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5.11.
5.12.

Classification of patch points
Umbilics
Principal curvature
Dupin indicatrix
Curvature lines
Asymptotic lines
Mean curvature, total curvature
Ruled surfaces, developable surfaces

6. Fundamental Theorem

6.1.
6.2.
6.3.
6.4.

Introduction

Gauss formulas, Weingarten formulas
Gauss and Mainardi-Codazzi relations
Fundamental theorem

7. Tensors

7.1.
7.2.
7.3.
7.4.
7.5.
7.6.
7.7.

Preamble

Convention of summation
Dual, bidual vector spaces
Basis, change of basis
Tensors

Coordinates of a tensor
Tensors and injective patches

8. Tensors 1T

8.1.
8.2.
8.3.
8.4.
8.5.
8.6.
8.7.
8.8.
8.9.
8.10.
8.11.
8.12.
8.13.

General concept
Tensor calculus
Tensor algebra
Tensor analysis
Tensor bundle
Tensor on a vector space
Tensor density
Covariant tensor
Metric tensor
Riemann tensor
Minkowski metric
Ricci tensor
Scalar curvature

9. Differential Forms

9.1.
9.2.
9.3.
9.4.
9.5.
9.6.
9.7.
9.8.
9.9.
9.10.
9.11.
9.12.
9.13.
9.14.
9.15.
9.16.
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10.6.
10.7.
10.8.
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11.1.
11.2.
11.3.
11.4.
11.5.
11.6.
11.7.
11.8.
11.9.

11.10.
11.11.
11.12.
11.13.

Definition

One-form

Change of variables in differential form
Exterior differentiation

Fundamental relation

Differential forms, vector field

Integral of differential form

Differential forms on differentiable manifold
Integral of a differential form on a manifold

Integral of a differential form according to a parameter

Curvilinear integral
Surface integral

Stokes formula application
Stokes formula

Stokes theorem

Line integral

Poincaré theorem
Rotation of a vector field

Manifolds, Riemannian Geometry

Introduction

2-dimensional manifold

Chart, atlas

Differentiable manifold

Surfaces in R3

Correspondence between manifolds

Injective arcs on manifold, and tangent spaces
Riemannian manifold, and Riemannian geometry

Complements of Differential Geometry

Whitney theorem
Takens theorem
Tangent space
Manifold with boundary
Frobenius theorem
Connection
Covariant derivative
Christoffel symbols
Torsion tensor
Riemannian manifold
Flat manifold
Levi-Civita connection
Curvature
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8.1.
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9.
9.1.
9.2.
9.3.
10.

10.1.
10.2.
10.3.
10.4.
10.5.
10.6.
10.7.

11.

11.1.

12.

12.1.
12.2.

13.

13.1.
13.2.
13.3.

14.

14.1.
14.2.

15.

15.1.
15.2.
15.3.
15.4.
15.5.
15.6.

15.7.
15.8.

16.

16.1.
16.2.
16.3.
16.4.
16.5.
16.6.

4. Principal curvature
5. Gaussian curvature
6. Normal curvature
7. Scalar curvature

8. Mean curvature

r 20. Function Theory (Complex Analysis)

Introduction

Complex Numbers, Compactification
Field of complex numbers
Compactification of C

Sequences and Complex Functions
Complex sequences
Complex functions
Continuity
Uniform continuity

Holomorphy
Real differentiability
Complex differentiability
Cauchy-Riemann conditions
Harmonic functions

Cauchy Integral Theorem and Formulas
Introduction
Complex curvilinear integral
Cauchy integral property
Cauchy integral formulas

Entire Series Expansion
Series expansion

Analytic Continuation
Holomorphic continuation
Analytic continuation

Singularities, Laurent Series
Singularity of a holomorphic function
Laurent series
Contour, contour integral
Contour integration

Meromorphy, Residues

Meromorphic function

Residue

Residue theorem

Riemann Surfaces
Introduction
Riemann surfaces
Abstract Riemann surfaces
Concrete Riemann surfaces
Local canonical parametrization
Complex structure
Analytic functions

Entire Functions
Entire functions

Meromorphic functions on C
Partial fraction decomposition
Weierstrass functions

Periodic functions
Periods of complex functions
Simply periodic functions
Doubly periodic functions

Algebraic functions
Algebraic functions
Abelian integrals

Conformal transformations
Introduction
Conformal transformation
Conformal transformation from C to C
Conformal transformation from C to C
Classification of homographic transformations

itself

Functions of several variables
Space C™
Holomorphy
Entire series of several variables
Analytic continuation (singularities)
Continuity property
Remark about continuations

Conformal transformation from the interior unit disk to
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Chapter 21. Complex Analysis II
1. Introduction
2. Prerequisites
3. Recall on Functions of Complex Variables
3.1. Continuity, Differentiability
4. Curvilinear Integral
4.1. Differential forms of degee 1
4.2. Paths, loops, curves
4.3. Curvilinear integral
4.4. Orientation
4.5. Length
5. Differential Forms in the Plane
5.1. Exact forms, closed forms
5.2. Differential forms of degree 2
5.3. Stokes formula
6. Holomorphic Functions I
6.1. Definitions, examples
6.2. Usual functions
6.3. Cauchy theorem and formula
6.4. Entire series expansion
6.5. Cauchy inequalities, applications
6.6. Cauchy formula for a disk (direct demonstration)
6.7. Cauchy transform of Borel measure
6.8. Cauchy kernel, A(D) and H?(D) spaces
7. Holomorphic Functions IT
7.1. Primitives, logarithms
7.2. Morera theorem
7.3. Cauchy-Goursat theorem
7.4. Zeros of holomorphic functions
7.5. Laurent series
7.6. Isolated singularities, and meromorphic functions
7.7. Liouville theorem
7.8. Maximum principle
7.9. Schwarz lemma
7.10. Infinite products
8. Homotopy
8.1. Recall
8.2. Curvilinear integral (case of continuous paths)
8.3. Homotopy
8.4. Index of loop with respect to a point
9. Topology of the Complex Plane
9.1. Prerequisite
9.2. Degree of a map defined on a circle
9.3. Brouwer theorem, open mapping theorem
9.4. Homotopy, extensions, continuous logarithms
9.5. Jordan theorem
9.6. Separation of points
10. Cauchy Theorem (Homology Version)
10.1. Recall
10.2. Cycles and homology
10.3. Cauchy theorem (Homology version)
10.4. Density of rational functions
10.5. Homology, cohomology
11. Residues
11.1. Residue theorem
11.2. Calculation of a residue
11.3. Counting of zeros and poles
11.4. Integral calculations (examples)
12. Runge Theorem, Applications
12.1. Introduction
12.2. Runge theorem
12.3. Envelope of holomorphy
12.4. Solving equation du/dz = v
12.5.  Cousin problem
12.6. Mittag-Leffer theorem
12.7. Weierstrass theorem
13. Conformal Mapping
13.1. Riemann sphere
13.2. Holomorphic functions on an open set of S
13.3. Illustrations : The automorphisms of C, Sz,
13.4. Riemann mapping theorem
13.5. Characterizations of simply connected open sets
13.6. Carathéodory theorem, and Jordan domain
14. Harmonic Functions
14.1. Definitions, properties
14.2. Harmonicity and holomorphy
14.3.  Principle of analytic continuation (analyticity)
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14.4.
14.5.
14.6.
14.7.
14.8.
14.9.
0. Convergence of Fourier series (Abel-Poisson)

14.1
14.1
14.1
15.

15.1.
15.2.
15.3.
15.4.
15.5.
15.6.
15.7.
15.8.

16.

16.1.
16.2.

17.

17.1.
17.2.
17.3.
17.4.
17.5.
17.6.

18.

18.1.
18.2.
18.3.
18.4.
18.5.
18.6.
18.7.
18.8.
18.9.

18.1
18.1

Maximum principle
Poisson formula
Cauchy inequalities
Harnack inequalities
Poisson integral
Dirichlet problem

1. Spaces h?

2. Green formula

Subharmonic Functions
Definitions, properties
Maximum principle

Circular average, three circles theorem
Integrability
Approximation by convolution
Distributions and subharmonic functions
Subharmonicity (examples)
(A1) Convolution, Partition of Unity
Convolution
Plateau functions, partition of Unity
(A2) Distributions
Definition, examples
Algebraic operations
Restriction
Derivation
Support of a distribution
Convolution
(A3) Topology of the Complex Plane II

Partition of unity
Regular boundaries

Homotopy (Fundamental group)

Index of a loop

Homology, i-chains

0. Residues

1. Symbols/Notations of (A3)

Part IX. Category Theory
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2.1.
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2.3.
2.4.
3.
3.1.
3.2.
3.3.
3.4.
3.5.
3.6.
4.
4.1.
4.2.
4.3.

5.1.
5.2.
5.3.

6.1.
6.2.
6.3.

r 22.  Areas Involved in Category Theory
Areas Involved
Abstract algebra (Areas)
Homological algebra (Areas)
Representation theory (Areas)
Universal algebra (Areas)
Algebraic topology (Areas)
Homology theory (Areas)
Algebraic geometry (Areas)
Model theory (Areas)
Algebraic System, Universal Algebra
Algebraic system
Universal algebra
Algebraic operation (n-ary operation)
Arity, polyadic
Signatures
Signature (of an algebraic system)
Signature (of a structure)
Signature (logic)
Signature (disambiguation)
Many-sorted logic (logic)
Type, sort (logic)
Structures
Structures
Structures (logic)
Algebraic structure (abstract algebra)
Interpretations
Definable set (logic)
Interpretation (logic)
Interpretation (model theory)
Varieties
Variety (overview)
Algebraic variety
Variety of algebras (universal algebra)

Harmonic majorant, global mean value (properties)

Elements of linear algebra and differential calculus
Differential forms on an open subset 2 of C

Integration of differential 2-forms (and Stokes formula)

Integration of closed 1-forms along continuous paths
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6.4.
6.5.

Variety (universal algebra)
Birkhoff HSP theorem (universal algebra)

7. Algebraic Structures

7.1.
7.2.
7.3.
7.4.
7.5.
7.6.
7.7.
7.8.
7.9.
7.10.
7.11.
7.12.
7.13.
7.14.
7.15.
7.16.
7.17.
7.18.

Sets and algebraic structures
Group theory (abstract algebra)
Ring theory (abstract algebra)
Field theory (abstract algebra)
Galois theory (abstract algebra)
Module theory (abstract algebra)
Vector space theory
Internal composition law
Group

Ring

Field

External composition law

Module

Abelian group

Monoid (group theory)

R-module (homological algebra)

Free algebraic structures

Free Abelian group (free Z-module)

8. Maps and Structure Homomorphisms

8.1.
8.2.
8.3.
8.4.
8.5.
8.6.
8.7.
8.8.
8.9.

Map (left surjective, univocal)
Surjection (onto and not one-to-one)
Injection (one-to-one and not onto)
Bijection (one-to-one and onto)
Ilustrations (one-to-one, onto)
Image, preimage (image inverse)
Inclusion map (canonical injection)
Structure homomorphisms
Endomorphism (of algebraic system)

9. Algebraic Structure Morphisms and Kernels

9.1.
9.2.
9.3.
9.4.
9.5.
9.6.
9.7.
9.8.
10.
10.1.
10.2.
10.3.
10.4.
10.5.
10.6.
10.7.
10.8.
10.9.

10.10.
10.11.
10.12.
10.13.
10.14.
10.15.
10.16.
10.17.
10.18.
10.19.
10.20.
10.21.
10.22.
10.23.
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10.25.
10.26.
10.27.
10.28.
10.29.
10.30.
10.31.
10.32.
10.33.
10.34.
10.35.
10.36.

Closure (abstract algebra)

Magma (abstract algebra)

Monoid (abstract algebra)
Semigroup (abstract algebra)
R-algebraic structure

R-module (abstract algebra)
Homomorphisms (abstract algebra)
Kernels (abstract algebra)

Ring Theory

Ring (ring theory)
Ring with unity (ring theory)
Graded ring (ring theory)
Graded algebra
Graded module (homological algebra)
Noetherian ring (ring theory)
Ascending chain condition (ACC)
Descending chain condition (DCC)
Integral domain (entire ring)
Free algebra (ring theory)
Free module (homological algebra)
Direct product (abstract algebra)
External direct sum, internal direct sum
Reduced ring (ring theory)
Reduced algebra
Tensor powers, and braiding
Operad (abstract algebra)
Artinian ring (ring theory)
Catenary ring (ring theory)
Cohen-Macaulay ring (ring theory)
Depth (ring theory)
Local ring (ring theory)
Ring unit (ring theory)
Regular ring (ring theory)
Regular local ring (ring theory)
Krull dimension (ring theory)
Residue field (ring theory)
Quotient ring
Von Neumann regular ring
Differential ring
Differential field
Differential algebra
Differential graded algebra
Ritt algebra
Differential module (homological algebra)
Kihler differential (algebraic geometry)
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10.37.
10.38.
10.39.
10.40.
10.41.
10.42.
10.43.
10.44.
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10.51.
10.52.
10.53.
10.54.
10.55.
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10.80.
10.81.
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10.84.
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10.86.
10.87.
10.88.
10.89.
10.90.
10.91.
Complexes

11.

11.1.
11.2.
11.3.
11.4.
11.5.
11.6.
11.7.
11.8.
11.9.

11.10.
11.11.
11.12.
11.13.
11.14.
11.15.
11.16.
11.17.
11.18.
11.19.
Direct limits

12.
12.1.

Module of Kahler differentials
Multiplicative set

Localization (abstract algebra)
Completion (abstract algebra)
Maximal spectrum

Proper ideal (ring theory)

Ideal, prime ideal (ring theory)
Maximal ideal (ring theory)
Irrelevant ideal (ring theory)
Principal ideal and ring

Principal ideal domain and ring
Homogeneous element (ring theory)
Homogeneous ideal (ring theory)
Finitely generated ideal (ring theory)
Finitely presented algebra (ring theory)
Radical (disambiguation)

Jacobson radical (ring theory)
Nilradical (ring theory)

Radical of ideal (ring theory)
Radical ideal (ring theory)
Nilpotent element

Spectrum of a ring (Spec(R))
Prime spectrum (Spec)

Perfect field (field theory)
Characteristic (algebra)

Separable algebra

Simple algebra

Semi-simple algebra

Irreducible polynomial (algebra)
Separable extension (field theory)
Separable polynomial (field theory)
Separable element

Separable closure

Compositum (field theory)
Algebraic element (field theory)
Algebraic extension of a field
Extension field (field theory)
Algebraic closure (field theory)
Algebraically closed field

Regular map (algebraic geometry)
Affine space (analytic geometry)
Affine space (algebraic geometry)
Affine variety (algebraic geometry)
Coordinate ring (algebraic geometry)
Locus (geometry)

Zero-locus

Zero set

Projective space

Projective variety

Quasi-projective variety
Homogeneous polynomial
Homogeneous function
Homogeneous ideal (and graded ring)
Linear topology

Adic topology

Chain complex (homological algebra)
Cochain complex (homological algebra)
Differential complex
Null sequence (homological algebra)
Quasi-isomorphism (homological algebra)
Boundary operator
Coboundary operator
Coboundary
Cycle, cocycle
Simplex
Simplicial complex
Abstract simplicial complex
Polytope (geometry)
Cell (geometry)
Cell (algebraic topology)
Subcomplex (algebraic topology)
Skeleton (algebraic topology)
CW-complex (algebraic topology)
Nerve (algebraic topology)

Directed set (set theory)
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14.51.

Direct family (of sets)

Direct limit (of sets)

Direct family (of algebraic systems)
Direct limit (of algebraic systems)
Direct system (homological algebra)
Direct limit (homological algebra)

Topological spaces

Open set (topology)

Clopen set (topology)

Interior (topology)

Interior point (topology)

Open map (topology)

Open mapping theorem

Topological space (topology)

Topology on a set

Subspace topology
Pointed topological space (topology)
Paracompact space (topology)
Quasi-compact space (topology)
Separated space (topology)
Hausdorff space (topology)
Homeomorphism (topology)
Local homeomorphism (topology)
Braid (topology)
Braid group (topology)

Manifolds

Topological manifold

Manifold

Differentiable manifold

Differentiable structure

Smooth manifold

Manifold with boundary

Compact manifold

Closed manifold

Open manifold
Atlas (topology)
Differentiable atlas
Maximal atlas (topology)
Coordinate chart (topology)
Transition map (topology)
Coordinate patch (differential geometry)
Countable, separable, dense
Second-countable space
Topological basis, local basis
Neighborhood system (topology)
Neighborhood basis (local basis)
Filter base (topology)
Filter (topology)
Ultrafilter
Free ultrafilter
Submanifold (topology)
Regular submanifold
Immersed submanifold
Embedded submanifold
Weakly embedded submanifold
Smoothly universal
Proper map
Topological embedding (topology)
Embedding
Induced homomorphism
Connected component (topology)
Connected space (topology)
Totally disconnected space
Simply connected (1-connected)
Simply connected space
Arcwise-connected space
Locally arcwise-connected space
Pathwise and arcwise connectedness
Contractible loops
Immersion (algebraic topology)
Rank (of differential map)
Diffeomorphism (topology)
Local diffeomorphism (topology)
Smooth map (smooth function)
Smooth functions on manifolds
Smooth maps between manifolds
Cobordism (algebraic topology)
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14.52.
14.53.
14.54.
14.55.

h-Cobordism (algebraic topology)
Analytic functions (analysis)
Complex differentiability (analysis)
Regular function (functional analysis)

15. Homology, Cohomology

15.1.
15.2.
15.3.
15.4.
15.5.
15.6.
15.7.
15.8.
15.9.
15.10.
15.11.
15.12.

Homology (algebraic topology)
Cohomology (algebraic topology)
Cohomology (of topological space)
Cohomology (with values in sheaf)
Cohomology ring (algebraic topology)
Cup product (algebraic topology)
Singular homology (algebraic topology)
Simplicial homology (algebraic topology)
Simplicial mapping

Homology group

Cohomology group

Betti group

16. Sheaf Theory

16.1. Presheaf (algebraic topology)

16.2. Presheaf (category theory)

16.3. Sheaf (basic definition)

16.4. Sheaf (general topology)

16.5. Sheaf of rings

16.6. Germ

16.7. Stalk (of a sheaf)

16.8. Ringed space

16.9. Locally ringed space

16.10. Ideal sheaf (algebraic geometry)
16.11. Structure sheaf

16.12. Constant sheaf

16.13. Coherent sheaf

16.14. Quasi-coherent sheaf

16.15. Graded sheaf

16.16. Differential sheaf and resoluton
16.17. Eilenberg-Steenrod axioms

16.18. Snake lemma (homological algebra)
16.19. Exact sequence (homological algebra)
16.20. Split exact sequence

16.21. Projective module

16.22. Injective module

16.23. Injective envelope (injective hull)
16.24. Essential extension

16.25. Essential monomorphism

16.26. Injective object (category theory)
16.27. Enough injectives

16.28. Projective object (category theory)
16.29. Enough projectives

16.30. Resolution (homological algebra)
16.31. Injective resolution

16.32. Projective resolution

16.33.  Acyclic object (homological algebra)
16.34. Derived functor (homological algebra)
16.35. Ext functor (homological algebra)
16.36. Resolution (abstract algebra)

16.37. Sheaf cohomology

16.38. Cech cohomology (algebraic topology)
16.39. Flasque sheaf (homological algebra)
16.40. Canonical resolution

16.41. Godement resolution

16.42. Acyclic resolution

16.43. Acyclic sheaf

16.44. Tor (homological algebra)

16.45. Analytic space

17. Bundles

17.1. Fiber (topology)

17.2. Fiber (algebraic geometry)

17.3.  Geometric point (algebraic geometry)
17.4. Geometric fiber (algebraic geometry)
17.5. Fiber bundle (topology)

17.6. Bundle (topology)

17.7. Bundle (category)

17.8.  Vector bundle

17.9. Line bundle

17.10. Principal bundle

17.11. Trivial bundle

17.12. Locally trivial bundle
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