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Lasttime:

· Bendixon's The absence of periodic
orbitsfor 2ndorder allplanar"i systems

· Positively invariast sets (definities)
Cityou start in the setM to, you stay
is M for all t =to]
Today:
· More on positively invarius)sets
· Doiscane - Bendixos's The existence
ofperiodic owhits for endorder

systems (c =f(x)) ①



Set M withclosed Cosmolorz 2M
->

x =f(x)
->

↳G ↓f [f(x)]n =0
-> along 2M
-Myzzzm [f(x)),2) =0

inner product between
->

f((v) 2 nd22

Apositive invariance
asses↳useful

tool for stabilityanalysis of
e. voists of x =f(x)
Level sets of Lysosher functions are

&positively invariant more soon)



->

for Perez Mookl spopulation of
xc=(1 - 10(2)64:prez[e.g.zebras]

x =(204 - 1)02:proplator (e.g. Cioys]
9,5,c,0):positive parameters counters
Uh, 17), 0Sult/C:Scador states for

E2. points:[F] =3[8] or(03]]
xx2

Note: model should reflect

i Y, M the factthatpopulations="
·
(t,j) ofone& predator are

is non-negative custifies1 [ i.e. we shouldhave
(0,0>>Bn>> <

positive island ace ③x( ofHer 1stZadant)



f,(0x,v2) =(a - h2)x, 9 ·

A
=((x, - a)0x) =>i0

=[0
-d]

scolde
x

1 =0 (vertical axis) => f1=0 ;

= -duz
&

10 Zebras
i.e.u, =0;ju = - dx => v((t) =e

-dt.xz(0)
populationoflions decays exponentially
to zero (0:7rated) ifHo zebras
-

horizontal axis);fi =9x4,; +c=0
-, =a(4 =5u,(t) =2470,10)

-

in =0 => xz/-=0 (No Lioss)
Population of zebras grows exp. With
ratea is100 LI0Hs

④



We showedthat[f(4)]T.E=0 along
JM:boundary of the 1stndrsut>

#positively invariantset
↳ IsInadvant

Mi =((y]f(22;0,20;01220]
-forJones Model is an example of
positive (or more generally monotone

⑮stelys, (i) system isposite and
4 fou

A:Metzler matrix;i.e. 9510i is



- 2 I 0 I

②L 1 -2 I ⑧IA- 0 1 -21

10 1 -z

ji = - 2xi +xi+1 +xi- 1 =

= - 2.[ki-At4"1]
i =z.(t)
A 5 =0 =5 =

0;
i=

⑦



Ex.sciTuc-csl.ci-:*"""in
showthat a circle of radius r

(Br =4xe(122;u(,7+xz =2)

strebesavant
for LAis

Needtoshow
that there is

Fst.rxF-ifon Chisin
⑨



[S()]
*

E -> torpule+52.6z - xxy

*a T
-

shong its hoossolom->
=255, +2(z - 24(2),+w(i)]84 +[-224 +64 -wn(235(22).

· x2
=

+vis ---6si) - 2740' +usersto
-

=(x,+xi)(1 - (0)2+2)] - ice rotationof
trouble
Ssijs - ind

= u)[s-AR] + =
r2 22

? r2

= v
=

( =- r3] X 0 =>
1v'= ==> [f10))m =0 ⑩



(Note: (54
I
v(2)

=

= 0

x,2 =2k,w(z +1z =0

x," +027=726422

Zizz.ii
-
-

--thee

⑪



existence of sociodic

#This [beasic version] or hits for i =f(x)
kit vc(t(+ ((22

Let i be a compact[i.e. closed&
103de0) I

setin 12which is positively
invariantfor x = f(x) kiH(HSC1R".
IMOT contain an ea.doist
then itverstainsaperiodicorlitera
points"can be relatedto;

MANhaveostaezcoistveriet
v(,,v2>0,vesl ⑫



In theprevious example,
I

A = [ - 2 i] =(x =x =

0

⑭),I- A) =15
- 1

5) =
=(s,+2 = Positive

real parts

*2,5 +3 0+0.c. ervainesyastchy
foocus.

32 stable ↑
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