







































































































Solve LinearSystems

1 LinearAlgebra as a Tool
1 Eigenvalue Problem

V A real or complex vectorspace
L A lineartransformation V_V
⼊ E F
keyequation Lx ⼆ ⼊ x ⼥

Eigenvalue ⼊ E F whereexits XEVst.lt holds

Eigenvector X E U where ⼥ holds for certain⼊ xtò

Engenspace 以 1 xEV Lx⼆⼊⻔ for an eigenvalue⼊

z Solve EP for matrices
A Ed A x_x ⼼ A ⼊⽇ X 0

Find⼊
Solutions x exist iff det A ⼀ ⼊区 0

17N d A ⼊⾦ 0 gives⼊

t
characteristic polynomial ofgreen has at most n distinctroots
Find以andbasis of 以 to beeigenvectors foreach ⼊

3 D Algebraic Multiplicity for⼊ Repeatingtimes inpay
u

Geometric Multiplicity for a dim以










































































































⽤Diagonalizable Matrices

Question A has n distincteigenvalues⼊
No A has n distinct eigenvectorsǛ One I canhave31

ǜulìpliii

AllÙidistinct i candiffer

Question If certain M iscomplex will I stillhaveeigenvectors
Yes ConisdwegthinginC Nomatterwhether A E 猀

AK UDii.DE I if
进⼀ 志

丹坐
K

⽐⼆时贰柒 ⼆

愣 Ǚ
IQuickerways toget t










































































































Functional Calculus

fix Ěgx having infinite radiusofconvergence

fCAFÉGAJ ĚGCUDU u 彭吵ū

谁 in niii.in
Givenby20
Important properties

it
ei ulfifi u.eu

Thespiral theorem
Every self adjoint matrix A is diagonalizabkversion

⼥ Self adjoint A A Ā
Definitionofadjoint

x Ay A x.gs

if A is diagonalizable.ee UǗU iseasy to calculate et
What

i Anig器器器铺 ii get et

v










































































































5 NondiagonalizableMatrices
Summary IFindgeneralizedeigenvectors u Un to form U

t
iDefineJordanmatrices as J U_U

whichcanactuallybewrittenoutafterfindall M andVi

tieu.hn
i ete F DtN whereNkforsomely
fi ND⼆DN

Findgeneralizedeigenvectorsby Bottomup
Foreach⼊ such that dim以 a

E ⼆以⼆ kw A ⼊⾎

Eikw A ⼊全 K

Choose if EE solve A ⼊则⼼ V until youfind

asmuch news as a
I 仔 仙洲 v
makesure U EENEM

If certainVi cannotfindmoresolutions chooseamour y EE and
again start fromme beginning

Findgeneralizedeigenvectorsby Top down

Foreach⼊ such that dim以 9⼊ set maid in以 1

then solve A ⼊⾦ v 0 as UMI
I A ⼊利叫 u to

Get 世 A ⼊则UM U A ⼊利沙
⼥Notice U EE










































































































Write out Jordan Matrices T

Tiiiiil
Question Could⼊ ⼊m EE all bedistinct
No
Question Is T unique
No U decides
Exercise

12 12
AEIR ⼊ U ⼼⼼

⼼ W wi wi wi ni
M Z Zz2324

Let U be tǜfffff 栉中
What is theJordanmatrixof A HowmanyJordanblocks arethere
Answer

iiioo o

iii

4 0
0 5 0

6 0
7
8

eNĚiie⼆贰 it



2 Homogeneous Solution

i Ax 妣 x

l Originally

to xaietxg.lt 志
丹柴 x

⼥⼠ t

totto.xctke.AEWhy iAxlxca
xoxeix.tt 妣名

where wewrite et X t is mefundamental matrix

l how to calculate et conveniently
2 Let U f f f

where i aregeneralized eigenvectors of A

⼥ Uei i.li lie

Ji li AU At UTU

keyresult 如 of ueiū

I
Notice etiueiiueig.netwouldstillbe afundamental system
butmaynotbe a fundamentalmatrix

3 Write F Dt N whereDonghas
diagnaiskegreswltipyueT.net
Then the Pmi needto solve i using x_x





3 Particular Solution
义⼆ A xtbltlxlt.to

l é 毙 ⼆ Aētēbct

fix etbut
xpa.ie e ASbcsds

to

2 Variation of Parameters Canalsobeapplied if A⼆舢

Tilt Gltlx 们 t.it G们如 t

X Gat where at 䉧

Solve 如⼉们 bit to get at

byusing Cramer's rule

Git denyday Wy
WH

soGdtkf 监 dt
WED


