Abel, 489
abelian group, 118
direct sum for, 137, 138
finitely generated, 174
free, 174
tensor product for, 569
absolute value, 594
addition in abelian group, 118
addition in ring, 140
addition in vector space, 34
addition of cardinal numbers, 602
addition of matrices, 25
additive extension, 565
additive functor, 576
additive in a variable, 565
adjoin, 450
adjoint, 99, 100
classical, 72
algebra, 277
alternative, 301
associative, 277, 369
associativeR, 377
Clifford, 299
division, 370
exterior, 288
filtered associative, 298
graded associative, 298
group, 377, 441
Heisenberg Lie, 299
Jordan, 300
Lie, 278, 298
polynomial, 286
symmetric, 281
tensor, 279
tensor product for, 573
universal enveloping, 298
Weyl, 299
algebraic closure, 461
existence, 461

INDEX

uniqueness, 461
algebraic curve, 408
algebraic element, 450
algebraic extension, 452
finite, 452
simple, 453
algebraic integer, 339, 408, 417, 510

algebraic number, 122, 384, 453, 460, 510
algebraic number field, 122, 370, 384, 453

algebraically closed, 460
algebraically closed field, 210
alternating, 67
alternating bilinear form, 250
alternating group, 120, 170
alternating matrix, 254
alternative algebra, 301
annihilator, 52
antisymmetrized tensor, 291
antisymmetrizer, 291
ascending chain condition, 414, 556
associate, 390
associated graded map, 297
associated graded vector space, 297
associated primitive polynomial, 393
associative algebra, 277, 369

filtered, 298

graded, 298

tensor product for, 573
associative law, 25, 34, 82,117, 140
associativeR algebra, 377
associativity formula, 571, 572
associator, 301
automorphism, 449

of group, 166

inner, 199

of number field, 123
Axiom of Choice, 587

Baer multiplication, 352, 358
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basis, 36, 174
dual, 51
free, 309
standard, 36
standard ordered, 48
Weyl, 293
BCH code, 543
Bessel's inequality, 93
bilinear, 89
bilinear form, 246
alternating, 250
invariant, 257
nondegenerate, 248
skew-symmetric, 250
symmetric, 250
bilinear function, 260, 565
bilinear map, 260
bilinear mapping, 260
bimodule, 564
block, 230
Bolzano—Weierstrass Theorem, 593
boundary map, 574
Burnside's Theorem, 342

cancellation law, 117
canonical form, 210
Jordan, 229, 406
rational, 243, 443, 444
of rectangular matrix, 239
canonical-form problem, 212
canonical map into double dual, 54
Cantor, 602
Cardan’s formula, 488, 505, 508
Cardano, 488
cardinal number, 600
cardinality, 599
Cartan matrix, 86
Cartesian product, 585
indexed, 587
category, 53, 134, 188
opposite, 190, 208
Cayley number, 301
Cayley’'s Theorem, 124
Cayley-Dickson construction, 301
Cayley—Hamilton Theorem, 219
center, 369, 377, 545
of group, 163
centralizer of element, 164

Index

chain, 574, 595
chain condition
ascending, 414, 556
descending, 556
change of rings, 564, 569
character, 336
multiplicative, 326
characteristic of a field, 147
characteristic polynomial, 73, 216
characteristic subgroup, 357
check matrix, 542
Chinese Remainder Theorem, 6, 402
class, 584, 585
equivalence, 590
class equation of group, 185-186
class function, 337
classical adjoint, 72
Clifford algebra, 299
closed, 574
closed form, 575
coboundary, 353
coboundary map, 353
cochain, 353
cocycle, 353
code, 205
BCH, 543
cyclic, 542
cyclic redundancy, 207
dual, 360
error-correcting, 204, 360, 541
Hamming, 206
linear, 205
parity-check, 205
repetition, 205
self-dual linear, 360
coefficient, 9, 148
Fourier, 327, 359
leading, 149
matrix, 333
cofactor, 70, 215
cohomology group, 353
cohomology of groups, 352, 575
collection, 585
column space, 38
column vector, 25
in an ordered basis, 45
common multiple, 32
commutative diagram, 193
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commutative law, 25, 34, 82,118 cyclic code, 542
commutative ring, 140 cyclic group, 124
commutator, 357 cyclic R module, 398
commutator subgroup, 310 cyclic redundancy code, 207
complement, 585 cyclic subspace, 241
completely reducible, 546 cyclic vector, 242
complex, 574, 576 cyclotomic field, 485, 495
complex conjugate of vector space, 114 cyclotomic polynomial, 396, 484, 535
complex conjugation, 594
complex number, 594 dal Ferro, 488
complexification, 271 de Rham cohomology, 575
composition, 588 decomposition group, 529
composition factor, 172, 552 Dedekind domain, 413, 434, 446, 520
composition series, 171, 551 degree, 10, 149, 154, 452
congruent modulo, 119 dependent, integrally, 417
conjugacy class, 164 derivative of polynomial, 457
conjugate, 164 descend to, 57, 132, 146, 375
conjugate linear, 89 descending chain condition, 556
conjugates of an element, 518 determinant, 65, 213
conjugation, complex, 594 Gram, 113
consecutive quotient, 171, 551 of linear map, 66
constant polynomial, 10, 149, 154 of matrix, 66
constructible coordinates, 465 properties of, 68, 214

field of, 466 of square matrix, 67
constructible regular polygon, 468, 483,493  Vandermonde, 71, 215
contraction of ideal, 428 diagonal entry, 24, 178, 443
contragredient, 53 diagonal matrix, 24, 443

matrix of, 53 diagram, 193
contragredient representation, 362 commutative, 193
contravariant functor, 192 square, 193
convolution, 336, 369, 378 difference, 585
coproduct functor, 198, 373, 580 difference product, 506

in a category, 196 differential equations, system, 244
corner variable, 21 differential form, 575
correspondence, one-one, 588 differentiation, 457
coset, 128 dihedral group, 120, 168, 313
countable, xviii dimension, 555
counting formula, 163 of vector space, 37, 78
covariant functor, 191 direct image, 588
Cramer's rule, 24, 72, 215 direct product
CRC-8, 207 of groups, 125, 126, 135, 136
crossed homomorphism, 354 of Rmodules, 373
cubic polynomial, 537 of rings, 371
cubic resolvent, 540 of vector spaces, 62, 63
cut, 592 direct sum
cycle, 15 of abelian groups, 137, 138
cycle structure, 165 of Rmodules, 373

cycles, disjoint, 16 of vector spaces, 59, 60, 61, 62, 64
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Dirichlet’s theorem on primes in arithmetic

progressions, 327, 364
discriminant, 506, 527, 528
disjoint cycles, 16
disjoint union, 197
distributive law, 26, 34, 140
divide, 1, 10, 385, 435
division algebra, 370
division algorithm, 2, 11
division ring, 143, 370
divisor, 1
elementary, 177, 443
greatest common, 2, 8, 12, 390
zero, 143

Dixmier, 550

domain, 586
Dedekind, 413, 434, 446, 520
Euclidean, 389, 441, 442
integral, 143
principal ideal, 387, 439
unique factorization, 386

dot product, 89

double a cube, 465, 467

double dual, 54

dual
double, 54
of vector space, 50

dual basis, 51

dual code, 360

dual space, 50

duality in category theory, 208

eigenspace of linear function, 76
eigenspace of matrix, 73
eigenvalue of linear function, 76
eigenvalue of matrix, 73
eigenvector of linear function, 76
eigenvector of matrix, 73
Eisenstein’s irreducibility criterion, 395
element, 583, 584
elementary divisor, 177, 443
elementary matrix, 28
elementary row operation, 20
elementary symmetric polynomial, 445
entity, 583
entry, 20, 24

diagonal, 24, 178, 443
enveloping algebra, universal, 298

Index

equality of matrices, 24
equation, linear, 23
equivalence class, 590
equivalence relation, 589
equivalent factor set, 349
equivalent finite filtrations, 552
equivalent group extensions, 349
equivalent normal series, 172
equivalent words, 304
equivariant mapping, 189
error-correcting code, 204, 360, 541
Euclidean algorithm, 2, 13
Euclidean domain, 389, 441, 442
Eulerg function, 7
evaluate, 10
evaluation, 150, 156
even permutation, 120
exact, 575
exact form, 575
exact sequence, 575, 576

short, 576

split, 579
expansion

in cofactors, 70, 215

homogeneous-polynomial, 154

monomial, 154
expressible in terms df and radicals, 490
extension

additive, 565

algebraic, 452

field, 449

finite, 452

finite algebraic, 452

finite Galois, 479

group, 345

of ideal, 428

linear, 44, 261

normal, 476

of scalars, 272, 564, 569

separable, 472

simple algebraic, 453
exterior algebra, 288
external direct product

of groups, 125, 135

of R modules, 373
external direct sum

of abelian groups, 137

of Rmodules, 373



of vector spaces, 59, 61

external semidirect product of groups, 167

factor, 1, 10, 135, 385, 435
factor group, 131
factor ring, 145
factor set, 345
Factor Theorem, 11
factor through, 57, 132, 146, 375
factorization, 1, 10
nontrivial, 2, 10
prime, 5
unique, 5, 14
family, 585
fast Fourier transform, 327, 361
Fermat number, 468
Fermat prime, 468
Fermat's Little Theorem, 141
Ferrari, 488
field, 141
algebraically closed, 210, 460
characteristic of, 147
of constructible coordinates, 466
cyclotomic, 485, 495
extension, 449
finite, 142, 152, 158, 370, 457, 483
fixed, 469
of fractions, 380, 591
Galois, 457
number, 122, 142, 370, 384, 453
obtained by adjoining, 450
prime, 147
guadratic number, 418, 538
splitting, 454
field isomorphism, 449
field map, 449
field mapping, 449
field polynomial, 514
filtered associative algebra, 298
filtered vector space, 297
filtration finite, 551
finite algebraic extension, 452
finite basis condition, 414, 556
finite extension, 452
finite field, 142, 152, 158, 370, 457, 483
finite filtration, 551
finite Galois extension, 479
finite length, 554

Index

finite linear combination, 35

finite order, 129

finite rank, 176

finite rank of freeR module, 398

finite support, 378

finite-dimensional vector space, 37

finitely generated abelian group, 174
fundamental theorem for, 177

finitely generated group, 312

finitely generated?k module, 397

finitely presented group, 312

First Isomorphism Theorem, 57, 132, 376

Fitting’s Lemma, 579
fixed field, 469
forgetful functor, 191
form, 260
bilinear, seebilinear form
Hermitian, 255
sesquilinearseesesquilinear form
skew-Hermitian, 255
Fourier coefficient, 327, 359
Fourier inversion formula
for class functions, 338
for finite abelian group, 327
for finite group, 335
Fourier inversion problem, 327
Fourier series, 327
fractional ideal, 446
unique factorization of, 447
fractions
field of, 380, 591
partial, 441
free abelian group, 174
free basis, 309
free group, 305
rank, 311
free product, 197, 320
free R module, 374
free subset, 309
Frobenius map, 458
function, 585
bilinear, 260
class, 337
k-linear, 260
k-multilinear, 260
linear, 42, 44
multilinear, 260
polynomial, 152, 157



708 Index

functional direct product for, 125, 126, 135, 136
linear, 50 finitely generated, 312
multilinear, 66 finitely presented, 312

functor, 53, 134 free, 305
additive, 576 free abelian, 174
contravariant, 192 free product for, 320
coproduct, 198, 373, 580 Galois, 469
covariant, 191 general linear, 121
forgetful, 191 homomorphism of, 130
product, 196, 373 icosahedral, 365

Fundamental Theorem octahedral, 365
of Algebra, 14, 460, 486 order of, 128
of Arithmetic, 5 orthogonal, 121
of Finitely Generated Abelian Groups, 177  quaternion, 127
of Finitely Generated Modules, 399 guotient of, 131
of Galois Theory, 342, 479 rotation, 121

semidirect product for, 167, 168

Galois, 489 simple, 170

Galois extension, finite, 479 solvable, 488

Galois field, 457 special linear, 121

Galois group, 469 special unitary, 121

Galois theory, 122, 479 symmetric, 120

Gauss, 468, 483, 495 tetrahedral, 365

Gauss’s Lemma, 392 trivial, 117

Gaussian integer, 389, 442 unitary, 121

general linear group, 121 of units, 142

generated by, 124 group action, 123, 158

generated submodule, 374-375 transitive, 162

generating polynomial, 207, 542 trivial, 160

generator, 124, 174, 397 group algebra, 377, 441
monic, 242 group extension, 345

generators, 311 group ring, integral, 370

graded associative algebra, 298

graded vector space, 297 Hamming code, 206

Gram determinant, 113 Hamming distance, 204-205

Gram matrix, 113 Hamming space, 204

Gram-Schmidt orthogonalization process, 94harmonic analysis, 501

greatest common divisor, 2, 8, 12, 390 harmonic polynomial, 115

greatest lower bound, 593 Heisenberg Lie algebra, 299

group, 117 heptadecagon, 498
abelian, 118 Hermite, 510
alternating, 120, 170 Hermitian, 100
automorphism of, 166 Hermitian form, 255
center of, 163 Hermitian matrix, 256
cohomology, 353 Hermitian sesquilinear form, 255
cyclic, 124 Hermitian symmetric, 89
decomposition, 529 Hilbert Basis Theorem, 413, 415

dihedral, 120, 168, 313 Hilbert—Schmidt norm, 111
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homogeneous element, 278
homogeneous ideal, 281
homogeneous polynomial, 115, 154

algebraic, 339, 408, 417, 510
Gaussian, 389, 442
integers modulo, 119

homogeneous system, 23 integral, 417
homogeneous-polynomial expansion, 154  integral closure, 413, 418
homomorphism integral domain, 143

crossed, 354 integral group ring, 370

of groups, 130 integrally closed, 422

of R modules, 372 integrally dependent, 417

of rings, 143 Intermediate Value Theorem, 593

substitution, 150, 155 internal direct product
of groups, 126, 136

icosahedral group, 365 of Rmodules, 373

ideal, 144 of vector spaces, 63
contraction of, 428 internal direct sum

extension of, 428 of abelian groups, 139

fractional, 446 of Rmodules, 374

left, 375 of vector spaces, 60, 61, 64

maximal, 382 internal semidirect product of groups, 168
prime, 381 intersection, 585

principal, 387 indexed, 587

right, 375 intertwining operator, 330

two-sided, 144 invariant

unique factorization of, 435 of group action, 354

identity element, 117
identity in aring, 141
identity matrix, 27

leave a bilinear form, 257
invariant subspace, 73, 330
invariant vector subspace, 216

identity morphism, 189 inverse, 190

image, 586 multiplicative, 142
direct, 588 inverse element, 117
of homomorphism, 130 inverse function, 588

inverse, 589 inverse image, 589
imaginary part, 594 inverse matrix, 27
independent variable, 21 invertible matrix, 27
indeterminate, 9, 148, 153 involution, 240
index of subgroup, 163 irreducible element, 385
indexed Cartesian product, 587 irreducible leftR module, 546
indexed intersection, 587 irreducible representation, 330

indexed union, 587 isometry, 158

infimum, 593 isomorphic, 48, 118, 143, 191, 349, 375
infinite order, 129 isomorphism, 48, 118, 143, 190, 375, 449
infinite-dimensional vector space, 78 natural, 265

inhomogeneous system, 23 isotropic subspace, 293

injection, 59, 62 isotropy subgroup, 162

inner automorphism, 199 isotypic submodule, 580
inner product, 89 lwasawa decomposition, 112
inner-product space, 89

integer Jacobi identity, 298
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Jordan algebra, 300

Jordan block, 229, 406

Jordan canonical form, 229, 406
Jordan form, 229

Jordan normal form, 229
Jordan—tdider Theorem, 174, 553

self-dual, 360
linear combination, 35
linear equation, 23
linear extension, 44, 261
linear fractional transformation, 159
linear function,seelinear map
linear functional, 50

k isomorphism, 449 linear map, 42, 44

k-linear, 66

k-linear function, 260
k-linear map, 260
k-linear mapping, 260

determinant of, 66
eigenspace of, 76
eigenvalue of, 76

eigenvector of, 76

k-multilinear function, 260
k-multilinear map, 260
k-multilinear mapping, 260
kernel

of homomorphism, 130

of linear map, 46
Kronecker delta, xviii, 27
Kronecker product, 294

kernel of, 46

normal, 109

orthogonal, 102

positive definite, 106

positive semidefinite, 106

unitary, 102
linear mappingseelinear map
linear operator, 42
linear transformatiorseelinear map
linearly independent set, 36, 174
local ring, 430
localization, 413

of R at the primeP, 427

of R with respect tdS, 425

Lagrange resolvents, 501
Lagrange’s Theorem, 129

law of composition, 188

law of cosines, 90

law of quadratic reciprocity, 494, 539

leading coefficient, 149

leading term, 149

least common multiple, 32

least upper bound, 593, 596

leave a bilinear form invariant, 257

left coset, 128

left ideal, 375

left R module, 371

left radical, 247

left regular representation, 329, 335, 362

left vector space, 547

left-coset space, 129

Legendre polynomial, 113

length of module, 554

length of word, 304

letter, 120

Lie algebra, 278, 298
Heisenberg, 299

Lie bracket, 298

Lindemann, 510

linear, 42, 44

linear code, 205

lower bound, 593

MacWilliams identity, 361

map, 586
bilinear, 260
coboundary, 353
field, 449
k-linear, 260
k-multilinear, 260
linear, 42, 44
multilinear, 260
mapping seemap
matrix, 24
addition for, 25
alternating, 254
Cartan, 86
check, 542
coefficient, 333
column space of, 38
determinant of, 66, 67
diagonal, 24, 443
eigenspace of, 73



eigenvalue of, 73
eigenvector of, 73
elementary, 28
equality for, 24
Gram, 113
Hermitian, 256
identity, 27
inverse, 27
invertible, 27
of a linear map in an ordered basis, 45
multiplication for, 26
nilpotent, 230
nonsingular, 215
null space of, 38
orthogonal, 102
positive definite, 106
positive semidefinite, 106
rank of, 41
row space of, 38
scalar multiplication for, 25
singular, 215
skew-symmetric, 254
square, 24
symmetric, 250
symplectic, 446
trace of, 74
transpose of, 41
unitary, 102
Vandermonde, 71, 215
zero, 25
matrix representation, 329
matrix ring, 368
maximal element, 595
maximal ideal, 382
maximum condition, 414, 556
member, 585
minimal distance, 205
minimal polynomial, 219, 221, 451
minimum condition, 556
module
cyclic, 398
direct product for, 373
direct sum for, 373
of finite rank, 398
finitely generated, 397
freeR, 374
homomorphism of, 372
irreducible, 546
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left R, 371

quotient, 375

rank of, 399

right R, 372

semisimple, 546

simple, 546

tensor product for, 565
modulo, 119
monic generator, 242
monic polynomial, 149
monomial, 154
monomial expansion, 154
morphism, 188

identity, 189
multilinear form, symmetric, 280
multilinear function, 260
multilinear functional, 66
multilinear map, 260
multilinear mapping, 260
multiple, 1, 10

least common, 32
multiplication

in an algebra, 277

Baer, 352, 358

in a group, 117

of matrices, 26

in aring, 140
multiplicative character, 326
multiplicative inverse, 142
multiplicative system, 425
multiplicity of a root, 14

n-fold tensor product, 277
Nakayama’s Lemma, 432
natural isomorphism, 265
natural transformation, 265
negative, xviii, 118
nicely normed, 302
Nielsen—Schreier Theorem, 315
nilpotent element, 440
nilpotent matrix, 230
Noetherian ring, 415
nondegenerate bilinear form, 248
nonsingular matrix, 215
nontrivial factorization, 2, 10
norm, 90, 514, 539
Hilbert—-Schmidt, 111
normal extension, 476
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normal linear map, 109
normal series

equivalent, 172

of groups, 171
normal subgroup, 130
normalizer of subgroup, 186
null space, 38
Nullstellensatz, 409
number

algebraic, 122, 384, 453, 460, 510

complex, 594
rational, 591
real, 592

number field, 122, 142, 370, 384, 453

automorphism of, 123
guadratic, 418, 538

object, 188
octahedral group, 365
octonion, 301

odd permutation, 120
one-one, 588

onto, 588

operation, elementary row, 20

operator
intertwining, 330
linear, 42
projection, 224
opposite category, 190, 208
opposite ring, 546
orbit, 162
order
finite, 129
of group, 128
infinite, 129
ordered pair, 585
ordering
partial, 595
simple, 283, 595
total, 595
well, 595

ordinary differential equations, system, 244

orthogonal complement, 96
orthogonal group, 121, 259
orthogonal linear map, 102
orthogonal matrix, 102
orthogonal projection, 96
orthogonal set, 92

Index

orthogonal vectors, 92
orthonormal basis, 92
orthonormal set, 92

pair

ordered, 585

unordered, 585
parallelogram law, 90
parity-check code, 205
Parseval’s equality, 97
partial fractions, 441
partial ordering, 595
pentagon, 496
period of cyclotomic field, 495
permanence of identities, 213
permutation, 15, 120

even, 120

odd, 120
Pfaffian, 296, 445
Plancherel formula, 335

Poincae—Birkhoff-Witt Theorem, 298

point, 585

Poisson summation formula, 359

polar decomposition, 110
polarization, 91
polynomial, 9, 148, 153
associated primitive, 393
characteristic, 73, 216
constant, 10, 149, 154
cubic, 537
cyclotomic, 396, 484, 535
elementary symmetric, 445
field, 514
generating, 207, 542
harmonic, 115
homogeneous, 115, 154
Legendre, 113
minimal, 219, 221, 451
monic, 149
primitive, 391
guartic, 536, 541
separable, 471
split, 454
symmetric, 444, 539
weight enumerator, 207
zero, 10, 149
polynomial algebra, 286
polynomial function, 152, 157



polynomial ring, 368
positive, xviii
positive definite linear map, 106
positive definite matrix, 106
positive semidefinite linear map, 106
positive semidefinite matrix, 106
power, 124
presentation, 311
primary block, 230
primary decomposition, 227
Primary Decomposition Theorem, 227
primary subspace, 227
prime, 2, 10
relatively, 6
prime element, 386
prime factorization, 5
prime field, 147
prime ideal, 381
primitive element, 475
primitive polynomial, 391
associated, 393
primitive root, 484
Principal Axis Theorem, 251
principal ideal, 387
principal ideal domain, 387, 439
product
in an algebra, 277
Cartesian, 585
in a category, 194
difference, 506
dot, 89
free, 197, 320
ina group, 117
indexed Cartesian, 587
inner, 89
Kronecker, 294
of matrices, 26
n-fold tensor, 277
of permutations, 15
set-theoretic, 585
tensor, 260
triple tensor, 274
vector, 278
product functor, 196, 373
projection, 59, 62, 224
orthogonal, 96
Projection Theorem, 95
proper subset, 585

Index

properly contained, 585
pure tensor, 262
Pythagorean Theorem, 90

guadratic number field, 418, 538
quadratic reciprocity, 494, 539
quartic polynomial, 536, 541
quaternion, 127

guaternion group, 127

guotient group, 131

guotient homomorphism, 131, 145
guotient map, 55

guotient module, 375

quotient ring, 145, 371

guotient space, 55, 129

R homomorphism, 372
R module, 372
R submodule, 374
radical, 247, 250, 254, 490
ramification index, 522, 538
range, 586
rank
of free abelian group, 176
of free group, 311
of free R module, 399
of matrix, 41
rational canonical form, 243, 443, 444
rational number, 591
real number, 592
real part, 594
reduced row-echelon form, 20
reduced word, 322
reducible element, 386
refinement, 172, 552
reflexive, 590, 595
regular pentagon, 496
regular polygon, 468, 483, 493
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regular representation, 329, 334, 335, 362

regular 17-gon, 498
relation, 585
equivalence, 589
function as, 585
partial ordering as, 595
relations, 311
relatively prime, 6
repetition code, 205
representation, 160
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contragredient, 362 of matrices, 25
irreducible, 330 in vector space, 34
left regular, 329, 335, 362 scalars
matrix, 329 extension of, 272, 564, 569
right regular, 329, 334, 335 restriction of, 274
unitary, 329 Schreier, 173, 345, 553
residue class degree, 522, 538 Schreier set, 316
restriction, 588 Schroeder—Bernstein Theorem, 600
of scalars, 274 Schur orthogonality, 332
Riemann sphere, 159 Schur's Lemma, 330, 550
Riesz Representation Theorem, 98 Schwarz inequality, 91
right coset, 128 Second Isomorphism Theorem, 58, 134, 376
right ideal, 375 self-adjoint, 100
right R module, 372 self-dual linear code, 360
right radical, 247 semidirect product of groups, 167, 168
right regular representation, 329, 334, 335 semisimple leftR module, 546
rigid motion, 158 separable element, 472
ring, 140 separable extension, 472
commutative, 140 separable polynomial, 471
direct product for, 371 sesquilinear, 89
division, 143, 370 sesquilinear form, 255
group, 370 Hermitian, 255
homomorphism of, 143 skew-Hermitian, 255
with identity, 141 set, 583, 584
local, 430 set theory
matrix, 368 von Neumann, 584
Noetherian, 415 Zermelo—Fraenkel, 583
opposite, 546 set-theoretic product, 585
polynomial, 368 short exact sequence, 576
quotient of, 145 sign of permutation, 17
zero, 141 signature, 252, 257
Rodrigues’s formula, 113 significant factor, 318
root, 10, 151 similar matrices, 48, 211
multiplicity of, 14 simple algebraic extension, 453
primitive, 484 existence, 453
root tower, 490 uniqueness, 454
rotation, 43 simple group, 170
rotation group, 121 simple leftR module, 546
row-echelon form, 20 simple ordering, 283, 595
row operation, elementary, 20 simplicial complex, 574
row reduction, 21 simplicial homology, 574
row space, 38 simply transitive group action, 162
row vector, 25 singleton, 585
Russell’'s paradox, 583 singular matrix, 215
size, 24
Stuple, 194 skew-Hermitian form, 255
scalar, 9, 19, 34, 88, 209 skew-Hermitian sesquilinear form, 255

scalar multiplication skew-symmetric bilinear form, 250
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skew-symmetric matrix, 254 Sylow Theorems, 183
socle, 580 Sylvester’s Law, 252, 257
solvable group, 488 symmetric, 89, 100, 590
span, 35, 36 Hermitian, 89
spanning set, 36 symmetric algebra, 281
special linear group, 121 symmetric bilinear form, 250
special unitary group, 121 symmetric group, 120
Spectral Theorem, 104 symmetric matrix, 250
split exact sequence, 579 symmetric multilinear form, 280
split polynomial, 454 symmetric polynomial, 444, 539
splitting field, 454 elementary, 445
existence, 454 symmetrized tensor, 287
uniqueness, 455 symmetrizer, 287
square a circle, 465, 468 symplectic group, 259
square diagram, 193 symplectic matrix, 446
square matrix, 24 system of linear equations, 23
stable subspace, 73 system of ordinary differential equations, 244
standard basis, 36
standard ordered basis, 48 Tartaglia, 488
Steinitz, 461 tensor algebra, 279
straightedge and compass, 464 tensor product, 260
subcategory, 189 of abelian groups, 569
subfield, 143 of modules, 565
subgroup, 118 n-fold, 277
characteristic, 357 of Ralgebras, 573
commutator, 310 triple, 274
index of, 163 tetrahedral group, 365
isotropy, 162 Theorem of the Primitive Element, 122, 453,
normal, 130 475,519
normalizer of, 186 total ordering, 595
submodule, 374 trace, 514, 539
generated, 374-375 of matrix, 74
isotypic, 580 transcendental element, 450
subring, 143 transcendentat, 468, 510
subset, 585 transformation
subspace, 35 linear, 42, 44
cyclic, 241 linear fractional, 159
invariant, 73, 330 natural, 265
isotropic, 293 transitive, 590, 595
primary, 227 transitive group action, 162
stable, 73 transpose of matrix, 41
substitution homomorphism, 150, 155 transposition, 16
sum of two cardinal numbers, 602 triangle inequality, 595
sum of vector subspaces, 58 triangular form, 216
superset, 585 triple tensor product, 274
support finite, 378 trisect an angle, 465, 467
supremum, 593 trivial group, 117

Sylow p-subgroup, 183 trivial group action, 160
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tuple, 194 unordered pair, 585
two-sided ideal, 144 upper bound, 593, 595
UFD1, 386, 416 Van Kampen Theorem, 320
UFD2, 386 Vandermonde determinant, 71, 215
union, 585 Vandermonde matrix, 71, 215
disjoint, 197 variable, 19
indexed, 587 corner, 21
unique factorization, 5, 14 independent, 21
of fractional ideal, 447 vector, 34
of ideal, 435 addition for, 34
unique factorization domain, 386 column, 25
unit, 1, 10 cyclic, 242
inaring, 142 row, 25
unit vector, 92 scalar multiplication for, 34
unital, 372 unit, 92
unitary group, 121 vector product, 278
unitary linear map, 102 vector space, 34, 157
unitary matrix, 102 associated graded, 297
unitary matrix representation, 329 basis of, 36
unitary representation, 329 complex conjugate of, 114
universal enveloping algebra, 298 dimension of, 37, 78
universal mapping property direct product for, 62, 63
abstract, 198, 295 direct sum for, 59, 60, 61, 62, 64
of Clifford algebra, 299 dual of, 50
of coproduct in a category, 196 filtered, 297
of direct product of groups, 135, 136 finite-dimensional, 37
of direct product of vector spaces, 64 graded, 297
of direct sum of abelian groups, 137-139 infinite-dimensional, 78
of direct sum of vector spaces, 60, 64 left, 547
of exterior algebra, 289 quotient of, 55
of field of fractions, 380 vector subspace, 35
of free group, 305 invariant, 216
of free R module, 374 vector subspaces, sum of, 58
of group algebra, 378 von Neumann set theory, 584
of integral group ring, 371
of localization, 428 weight, 204
of product in a category, 194 weight enumerator polynomial, 207
of ring of polynomials, 149, 155-156 well ordering, 595
of S"(E), 282 Wentzel, 468
of symmetric algebra, 282 Weyl algebra, 299
of tensor algebra, 279 Weyl basis, 293
of tensor product of modules, 566 Wilson’s Theorem, 199, 534
of tensor product of vector spaces, 260-26ord, 304
of universal enveloping algebra, 298 word problem, 307
of A"(E), 289 for finitely presented groups, 313
of Weyl algebra, 300 for free groups, 307

unknown, 19 for free products, 322
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Zassenhaus, 172, 552 zero matrix, 25
Zermelo’s Well-Ordering Theorem, 462, 599 zero polynomial, 10, 149
Zermelo—Fraenkel set theory, 583 zeroring, 141

zero divisor, 143 Zorn’s Lemma, 78, 382, 461, 595



