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[0 O The present book aims to give a fairly comprehensive account of thefundamentals of differential manifolds
and differential geometry. The sizeof the book influenced where to stop[] and there would be enough materialfor a
second volume [ this is not a threat[d .[1 [ At the most basic level(] the book gives an introduction to the
basicconcepts which are used in differential topology[l differential gegometry] anddifferential equations.[J In
differential topology] one studies for instancehomotopy classes of maps and the possibility of finding suitable
differen-tiable maps in them O immersionsC] embeddingsd isomorphisms etc.[] . Onemay also use
differentiable structures on topological manifolds to deter-mine the topological structure of the manifold O for
exampled hiaSmale[Sin 67]C1 . In differential geometry[] one puts an additional structure on thedifferentiable
manifold [J a vector fieldI asprayl] a2-form a Riemannianmetricl] ad lib.[] and studies properties
connected especially with theseobjects. Formallyll one may say that one studies properties invariant underthe
group of differentiable automorphisms which preserve the additionalstructure. In differential equations(] one
studies vector fields and their in-tegral curvest singular pointsC] stable and unstable manifoldsC] etc. A
certainnumber of concepts are essential for all threel] and are so basic and elementarythat it is worthwhile to
collect them together so that more advanced expositionscan be given without having to start from the very
beginnings.OJ [J Those interested in a brief introduction could run through Chapters 110 11O VO VO VIO
and most of Part 111 on volume formsd Stokes theoremU and integration. They may also assume all manifolds
finite dimensional.
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Foreword Acknowledgments PART OO General Differential Theory 0 CHAPTER [0 Differential Calculus [

[ 1.Categories [1 [1 2.Topological Vector Spaces [1 [1 3.Derivatives and Composition of Maps [1 [1 4.Integration
and Taylor's Formula [0 [ 5.The Inverse Mapping Theorem [0 CHAPTER [0 Manifolds [1 [1 1.Atlases, Charts,
Morphisms [0 [0 2.Submanifolds, Immersions, Submersions [ [ 3.Partitions of Unity O [0 4.Manifolds with
Boundary 0 CHAPTER O Vector Bundles O O 1.Definition, Pull Backs [1 [1 2.The Tangent Bundle O [J 3.Exact
Sequences of Bundles [J [0 4.0perations on Vector Bundles [J [J 5.Splitting of Vector Bundles 0 CHAPTER [
Vector Fields and Differential Equations [0 [0 1.Existence Theorem for Differential Equations O O 2.Vector Fields,
Curves, and Flows [ O 3.Sprays [ [ 4. The Flow of a Spray and the Exponential Map O O 5.Existence of Tubular
Neighborhoods O [0 6.Uniqueness of Tubular Neighborhoods [0 CHAPTER [0 Operations on Vector Fields and
Differential Forms [J [J 1.Vector Fields, Differential Operators, Brackets [1 [J 2.Lie Derivative [J [J 3.Exterior
Derivative [J [J 4. The Poincare Lemma. [J [J 5.Contractions and Lie Derivative [J [J 6.Vector Fields and |I-Forms
Under Self Duality 00 O 7.The Canonical 2-Form [0 [J 8.Darboux's Theorem [0 CHAPTER [ The Theorem ol
Frobenius [ O 1.Statement of the Theorem [0 [ 2.Differential Equations Depending on a Parameter [J O 3.Proof
of the Theorem [J [0 4.The Global Formulation [J [J 5.Lie Groups and Subgroups PART O Metrics, Covariant
Derivatives, and Riemannian Geometry [1 CHAPTER [0 Metrics U O 1.Definition and Functoriality [J [ 2.The
Hilbert Group O [ 3.Reduction to the Hiibert Group [0 [J 4.Hilbertian Tubular Neighborhoods [ (1 5.The
Morse-Palais Lemma [J 0 6.The Riemannian Distance [J [J 7.The Canonical Spray J CHAPTER O Covarlent
Derivatives and Geodesics [J [J 1.Basic Properties O [J 2.Sprays and Covariant Derivatives [J [J 3.Derivative
Along a Curve and Parallelism O O 4.The Metric Derivative (1 [1 5.More Local Results on the Exponential Map [
[ 6.Riemannian Geodesic Length and Completeness [1 CHAPTER [J curvature [ [1 1.The Riemann Tensor [J
[ 2.Jacobi Lifts. (I [J 3.Application of Jacobi Lifts to Texp [ [J 4.Convexity Theorems. [ [1 5. Taylor
ExpansionsPART O Volume Forms and Integrationindex
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00 O We shall recall briefly the notion of derivative and some of its usefulproperties. As mentioned in the foreword,
Chapter VIII of Dieudonnésbook or my books on analysis [La 83], [La 93] give a self-contained andcomplete
treatment for Banach spaces.[] We summarize certain factsconcerning their properties as topological vector spaces,
and then wesummarize differential calculus. The reader can actually skip this chapterand start immediately with
Chapter Il if the reader is accustomed tothinking about the derivative of a map as a linear transformation. O In
thefinite dimensional case, when bases have been selected, the entries in thematrix of this transformation are the
partial derivatives of the map.[0 Wehave repeated the proofs for the more important theorems, for the ease ofthe
reader.[] [ It is convenient to use throughout the language of categories. Thenotion of category and morphism

(I whose definitions we recall in 1[0 isdesigned to abstract what is common to certain collections of objects
andmaps between them.[ For instance, topological vector spaces and continuous linear maps, open subsets of
Banach spaces and differentiablemaps, differentiable manifolds and differentiable maps, vector bundles andvector
bundle maps, topological spaces and continuous maps, sets and justplain maps. In an arbitrary category, maps are
called morphisms, and infact the category of differentiable manifolds is of such importance in thisbook that from
Chapter Il on, we use the word morphism synonymouslywith differentiable map O or p-times differentiable map,
to be precisel] . Allother morphisms in other categories will be qualified by a prefix to in-dicate the category to
which they belong.
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