
Contents

Preface to the first edition — V

Preface to the second edition — VII

Acknowledgement — XIII

1 Introduction and statement of main results — 1
1.1 First main result: Absolute and relative boundary conditions — 4
1.2 Other problems involving tangential and normal components of harmonic 

forms —13
1.3 Boundary value problems for Hodge-Dirac pperators — 24
1.4 Dirichlet, Neumann and transmission boundary value problems — 27
1.5 Structure of the monograph — 44

2 Geometric concepts and tools — 49
2.1 Differential geometric preliminaries — 49
2.2 Elements of geometric measure theory — 69
2.3 Sharp integration by parts formulas for differential forms in Ahlfors regular 

domains — 96
2.4 Tangential and normal differential forms on Ahlfors regular sets —101

3 Harmonic layer potentials associated with the Hodge-de Rham formalism 
on UR domains —116

3.1 A fundamental solution for the Hodge-Laplacian —117
3.2 Layer potentials for the Hodge-Laplacian in the Hodge-de Rham 

formalism —125
3.3 Fredholm theory for layer potentials in the Hodge-de Rham 

formalism —136

4 Harmonic layer potentials associated with the Levi-Civita connection on UR 
domains —149

4.1 The definition and mapping properties of the double layer —150
4.2 The double layer on UR subdomains of smooth manifolds —182
4.3 Compactness of the double layer on infinitesimally flat AR domains —187

5 Dirichlet and Neumann problems for the Hodge-Laplacian in infinitesimally 
flat AR domains —193

5.1 Functional analytic properties for harmonic layer potentials in UR 
domains —194

http://d-nb.info/1346172021


X — Contents

5.2 Invertibility results for layer potentials associated with the Levi-Civita 
connection — 205

5.3 Solving the Dirichlet, Neumann and transmission boundary value 
problems — 211

6 Fatou theorems and integral representations for the Hodge-Laplacian in 
infinitesimally flat AR domains — 229

6.1 Convergence of families of singular integral operators — 229
6.2 A Fatou theorem for the Hodge-Laplacian in infinitesimally flat AR 

domains — 250
6.3 Spaces of harmonic fields and Green-type formulas — 263

7 Solvability of boundary problems for the Hodge-Laplacian in the Hodge-de 
Rham formalism — 277

7.1 Preparatory results — 277
7.2 Solvability results — 292

8 Additional results and applications — 321
8.1 de Rham cohomology on infinitesimally flat AR surfaces — 321
8.2 Maxwell’s equations in infinitesimally flat AR domains — 347
8.3 Dirichlet-to-Neumann operators for the Hodge-Laplacian in infinitesimally 

flat AR domains — 350
8.4 Fatou-type results with additional constraints or regularity conditions — 361
8.5 Weak tangential and normal traces in infinitesimally flat AR domains with 

Friedrichs property — 367

9 Tools from differential geometry, harmonic analysis, geometric measure 
theory, functional analysis, partial differential equations and Clifford 
analysis — 384

9.1 Generalized Banach function spaces — 385
9.2 Examples of generalized Banach function spaces — 404
9.3 Connections and covariant derivatives on vector bundles — 425
9.4 The extension of the Levi-Civita connection to differential forms — 436
9.5 The Bochner-Laplacian and Weintzenbdck’s formula — 441
9.6 Sobolev spaces on boundaries of Ahlfors regular domains: The Euclidean 

setting — 449
9.7 Sobolev spaces on boundaries of Ahlfors regular domains: The Manifold 

setting — 465
9.8 GBFS-based Sobolev spaces — 474
9.9 Integrating by parts on the boundaries of Ahlfors regular domains — 482
9.10 A global Sobolev regularity result — 511
9.11 Calderon-Zygmund theory on UR domains on manifolds — 514



Contents — XI

9.12
9.13
9.14
9.15
9.16

The Fredholmness and invertibility of elliptic differential operators — 548
Compact and close-to-compact singular integral operators — 557
A sharp divergence theorem — 581
Clifford analysis rudiments — 584
Spectral theory for unbounded linear operators subject to
cancellations — 587

Bibliography — 593

Author index — 599

Subject index — 601

Symbol index — 607


