Contents

1

EUCLIDEAN VECTORS 1
1.1 Vectors in Euclidean Space

and Their Applications. . . . . . ... .. ... ... ..., 2
1.2 Arithmetic Operations on Vectors. . . . . ... ... . ... 21
1.3 Linesand Planes . . . . .. .. ... .. ... .. ... ... 48
1.4 Problem Solving with Vectors . . . . . . .. ... ... ... 65
Chapter Summary . . . . . . . ... 75
USING M ATRICESTO SOLVE (m xn)LINEAR EQUA -
TIONS 79
2.1 Applications of Solving Linear Equations . . . . . . . . .. 80
2.2 The Problem of Solving

Linear Equations . . . . . . . . .. . .. .. ... .. ..., 89
2.3 Solving Linear Equations by

Row Operations. . . . . .. . ... . .. .. ... ... 99
2.4 Matrices and Their Operations . . . . . ... . ... .... 116
2.5 Problem Solving with Linear Equations . . . . . .. .. .. 138
Chapter Summary . . . .. . ... . .. 146
USING M ATRICESTO SOLVE (nxn)LINEAR EQUA-
TIONS 149
3.1 Applications of (n £ n) Linear Equations . . . ... .. .. 150
3.2 Using the Inverse of a Matrix to Solve

(n £ n) Linear Equations . . . . . ... .. ... ... ... 158
3.3 Using Determinants to Solve

Linear Equations . . . . . . . ... . ... ... L 173
3.4 Problem Solving with Linear Equations . . . . . .. .. .. 193
Chapter Summary . . . .. . ... .. 200
VECTOR SPACES 201
4.1 Unifying n-Vectors and Matrices

into a Vector Space . . . . . ... ... 202
4.2 Basic Properties and Subspaces of

Vector Spaces . . . . . . ... 215
4.3 Span, Linear Independence, and Basis . . . . . . . ... .. 224
4.4 The Dimension of a Vector Space . . . . . . ... ... ... 250

4.5 Problem Solving with Vector Spaces . . . . ... ... ... 268



Contents

Chapter Summary . . . .. . ... . .. 275
5 LINEAR TRANSFORM ATIONS 279
51 A Review of Functions . . . . . . ... ... ... ... ... 280
5.2 Linear Transformations and
Their Applications . . . . . . . ... . oL 291
5.3 The Matrix of a Linear Transformation . . . . ... .. .. 305
5.4 Linear Transformations fromV toV . ... ... ... ... 313
5.5 Solving Equations with
Linear Transformations . . .. .. ... .. ... .. .... 323
5.6 Problem Solving with
Linear Transformations . . . ... . ... ... ... ..., 337
Chapter Summary . . . . . . . ... 341
6 EIGENVALUES AND EIGENVECTORS 343
6.1 What Are Eigenvalues and Eigenvectors? . . . ... .. .. 344
6.2 Applications to Dynamical Systems. . . . . .. ... .. .. 356
6.3 Solving a Dynamical System. . . . . ... ... ... .... 363
6.4 Diagonalization . . . . . ... . ... .. .. 376
6.5 Problem Solving with Eigenvalues
and Eigenvectors . . . . .. .. o 387
Chapter Summary . . . . . . . ... 394
7 ORTHOGONALITY AND INNER PRODUCT SPACES 397
7.1 Orthogonality inR"™ . . . . . ... ... . . ... .. ... 398
7.2 Orthogonal Projections and
the Gram-Schmidt Process . . . . . ... ... ... . . .. 408
7.3 Applications to Regression Models . . . . ... ... .. .. 419
7.4 Inner Product Spaces. . . . . . .. ... 434
7.5 Problem Solving with Orthogonality . . . .. . ... .. .. 446
Chapter Summary . . . . . . . ... 452
8 NUMERICALMETHODS IN LINEAR ALGEBRA 457
8.1 General Computational Concerns . . . . . . . . ... .. .. 458
8.2 Matrix Factorizations . . . . . ... . ... L. 471
8.3 Finding Eigenvalues and Eigenvectors . . . . . ... .. .. 486
8.4 Iterative Methods . . . . . . ... ... oo 497
8.5 Using Numerical Methods
in Problem Solving . . . . . . ... ... . 0oL 504
Chapter Summary . . . . . . . ... 516

APPENDIX A.PROOF TECHNIQUES

APPENDIX B .MATHEMATICALTHINKING PROCESSESS553

SOLUTIONSTO SELECTED EXERCISES

INDEX

561

555



