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o-compact, 455

accumulation point, 337, 342
in a topological space, 354

addition, 593

adherent, 608

adjoint, 405

adjugate, 599

algebra, 601
graded, 604
unital, 601

altitude, 542

annihilator, 316

arc, 470, 471

Arzela—Ascoli theorem, ix, 446, 448
local, 459

attractor, 452

axiom of choice, 609

azimuth, 542

Baire’s category theorem, ix, 381, 420-430
Banach sequence space, 430
Banach space, 395
Banach, S., 395
Banach—Steinhaus theorem, 423
base for a topology, 348, 354
base of neighbourhoods, 349, 354
basis, 592
standard, 593
Bernoulli space, 365
sequence space, 365, 370, 436, 443
between, 323
halfway, 323
bilinearity, 312
bivector
simple, 604
Bolzano—Weierstrass theorem, 431, 435,
452, 609
boundary, 346, 349, 354, 382, 533
bounded, 306, 439

612

Index

in norm, 311
locally uniformly, 459

Cantor set
fat, 523, 537
Cantor’s ternary set, 370, 394, 457
Carlyle, T., 481
Cauchy sequence, 386
uniform, 388
Cauchy’s
inequality, 304, 312
Cauchy, A.-L., 304
Cauchy—Schwarz inequality, 314, 461, 481
cell, 513
central core, 324
centre, 324
chain, 609
chain rule, 488, 492, 498, 506, 510,
543
change of variables, 471, 534-543
chart, 549, 551
checker-board colouring, 476
choice
axiom of dependent, 348, 373,
421
circle, 467
unit, 472
closed graph theorem, 424
closed set
in a metric space, 342-349
in a topological space, 360
closure
in a metric space, 342-347, 349
in a topological space, 354, 356
closure point
in a metric space, 342—-345, 349
in a topological space, 354, 359
coordinate projection, 361
column, 593
column operation, 596
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compact

countably, 437

sequentially, 435
compact set

in C(K), 445-448

in a metric space, 441-445

in a topological space, 431-435
compactification, 454

one-point, 454

two-point, 457
complete metric space, 386-394
completely regular, 371
completion of a metric space, 409—411
component

path-connected, 474
configuration space, 449

n-point, 450

finite, 450
conjugate linear, 403
conjugation, 313, 320
connected, 464—-470
constituent cells, 513
content, 513
continuity

in a metric space, 337-342

in a topological space, 354

joint, 362

separate, 362

uniform, 388
contraction mapping, 412
contraction mapping theorem, 412
convergence

absolute

in a Banach space, 396

absolutely uniform, 397

coordinate-wise, 331

in a topological space, 354

local uniform, 457

of a filter, 607

of mappings between metric spaces,

337-342

of sequences in a metric space, 330

uniform, 332

uniform on compact sets, 457
convex, 309

body, 532

strictly convex normed space, 326
countability properties, 375-379
cover, 431

finite, 431

open, 431
Cramer’s rule, 599
cross product, 604—606
cross-section, 361, 363

mapping, 361, 363
curl, 573, 587-590
curve, 470, 548

simple, 548

Index 613

simple closed, 548
steady, 548
cylindrical polar coordinates, 542

dense, 349
in a metric space, 343
in a topological space, 354
derivative, 486
directional, 496-500, 507
higher, 507
partial, 496-500, 507
second, 504
derived set, 342, 349, 354
determinant, 597
diameter, 306
diffeomorphism, 502, 545
differentiable, 486
continuously, 487
differential manifold, 545, 546
differentiation, 485
under the integral sign, 543
dimension, 593
Dini’s theorem, 438, 448, 528
Dirichlet problem, 585
disc, open, 382
discontinuity, 338
dissection, 513
distance, 303, 481
divergence, 573
divergence theorem, 572-582
dual space, 403
dyadic rational number, 325, 373

edge, 471
endomorphism, 595
entropy
Shannon, 560
equicontinuous, 446
uniformly, 448
Euclidean metric, 386, 387
Euclidean space, 317
Euler, L., 399
exterior algebra, 601-604

Fo set, 392
filter, 357, 607

base, 611

free, 611

final point, 470
finite intersection property, 431, 609
finite-dimensional, 592
first category, 422
first countable, 375, 380, 384
fixed point, 412
frontier, 346, 349, 354
function

™), 508

convex, 309
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harmonic, 573, 582-587
Lipschitz, 493
fundamental sequence of compact sets, 456
fundamental theorem
of calculus
vector-valued, 524

Gg set, 392
general principle of convergence
in R, 386
local uniform, 459
uniform, 388, 395
grad, 486
gradient, 486
normal, 556
tangential, 556
Gram—Schmidt orthonormalization,
317
graph, 375
group
alternating, 597
general linear, 418, 534, 595
orthogonal, 327
permutation, 597

Hahn—-Banach theorem, 510

Hausdorff space, 371, 379, 380, 607

Heine—Borel theorem, 431, 452

Hermitian, 313

Hermitian bilinear form, 313

Hilbert cube, 370, 436, 442

Hilbert space, 395

Hilbert, D., 395

homeomorphism, 341, 355
uniform, 389

hypersurface, 546

image, 594
immersion, 545
c®*) 545
smooth, 545
implicit function theorem
diffentiable, 502
Lipschitz, 413, 503
inclination angle, 542
indicator function, 364
initial point, 470
inner product, 312
usual, 313
inner-product space, 313
inside, 568
integral
Cauchy principal value, 524
elementary, 513
improper, 527
Lebesgue, 524
repeated, 525
Riemann

Index

of several variables, 517-525
integral equation, 414
Fredholm, 418
Volterra, 419
interior, interior point, 349
in a metric space, 345
in a topological space, 354
intermediate value theorem,
465
inverse, 595
inverse function theorem
Lipschitz, 416, 537
inverse image, 351
inverse mapping theorem
differentiable, 500
invertible, 417, 500, 595
involution, 320
isolated point
in a metric space, 337, 342,
349
in a topological space, 354
isometry, 319-323
linear, 319
isomorphism
linear, 594
isomorphism theorem, 424

Jacobian, 498
Jordan content, 523, 530-534
inner and outer, 531
Jordan measurable, 523, 530
Jordan—Brouwer separation theorem,
568
juxtaposition, 470

Lagrange multipliers, 557

Lagrange’s identity, 304

Lagrangian, 562

Laplacian, 574

lattice, 365, 513

length, 480

limit
in a metric space, 337
of a filter, 607

limit point, 337, 342, 349
in a metric space, 337, 342
in a topological space, 354, 360, 371

line segment, 470

linear functional, 403

linear operator, 400

linear subspace, 591

linearly independent, 317, 592

linked, 469

local coordinates, 549

local maximum, 555
constrained, 556
constrained strict, 556
strict, 555
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local minima, 555

local minimum
constrained, 556
constrained strict, 556
strict, 555

locally compact, 453

locally connected, 468

locally path-connected, 479

manifold
Cc®), 546
differential, 545
smooth, 546
map, mapping
bilinear, 489
linear, 309, 594
bounded, 401
Lipschitz, 340, 389
orthogonal, 327
restriction, 447
matrix, 497, 593
diagonal, 596
elementary shear, 596
invertible, 595
orthogonal, 328
square, 594
maximal
connected subset, 468
path-connected subset, 474
maximum
strict local, 348
Maxwell, J.C., 486
Mazur—Ulam theorem, ix, 323
mean-value inequality, 491-496
for integrals, 520
mesh size, 513, 523
metric, 303
p-adic, 308
arc-length, 308
discrete, 305
equivalent, 341
Euclidean, 304, 305
Hamming, 308
Hausdorff, 448, 450
infinite product, 369
Lipschitz equivalent, 341
product, 367
standard, 305
subspace, 305, 340
uniform, 307, 332, 345
uniform product, 389, 393
uniformly equivalent, 389
usual, 303
metric space, 303
congruent, 322
similar, 322
metric subspace, 305
metric symmetry, 322

Index 615

metrizable, 353

mirror, 320

multiplication, 601
matrix, 595

nabla, 486
neighbourhood
in a metric space, 349
closed e-neighbourhood, 350
open, 330
punctured e-neighbourhood,
337
in a topological space, 354, 607
punctured, 354
well-behaved, 570
net, e-net, 439
Neumann series, 417
Newton—Raphson method, 496
Niemytzki space, 382
norm, 309
dual, 403
equivalent, 401
Euclidean, 311
operator, 402
product, 367
uniform, 311
norm bounded, 311
normal, 371, 383, 384, 432
normal space, 549
normed space, 309
finite-dimensional, 460
nowhere dense, 422
null-space, 328, 594
nullity, 594

open e-ball, 345
open e-neighbourhood, 345
open mapping theorem, 423
open set
in a metric space, 345
in a topological space, 353
open unit ball, 345
operator
elementary shear, 534, 596
scaling, 534, 596
self-adjoint, 546
order
partial, 365, 513
ordinary differential equation,
414
orthogonal, 315
orthogonal projection, 318
orthonormal
basis, 317
sequence, 317
oscillation, 306, 425, 515
Osgood’s theorem, 381, 385
outside, 568
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parallelogram law, 315
parametrization, 549
path-length, 495
parametrization, path-length, 482,
495
normalized, 482
parity, 476
odd, even, 476
partial order, 365, 513
partition of unity, smooth, 565
path, 470
circular, 472
closed, 470
continuously differentiable, 493
dyadic, 471
equivalent, 471
Hilbert’s, 476-478, 480
linear, 470
piecewise continuously differentiable,
493
piecewise linear, or polygonal, 471,
495
rectifiable, 480
rectilinear, 471
similar, 471
similar closed, 471
simple, 471
simple closed, 472
space-filling, 478
path-connected, 473
locally, 474
path-connected component, 474
Peano, 475
perfect set
in a metric space, 342, 349
in a topological space, 354
point at infinity, 454
Poisson kernel, 584
polarization formula, 315
positive definite, 313
positive semi-definite, 316
pre-inner-product space, 316
precompact, 439
principle of condensation of singularities,
423
principle of uniform boundedness,
422
projection
orthogonal, 406
pseudometric, 307, 311

quadratic form, 558
quotient vector space, 312

radius, 542

rank, 328, 594

rank-nullity formula, 328, 594
refine, 513, 607

Index

reflection

simple, 320
regular, 371, 380
removable discontinuity, 349
reparametrization, 471
reverse, 471
Riemann integral, x, 515-517
right shift, 405
Rolle’s theortem, 555
rotation, 320

elementary, 328
row, 593
row operation, 596

saddle point, 559
sandwich principle, 339
scalar, 591
scalar multiplication, 591
scalar potential, 573
scalar triple product, 605
Schwarz, H.A., 312
second category, 422
second countable, 375, 384, 442
self-adjoint, 547
seminorm, 311
separable, 347, 349, 354, 375, 380,
384, 442
separation properties,
370-375
sesquilinearity, 313
signature, 597
span, 591
special linear group, 548
sphere, unit, 342, 499, 546
spherical polar coordinates, 542
split, 464
splitting, 464
splitting point, 469
stationary point, 555
constrained, 556
step function, 514
subadditive, 309
subcover, 431
submersion, 545
) 545
smooth , 545
Sunyer y Balaguer, F., 426
symmetric, 316, 324
symmetric bilinear form, 313
symmetric difference, 308
symmetry, 313

Ty space, 371, 379
tail sequence, 392
tangent, 382
tangent bundle, 551
tangent space, 549
tangent vector, 548
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tend, 330, 337, 354
test
Abel’s
for Banach spaces, 399
Cauchy’s
for Banach spaces, 396
D’Alembert’s ratio
for Banach spaces, 397
Dirichlet’s
for Banach spaces, 398
Hardy’s
for Banach spaces, 398
uniform, 398
Weierstrass’ uniform M, 397, 399
for products, 397
Tietze’s extension theorem, 406, 407
topological space, 353
subspace, 355
topologically complete, 392
topology, 349
Bernoulli, 365
coarser or weaker, 354
cocountable, 355
cofinite, 355, 379, 433
discrete, 355
finer or stronger, 354
indiscrete, 355
metric space, 353
of a metric space, 345
of local uniform convergence, 458
of pointwise convergence, 364
one-sided, 355
product, 363
quotient, 355

Index 617

right half-open interval, 356
subspace, 355
Zariski, 355
totally bounded, 439
trace, 600
track, 473
translation, 320
translation-invariant, 309
transpose, 546
triangle inequality, 303
Tychonoff’s theorem, ix, 607, 610

ultrafilter, 609

ultrametric, 349

unit sphere bundle, 552

unit vector, 310

unit volume element, 604

unitary space, 317

upper semi-continuous, 360

Urysohn’s lemma, 352, 373, 408

Urysohn’s metrization theorem,
378, 443

vector, 591

vector derivative, 589

vector field, 572
conservative, 573
solenoidal, 573

vector space, 591

vector triple product, 606

vertex, 471

volume, 513

well-linked, 469
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