


#sture 01(30/23

· Multiple isolated EC. points

· Finiteescape time

· Limit cycles

Today:
· Chaos

·urcations:change ofdynamical
properties as parameters are
varied

①



40 Chaos:No simple characterization

of mptoticproperties of i = f(x);
(ast -> 0)

HIGH sensitivity toinitial conditions
extreme)
EX:Corentzattractor:time-invariant
system with 3 states:

x, 3,2Mexoslinear
34,0(z,53

3 constantparameters
ic =a.(x -y)

q,b,c
Exercise:

y =x.(b =z) - y 3 simulate for:

z =x.y - z.z n=10;k =28;c=



Note:zero is an eg. pointand linessity
tion aroundto is gives h
*

F/8]A =

det(sI -A.) =det[[j,] =
=,52- as +5 - a +ab =

Local =,s2+(1 - a)s +a(l - 1)
asymptotc

Stabilityof zero es. Point
a =1[ a(1 -1) >0] ③



Note:For all;unstable to ea. point
andthere is no simple way to

-natviceasymptoticpropertiesinterest
3 states for chaos[i.e. CAN'T

happeningstens (No inputs) with
44for(0)

-statesorsystems with steering
even for scalar systems:
xk +1=f((Y);a4-1R
See Morat's notes for an example)



rcations appearance or disappearance
of2a. points;change ofstability
properties of eg. points as pursueters
change their values
Ex: suckling Beam

I access becomes larger
① thatcritical value,

the been can He** longer support the weight

live, ithuckless
⑤



Even is systems withscalar state

(UH)(1), presence ofparameters
can leadto tresting"responses
Three types ofbiturations for
Scalar systems:

10F0l0) :5 =2#xz

20Transcritical: 5c =2x0x2

Nochfork:i2 =(x0x3
xIt)7R Scalar State

2C1R:real nmeber (parameter)



#tosteelwesthappens need
17010: 5 =2 +x2 jx(t) - 1/2
--

Eg. points: 5
2
+C =0 => 5

=

=
- 2

For 230:Hea. points
For2= 0: 5 =IT 3 =>

For 2 =0 We have 2 ea. points
↓

2 =0
- 11 - 1e2.poist

2x0

↑eso solid. Butaso
ea.voint

⑦



Plot5vs. x fou(X0;( =0;a>
a) 2 =0 k)c =0 900
a 5 x - xix

&1 1*Abbasi
↓ Bituratios

&
diagram----FTF -

x 2
X
plot of

X

>vs



fl58 > 2x0

a#
1
=
77 --5+V ! >->t-
.

- -

⑨



Note:Gc=0icritical value of

[hisurcation point]:two ea. points
collapse to a single ea. point

-othertheydisapperse0-
#x.i =k - x- e

- x
Noexplicit

Es. prints.EC solution3Use definition ofetc to study
our problem:

x =2 -
x - = =2 - x - ((-x +1...

1=0 for small c

x =2 =1 -1+8(03)=ax



=> Around60our systems behaves
2

a =1 - 1

-xa-zsulenesscover thesesee

Es, points:5 =0; 5=2I 2

In contrastto FOLD, we have es, points
for any value of

CF0 => ex. PointsI
=0

x2 =2

2 =0 => 5 =0 vsizue eg. Point

⑪



Hext:ivs x for (10;h =0;2>0
a) 2x8 jx b)C =0 C(2>0a

NOTEF**
Please convertthis info

↑

to literationsof degrees

108 of x i.2)


