Contents

Preface ix

I Matrix Multiplication

I Linear Substitutions |
2 Composition of Linear Substitutions 2
3 Matrices 3
4 Matrix Multiplication 4
5 The Computation of Matrix Products 5
6 Associativity 6

Examples 7

Exercises 8

2 Equivalence of Matrices.
Reduction to Diagonal Form

I Tiles 10

2 Comeposition with Tilts 12

3 Equivalence of Matrices 13

4 Unimodular Matrices 14

5 On Algorithms 14

6 The | x 2Case I5

7 The General Case 16

8 Finding Explicit Equivalences 19
Examples 20
Exercises 23

3 Matrix Division

| Division 25
2 Division on the Left by a Diagonal Matrix 26
3 Division on the Left in the General Case 27
4 Matrix Addition 28
5 Zero Divisors 29

Examples 30

Exercises 32



4 Determinants

I Introduction 34

2 The2 x 2 Case 34

3 The 3 x 3 Case 35

4 The 4 x 4 Case 37

5 The General Case 38

6 The Determinant of a Product 40

7 The Evaluation of Determinants 4|
Examples 43
Exercises 45
Supplementary Unit: Exterior Algebra 47

5 Testing for Equivalence

| Introduction 50
2 Strongly Diagonal Matrices 50
3 Equivalence of Strongly Diagonal Matrices 54
4 Conclusion 55
5 The Rank of a Matrix 55
Examples 56
Exercises 57
Supplementary Unit: Finitely Generated Abelian Groups 58

6 Matrices with Rational Number Entries

I Introduction 60
2 Matrix Division 6l
3 Inverses 62
Examples 63
Exercises 65
Supplementary Unit: Sets and Vector Spaces 66

7 The Method of Least Squares

| Introduction 68

2 The Transpose of a Matrix 68

3 Mates 69

4 Mates as Generalized Inverses 71
Examples 73
Exercises 77



8 Matrices with Polynomial Entries

Polynomials 78

Equivalence of Matrices of Polynomials 79
Unimodular Matrices 80

The | x 2 Case 80

The General Case 81

Determinants 82

Strongly Diagonal Form 82

Wider Equivalence 85

Examples 86

Exercises 90

O NNV A WN —

9 Similarity of Matrices

| Introduction 9|
2 A Necessary Condition for Similarity 92
3 The Necessary Condition iIs Sufficient 94
4 Matrices Similar to Given Matrices 95
5 Rational Canonical Form 97
6 The Minimum Polynomial of a Matrix 99
7 Diagonalizable Matrices 102
8 Other Coefficient Fields 102

Examples 103

Exercises 109

10 The Spectral Theorem

I Introduction |11

2 Orthogonal Partitions of Unity 111

3 Spectral Representations 13

4 Symmetric Matrices with Spectral Representations |14

5 Sign Changes in Polynomials 116

6 The Algebraic Theorem 119

7 Real Numbers 122

8 The Spectral Theorem 123

9 Matrix Inversion 123

10 Diagonalizing Symmetric Matrices 124
Examples 125
Exercises 130



Appendix Linear Programming

| The Problem 132
2 Standard Form for the Constraints 133
3 Vertices 134
4 Feasible Vertices 135
5 Solution Vertices 136
6 The Simplex Method 137
7 Implementation of the Simplex Algorithm 138
8 Termination of the Simplex Method 139
9 Finding a Feasible Vertex 141
10 Summary 143
Examples 144

Answers to Exercises |51

Index 183



