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The Atiyah-Singer index theorem is one of the triumphs of twentieth 
century mathematics. The theorem gives a topological formula for the 
index of  any elliptic differential (or elliptic pseudo-differential) operator 
on a closed smooth manifold. The eta invariant of V.K. Patodi plays a 
central role in extending Atiyah-Singer to compact smooth manifolds 
with boundary.

There are two methods for proving the Atiyah-Singer theorem. The first 
method proves Atiyah-Singer as a corollary of Bott periodicity. The 
second method is the heat kernel method and uses Chern-Weil theory 
to directly calculate the index at the level of differential forms. The heat 
kernel method, when combined with the Patodi eta invariant, yields the 
Atiyah-Patodi-Singer theorem extending index theory to compact 
smooth manifolds with boundary. 

INDEX THEORY AND K-HOMOLOGY

This series of five lectures will prove the Atiyah-Singer index theorem as a corollary of Bott periodicity, and then 
give an exposition of some further developments.

Lecture 1. Dirac Operator
The Dirac operator of R^n will be constructed. Spin-c manifolds will be introduced.

Lecture 2. Atiyah-Singer Revisited
First, some classical low-dimensional examples of the Atiyah-Singer theorem will be considered. Next, the Atiyah-
Singer theorem for elliptic differential (or pseuo-differential) operators on closed smooth manifolds will be proved as 
a corollary of Bott periodicity.

Lecture 3. What is K-homology?
K-homology is the dual theory to K-theory. K-homology can be defined in three ways : via homotopy theory, via K-
cycles, and (following Atiyah and Kasparov) via functional analysis. The lecture will give the three definitions and 
will explain why they  are equivalent.

Lecture 4. Beyond Ellipticity
K-homology will be used to prove an index theorem for a naturally arising class of hypoelliptic (but not elliptic) 
differential operators

Lecture 5. The Riemann-Roch Theorem
The Grothendieck-Riemann-Roch (GRR) theorem will be reviewed. K-homology will be used to extend GRR to 
projective algebraic varieties which may have singularities.

ALL  ARE  WELCOME
A limited number of guest house rooms are available. Interested participants may write to 

deanmf@math.tifr.res.in 
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