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Topics

• Curves in Euclidean space: Arc length; tangent, normal, and binormal vectors (Frenet
frame); curvature and torsion; FrenetSerret formulas; isoperimetric inequality for plane curves.

• Local theory of surfaces in R3: Regular parametrized surfaces and coordinate patches; first
and second fundamental forms; normal vector field; local isometries and examples.

• Geodesics: Length and energy; EulerLagrange/geodesic equations; existence and uniqueness;
Clairauts relation; geodesic curvature.

• Curvature of surfaces: Principal curvatures, lines of curvature; mean and Gaussian curvature;
Gausss Theorema Egregium; minimal surfaces.

• Gauss–Bonnet theorem: Local and global forms; relation to Euler characteristic; applications
and examples.

• Manifolds and differential forms: Smooth manifolds; tangent and cotangent spaces; differ-
ential forms, exterior derivative, orientation; Stokes theorem.

• Introduction to Riemannian geometry: Riemannian metrics; Levi–Civita connection; geodesics
and exponential map; curvature tensors; model spaces of constant curvature.
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