Stability of Diﬁcerent‘noxl Equactions

o Tf A=oarib, &= ™ = & (cosbtrisnbt) and | = &

° ——AUL is stable  when all Re(Ai)<D (lege‘\t% D)
neutral when all Re(Ai)<0 and some Re(Ai)=0
unstable when all Re(Ai) > O (Lme is umboumded)

Symmetric Matrices

o A:A=A

[ A hes only real eigenvalues,

2 Thel-eipervertoys| c-he hselr—rthorprm

o SPectml Theorem

o A= Q/\G\—‘ = AR w\/\ere Q s on orthogonal - matrix
Cloim— Al] the elgenvodwas of O\Tq%ud'l—sj;mﬂetﬁt MAtYIX are | real

0) c0mPlex conjugate e~

pf: Suppose Ax =Ax = Az =A% = Az =Ax = (Az) = A=)
=5 Al = AT = ZTA =Ax"
0)

I

We can have X (A’X) ZTO\Z)

1l

XN Therefore A= X
(—TA)X =(AzxDx = A" | = A is real
Claim Eigenvectors of o TE‘DZH_S}TMMEU’I‘IC matrix (when they correspond to different

eigenvalues ) ove always ortlr\ogoml

P¥ Suppose Az = iz ond A= ham , where M

We con obtain A (K%)= (M%) X = (Ax) %o = 0 A% = AT (A X) = &

= A (%7%:)

Snee N # X2 , We | must hove %%z =0



Cloﬁw\

For & 3%x3 symmetric matrix A, A:Q/\&T :[ﬁ&&:l[:ho}[é’}

S ANKA + N XaXT + AsKsAT

F A=k , AQAR" = A (& + %xd) + Asxnd
PI PS

Recall for projection of b onto orthonormal Ju. . gn

P=2(40) ++ B(36) = (397+ - +%4Db = Po hence A= AP +APs | where
P, is the projection matrix onto the subspace Spanned by X % (eigenspo«ce correspomehvxj to Ai)

P 3 s the projection matrix onto the eiﬁenspace (_orresPomd‘lv\j 1o A3

In gereral, for o GERINSHHRERHC A i XAk AR, A =P+ + AkPi Spectral decomposition

where Pi s the projection matrix onto the eigenspace c,orresPoV\dTnj 1o Ai for =tk

For @& matrices | complex eigenvafues and elopnvectors come in Iconjugod:e Po(\rs“

£ (0) o | el @ _| =L
P SupPose Aﬁzﬂ\l, then AX=AX = AX=A%



