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The aim of algebraic topology is to understand a topological space X by associating to it
groups, whose algebraic properties re�ect topological properties of X. The motivation comes
from the fact that we can usually distinguish groups more easily than topological spaces.
We will begin this lecture by introducing the formal de�nition of (extraordinary) cohomology
theories, which associate to any topological space an in�nite sequence of abelian groups. We
sketch some examples and mention some facts about the classi�cation of such theories without
going deeply into details. Instead, we will quickly focus on a particular example of an extraordi-
nary cohomology theory which we then study for the rest of the semester: topological K-theory.
What sets K-theory apart from other cohomology theories is that it can be de�ned quite directly
by vector bundles over X, or alternatively, in terms of continuous functions on X. We will discuss
both constructions simultaneously, and show that they lead to the same cohomology theory. The
lecture will be divided into �ve parts:

Part I: Cohomology theories - a brief survey

A few words on category theory; ordinary and extraordinary cohomology theories; examples;
Brown's representability theorem.

Part II: Vector bundles and matrices of functions

De�nition of vector bundles; constructing new vector bundles out of old ones; examples; matrices
of continuous functions and their relation to vector bundles (�a bundle is a family of projections�).

Part III: K-theory: de�nition and basic properties

The Grothendieck completion; a little bit homological algebra; de�nition of K-theory K(X),
relative K-theory K(X,A), and odd K-theory K−1(X,A); the connecting homomorphism ∂ :
K−1(A) → K(X,A); K-theory of locally compact spaces; verifying the axioms of an extraordi-
nary cohomology theory; computation of some K groups.

Part IV: Bott periodicity

The famous Bott periodicity theorem states that there is a natural isomorphism K(X) →
K−1(X). This result is very important for K-theory...and we will need some time to prove
it ;)
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Part V: Additional topics

The content of this part will depend on the remaining time and the interests of the audience. Pos-
sible topics are: multiplicative structures, the Thom isomorphism theorem, the L-type de�nition
of K-theory, operations, characteristic classes, the Atiyah-Jänich theorem.

We do not assume that the audience has a broad knowledge about algebraic topology. In
particular, it should be possible to follow the �rst three parts for anyone who is acquainted with
the basic notions of point set topology. Anything else can be provided and recalled during the
lecture.
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