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LAST TIME

i = A✗+Bu ← model of all dynamics we care about
u = - Kx ← model of all controllers we care about

t
i = CA-BK)✗ ← closed-loop system

1

yyyg.gg !t=ÉB+
← solution (by matrix exponential)

:
✗A)→ 0 as 1-→ • if and only if all eigenvalues of } asymptotic stability0A-Bkhaveuegativere.cn/part&



ACTIVITY - PRACTICE DERIVATION



•× ← for which F does Cts → 0 as +→ no ?? ?

( F = CA-BK)

STRATEGY

① Answer this question in the
special case when F is diagonal

② Show how to rewrite (almost) any
F as diagonal

③ Answer this question for (almost)

any F



suppose F is diagonal £0T
DIAGONAL

i=Fx

✗ (t) =
+
✗ (o)F-- [ s . 0] HEIO Sz

{ (FF) +2
then :

g f g⇐Ñeft = I + Ft + I:(Ft)2 + • • •
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=§e÷ goat] a- when F is diagonal ,scaeoirn-de.tt is easy to findexport



coordinate invariance

je * = "

Plus in for some inverse
°]=¥É"[¥]

t.gg?EVE--FVzfsolve for É
E- = V'Fvz

It§ , s.wef.rza.wi.am#i..e*omn.aeI
a-
'

FV)t

,§
2- (t) = e 2- (o)

plug in 2- = V
- lx and solve for ✗

cÉ V1 ✗(t) = e(V"F↳tj1×(o)

if , }eFt=veÑ⇐↳↳



who cares ?

µFV)tj 'eft = Ve
-

this is easy to find if
ÑFV is diagonal

so let's cheese V so this is true

our goal - find invertible ✓ such that

V-ft-V-diag.sn ← this is the same as

f-✓ = vdiagl.si , - . - ,Su)for example , suppose F is
2--2 :

V=[ diag Cs , ,
so) = [⑤ 0

no os
↳ columns of V (both are 2×1 )

+ eigenvectorsFY = Ysl Fvz = vzsz ←
eigenvalues

then :

!z Vdiagcs , ,sz)=[!vz④



if
the eigenvalues si , . . . , Sir of F are all distinct
and we define a matrix

✓ = [v , - -
. vn]

with the corresponding eigenvectors in each column
then

×Ft = ✓ ediaglsi , - - - isu) +
✓
'

✗ (o)
-

diag (es,esnt)
t

what if s= atjb ?? ?

ela-ijb.lt at jbt
= e e

= eat (cos Cbt) + jsincbt) )



The system

/
Xlt) → O as f- → no

I = Fx
L

is asymptotically stable if and

only if all of F have



ACTIVITY - WISH LIST



eat

÷




