
Lie theory - part 1?

Or: Introduction



What is Lie theory?

▶ Lie theory = the mathematics of continuous/smooth symmetry

▶ Two protagonists Lie groups G (global) and Lie algebras g (infinitesimal)

▶ Guiding slogan “Differentiate symmetry” and later “integrate it back”



First examples: matrix Lie groups

▶ Main zoo GL(n),SL(n),O(n),SO(n),SP(n),U(n),SU(n), and friends

▶ Why matrices? Concrete + real intuition + no hand-waving about charts

▶ Micro-move Define G by equations, then differentiate the equations locally



Why care?

▶ Unreasonable effectiveness Continuous symmetry forces structure you can

actually compute

▶ Compression tool Lie algebras turn nonlinear group questions into linear

algebra (plus a bracket)

▶ Universal language Geometry, analysis, number theory, physics, and

representation theory keep meeting here



Applications (a non-exhaustive teaser)

▶ Math Representation theory, harmonic analysis, differential geometry, number theory

▶ Physics Angular momentum, quantum spin, gauge symmetries, particle physics

▶ Real world Robotics and control, 3D vision/graphics, navigation (poses),

symmetry-aware machine learning



Roadmap: where the series is going

▶ A Foundations: matrix groups, Lie algebras, exp / log, adjoint action

▶ B Representations: SU(2) as the laboratory (characters, tensor products, etc.)

▶ C General structure: tori, weights/roots, Weyl group, classification



Thank you for your attention!

I hope that was of some help.


