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Differential geometry is the study of manifolds—smooth spaces locally modelled on Euclidean
space—and structures that live on or in them. This course will introduce the main ideas
from a rigorous pure mathematical perspective whilst developing in parallel the concrete ‘in
coordinates’ language needed for performing calculations. This will lay the foundation for
future study in geometry and topology, and provide the language for modern theoretical physics.
Throughout the emphasis will be on building up geometric intuition. Topics will include:

� Manifolds, smooth maps, tangent spaces, submanifolds, foliations, and transversality.

� Vector bundles and operations on them. The (co)tangent bundle and tensors.

� Differential forms, the exterior derivative, and de Rham cohomology. Integration and
Stokes’s theorem.

� Connections on vector bundles. Parallel transport and curvature.

� Flows and Lie derivatives. Frobenius integrability.

� Lie groups and Lie algebras. The exponential map. Lie group actions.

� Principal bundles, reduction of structure group, and associated vector bundles. Connec-
tions and curvature revisited.

� Riemannian metrics, the Levi-Civita connection, and the Riemann tensor. The Laplace–
Beltrami operator and statement of the Hodge decomposition.

Prerequisites

Familiarity with point set topology and multi-variable calculus at the level of Part IB Analysis
and Topology will be assumed, as will Part IB Linear Algebra. No previous formal exposure to
geometry is necessary.
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Additional support

Four examples sheets will be provided and four associated examples classes will be given. There
will be a one-hour revision class in the Easter Term.
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