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es points:No jor-axis evalues)
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805 x =f(u)iu((t 1 - 1122
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"Planer"systems (2nd ovoler;UCSS/R]
x(t): =[u(t),] ivi(+) CRise
i, =f,(u),0(z) no explicit

in fsulucice]fi.lRuletinsenessesee
periodic orbits]:

2fzIf divf =5.5 = 25 + = is0π
xx2

iohentically essal tozeroelyDOESN'T change sign

connecteddomain Polomsis who holes]
is 132 then there are NO periodic orbit@



Note:dirf=T.5=traces
trace of Jaconian

EX: CT) system with n = 2 f(

f(x) =dii)(ii)mas
en

3,+92t i)z
of fz
2xx

colgtssf⑮8=trace (A) 922 creal
number

=>dirf:CANNOTchange sgn!!!
⑦:911 +122 =0

IfNoT => 10 Periodic orbits3



Periodic orbits CAH exists is

q,1 = -az(e.g,9, =02 =0)*
⑦ 9/2 15 a,1 +9220 =>⑳A =[ 92) 0 3 3

Analysis recondmendiflopeolis,thisset
Itsign (9,2) =siglar) => &
Aperiodic orbits saddle:N = =vic->also when
( +9,2.92,<0 9,2 =92) =0

Net/SI-A) =,5" + 19(2.92,)
Infinitely eery1x =1juau =>Mriodic orbits (entr



Oroof: as immediateconsequence of-

-

divergence Them
Proofhy -> 1[traplictio2]
Assume thatthere is a periodic orbit
ano) showthatunder the conditions of
the TRm this isNOTpossible.

periodic orbit in Δ
flor):tangential to ceriodic
->⑧ T ->

orkit
n:outracenormal

x =f(x);(f(x)].n =0
D

↑ ⑧2,S div. Tkey ->7

E=S(f(x)]T.noe ir1)&s ⑤



EX:jx =xz == f,(2,3)
⑧ -xzix =- 2.5(z +01 - x,3+Eifz(x,,vz)-

&xo:positive parameter
->

points:8 =5,2 3 #2.

0 =0x(1 -5,2) => points
- 1

&xz

1== =9 [8], [0], (03)
is

⑭x5 =20+
Needtoexamine sigs of

x,k- C ⑥



a divis) =0,-2:Negative 502
(4) =V

Positive for

1,

L**Dxxy**,
⑦



No periodic orbits sor What re

x,t( - p -Va);24 - ) - V2, as saycluete3 Beudix.y
x(t(V(, +8) The,

RED circledregions on theorevious page:
Beoixon's

CANNOTSay anything[ TrxiS 3
①

conclude sayNcoNacuse
t

x(, 7(9,b) iteither -E or X

belongs to 19,5).
IFIndexTheory CAsOUTORssiSS



-tivelyInvariantsets

x =f(u)Wit(cx(t0) =6y7))22
solution:slt)= 0H,010) @ time

#Aseatingcrom0o
e

ix.tM => P(t,56)GM

closed for <Mt= tomspecial cases (ex.Points;periodic orhits;
insion of a periodic orbit for
plane systems;region of attraction
ofan eg. point) ⑨


