resultant Stokes phases (al-a6) and polarization distribu-
tions (b1-b6) due to perturbation of radially polarized beam with the vertically
polarized beam for different angles of HWP3. V-point singularity is marked with
a silver dot and C-point singularities are shown with cyan dots. The amount of
perturbation increases from (1-6). . . . . . . ... ... .. ...,
Experimental results of perturbation of radially polarized beam with vertically
polarized beam : Resultant total and component intensity distributions for three
different angles of HWP3.(al-a3) without sample, (b1-b3) with proline sample (1
mg/mL) (c1-c3) with proline sample (4 mg/mL) . . .. ... ... ... ....
Experimental results: Resultant Stokes phases (al-a6) and polarization distribu-
tions (b1-b6) due to perturbation of radially polarized beam with vertically polar-
ized beam in presence of L-Proline (4 mg/mL). V-point singularity is marked with
a silver dot and C-point singularities are shown with cyan dots. The amount of
perturbation increases from (1-6). . . . . . . . .. ... ... ...,
(a) Experimentally measured centroid shift in component intensity, corresponding
to vertical polarization, for different angles of HWP3 with (Blue) and without
(Red) the presence of sample (L-Proline 4 mg/mL in water). (b) and (c) represent
vertical intensity scans for component intensity at three different angles of HWP3
(0°,6°,12°) with (c) and without (b) the presence of sample (L-Proline 4 mg/mL

in water). Corresponding vertical intensity distributions are shown as insets. . . .

Three cases of multiple beam interference of plane beams are shown. First row
correspond to scalar beam interference and second row correspond to vector beam
interference. The number of interfering beams are mentioned at the top, in each
case. For scalar beam interference, the resultant intensity distributions and re-
sepctive phases are shown in (al-a3) and (b1-b3) respectively. For vector beam
interference, the resultant intensity distributions, and polarization distributions are
shown in (A1-A3) and (B1-B3) respectively. Correponding Stokes phases are

showninsubsetsof AandB. . . . . . . . . ... . .
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7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

Simulation, uniform periodic lattice of C-points interlaced with V-points [2]. (a)
shows intensity distribution. One region is selected from (a) and its zoomed ver-
sion is shown in (b). Corresponding polarization distribution is shown in (c).
Stokes phases are shown as insets of (a) and (b). . . . . . .. ... ... ....
(a) Momentum distribution of three interfering beams on the Bloch sphere; (b)
Polarization distribution of three interfering beams on the Poincaré sphere.

Spatially varying hexagonal lattice of C-points and V-points with (a): Periodic-
ity variation, (b): Orientation variation and (c): Both periodicity and orientation
variation. (a, b, ¢) show intensity distributions and (d, e, f) show corresponding
Stokes phase for spatially varying lattices. Respective polarization distributions
areshownin (g, h,1). . . . . . . . . .. .. ..
Simulation: (a) intensity, (b) Stokes phase, and (c) polarization distribution of
resultant lattice when periodicity variation is considered in radial direction.

(a) Experimental set up: P: polarizer; SF: spatial filter assembly; L1,L.2,L.3: Con-
verging lenses; SLM: Spatial light modulator; BS: Beam splitter; FF: Fourier filter;
S: S wave plate; HWP: Half wave plate; SC: Stokes camera. (b), (c) and (d): sim-
ulated phase patterns for three beam interference with periodicity variation, with
orientation variation and with both periodicity and orientation variation. . . . . .
Experimentally obtained results of spatially varying lattice with only periodicity
variation. (a) shows intensity distribution, (b) and (c) show polarization distribu-
tions of two regions (marked as 1 and 2 in the figure) selected from left and right
side of the resultant lattice. Respective Stokes phases (¢1,) and intensity distribu-
tions are provided as insets of polarization distributions. . . . . . ... ... ..
Experimentally obtained results of spatially varying lattice with only orientation
Variation. . . ... e
Experimentally obtained results of spatially varying lattice with both periodicity

and orientation variation. . . . . . . . . . . e e e e e e e e e
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