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#ecturesystems
we have policeas

richer 29. pointlandscape
unizie ea. poxist:x = - (x - 1)
two isolated ea.cints:a =2(1 - 53)x
infinitely many
(isolate0)) :a =six)x)

14040 :5 =x2+(jx -1R

No real solutions to 51 =0

* > 0 for all x-1R =>



xit):monotonically increasing
functions

#Fiteescape time

by nonlinear systems we can have
the fewsituation

110(t)) -> - in finitetime
(i.e. there isECR s.t.

lim((xHt))) = +0)
t ->E

-

Linear system:jc =ax) => x() =297300
1 -X

a>0 =>(x(t)) -> 0 ⑫



EX: j =xz j -(t) <((2

EG.poist: =0
x

(ii =(0 +1.x-x0 to C
Time invariance => can set to =0

↳3.t =

0.50
=>

For s10 >0

x(t) () +y solution exists

only for 7- 20,5



X ( =x2 > 0 x0x + )

(x =1)·4 1- I =I
=>>>>>5o>

xit)( with 1 x0

-siy-pit
escape time is 50 =Ax

lim x(2)) 500 +y
t-> (is)

=

④



IFAside:DT (TS:x(++) =ault)
x(z)t()2

x(t) =a
+

010)
t =0,2,...

In optimization:exponential
(i2()

or geometric (inbi) convergence
rateiscalledLineer convergence

rate.

convergencerateis
not exposential it's called
subelius (isoxfisestion)



itcycles (intedperiodic
~its

Recald:Oscillation CANNOThappen
in scalar (Astorder systems in ci)
xc =f(x);xH) *(R (Scalar state
EX:x =sin(();ji =x - jj =x 3

i=2(1 - )x r. -

Monotonic growth or obcay with

betweeneapoiseen

x(t) =x(t +i) for>0



- y
--m m.j +1xy =0Ex:

(sc/

H0 friction x, =y;x =5

[
⑥ I

I #acromic 1 52 =x2② oscillator is-04·F= mast j①a1 =M

key observations:
Infinitely many periodic
orbits No isolated**, oscillations ones) ⑦
xAmplitude of

colegends on initial could)



Limit cycles CANNOThappen in
LT) systems:0 =ACC

↑silsustainedseatedpen.oot,andor bits

#.
&x



#x:Vau de Po9 Oscillator

2nd order
Systees

vSyTBR Nomlinson
resistive element

I=t.Vc - Iv(c)(F(E) =(8)
unize ea. Joint

i = Iyz,p-y) Linearizations<roundit=0

[
·

IA = -zo*Hetanenceoras a=0 I⑧



I insteadwe had
a Ir(2(c) k

1 A=EIotI
-->&Fire Va Locally asympt.

Stable 5= 0;
43tsble
Periodic

②-Sit-page....
⑩


