David A. Harville

Matrix Algebra:
Exercises and Solutions

&) Springer



Contents

PIeface oo v
S0me NOAION  oeeeeieiciiireercitee ettt senne Xi
Some TerminolOZY  ..ccccoveciriiiniiicic ettt sttt ebe e s XVii
UL MAHHCES  cevevererreeesssers e cassssesss s isseste s st ses s sse s sssse st sssss s 1
2 Submatrices and Partitioned Matrices ......cocorrrrerrenrrnercnrnnreennns 7
>é Linear Dependence and Independence .........cccccoveveeeveneecnnnenennnne 11
4 Linear Spaces: Row and Column Spaces .......cccoiieievniiccnenrennane 13

5 Trace of a (Square) MatriX  ......occcveeiievioncienenetns et 19

6 Geometrical Considerations ........ccoevvevmiiiiernninien s 21

7 Linear Systems: Consistency and Compatibility .........ccoecoenrveenennene 27

8  INVerse MatriCes  ...ccooeerciiiiereeririeierceteceetee st ereseree e srebeeerennas 29

9  Generalized INVETSES  ...ccceviiviiiiincntie et 35
10 Idempotent MatriCes ........ccocoveiiininiienminiineenie st seeseseas 49



11

12

13

14

15

16

17

18

19

20

21

22

Contents

Linear Systems: SOIUtIONS  ...cocoovieiiiiiiirieniciinere e see e
Projections and Projection Matrices .......ccovvismiininnnieenneninnninecnne
DEerMINANtS  .oooovieiirieerceeicnteeeer ettt n e e s s
Linear, Bilinear, and Quadratic Forms ..........cccoevevnnierievvernnncennns
Matrix Differentiation  ......coccooceovierrenieneiicrnrnneeiteseecessieeneeneesevene
Kronecker Products and the Vec and Vech Operators —.........cc.oou.
Intersections and Sums of SubsSpaces ........ccoceeerviiiiieciiiineein
Sums (and Differences) of Matrices ..oooovevceirveeivieniinnncen e

Minimization of a Second-Degree Polynomial (in # Variables)
Subject to Linear Constraints  .........cccccecnininnieiinneniniesniine

The Moore-Penrose INVErse .......oocoeiiiviviir e
Eigenvalues and Eigenvectors .......ccccoceveiernnccninncniennnnnncnnenensees

Linear TransfOrmMations  .......cooviveiieoreiiiiiirrereereeeeirererseceeessesensessasiesens

REFEIEICES  ooveiiiiieiiiiiiieie e iee ettt e e ereeisesreessersessssbab e nsnrasasasarnaeraesessaness



