P0§5‘HV¢. Toyariomce omd Traf?t’n%ﬂeg{ms

Recall +he flow FuncHon e, x5 For % =)

Sat i S‘;\QS

¢ (
,,,,,, L) | 3’?5’“’” ¥ - B .
(2) PO, K,) = X _
"""""" One com _examine +he ¢maje, of seits M
wnder the $low b

B, cm Vive

TT eddifionall \/ 4 s closed amd

. bouu\Aea( +hen M is called a




tra £p n a regtoY\J,S‘f'zz Show

One way +o check if a set M is o

$eN <o vyxesm
where N ig 4 \r\eau!—u;m d normel o~

,,,,,,,,,,, +he \ocvnd&r‘\/ M of +h erea?cv\ M )
T - o

VVVVVV  Tlustrades a case

K\  where § is always
[JowH ing into the

_________ [N <O  VxedM

XY X 3M s Hhe unid circle

oamd M its interisv

amd N 2(cos6,sind) as luell.”

~Fl8) = -(xyrx, e N

F( 9) : -(x s ecosa‘g) g e

Nate M contains one : ined pt




Poincacd - Bendixson Thesrem

Suppose M _is a +rapping region Jor x =d(x)
which contams no fixed So;ngj . Thew
there exists some. QeAxooQLxc oxrbit C
Contained @vd-irel}, . M

PE : Dflico+, See Perlo (1991 :.p9223) Sor details.
May be manyC n M, v

VS ‘There.ware Move gemeval versisns (later)

where M may Zontain a $inite numloes
............ od £ xed Do%A*S, The conclusion in

. Sveh je\r\éraéi%&%ms are moce ccrm‘)\ex.

() Not only does C exist, bt giu x,)
"arv(‘a T/, eEi"CQS—L > 00, 'A {wroao(/\ Y
n cea(samorccarcacu\ole%m% o

i




EXAM\O\%_E_“ Annolar Happm% rcaxw\
() r = ¢ (H-r) + pr"éme = fcre P
(2) & = 1 )
When = o +his System has a stable p_a‘qé«c orbid
r=2 ) S
Fir 6 0) N Does +he orbit persisd
l ) 2
: — r Sor w#0 2
\ |
Amnvlar WMPH\« regiom M | o/r'\%'m sole §x {)4 )

Woant (Lo Ha?é?na )

S§Mt a\r\

‘.w+\\t.n.-; is9at

r«:qnm

so ¥ <o
Thus i %hese radi au& Sa,%sﬁea( M s mAeea(
A —}'Paﬂ\m

By foincaré—RBendixgen
east one P@\;DA‘Q orbit ¢



EXAMPLE  Polar gemeralizations
r = fu)« kGlro)
6 =

where Q is un’s;o(‘m\y bouv\&dal

g < K

M)

end 4he gra\?\m o‘? fun /Mc'liua:\i—l-a%‘velw 1S

Fn TV\/\ r

| = >r

Saw\c, annvlar M . On mney Eounal;.ry QM

need

Jury > - hGine)

Suificient thal e }oir.k r sveh 4hat

Sy > }AK

which is true $or soff, Swmll ®

Similare foc IM,

SOM;Sa

-Frcpmnq Feaisn .
1y Q

EXAMPLE r=r(-r) 4 pf50E
s _ L+ 7=
,,,,, 6= 1
3oumﬁeA So we Cay\ “Qrs&{ N &;’v\v‘\ulm

ﬁ&mm« region anmd systewn has

?—@As(}ﬂ Qt“’




OMQQ a \{Q‘!; sets

Below

@lt, x5y is the $low Function for

X = F(x) Xio) = X_

p 1S an w=limit pom+ of x if

there is a sea’,uwce of“'xmes it.1

with ‘E 2 9 svch tha+

gS(ti-,,x',;)——-% p as (> w

The w-limit sed wi(x,) of X, 1S

w(xn\“.‘&;p D P _om w-liwmidt point}
I { [ 4

EXAMPLE  Stable node
xe.
\,.7;%/ M is posikively invariant
7 >, ! /
%
M ' w(¥,) = f{O,oﬁ Vx eMm
7 6 S 0

Haf shable poriodic orbrt

4'\" ,,,,, Limit Clyc;\e. ..Q-/. s—}aUe.mam
“ ,
{/’C;\\ — -
G e -3
%m_m_ ..... S
el wilg) = 0
g T




ExAMPLE Ho‘rr\oc\iﬂ]c_w 0\’\:‘:‘\'(;)

w(?) 1s +the union

-

of +he or\qw\ and

,,'t"wo b\c\"nac.'lni,c-

orvits H.,

—

¥

4

EXAMPLE Heteroclinic o /C‘,:

w(p) 1S the unim

of the +wo

heterselinic éﬂ;ﬁsﬁ.f,:,m,,_.,,..W,,ﬂ,g._.;”

o Pamd @ |




Poincare - Bendixson (General)
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