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Preface

Personalities and Stakes
Differential calculus is a collection of algebraic tools that enable the exact resolution of certain
geometrical problems posed by the ancients: determining the length of a curve, the area of
a geometric ϐigure, or the volume of a solid, for example, or ϐinding the tangent line to any
geometric shape. By the 17th century, it was already possible to solve these problems.

Isaac Newton and his British contemporaries relied on velocity and rates of change in
a theory of ϐluxions, whereas Leibniz and European mathematicians used inϐinitesimal in-
crements, or differentials, mysterious quantities larger than 0, but smaller than any other
number.¹ The results obtained were valid in both frameworks, but the methods used in ei-
ther case were far from satisfactory. It was not necessary to understand why the methods
were valid for them to work, but the question often recurred, scratching the collective sub-
conscious of mathematicians, philosophers, and theologians of the time: mathematics was
considered “divine” or “heavenly”, so why was there so much ambiguity?²

Both methods used the notion of inϐinity without ever deϐining the concept; unfortu-
nately, inϐinity has the troublesome habit of defying intuition when one least expects it.

The French mathematician d’Alembert then attempted to provide a certain formalism by in-
troducing the notion of a limit,

[...] the number which one can approach as closely as one wishes by using a se-
quence of secant approximations [...],

but his deϐinition hardly proved more precise. What is meant by “approaching”? Do we ever
reach this number?

It was in response to this lack of formalism thatmathematical analysiswas established.
Its foundations are owed, among others, to Cauchy, Gauss, and Weierstrass; calculus is an
“intuitive” version of their analysis.

¹Mathematicians of the era engaged in furious academic battles over the priority of discovery; the British
insisted that Newton was the inventor of differential calculus since he had used it to calculate the orbits of
planets; but Leibniz published his results on the derivative of a product before Newton. Several collaborations,
as well as many friendships, became casualties of the conϐlict.

²Bishop Berkeley, in a (now famous) treatise published in 1734, attacked the approaches of both camps: If
velocity is the ϐirst derivative (the ϐirst ϐluxion) of a particle’s position, what corresponds to the second and third
derivatives? How can a quantity be smaller than any other quantity? Are inϐinitesimals the ghosts of departed
quantities? We now have answers to these questions, but it wasn’t always the case...
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PREFACE

Prerequisites and Course Notes Overview
Readers are assumed to have taken three semesters of calculus, two semesters of linear alge-
bra, and one course in mathematical reasoning and proofs at the university level (MAT 1320,
MAT 1322, MAT 1341, MAT 1362, MAT 2122, andMAT 2141 at the University of Ottawa), and
more importantly, to havemastered their contents.

Each of the ϐirst four parts corresponds roughly to a course offered (or previously offered)
at the University of Ottawa:

Part I: MAT 2125 (Elementary Real Analysis, formerly Real Analysis I);
Part II: MAT 3120 (formerly Real Analysis III, currently Real Analysis);
Part III: MAT 2121 (formerly Real Analysis II, not in the course catalogue anymore, ex-
cept as a special topics course), and
Part IV: MAT 4153 (General Topology),

whereas Part V contains tidbits that could easily be found in MAT 3120, MAT 3121 (Com-
plex Analysis I), MAT 3130 (Introduction to Dynamical Systems), MAT 4121 (Measure and In-
tegration I), and/or MAT 4124 (Introduction to Functional Analysis).³

Any analyst and any topologist worth their salt will have to tackle all the topics listed above in
their training (andmore besides, depending on their individual research interests), but there
is no substitute for taking courses and learning from speciϐic instructors.

I make these notes available mainly to help students bridge gaps caused by scheduling
issues and to whet their appetites by giving them a chance to look ahead.

No matter how we swing it, there is a lot of material to cover, and there is no denying that
some of it can be scary the ϐirst time it is encountered ... but it helps to keep in mind that
analysis is mostly fun once we get the hang of it.

So roll up your sleeves, and happy learning!

Patrick Boily
Wakeϔield, Canada

December 2023
revised: July 2026

Note: I used ChatGPT in the revision stage to identify and correct typos and spelling mis-
takes (of which there were an embarrassing number) and to generate a ϐirst-pass index; any
remaining errors are mine.

³The presentation in the last 4 chapters is cruder than it is in the ϐirst 21, being only very brief introductions
to “adjacent” content.

P. Boily (uOttawa) v



Contents

Preface iii
Personalities and Stakes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii
References and Inϐluences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iv
Prerequisites and Course Notes Overview . . . . . . . . . . . . . . . . . . . . . . . . . v

I Elementary Real Analysis 1

1 The Real Numbers 3
1.1 Hierarchy of Number Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.2 Cardinality of Sets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
1.3 Nested Intervals Theorem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
1.4 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

2 Sequences of Real Numbers 33
2.1 Inϐinity vs. Intuition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
2.2 Limit of a Sequence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
2.3 Operations on Sequences and Basic Theorems . . . . . . . . . . . . . . . . . . . 41
2.4 Bounded Monotone Convergence Theorem . . . . . . . . . . . . . . . . . . . . . 47
2.5 Bolzano-Weierstrass Theorem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
2.6 Cauchy Sequences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
2.7 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

3 Limits and Continuity 67
3.1 Limit of a Function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
3.2 Properties of Limits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
3.3 Continuous Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
3.4 Max/Min Theorem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
3.5 Intermediate Value Theorem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
3.6 Uniform Continuity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
3.7 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

vi



CONTENTS

4 Differential and Integral Calculus 101
4.1 Differentiation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

4.1.1 Mean Value Theorem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
4.1.2 Taylor’s Theorem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
4.1.3 Relative Extrema . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

4.2 Riemann Integral . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
4.2.1 Riemann’s Criterion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118
4.2.2 Properties of the Riemann Integral . . . . . . . . . . . . . . . . . . . . . . 121
4.2.3 Fundamental Theorem of Calculus . . . . . . . . . . . . . . . . . . . . . . 128
4.2.4 Evaluation of Integrals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130

4.3 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144

5 Sequences of Functions 145
5.1 Pointwise and Uniform Convergence . . . . . . . . . . . . . . . . . . . . . . . . . 145
5.2 Limit Interchange Theorems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149
5.3 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156

6 Series of Functions 157
6.1 Series of Numbers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
6.2 Series of Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163
6.3 Power Series . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165
6.4 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178

II Real Analysis and Metric Spaces 179

7 The Real Numbers (Reprise) 181
7.1 Cauchy Sequences inQ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
7.2 Building R by CompletingQ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182
7.3 An Order Relation on R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186

8 Metric Spaces and Sequences 187
8.1 Preliminaries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187

8.1.1 Norms, Metrics, and Topology . . . . . . . . . . . . . . . . . . . . . . . . . 187
8.1.2 Continuity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203

8.2 Sequences in a Metric Space . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 208
8.2.1 Closure, Closed Subsets, and Continuity . . . . . . . . . . . . . . . . . . . 210
8.2.2 Complete Spaces and Cauchy Sequences . . . . . . . . . . . . . . . . . . . 211

8.3 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 216
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 232

P. Boily (uOttawa) vii



CONTENTS

9 Metric Spaces and Topology 237
9.1 Compact Spaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237

9.1.1 The Borel-Lebesgue Property . . . . . . . . . . . . . . . . . . . . . . . . . 238
9.1.2 The Bolzano-Weierstrass Property . . . . . . . . . . . . . . . . . . . . . . 240

9.2 Connected Spaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245
9.2.1 Characterization of Connected Spaces . . . . . . . . . . . . . . . . . . . . 248
9.2.2 Path-Connected Spaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 251

9.3 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 258

10 Normed Vector Spaces 261
10.1 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 268

11 Sequences of Functions in Metric Spaces 269
11.1 Uniform Convergence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269

11.1.1 Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272
11.1.2 Abel’s Criterion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 276

11.2 Fourier Series . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 278
11.2.1 Trigonometric Series and Periodic Functions . . . . . . . . . . . . . . . . 279
11.2.2 Again, Abel’s Criterion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281
11.2.3 Convergence of Fourier Series . . . . . . . . . . . . . . . . . . . . . . . . . 285
11.2.4 Dirichlet’s Convergence Theorem . . . . . . . . . . . . . . . . . . . . . . . 287
11.2.5 Quadratic Mean Convergence . . . . . . . . . . . . . . . . . . . . . . . . . 291

Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 294

III Vector Analysis and Differential Forms 297

12 Alternating Multilinear Forms 299
12.1 Linear Algebra Notions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299
12.2 Anti-Symmetric Forms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 301
12.3 Wedge Product of Alternating Forms . . . . . . . . . . . . . . . . . . . . . . . . . 304
12.4 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 307
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 312

13 Differential Forms 313
13.1 Differential p−Forms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 313
13.2 Exterior Derivative . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 316
13.3 Antiderivative . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 319
13.4 Pullback of a Differential Form . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 325
13.5 Vector Fields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 328
13.6 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 332
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 334

viii Analysis and Topology Course Notes



CONTENTS

14 Integrating Differential Forms 335
14.1 Line Integral of a Differential 1−Form . . . . . . . . . . . . . . . . . . . . . . . . . 335
14.2 Integral of a Differential p−Form . . . . . . . . . . . . . . . . . . . . . . . . . . . 343
14.3 Green’s Theorem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 344
14.4 Surfaces and Orientable Surfaces in R3 . . . . . . . . . . . . . . . . . . . . . . . . 349
14.5 Integral of a Differential Form on an Orientable Surface . . . . . . . . . . . . . . 352
14.6 Area of a Surface and Flux Integral . . . . . . . . . . . . . . . . . . . . . . . . . . . 356
14.7 Stokes’ Theorem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 357
14.8 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 358
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 368

IV Topology 373

15 General Topology Concepts 375
15.1 Basic Deϐinitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 375
15.2 Box and Subspace Topologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 379
15.3 Dual Deϐinitions and Separation Axioms . . . . . . . . . . . . . . . . . . . . . . . 381
15.4 Continuity and Homeomorphisms . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
15.5 Product Topology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 390
15.6 Quotient Topology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 391
15.7 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 393
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400

16 Connected Spaces 401
16.1 Connected Sets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 401
16.2 Path-Connectedness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 405
16.3 Local (Path) Connectedness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 407
16.4 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 408
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 410

17 Compact Spaces 413
17.1 Compactness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 413
17.2 Limit Point and Sequential Compactness . . . . . . . . . . . . . . . . . . . . . . . 423
17.3 Local Compactness and One-Point Compactiϐication . . . . . . . . . . . . . . . . 426
17.4 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 429
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 435

18 Countability and Separation 437
18.1 Countability Axioms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 437
18.2 Separation Axioms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 441
18.3 Results of Urysohn and Tietze . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 445
18.4 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 451
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 456

P. Boily (uOttawa) ix



CONTENTS

19 Advanced Topics 457
19.1 Tychonoff’s Theorem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 457
19.2 Stone-Cƽech Compactiϐication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 461
19.3 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 464
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 466

20 Introduction to Algebraic Topology 467
20.1 Fundamental Groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 467
20.2 Covering Spaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 472
20.3 Fundamental Groups of S1 and R2 \ {0} . . . . . . . . . . . . . . . . . . . . . . . 476
20.4 Special Seifert-Van Kampen Theorem . . . . . . . . . . . . . . . . . . . . . . . . . 481
20.5 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 483
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 489

V Advanced Topics in Analysis 491

21 Borel-Lebesgue Integration 493
21.1 Borel Sets and Borel Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 495
21.2 Integral of Simple Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 503
21.3 Integral of Positive Borel Functions . . . . . . . . . . . . . . . . . . . . . . . . . . 505
21.4 Integral of Borel Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 513
21.5 Integration Over a Subset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 515
21.6 Multiple Integrals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 516
21.7 Change of Variables and/or Coordinates . . . . . . . . . . . . . . . . . . . . . . . 520

21.7.1 Polar Coordinates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 522
21.7.2 Spherical Coordinates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 523

21.8 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 524
21.8.1 Borel-Lebesgue Integral on Rn . . . . . . . . . . . . . . . . . . . . . . . . 524
21.8.2 Multivariate Calculus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 531

Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 546

22 Supplemental Analysis Results 551
22.1 The Banach Fixed Point Theorem . . . . . . . . . . . . . . . . . . . . . . . . . . . 551
22.2 Normed Spaces, Linear Functionals, and Duality . . . . . . . . . . . . . . . . . . 554
22.3 The Hahn-Banach Theorem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 555
22.4 Baire Category Theorem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 560
22.5 Function Spaces And Compactness . . . . . . . . . . . . . . . . . . . . . . . . . . 565
22.6 Weierstrass Approximation Theorem . . . . . . . . . . . . . . . . . . . . . . . . . 567
22.7 Hilbert Spaces and Orthogonal Expansions . . . . . . . . . . . . . . . . . . . . . . 571
22.8 The Inverse Function Theorem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 576
22.9 Implicit Function Theorem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 578
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 581

x Analysis and Topology Course Notes



CONTENTS

23 Dynamical Systems and Bifurcation Theory 593
23.1 Foundations Of Dynamical Systems . . . . . . . . . . . . . . . . . . . . . . . . . . 594
23.2 Linear Systems And Local Behavior . . . . . . . . . . . . . . . . . . . . . . . . . . 596
23.3 Nonlinear Dynamics And Linearization . . . . . . . . . . . . . . . . . . . . . . . . 597
23.4 Bifurcation Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 600
23.5 Discrete Dynamics And Chaos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 601
23.6 Symmetry, Equivariance, And Global Behavior . . . . . . . . . . . . . . . . . . . . 603
23.7 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 604
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 605

24 Complex Analysis Fundamentals 607
24.1 Basic Notions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 607
24.2 Analytic Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 611
24.3 Integration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 614
24.4 Series . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 621
24.5 Residues, Poles, and Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . 624
24.6 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 626
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 628

25 Basics of Functional Analysis 631
25.1 Inϐinite-Dimensional Vector Spaces: First Warnings . . . . . . . . . . . . . . . . 631
25.2 Normed Vector Spaces And Banach Spaces Revisited . . . . . . . . . . . . . . . . 633
25.3 Bounded Linear Operators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 635
25.4 Dual Spaces And The Hahn-Banach Theorem . . . . . . . . . . . . . . . . . . . . 637
25.5 Hilbert Spaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 641
25.6 Convergence In Banach And Hilbert Spaces . . . . . . . . . . . . . . . . . . . . . 645
25.7 Compact Operators And The Spectral Theorem . . . . . . . . . . . . . . . . . . . 646
25.8 Applications And Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 648
25.9 Solved Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 649
Exercises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 650

Index 651

P. Boily (uOttawa) xi


	Preface
	Personalities and Stakes
	References and Influences
	Prerequisites and Course Notes Overview


