BIBLIOGRAPHY

1. A. A. Abramov, On topological invariants of Riemannian spaces obtained by the integration of tensor fields, Doklady Akad. Nauk. SSSR (N.S.) 81 (1951), 125-128.

2. , On topological invariants of Riemannian spaces obtained by the integration of pseudo-tensor fields, Doklady Akad. Nauk. SSSR (N.S.) 81 (1951), 325-328.

3. S.A. Amitsur and L.W. Small, GK-dimensions of corners and ideals, Israel J. Math. 69 (1990), 152-160.

4. M.F. Atiyah, Collected works, Clarendon Press, Oxford, 1988.

5. M.F. Atiyah, R. Bott and V.K. Patodi, On the heat equation and the index theorem, Invent. Math. 19 (1973), 279-330; Errata, invent. Math. 28 (1975), 277-280.

6. M.F. Atiyah, H. Donnelly and I.M. Singer, Eta invariants, signature defects of cusps and values of L-functions, Ann. of Math. 18 (1983), 131-177.

7. M.F. Atiyah, V.K. Patodi and I.M. Singer, Spectral asymmetry and Riemannian geometry, Bull.Lond. Math. Soc. 5 (1973), 229-234.

8. , Spectral asymmetry and Riemannian geometry. I, Math. Proc. Camb. Phil. Soc.

77 (1975), 43-69.

9. , Spectral asymmetry and Riemannian geometry. II, Math. Proc. Camb. Phil. Soc.

78 (1975), 405-432.

10. , Spectral asymmetry and Riemannian geometry. III, Math. Proc. Camb. Phil.

Soc. 79 (1976), 71-99.

11. M.F. Atiyah and I.M. Singer, The index of elliptic operators I, Ann. Math. 87 (1968), 484-530.

12. , The index of elliptic operators III, Ann. Math. 87 (1968), 546-604. 13. , The index of elliptic operators on compact manifolds, Bull. Amer. Math. Soc. 65 (1963), 422-433.

14. R. Beals and P. Greiner, Calculus on Heisenberg manifolds, Annals of Mathematics Studies, Number 119, Princeton Univ. Press.

15. F.A. Berezin, The method of second quantization, Pure and Applied Physics, v.24, Academic Press, New York, 1966.

16. J.-M. Bismut and J. Cheeger, Families index for manifolds with boundary superconnections and cones.

17. , η-invariants and their adiabatic limits, JAMS 2 (1989), 33-70. 18. J.-M. Bismut and D.S. Freed, The analysis of elliptic families: Metrics and connections on determinant bundles, Comm. Math. Phys. 106 (1986), 159-176.

19. , The analysis of elliptic families: Dirac operators, eta invariants and the holonomy theorem of Witten, Comm. Math. Phys. 107 (1986), 103-163.

20. N. Berline, E.Getzler and M. Vergne, Heat kernels and Dirac operator, 1990 (to appear). 21. L. Boutet de Monvel, Boundary problems for pseudo-differential operators, Acta Math.

126 (1971), 11-51.

22. J. Brüning and R.T. Seeley, The resolvent expansion for second order regular singular operators.

23. , An index theorem for first order regular singular operators, Amer. J. Math. 110 (1988), 659-714.

24. , The expansion of the resolvent near a singular stratum of conical type, J. Funct.

Anal. 95 (1991), 255-290.

25. A.P. Calderón, Boundary value problems for elliptic equations, Novosibirsk, Outlines of the joint Soviet-American symposium on partial differential equations, 1963, pp. 303-304.

26. J. Cheeger, Eta invariants, the adiabatic approximation and conical singularities, J. Diff.

Geom. 26 (1987), 175-221.

Bibliography 365

27. S.S. Chern, A simple intrinsic proof of the Gauss-Bonnet formula for closed Riemannian manifolds, Ann. Math. 45 (1944), 741-752.

28. Coddington and Levinson, Ordinary Differential Equations.

29. X. Dai, Adiabatic limits, non-multiplicativity of signature and the Leray spectral sequence, J.A.M.S. 4 (1991), 265-321.

30. X. Dai and R.B. Melrose, Adiabatic limit of the analytic torsion, In preparation. 31. C.L. Epstein and R.B. Melrose, Shrinking tubes and the ∂-Neumann Problem, In preparation.

32. C.L. Epstein, R.B. Melrose and G.A. Mendoza, Resolvent of the Laplacian on strictly pseudoconvex domains, Acta Math. 167 (1991), 1-106.

33. D.S.Freed.

34. E. Getzler, Pseudodifferentail operators on supermanifolds and the index theorem, Comm.

Math. Phys. 92 (1983), 163-178.

35. , A short proof of the Atiyah-Singer index theorem, Topology 25 (1986), 111-117. 36. , Cyclic homology and the Atiyah-Patodi-Singer index theorem, Preprint. 37. P.B. Gilkey, Curvature and the eigenvalues of the Laplacian for elliptic complexes, Adv.

in Math. 10 (1973), 344-382.

38. , Invariance, the heat equation and the Atiyah-Singer index theorem, Publish or Perish, Washington, 1984.

39. I.C. Gohberg and E.I. Segal, An operator generalization of the logarithmic residue theorem and the theorem of Rouché, Math. USSR Sbornik 13 (1971), 603-625.

40. M. Gromov and M.A. Shubin, The Riemann-Roch theorem for general elliptic operators, Preprint.

41. G. Grubb, Functional calculus of pseudo differential boundary problems, Progress in Math., Birkhäuser, Boston.

42. , Heat operator trace expansions and index for general Atiyah-Patodi-Singer boundary problems, Preprint.

43. J. Hadamard, Le problème de Cauchy et les équations aux dérivées partielles linéaires hyperboliques, Paris, 1932.

44. L. Hörmander, Pseudo-differential operators, Comm. Pure Appl. Math 18 (1965), 501- 517.

45. , Fourier integral operators I, Acta Math. 127 (1971), 79-183. 46. , Analysis of Linear Partial Differential Operators I, Springer, 1983. 47. , Analysis of Linear Partial Differential Operators III, Springer, 1985. 48. , Riemannian Geometry, Lecture notes, Department of Mathematics, University of Lund, 1990.

49. J.J. Kohn and L. Nirenberg, On the algebra of pseudo-differential operators, Comm. Pure Appl. Math. 18 (1965), 269-305.

50. A. Lichnerowicz, Spineurs harmoniques, C.R. Acad. Sci. Paris Sér. A 257 (1963), 7-9. 51. R. Lockhardt and R. McOwen, Elliptic operators on noncompact manifolds, Ann. Scuola Norm. Sup. Pisa Cl. Sci 12 (1985), 409-447.

52. Morse and Feshbach, Methods of Mathematical Physics.

53. R.R. Mazzeo, The Hodge cohomology of a conformally compact metric, Jour. Diff. Geom.

28 (1988), 309-339.

54. , Elliptic theory of differential edge operators I, Comm. in P.D.E. 16 (1991), 1615- 1664.

55. R.R. Mazzeo and R.B. Melrose, Meromorphic extension of the resolvent on complete spaces with asymptotically negative curvature, J. Funct. Anal. 75 (1987), 260-310.

56. , The adiabatic limit, Hodge cohomology and Leray’s spectral sequence for a fibration, J. Diff. Geom. 31 (1990), 185-213.

366 Bibliography

57. , Analytic surgery and the eta invariant, Preprint.

58. H. Mckean and I.M. Singer, Curvature and the eigenvalues of the Laplacian, J. Diff.

Geom. 1 (1967), 43-69.

59. R. McOwen, The behaviour of the Laplacian in weighted Sobolev spaces, Comm. Pure Appl. Math. 32 (1979), 783-795.

60. , On elliptic operators on Rn, Comm. in P.D.E. 5 (1980), 913-933. 61. R.B. Melrose, Transformation of boundary problems, Acta Math. 147 (1981), 149-236. 62. , Calculus of conormal distributions on manifolds with corners, IMRN (1992), 67-77 (to appear).

63. , Differential Analysis on Manifolds with Corners, In preparation. 64. R.B. Melrose and G.A. Mendoza, Elliptic pseudodifferential operators of totally characteristic type, MSRI preprint.

65. R.B. Melrose and G.A. Uhlmann, Introduction to Microlocal Analysis with Applications to Scattering Theory, In preparation.

66. R.B. Melrose and P. Piazza, Analytic K-theory for manifolds with corners, To appear, Adv. Math.

67. J.W. Milnor and J.D. Stasheff, Characteristic Classes, Ann. of Math. Studies, Princeton Univ. Press, 1974.

68. S. Minakshisundaram and Å. Pleijel, Some properties of the eigenfunctions of the Laplace operator on Riemannian manifolds, Canada J. Math. 1 (1949), 242-256.

69. H. Moscovici and R. Stanton, Eta invariants of Dirac operators on locally symmetric manifolds, Invent. Math. 95 (1989), 629-666.

70. W. Müller, Signature defects of cusps of Hilbert modular varieties and values of L-series at s = 1, J. Diff. Geom. 20 (1984), 55-119.

71. , Manifolds with cusps of rank one: Spectral Theory and L2-index theorem. 72. R.S. Palais, Ed., Seminar on the Atiyah-Singer index theorem, Annals of Mathematics Study, Princeton Univ. Press, Princeton, 1965.

73. V.K. Patodi, Curvature and the eigenforms of the Laplace operator, J. Diff. Geom. 5 (1971), 233-249.

74. P. Piazza, K-theory and index theory on manifolds with boundary, Thesis MIT, May 1991.

75. , On the index of elliptic operators on manifolds with boundary, In preparation. 76. D. Quillen, determinants of Cauchy-Riemann operators over a Riemann surface, Funct.

Anal. Appl. 14 (1985), 31-34.

77. J. Roe, Elliptic operators, topology and asymptotic methods, Pitman Res. Notes in Math.

no. 179, Longman Scientific and Technical, Harlow, 1968.

78. D.B. Ray and I.M. Singer, R-torsion and the Laplacian on Riemannian manifolds, Adv.

Math. 7 (1971), 145-210.

79. L. Schwartz, Théorie des distributions I,II, Hermann, Paris, 1950-51. 80. R.T. Seeley, Complex powers of an elliptic operator, A.M.S. Symp. Pure Math. 10, 288- 307;See also (1969), 169-305, Topics in pseudo differential operators, CIME Conference, edizioni Cremonese Roma.

81. , Singular integrals and boundary problems, Amer. J. Math. 88 (1966), 781-809. 82. , Ananytic extension of the trace associated to elliptic boundary problems, Amer.

J. Math. 91 (1969), 963-983.

83. M.A. Shubin, Pseudodifferential Operators and Spectral Theory, Springer, 1987. 84. I.M. Singer, The eta invariant and the index, Mathematical aspects of string theory (S.T.

Yau, ed.), World Scientific, 1987.

85. M. Stern, Eta invariants an Hermitian locally symmetric spaces, J. Diff. Geom. (1990), 771-789.

Bibliography 367

86. F.A. Szasz, On minimal bi-ideals of rings, Acta. Sci. Math.(Szeged) 32 (1971), 333-336. 87. , On the bi-ideals in associative rings, Proc. Japan Acad. 46 (1970), 505-507. 88. M.E. Taylor, Pseudodifferential Operators, Princeton Univ. Press, 1981. 89. , Partial Differential Operators, Manuscript.

90. H. Weyl, The method of orthogonal projection in potential theory, Duke Math. J. 7 (1940), 411-444.

91. Wu Fangbing, The Chern character and the η-invariant of the Dirac operator, Preprint.

INDEX OF NOTATIONS

[0, ∞) 1 2 , 262 A_k, 70 AEphg(X), 167 A(X; bΛk ), 222 B_b, 274 β_b, 95, 97 βη, 274 β_H, 253 bd, 33 b∂, 218 BDk, 227 bf(X2b ), 99 bf(X2η), 276, 277, 279 B_H, 253, 255, 274 Bj(u, v), 211 ∂_0X, 209 ∂_1X, 209 Ċ∞(X; E), 110 C∞evn(X2H ), 259 C∞odd(X2H ), 259 C∞(X), 27 C∞(X2b ), 98 C∞(X; xzE), 300 Cl−(V ), 74 Cl+(V ), 74 Ċ−∞(X; bΩ 12 ), 111 C−∞(X; E), 107 C−∞(X; E), 112 C−∞(X; Ω 1 2 ), 107 C−∞(X; bΩ 1 2 ), 111

d, 32 D, 296 Δ, 100 Δb, 100 Δb,0, 125

~_{ΔH , 272}

Diffkb (X), 33 Diffkb (X; V ,W ), 33 Diffk(X; V ,W ), 32

~_{ΔH , 306}

FE, 301 e [_{Hk} dR,rel(X)

]_{, 224}

Evdim X , 2 Ψ−2η,evn(X; E), 282 exp(−tP ), 273 exp(−tQ(λ)), 280

�, 52, 104

FE, 298 bΛ^k X, 32 F_j (P, z), 211 G^′(P, r), 212 G(P, r), 212 GHom(S), 308 GHom(bS), 309 Ghom(S), 306 H^1(R), 16 H^m_b (X; L), 10 H^m_b ( ~X;^bΩ^12 ), 157 x^α(1 − x)^β H^1_b ([0, 1]), 18 x^sH^m_b (X; L), 10 Hkb-abs,Ho(X), 229 Hkb,Ho(X), 224 HkdR,abs(X), 222 HkdR,b(X), 65 HkdR(X), 220 HkdR,rel(X), 222 Hkeb,Ho(X), 228 HkHo(X), 220 Hkb-rel,Ho(X), 229 HkrL2 (X), 231 Hom(bS), 308 Hom(S), 306 H_P , 252, 264, 273 ρaH^m_b (X;^bΩ^12 ), 158 I_b, 103 I^m_{os} (X^2_b , Δ_b;^bΩ^12 ), 115 I^m_{os} (Z,Y ; E), 109 I^m(X^2_b , Δ_b;^bΩ^12 ), 114 I^m(Z,Y ; E), 108 inc(s; α, α′), 215

~_{ind(}P, a_{), 215}

ind(P, a), 213 Iν (P, λ), 145 Ip(X), 27 L^2(X; Ω^12 ), 106 lb(X2b ), 100 lb(X2η ), 276 L^k, 227

~L^k_{, 228}

Index of Notations 369

~L^k_{, 229} MC^(p^{), 68}

∇, 44 Δ^∇, 317 bN∂X, 30 N_{k,η}, 278 N_{H,k}, 266, 267 N^∗_p X, 28 N^∗∂X, 28 N^∗Δ_b, 102 nullk−(Δ), 227 null(P, α), 214 O−(V ), 82 ord(z), 146 O(V ), 80 Pin(V ), 80 P^{[k]}(^bT^∗X), 34 R_Λ, 348 π^2_{b,L}, 102 π_{η,X} , 308 π_{log} , 228 π_L, 52 π_R, 52 Ψmb,I,os( ~X; bΩ 1 2 ), 127 Ψmb,os(X; bΩ 1 2 ), 115 Ψ−∞b (X; bΩ 1 2 ), 121 Ψmb (X; bΩ 1 2 ), 114 Ψmb (X; L1, L2), 7 ΨjG(X; S), 312

Ψmos(X; Ω 1 2 ), 109 Ψ−∞,∅(X; bΩ 1 2 ), 119 Ψ−∞η (X; bΩ 1 2 ), 280

Ψ−kη (X; E), 282 Ψkη(X; bΩ 1 2 ), 277 Ψkη,evn(X; bΩ 1 2 ), 277

Ψ−kH (X; E), 281 ΨkH,evn(X; Ω 1 2 ), 272 ΨkH,evn(X; Ω 1 2 ), 261

A ∈ Ψ^k_{H,evn}(X; Ω^12 ), 262 ΨkH (X; Ω 1 2 ), 255, 261 Ψ−∞H (X; Ω 1 2 ), 265 ΨkH,odd(X; Ω 1 2 ), 261

^Q_(λ_{), 145}

rankj (z), 213 rb(X2b ), 100 rb(X2η ), 276 R, 74 ρ_F , 276 ρ_{tb}, 254 ρ_{tf} , 254 R_j, 238 R_ξ, 80 S, 85 bS, 308S_n

H, 253 SO(V ), 82 S+Np(B), 96, 97 specb,j(P ), 213 specb(Q), 146 Spin(V ), 82

sn(V ), 83 ±S, 85 S^{[m]}(^bT^∗X), 116 SR±, 85 bσ_k(P ), 34 bσm, 116 T ∂X, 28 bTpX, 28 bT^∗X, 30 bT X, 28, 276 bT (X^2), 104 bT X^2_b , 104 tb(X2η ), 276 tb(X2H ), 253 bT_{∂X}X, 31 tf(X2H ), 258, 263, 264 tf(X2η ), 275 tf(X2H ), 254, 255, 257, 308 TpX, 27 tr, 309 T^∗∂X, 28 T^∗_p X, 27 T^∗X, 28 T^∗_{∂X}X, 28 T X, 28 u_{M,ν} (λ, y), 144 Vb,I( ~X), 130 Vb(X), 28, 29 Vb(X2), 104 Vb(X2b ), 104 V(X), 28, 33 bΩsX, 110 bΩsxX, 110

370 Index of Notations

ΩsV , 105 ΩsX, 106 Ωsx, 105 X^2_b , 95, 98 X^2_η , 277 X^2_H , 253, 255, 258, 285 X^2_η , 275

~X_{, 126} ~X_{p, 126} x∂/∂x, 30 x^zC^∞(X; E), 300 X^zE, 300 Z, 81

^Z_{, 239}

Z_j, 238

AUTHOR INDEX

Alembert, J. le Rond d’, 67 Atiyah, M.F., 1, 2 Beals, R., 13 Berezin, F.A., 310 Berline, N., 2 Bianchi, L., 50 Bismut, J.-M., 1, 9 Bonnet, O., 64 Borel, É., 168, 269 Bott, R., 2 Boutet de Monvel, L., 5 Calderón, A.P., 5, 248 Cartan, H., 39 Cauchy, A.L., 161 Cheeger, J., 1 Christoffel, E.B., 47 Clifford, W.K., 9, 69 Dirac, P.A.M., 67 Duhamel, J.M.C., 333, 337 Epstein, C.L., 13 Euler, L., 347 Fourier, J.B.J., 145 Frechét, ?., 238 Fredholm, I., 3 Freed, D.S., 2, 9 Frobenius, F.G., 42 Gauss, C.F., 64 Getzler, E., 1, 2, 295, 322 Gilkey, P.B., 2, 6, 326 Gram, J.P., 37 Greiner, P., 13 Gromov, M., 13, 208, 216 Grubb, G., 5 Hörmander, L., 2, 108, 137, 178 Hadamard, J., 7, 252, 255 Heaviside, O., 23 Hermite, C., 14 Hilbert, D., 15, 137 Hirzebruch, F., 63 Hodge, V.W.D., 13 Kohn, J.J., 108 Lagrange, J.L. de, 227 Laplace, P.S. de, 145 Laurent, P.M.H., 146

Lebesgue, H., 16 Levi-Civita, T., 12 Lichnerowicz, A., 314, 317 Lidskii, V.B., 6, 136 Lie, S., 28 Müller, W., 1 Mazzeo, R.R., 65 McKean, H., 5, 6 Mehler, F.G., 322 Mellin, R.H., 34, 144 Minakshisundarum, S., 5 Moscovici, H., 1 Nirenberg, L., 108 Paley, R.E.A.C., 144 Patodi, V.K., 1, 2, 6, 310, 326 Pauli, W., 68 Pfaff, J.F., 64 Plancherel, M., 155 Pleijel, Å., 5 Poincaré, H., 349 Pontriagin, V.P., 62 Ray, D., 295, 362 Rham, G. de, 32 Riemann, G.F., 3 Roch, ?., 13 Roe, J., 2 Schmidt, E., 37, 137 Schwartz, L., 6, 108, 112 Schwarz, H.A., 179 Seeley, R.T., 5, 283, 359 Shubin, M., 13, 208, 216 Singer, I.M., 1, 2, 5, 6, 295, 362 Sobolev, S.L., 3 Stanton, R., 1 Stern, M., 1 Stokes, G.G., 54 Taylor, B., 35 Taylor, M.E., 2, 13 Vergne, M., 2 Volterra, V., 269 Weil, A., 60 Weyl, H., 221 Wiener, N., 144 Wu, F., 1

SUBJECT INDEX A acyclic, 357 adapted coordinates, 29

^A_{genus, 2}

algebra

Lie, 129 argument

cumbersome, 288 associated bundles, 43 asymptotic expansion, 160, 197, 237, 273 asymptotic sum, 188 Atiyah-Patodi-Singer

boundary condition, 3

expunging of, 5 index theorem, 1, 2, 4, 10, 11, 12, 185 Atiyah-Patodi-Singer theorem

for generalized Dirac operators, 343 Atiyah-Singer

index theorem, 2 integrand, 2, 4 theorem, 5 Atiyah-Singer integrand, 64 B b- calculus, 24 category, 1 Clifford connection, 79 connection, 56, 58 diagonal, 100 differential, 102 differential operators, 33 ellipticity, 34 fibration, 102, 103, 140, 164 geometry, 28, 30 heat calculus, 273, 276, 281 heat space, 274 Hodge cohomology

absolute, 229 relative, 229 integral, 140 map, 102 metric, 5, 10, 30, 281, 282, 288 normal space, 103, 111 pseudodifferential operators, 5 small space, 114

Sobolev spaces, 157 spin structure, 3 stretched product, 98 submersion, 103 tangent bundle, 297 trace, 9, 111, 142, 153 fundamental formula, 8 b-spin structure, 90 basis

admissible, 296 Betti numbers, 226 Bianchi identity

first, 50 second, 62 blow-down map, 24, 95, 127, 306 parabolic, 253 blow-up, 24, 139, 252, 274

non-commutativity of, 274 parabolic, 253 book-keeping, 105 boundary

data, 227 pairing, 209, 211 spectrum, 147 terms, 173 boundary data

generalized, 208 boundary pairing, 212 bundle

associated, 106 rescaled, 300 C calculus, 273

small, 105, 122 with bounds, 181 Cartan’s identity, 222 characteristic class, 2, 60, 64 Chern, 348 Chern character, 2, 64, 328 Chern class, 64 Chern forms, 64 Clifford algebra, 69, 70

complexified, 71 structure of, 73 Clifford bundle, 75 Clifford connection, 76

Subject Index 373

Clifford module

graded, 79 Clifford multiplication, 71, 310 closed b-metric, 31 closed n-ball, 257 coefficients

freezing, 129 cohomology

de Rham, 220 cohomology

L^2, 224 refined L2, 231 cohomology class, 63 collar neighbourhood, 4 commutator, 143

b-trace of, 8 trace functional on, 6 compactification, 126 completeness

asymptotic, 121 complex powers

conjugation by, 8, 152 complex scaling, 282 composition, 122 connection, 37

affine, 45 induced on boundary, 59 connection Laplacian, 317 conormal bounds, 180 conormal distributions, 108 construction

symbolic, 123 continuous operator, 262 contraction, 71 convention, 215

Clifford action, 76 conormal order, 126 convergence

exponential, 5 weak, 124 cotangent bundle, 27 covariant constancy, 38 covariant constant, 44 covariant derivative, 44 curvature operator, 49 D d’Alembertian, 67 de Rham cohomology, 220

L^2, 221 absolute, 222 conormal, 222 relative, 222, 223 de Rham complex, 32 de Rham theorem, 220 defect, 7 densities, 105, 264

b-, 105 b-half, 105, 110 distributional, 113 half, 106, 108

distributional, 107 determinant, 82, 151 diagonal, 100

lifted, 114 Dirac operator

decomposition at boundary, 4 flat, 86 generalized, 77

symbol of, 77 square of, 318 twisted, 80, 321 direct proof, 1 distributional section

extendible, 301 distributions, 110

extendible, 111 supported, 111 domain, 16 double cover, 82 duality, 120 Duhamel’s principle, 333, 337 E ellipticity, 2, 34 essential uniqueness, 169 estimates

symbol, 109 eta invariant, 10, 21

defined, 10 modified, 11 evaluation, 296 even part, 266 exact b-metric, 3, 31, 57 exact sequence, 266 examples, 132 expansion

asymptotic, 109, 115

374 Subject Index

extensions, 142 exterior power, 32 F face

front, 127 factor-exchanging isomorphism, 154 facts

bald, 9 fervour, 1 filtration, 297, 308 finite rank, 135 flat, 35 frame bundle, 3

refinement, 3 Fredholm, 3, 15, 18

condition, 3, 10, 18, 128 not, 21 Fredholm condition, 183 Fredholm theory

analytic, 150 front face, 254, 257 Fubini, 107 full calculus, 173 fundamental group of SO(V ), 83 fundamental point, 28 G Gauss-Bonnet formula, 347

generalized, 348 generalized inverse, 5, 207 genus, 217

^A_{-genus, 63}

L-genus, 63 geometric case, 234 grading, 310 Gram-Schmidt procedure, 37 growth

polynomial, 120 H harmonic oscillator, 322 heat calculus, 261, 273

even part, 266 residual space, 265 heat equation, 279, 282

uniqueness for, 6 heat kernel, 5, 7, 252, 263, 280 heat pseudodifferential operators, 255, 261 heat semigroup, 272, 273 heat space, 258, 285 Hermitian bundle, 77 Hilbert-Schmidt, 107, 137, 178 Hodge cohomology, 220, 221, 226 Hodge theorem, 221 homomorphism

boundary, 8 indicial, 116, 125, 128 normal, 116 homomorphism bundle

big, 306 little, 306 I ideal, 31 identity

remarkable, 6 incidence function, 215 index, 2, 16, 18, 21

extended, 10 family, 170, 197 formula

invariant case, 161 function

extended, 215 local, 295 set, 167, 174

C∞, 167 absolute, 168 theorem

relative, 11 indicial

equation, 279 family, 8, 145, 148, 149 inverse of, 147, 151, 159, 174 operator, 279 roots, 235 infinity, 3 initial condition, 264, 273, 277 integral, 106 inverse

generalized, 244 involution, 74, 154

parity, 310 inward-pointing spherical normal bundle, 96

Subject Index 375

J jet, 295, 297 jet filtration, 298, 299

dual, 301 length of, 298 jets

equality of, 297 K kernel

Schwartz, 6, 108 L Lagrangian subspace, 227 Laplacian

indicial family of, 225 indicial roots of, 225 resolvent family of, 234 Levi-Civita connection, 35, 38, 87 Lichnerowicz’ formula, 317, 321 Lidskii’s theorem, 6, 136, 138 Lie algebra, 83 bracket, 28 lift, 104, 105, 117, 139, 259, 285 lifting, 254 little trace, 309 locally integrable, 261 logarithmic term, 7 M manifold

with boundary, 27 with corners, 1, 170, 253 manucentrism, 103 mapping

symbol, 115, 116 Mehler’s formula, 322 Mellin transform, 144, 145, 148, 155, 167, 171, 186, 209, 210 double, 183 model, 126, 253, 255 multiplication operator, 264, 277 multiplicity

accidental, 168, 186 multiweight, 215

N Neumann series, 190 normal bundle

compactified, 126, 206 normal operator, 266, 278

rescaled, 313 O operators

classical pseudodifferential, 109 maximally residual, 119 orthogonal group, 82 orthonormal bases, 35 orthonormal coframe bundle, 36 P pairing, 106, 110 Paley-Wiener theorem, 144 parametrix, 122, 273

forward, 252 Pauli matrices, 68 periodicity, 71, 72 Pfaffian, 64 physical poles, 243 physical region

boundary of the, 243 physical space, 238 Plancherel formula, 155, 209, 215 Plancherel’s theorem, 157 Poincaré duality, 349 point

small, 314 polar coordinates

parabolic, 253 pole

order of, 146, 174 rank of, 146 poles of the scattering matrix, 243 polyhomogeneous conormal distributions, 167, 169, 187, 192, 197, 272 Pontrjagin forms, 62, 63 precise parametrix, 197 principal symbol

diagonal, 282 product

stretched, 112 projective structure, 97

376 Subject Index

pseudodifferential operators

one-step polyhomogeneous, 109 push-forward, 119, 261, 263 R radial choice, 307 radial vector field, 278 ramified, 238 refined L2 cohomology, 231 regularization, 155 relative index theorem, 206, 214, 216 pseudodifferential case, 215 representations, 118, 194 rescaled bundle, 300, 308 rescaling, 10, 30, 295

conformal, 300 dual, 301 tensor product, 300 residual space, 173, 265

maximally, 164 resolvent family

indicial roots of, 235 resolvent parameter, 248 restriction, 111, 125, 171, 308 restriction map, 266 Riemann curvature, 35, 42 Riemann metric, 35

flat, 42 Riemann surface, 216 Riemann-Roch, 219 Riemann-Roch theorem, 216 S sanity-preservation, 34 scalar curvature, 318, 321 scattering matrices, 248 scattering theory, 248 Schwartz kernel, 23

theorem, 112 sections, 28

putative, 295 semi-ideal, 182, 284 short exact sequence, 278 sign reversal, 74 singular coordinates, 95 smoothing operator, 5 Sobolev spaces, 10, 16

weighted, 10, 18, 183 spectral asymmetry, 22 spectral flow, 338 spectrum

continuous, 247 continuous with embedded eigenvalues, 247 discrete, 247 spin bundle, 87

homomorphism bundle of, 87 spin bundles, 4 spin group, 82 Spin group

Lie algebra of, 83 spin representation, 84, 87 spin structure, 86 splitting, 161 square root

convention for, 236 Stiefel-Whitney classes, 87 Stokes, 66 structure

C∞, 275 C∞on X2H , 258 structure equation

first, 40 second, 40 structure group

reduction of, 86 subbundle, 28

jet of, 297 sum of two curves, 256 supertrace, 309, 310

big, 310 surjectivity, 278 symbol

of generalized Dirac operator, 79 symbol estimates, 149 symbolic construction, 273 symmetry condition, 37 symplectic form, 227 T t-parabolic normal bundle, 275 Taylor series, 263, 279 temporal boundary, 254 temporal front face, 254, 255, 264 tensor product, 32 trace, 135, 273, 309

little, 309 trace class, 136, 137, 138, 142

Subject Index 377

trace class (continued)

not, 7 trace functional, 5

extension of, 7 trace norm, 136 transgression formula, 63 transition functions, 258, 259 transpose, 192 transversality, 100, 101 trivialization

choice of, 146 local, 296 U uniqueness, 271, 281

essential, 124

V vector bundle, 296

compactification of, 258 graded, 299 vector field

inward-pointing, 222 vector fields tangent to the boundary, 28 Volterra operator, 280 W weight, 213 weighted Sobolev spaces, 171 weighted spaces, 157 Weil homomorphism, 60 Z Z2 grading, 73