LINEAR ALGEBRA

GEORGI E. SHILOWV

Profeszor of Mothemarics
Mioscow Unfversity

Revived Enplish Ediion
Tronslated and Edited by

Richard A. Silverman

DOVER PUBLICATIONS, INC, NEW YORK



CONTENTS

chapter |
DETERMIMNAMTS

1.1,
12
13.
1.4

1.5
1.6.
1.7
1.8,
1.9,

Mumber Fields

Problems of the Theory of Systems of Linear Equabions
Determmants of Urder o

Properties of Delermmants

Cofactors and Minomn

Practical Evaluation of Determmants

Cromer’s Rule

Minors of Arbitrary Ordar. Laplace’s Theameim

Linesr Dependence between Columin

Problems

Wi

BEBEEa R mww—



wili  OONTENTS

chapter 2
LINEAR SPACES

2.1

2.2
2.3
2.4,
4.5,
2.5
T

Defindtions

Linear Dependence

Bases, Components, Dimension
Subspuces

Linear ManiTobds

Hyperplanes

Morphisms of Lmear Spaces
Prrovhle ms

chapter 3
SYSTEMS OF LINEAR EQUATIONS

Mode on the Rank of @ Mains

Montrivinl Compatibality of 8 Homopgeneous Linear System
The Compatbility Condition for a General Lisesr System
The General Solution of a Linear Sysiém

Geometric Properties of the Solution Space

Methosds for Calculating the Rirk of'a Mutrix

Probiems

chaprar 4
LINEAR FUMCTIONS OF A YECTOR ARGUMENT

41
4.2,
43,
4.4,
45,
46,
4.7,
4.8,
4.9,

Linear Forms

Lincar Operators

Sumns and Prodocts of Linear Operators
Corresponding Operations an Matsices

Further Properties of Matrix Multiplication

The Range and Mull Space of a Linear Operator
Linear Operators Mapping a Space K, into Tiself
Imvariani Subspaces

Eigenvectors and Eigemvalues

Problems

]

31
16
38
42
49
Al
53

75

™
K2
93
104

Rk



CONTENTS  Ix

chapter §

COORDINATE TRAMNSFORMATIONS I8
5.1. Transformation fo a Mew Basis 11K
5.2, Consecutive Transformalions 120
33, Transfermation of the Components of 2 Vector 121
5.4. Transformation of the Coefficicnts of a Linear Form 123
5.5. Transformation of the Matrix of a Lincar Operator 124

*5.6. Tensors 126
Problems 131
chapter &

THE CANONICAL FORM OF THE MATRIX

OF A LINEAR OPERATOR 133
f.l. Canonical Form of the Matrix of a Nilpotent Operator 133
6.2, Algebras, The Algebm of Polynomials 136
6.3. Canonical Form of the Matrix of an Arbitrary Operator 142
6.4, EClementary Divisors 147
6.5. Further Implications 153
6.6, The Real Jordan Canonical Form 155

*6.7. Spectra, Jets and Polynomials (]

*56.8. Operator Functions and Their Matrices 169

Problems 176
chapter 7

BILIMEAR AND QUADRATIC FORMS |79
T.1.  Bilinesr Forms m
7.2, Quiadreatic Forms 133
7.3, Reduction of a Quadratic Form to Canonical Form i85
T4, The Canonical Basis of a Bilinear Form 190
7.5, Comtruction of & Canonical Basis by Jacobi's Methaod 192
76, Adpint Lincar Operators 196
1.7, lsomarphism of Spaces Equipped with a Bilear Form 1t

1.4, Multilirear Forms i 7
1.9, Bileenr and Quadrabe Forms in & Resl Space 204

Prohlems 210



¥ PONTENTS

chapter B
EUCLIDEAM SPACES

&1

Introduction
Definition of a Euclidean Space
Busic Metric Concepts

. Orthogonal Bases

Perpendiculars

The Orthoponalization Theorem

The Gram Determinant

Incompartibie Systems and the Method of Least Squares

. Adjoing Operators and lsometry

Problems

chaprer 9
UMITARY SPACES

9.l
22
9.3,
0.4,

Hermitian Forms

The Scalar Product in a Complax Space

Mormal Crperators

Applications to Operator Theory in Evclidean Space
Problems

chaprer 10

QUADRATIC FORMS IN EUCLIDEAN
AND UNITARY SPACES

1.

0.2,
13
10.4.
10.5.
*1i.6.
10.7.

Besic Theorem on Quadratic Forms in & Euclidean Space
Extremal Properties of o Quadmtic Form

Simultaneous Redoction of Two Quadratic Forms
Reduction of the General Equation of & Qrusdric Surfsce
Ceometric Properties of a Quadric Surface

Analysis of o Quadric Surface from lis General Equation
Hermitian Quadratic Forms

Problems

114

il4
115
216

40
234
237
241

247

247
254
259

2Tl

73

273
176
283
47
269

30



CORTINTH

*ehapear 11

FINITE-DIMENSIONAL ALGEBRAS
AMND THEIR REPRESENTATIONS

i1, More on Algebras
1L Representations of Abstract Algebras
11.3.  Brreducible Represcntations and Schur's Lemma
11.4. Basic Types of Finite-Dimensional Algebmas
11.5. The Left Regular Representation of a Simple Alpebra
11.6. Structure of Simple Algebras
11.7. Structurs of Semisimple Algebras
118, Representations of Sample and Semisimple Algebras
119, Some Fucther Resuhs
Problems

*Appendix
CATEGORIES OF FIMNITE-DIMENSIOMNAL SPACES

Al Intreduction

A2 The Case of Complete Alzebras

A3, The Case of One-Dimensonal Algelwas

A4, The Cose of Simple Algebras

A5 The Case of Complete Algehras of Disgonal Matnces
A6, Culegories nnd Direct Swms

HINTS AND AMSWERS
BIBLIOGRAPHY
INDEX

=l

32

312
33
34
35
E1H]
A0

7

i
32

315

335
EEL

345
353
357
361
79

38l



	1
	2
	3
	4
	5
	6

