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8.14. Calderòn projector 197
8.15. Poisson operator 198
8.16. Unique continuation 198
8.17. Boundary regularity 198
8.18. Pseudodifferential boundary conditions 198
8.19. Gluing 200
8.20. Local boundary conditions 200
8.21. Absolute and relative Hodge cohomology 200
8.22. Transmission condition 200

Chapter 9. The wave kernel 201
9.1. Hamilton-Jacobi theory 213
9.2. Riemann metrics and quantization 217
9.3. Transport equation 218
9.4. Problems 222
9.5. The wave equation 222
9.6. Forward fundamental solution 227
9.7. Operations on conormal distributions 230
9.8. Weyl asymptotics 232
9.9. Problems 236

Chapter 10. K-theory 237
10.1. What do I need for the index theorem? 237
10.2. Odd K-theory 237
10.3. Computations 241
10.4. Vector bundles 242
10.5. Isotropic index map 244
10.6. Bott periodicity 247
10.7. Semiclassical quantization 249
10.8. Symplectic bundles 249
10.9. Thom isomorphism 249
10.10. Chern-Weil theory and the Chern character 249
10.11. Todd class 253
10.12. Stabilization 253
10.13. Delooping sequence 253
10.14. Looping sequence 253
10.15. C∗ algebras 253
10.16. K-theory of an algeba 253
10.17. The norm closure of Ψ0(X) 253
10.18. The index map 253
10.19. Problems 253

Chapter 11. Hochschild homology 255
11.1. Formal Hochschild homology 255
11.2. Hochschild homology of polynomial algebras 256
11.3. Hochschild homology of C∞(X) 261
11.4. Commutative formal symbol algebra 264



CONTENTS 7

11.5. Hochschild chains 265
11.6. Semi-classical limit and spectral sequence 265
11.7. The E2 term 267
11.8. Degeneration and convergence 271
11.9. Explicit cohomology maps 272
11.10. Hochschild holomology of Ψ−∞(X) 272
11.11. Hochschild holomology of ΨZ(X) 272
11.12. Morita equivalence 272

Chapter 12. The index theorem and formula 273
12.1. Outline 273
12.2. Fibrations 273
12.3. Smoothing families 275
12.4. Elliptic families 277
12.5. Spectral sections 277
12.6. Analytic index 277
12.7. Topological index 277
12.8. Proof of index theorem 277
12.9. Chern character of the index bundle 277
Problems 277

Appendix A. Bounded operators on Hilbert space 279
Index of Mathematicians 280

Appendix. Bibliography 281





Preface

This is a somewhat revised version of the lecture notes from various courses
taught at MIT, now for Fall 2007.

There are many people to thank, including:
Benoit Charbonneau
Sine Rikke Jensen
Edith Mooers
Mark Joshi
Raul Tataru
Jonathan Kaplan
Jacob Bernstein
Vedran Sohinger
Peter Speh
Andras Vasy
Kaveh Fouladgar
Fang Wang
Nikola Kamburov

9





Introduction

I shall assume some familiarity with distribution theory, with basic analysis and
functional analysis and with (local) differential geometry. A passing knowledge of
the theory of manifolds would also be useful. Any one or two of these prerequisites
can be easily picked up along the way, but the prospective student with none of
them should perhaps do some preliminary reading:

Distributions: I good introduction is Friedlander’s book [5]. For a more ex-
haustive treatment see Volume I of Hörmander’s treatise [9].

Analysis on manifolds: Most of what we need can be picked up from Munkres’
book [10] or Spivak’s little book [13].
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