
















https://sdo.gsfc.nasa.gov/assets/gallery/movies/Lovelyloops_best.mpg
https://sdo.gsfc.nasa.gov/assets/gallery/movies/Lovelyloops_best.mpg






































https://sdo.gsfc.nasa.gov/assets/gallery/movies/Lovelyloops_best.mpg
https://sdo.gsfc.nasa.gov/assets/gallery/movies/Lovelyloops_best.mpg












































































































































































































































































https://doi.org/10.48550/arXiv.astro-ph/0606694
https://doi.org/10.48550/arXiv.astro-ph/0606694
https://www.mhs.ox.ac.uk/about/sphaera/sphaera-issue-no-4/the-countess-of-westmorlands-loadstone/
https://www.mhs.ox.ac.uk/about/sphaera/sphaera-issue-no-4/the-countess-of-westmorlands-loadstone/




https://www.nobelprize.org/prizes/physics/1965/summary/
https://www.nobelprize.org/prizes/physics/1965/summary/
http://math.oit.edu/~paulr/Upper/Math_42x/Math_423/Lectures/GenGreens.pdf
http://math.oit.edu/~paulr/Upper/Math_42x/Math_423/Lectures/GenGreens.pdf




https://doi.org/10.48550/arXiv.1309.2392



	Abstract
	List of Figures
	List of Tables
	Declaration
	Published Contents
	Acknowledgement
	Introduction
	Magnetism: A Historic Overview
	Magnetic Fields in Electrically Conducting Fluids
	Magnetic Helicity in Magneto-Hydrodynamics
	Gauge Dependence of Open-Field Helicity
	Topological Interpretation of Closed-Field Helicity
	Relative Magnetic Helicity
	Topological Interpretation of Open-Field Helicity in Euclidean Domains

	Thesis Outline

	Winding of Open Curves in Euclidean Domains
	Angular Velocity in Two Dimensions
	Angles & Planar Polar Coordinates
	Angular Velocity — Four Representations
	Angles Revisited & Winding Number

	Euclidean Winding Rates
	Winding Rates from Winding Coordinates
	Winding Rates from Green's Function for Laplacian

	Winding as a Topological Invariant

	Winding of Open Curves in Spherical Domains
	A Primer on Spherical Domains
	Spherical Surface Vectors
	Great Circles & Spherical Distances
	Covariant Derivatives & Parallel Transport
	Stereographic Projection

	Spherical Winding Rates
	Spherical Winding Coordinates
	Winding Rates from Winding Coordinates
	Generalised Green's Functions
	Winding Rates from Generalised Green's Functions for Laplacian

	Examples of Spherical Winding
	A Helix-Line Pair
	A ``Belt-Trick'' Pair


	Winding of Open Curves in Periodic Domains
	A Primer on Periodic Domains
	Periodic Domain as Flat 2-Torus
	Topology of Periodic Domains

	Periodic Winding Rates
	Winding Rates from Infinite Sums
	Winding Rates from Generalised Green's Functions for Laplacians

	Examples of Winding in Periodic Domains
	A Line-Point Pair
	A Circle-Point Pair


	Winding Gauge From the Generalised Poloidal-Toroidal Decomposition
	Decomposition Theorems for Vector Fields
	Helmholtz Decomposition Theorem
	Hodge Decomposition Theorem for Surfaces

	Generalised Poloidal-Toroidal Decomposition
	Overview & Statement
	Magnetic Fields & Vector Potentials
	Proof of Theorem 5.3
	Elementary Properties

	The Winding Gauge *AW
	Definition
	Properties


	Winding Magnetic Helicity
	Overview & Statement of Main Results
	Euclidean Case
	Proof by PY14
	Proof by XPY23

	Spherical Case: XPY23
	Periodic Case: XPY24
	Properties of Periodic Winding Helicity

	Examples
	Bipolar Magnetic Regions in a Global Dipole Field
	ABC Field with Additional Harmonic Components


	Case Study: Spherical Winding Magnetic Helicity for SHARP Magnetograms
	Motivation
	Winding & Winding Helicity in Euclidean & Spherical Domains
	SHARP Magnetograms in Cylindrical Equal-Area (CEA) Projection
	Derivation of the Re-centred CEA Projection
	Representation of Magnetic Fields in SHARP

	Numerical Results
	Spatial Distributions of Errors
	Time Series of Errors
	Correlation Analysis Against Indicators

	Conclusion

	Possible Future Works
	Bibliography

