Differential Analysis on Manifolds with Corners

Richard B. Melrose

Author address:

Massachusetts Institute of Technology E-mail address: rbm@math.mit.edu

1991 Mathematics Subject Classification. Analysis.

Contents

Chapter 1. Manifolds with corners Page I.1 1.1. Model spaces Page I.1 1.2. Smooth functions Page I.2 1.3. Partitions of unity Page I.3 1.4. Seeley extension Page I.3 1.5. Diffeomorphisms Page I.5 1.6. C^∞ structures Page I.7 1.7. Submanifolds Page I.10 1.8. Manifolds with corners Page I.12 1.9. Nesting and intersection Page I.14 1.10. Cotangent and tangent bundles Page I.16 1.11. Vector bundles Page I.18 1.12. b-maps Page I.21 1.13. Integration of vector fields Page I.23 1.14. Extension Page I.24 1.15. Quasi-homogeneity Page I.26 1.16. Parabolic quasi-homogeneity Page I.29

Chapter 2. Boundary-fibration structures Page II.1 2.1. Preliminary examples Page II.1 2.2. Compressed tangent bundle Page II.3 2.3. The b-differential Page II.6 2.4. b-submersions and b-fibrations Page II.7 2.5. Boundary-fibration structures Page II.9 2.6. Basic examples Page II.12 2.7. More Examples Page II.13 2.8. The ring Diff^∗_V (X) Page II.15 2.9. Forms and metrics Page II.17 2.10. Normal fibrations Page II.20 2.11. Localization and normal operators Page II.22 2.12. Quasi-homogeneous normal fibrations Page II.24 2.13. Quasi-homogeneity at leaves Page II.25

Chapter 3. Distributions on manifolds with corners Page III.1 3.1. Densities Page III.1 3.2. Supported distributions Page III.3 3.3. Extendible distributions Page III.4 3.4. Action of differential operators Page III.5 3.5. Sobolev spaces Page III.7 3

3.6. Operations Page III.9 3.7. Fibrations Page III.9 3.8. Intermediate spaces Page III.11 3.9. Schwartz kernel theorem Page III.13

Chapter 4. Conormal distributions at the boundary Page IV.1 4.1. The spaces A(X) and Ȧ(X) Page IV.1 4.2. Characterization of A(X) by bounds Page IV.2 4.3. Symbol map Page IV.5 4.4. Proof of (4.1.7) Page IV.6 4.5. Asymptotic summation Page IV.7 4.6. Dual spaces Page IV.8 4.7. Mellin transform Page IV.9 4.8. Paley-Wiener theorems Page IV.10 4.9. Dual space of A Page IV.12 4.10. Proof of Theorem 4.6.1 Page IV.12 4.11. Pull-back of A(Y ) Page IV.14 4.12. Push-forward of Ȧ(X; Ω) Page IV.15 4.13. Polyhomogeneity Page IV.16 4.14. Mellin characterization of polyhomogeneity Page IV.19 4.15. Operations on polyhomogeneous conormal functions Page IV.21

Chapter 5. Blowing up submanifolds Page V.1 5.1. The origin of a vector space Page V.1 5.2. Blowing up the zero section Page V.3 5.3. The general case Page V.3 5.4. Local coordinates Page V.5 5.5. Pull-back Page V.5 5.6. Push-forward Page V.6 5.7. Lifting submanifolds Page V.7 5.8. Commutativity of blow-up Page V.11 5.9. Blowing up chains Page V.13 5.10. Lifting maps Page V.16 5.11. Blowing up normal families Page V.17 5.12. Lifting a blow up Page V.20 5.13. Total boundary blow up Page V.23 5.14. Logaritmic blow up Page V.28 5.15. Quasihomogneneous blow up Page V.30

Chapter 6. Conormal distributions at a submanifold Page VI.1 6.1. Conormal distributions in the interior Page VI.1 6.2. Symbol filtration Page VI.3 6.3. Conormality at the boundary Page VI.7 6.4. Symbol sequence and ellipticity Page VI.8 6.5. Products Page VI.10 6.6. Pull-back Page VI.11 6.7. Push-forward Page VI.12 6.8. Pseudodifferential operarators, ∂X = ∅ Page VI.15 6.9. Composition formula Page VI.16 6.10. Conormal distributions in the interior Page VI.18

6.11. Operations on conormal distributions Page VI.20 6.12. Conormal distributions at a clean submanifold Page VI.25 6.13. Operations on I(X, Y ) for Y an interior p-submanifold Page VI.27

Chapter 7. The b-pseudodifferential calculus Page VII.1 7.1. Stretched product Page VII.1 7.2. The small algebra defined Page VII.2 7.3. Indicial operator Page VII.9 7.4. Stretched triple product Page VII.10 7.5. Composition Page VII.12 7.6. Fredholm properties Page VII.12 7.7. Jump in the index Page VII.12 7.8. Proof of Lemma 7.7.1 Page VII.14 7.9. Full index theorem Page VII.16 7.10. Conic Metrics Page VII.17 7.11. Conic Laplacian Page VII.18 7.12. Kodaira’s theorem Page VII.19 7.13. L^2-spaces Page VII.20 7.14. Domain of d and δ Page VII.21 7.15. Neumann and Dirichlet Laplacians Page VII.22 7.16. d and δ in the complete case Page VII.24 7.17. Laplacian on functions (s > 0). Page VII.25 7.18. Proof of (7.17.10) Page VII.28 7.19. Distributional deRham cohomology Page VII.29 7.20. Long exact boundary sequence Page VII.31 7.21. deRham isomorphism Page VII.32 7.22. Boundary terms for H^k_{KH}(X). Page VII.33 7.23. The Hodge to deRham map Page VII.35 7.24. The boundary spectrum of x^{2s}Δ. Page VII.37 7.25. Integration by parts Page VII.40 7.26. Spectral gap Page VII.41 7.27. Null-space of Δ Page VII.42 7.28. Strong Hodge decompositions Page VII.44 7.29. Proof of (7.24.27), (7.24.31) Page VII.45 7.30. Proof of (7.24.28), (7.24.29) and (7.24.30) Page VII.46 7.31. Proof of Theorem 7.24.2 Page VII.47

Chapter 8. The cusp calculus Page VIII.1

Chapter 9. The 0-calculus and elliptic boundary problems Page IX.1 9.1. The ring Diff^∗_0(X) Page IX.1 9.2. Examples Page IX.2 9.3. V_0-stretched product Page IX.4 9.4. The spaces Ψ^m_0 (X). Page IX.5 9.5. Mapping properties Page IX.6

Bibliography Page IX.11

Page .6 CONTENTS