Contents

[_Introductionl 1
(1 Preliminar Concepts| 3
(1.1 Topological Defects| . . . . . . . . . . . ... ... 3
(1.2 Topological Phase Transitions| . . . . . .. .. ... ... ... ... ..... 3
(1.3  Topological Theory of Detects| . . . . . ... ... ... ... .. ... .... 6
(1.4 Optical Vortices| . . . . . . . . . . . . . 10
(1.5 Liquid Crystals| . . . . . . . . .. . 12

2 Ginzburg Landau Equations| 14
2.1 Dynamical Systems| . . . . . . . . ..o 14
2.2 Bifurcations . . . . . . . .. 14
[2.3  Ginzburg Landau Equation| . . . . . . ... ..o 16
2.3.1 Vortex solutions . . . . . . . . . . . oL 17
3__Vortex Induction| 21
[3.1 Experimental Setup|. . . . . . . . . ... 21
[3.2  Anisotropic Laplace kquation . . . . . .. ..o o000 23
[3.3  Amplitude Equation| . . . . . ..o 25
[3.4  Anisotropic Ginzburg Landau Equation|. . . . . . . .. ... ... ... ... 27

[4  Rayleigh Vortex] 29
[4.1  Rayleigh Vortex| . . . . . . . . .. .. ... . .. 29
4.2  Numerical Results. . . . . .. . .. o 30
[4.3  Cubic Approximation| . . . . . . . . . . . ... 33
[4.4  Bifurcation Diagrams| . . . . . . . ... ..o Lo 34
M5 Standard vortex solutionl . . . . . . . . . . ... 35
4.6 Vortex Latticel . . . . . . . . . . 37
4.7 Omne-dimensional scalar modell . . . . . . . . .. . ... 42
4.8 Numerical Results in the one-dimensional modell . . . . . . . ... ... ... 44

[> Topological Magnetic Forcing] 46
[>.1 ~ Generation of umbilics by inhomogeneuos magnetic fields| . . . . . . . . . .. 46
[>.2  Experimental Setup|. . . . . . . ... 47
5.3  Experimental Observations|. . . . . . . . . . . . . ... ... ... ... 48
[>.4 Theoretical Description|. . . . . . . . . . . ... ... L 49
(.41  Fxistence of Shadow Vortex] . . . . .. ... ... ... .. ... ... 58

x1



6 Defects dynamics|
6.1 Moving Defects| . . . . . .. .. ...
6.2  Omne-Dimensional Casel . . . . . .. . . . .. ... ... ... ...
6.3 Previous results for vortex motionl . . . . . . . . ... ..o
[6.4  Vortex dynamics in the Topologically Driven Ginzburg Landau equation|

7 Variational Approach|
[7.1 FEuler Lagrange Equations| . . . . . . . .. ... ... ... . ...
(2.2 _General Results for Minimizers and Solutionsl . . . . . .. ... ... .. ..

[(.2.1  Uniform boundsl. . . . . . . . . . . ...

[(.3 Proof Theorem 5.11 . . . . . . . . . .
(4 Proof Theorem 5.3l . . . . . . . . . . o

L__Conclusions|

[ Bibliography|

| Appendix|

x1i

60
60
61
63
64

66
66
68
70
71
73

76

77

82



