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Planar Piecewise Linear Svsﬁem (PWL) with Two Zownes

ALX""bL, ﬁ"f X1 < o,

L;Q L;Q . - - LIQ
.....( A1 ) ALQ,.(“:L:L QAq2 ) bl b,
o N - L,Q L,f{ R - L,Q
X2 Q21 ~Ags bt b

POINCARE SECTION (Separation Line) X = {{x1,%) € R*:%x; = 0]

sl
.

where

The wain objetive:



Plownar Pilecewise Line

ar 5ys tern (PWL) wikth Two Zones

( = ALx + by, Eff X1 < O,
i Ang“"bQ, Eff X1 ? O,

where Wk L
X"‘( X1 ) ALQ‘(O‘:L;L Aqp ) b /= b,

o LR - L,Q L,Q R - L,Q
X2 Qa1 Ay b,

L
o If 7003 < O,

then the flow system does not cross bwice the Poincaré seckion
¥ = {(x1,%2) € R*: x1 = O]

Stnce svsﬁem is plecewise Linear, this condition er@.du.des the existence nown-trivial
tsolabted tnvariant closed curves.

Thus, we assume that A0, » ©



where LR e L,KR
il R AL R Aqs S b,

Ehen there exists a hameamorpmsm Freservw\g such that the

system can be transformed into the Lichard canonical form

X = T - x=Tex=-y+b
{3*“01;--2[_ Bl e {"j-*“bzx-—zrz il

LR Q L L “12, ‘3
12.
£. Freire ek al. Canonical discontinuous ptamm plecewise Linear svsﬁems‘ SIAM 3. AWL Dyn. Svs%., 2012,



Planar Plecewise Linear Svs%@.m (PWL) with Two Zohes
without sliding regions

x = Tix - x=Tex-y+b
L for x<o, LS for x> o0,
szLx-waL 3::1%)&--*&@ 1 _

L

L, L, Qa R L

AL R = Qll.,zfiibz ) Q;fbl TL;Q =k (AL’Q) 13[_)(2 = dek (AL’Q) b= O\—%{Zbl e bl
12

R

) 2 AR
e or %X<O
{ y=Dix-ap f 4

=

B The origin is the unique point in ), where the flow is tangent.



Planar Plecewise Linear Sjs%@_m (PWL) with Two Zohes
without sliding regions

i Caier e AR ' T
o e 1
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o Limit cycles: (crossing) isolated periodic orbits.
¢ Homoclinic connections,
¢ Two heteroclinic connections consisting a heteroclinic cycle.

o A fold-fold connection,



Planar Plecewise Linear System (PWL) with Two Zohes
without sliding regions

o Limit cycles: (crossing) isolated periodic orbits.

B The origin is the unique point in ), where the flow is tangent.



Planar Plecewise Linear ‘Svs%em (PWL) with Two Zohes
without sliding regions

¢ Homoclinie conneckions.

- Homoclinie connection associated to an equit&brium F?OEME outside > .

(0,0) (0.0)

Saddle FQME Saddle POLM&
25 »

Saddle homoclinic.



Planar Plecewise Linear System (PWL) with Two Zohes
without sliding regions

e Homoclinie conneckions.

- Homoclinie connection assoclated ko an equit&brium POEM& LA

The system has a continuum
of homoclinic orbits, These |
[ivariant closed curves are |
Mo& tsolated. )i

I
L___f‘ —  —— — —— — = — — —— — — ——— o

(o,0)
AS?MF’%O&E«&&LL& S%Qbi@. %’\Od@. UV\S%QbL@. N(’)d@

Node homoclinic



Planar Plecewise Linear System (PWL) with Two Zowes
without sliding reqions

oTwo heteroclinic connections consisting a ke%eroci.imccjcte‘ s

(0,0)

Saddle Poimﬁ Saddle poimﬁ



Planar Plecewise Linear System (PWL) with Two Zowes
without sliding reqions

o A fold-fold connection,

(0,00
(o,0) 4T

As mr&aﬁ:wauv Unstable Unstable As mr&a&wauv
s?&b e focus focus focus saxb e focus

o o




Planar Plecewise Linear S‘js%@.m (PWL) with Two Zohes
without sliding regions

(o,0)

e Limik r;:v&i.e« e Saddle homoclinie.

Saddle PQLME

o A fold-fold connection,
(0,0)
e Hebteroclinic ﬁvﬁiﬁa

(0,0)

Saddle FOEM& Saddle POLM&

Asﬁmyﬁoﬂtaihj Unstable

stable focus focus




Planar Plecewise Linear S‘js%@.m (PWL) with Two Zohes
without sliding regions

'j s ﬁLX -~ QAL

I e EL Ve SR P O S e N — —_— -

ﬂfc)r X < O,

We khnow:

¢ Whei the svs&em is continuous (AL = ag), the maxinum number of crossing
Limit cycles is 1,

E. Freire, £. Ponce, F. Rodriqo, and F. Torres, Bifurcation sets of continuous plecewise linear systems with two
zownes, Internakb, 3, Bifur. Chaos, 199%. (Casembjmaase sEu,dv).

V. C,, F. Fernandez-Sanchez and Douglas D. Novaes. A new simple proof for Lum-Chua’s conjecture, Nonlinear Anal-
Hybrid, 2021, (No case-by-case study).

¢ In the qgeneral case, the maximum number of crossing Limik cycles is also 1.

V. C,, F. Fernandez-Sanchez and Douglas D. Novaes. Uniqueness and s&abiti&v of Limit cycles i planar plecewise Llinear
differential systems without sliding region, Commun. Nonlinear Sci. Numer, Simul,, 2023, (No t&SQ*bj"‘t&S@. s&u.cij).



Planar Plecewise Linear Sjs%@.m (PWL) with Two Zohes
without sliding reqions

e — o ——

((x=Tix-y -

5 s for x<o, e y

l jﬂ‘BLX“&L : T v—n\bfaX“”sz ;
We lnow:

¢ In the general case, the maximum number of crossing Limit cycles is also 1.

V. C,, F. Fernandez-Sanchez and Douglas D. Novaes, Uniqueness and stability of Limik cycles in planar piecewise Linear
differential systems without sliding region, Commun. Nownlinear Sci. Numer. Simul., 2023, (No tasewbvmtasa s&u,cij).

Here, the value foz=ap T ~aLTe s essential

Theorem: Suppose that the sjsEem has a Limik c:jcte‘ Then, it is unique, kvperbuiia
and o 2 O. Moreover,

o 1f £o € O, then the Limit ﬂvct@. LS asvmpw%watbj stable.
o 1f o 7 O, then the Limik cycle is unstable,



Planar Plecewise Linear Svs%em (PWL) with Two Zowes
without sliding regions ‘

e e
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The most EvaorEaME and useful tools

e (Manageable) Expression of the Poincaré half-maps
and their firsks derivatives. i

® (Manageabm) Expr@.ssioms of the dLsF&Lm:@.mqu function
and iks first derivative.



?(I} uacare

Half-Ma ps: an integral characterization
51X~y

y=Dx-a

We consider the Linear sstem {
pys

The function
(e,0) V(x,4) = D*x* = DTxy + Dy +a(T* - 2D)x - aTy +a?

is an nverse inteqrating factor (1IF) for the Linear system,

y This means that the vector fleld

n [ _Dx=-a Tx=-y
i v> o ( \i(x; :jy \‘;(X; 'j>> \; # .

o is orthogonal to the flow of the linear system

Y, =9 \Y,

@ and conservative i each connected component of V £ 0,

Griacoming, I Llibre, H M. Viano. Nomtime&riﬁv 9 (1996). LK. Berrone, H. Glacomini. Qual. Theory Dy, Svs&. 1 (Rooo),

1A, Garcla, M. Grau. Qual, Tkeor-j Dyn. svsh 9 (2010). 1A, Grarcia, D.S. Shafer. IDE 217 (2005),



‘_ LOWN

Poincaré Half-Mma ps: an integral characte

*’”T"“v Dx-a [X-

. « B £

{ v =Dx -a G(X; v> % ( V(X, :j>} \;(X; j))

(0,0) V(x,4) = D*x® = DTxy + Dy? + a(T* - 2D)x - aTy +a?

; 12 \j"l({o}) conbains the equilibria and the Linear

tavariant manifolds of the Linear system

by, =9.y,)

Suppose that the equilibria are not located in int( U12)

/ G’(X 5 fj) ; ci,r =0 (&Qmserv&ﬁve)
)2

/G(x, j)-d\‘z/G(X, v)-dr*/@(x, v)-dr:/@r(x, j)-dr (orthogonal)
U2 VR e



?(I} uacare

H O\L‘{:‘“ M a F5f AN QM%

<) ral characterization
: Pi= o 1 LR
X =Tx = &(x, ):(_."DX&, 3)
{3:%2 P2\ Vo gy Ve

(o,0) V(x,4) = D*x* = DTxy + Dy? +a(T" - 2D)x - aTy +a

e Suppose that the eqmlibrmm i ot Llocated in ink( U)2)

Y, T 9% /@("*'tﬁd‘"o
1 L 'wo Uf}/z

/(‘.Zv(;,j)-dr:/f}(x,v)-c{r*/%(“}(x,v)-dr:/v:?(x,j)-c{r




Poincaré Half-Ma ps: an integral characterization
: e ED
X =TX = G(x, ):(-—-DX&, v v)
{ 'j gy O 2 7 V(x, 'j) V(x, '_‘j)

Vix,y) = Dx? - DTxy + Dy + a(T* =20 - aT y+af

Suppose that the equ&iibrmm s Llocaked in nt( U2)
[ @y -dr= [ Gly)-dr (conservative)
) U2 3

-1
/ Gr(x, j)dr = &T (13@ \/ 4D - Té) (a direct ﬂompuﬁaﬁom)
13

/tirw(\:,j)-dr::/(?r(x,v)-dr-**/%(“}(x,v)-dr:[y:?(x,v)-dr

/;:m V(;?,ﬁdj = 2n (Bra o -r;) =



Poincaré Half-Ma ps: an integral characterization

{ X:TX‘“U G(x,j):(*DX“&TX“j>

j = Dx - a ' \‘;(X; j) \;(X; ‘j>
(0,0) V(x, v) = D*x? - ‘Iﬁij e ‘sz + Q(TZ - Z'D)x - QTv + o

Suppose that the equuibrium Fvo&n& (0,0) is located on

s {/::m \/(;?3) C&v} o (DQ V4 - Té) ;

(A system stands for the Cauchy Principal Value at the origin.

by, =9.y,)




Poincaré Half-mMaps: an integral characterization
The forward Poincaré kaiﬂfmmo\? 9, =Y, (y.)

. Yy, * 4L C [©,+00) — (~o0,0]

ot - Jo a5 c _
(o,0) PV { /'3 5 W (j>dv} =2C T, ‘for 30 SH

Mo 3L(jo) (L> CL=0 Uf ap 70 o
(LL) L= (DL\/‘{f‘DL TL) c R L‘f aL =0
; =
(iﬁﬁ) €, =47 (b[_ \/4‘13[_ " TE) c R Exf ap <0

bir

PV sysﬁﬁm stands for the Cauﬂkj ‘Prmaépai Value at the origin.

V. C,, F Fernandez-Sanchez Integral characterization for Poincaré half-maps in planar Linear systems, 3. Differ. Equ., 2021.



Poincaré Half-mMaps: an integral characterization

J’"

Th b&i’i P &T’d ?(;)

kabfmmap

Y, : Ir C[0,+00) — (-00,0]

Jo 4
PV /30 ) dy bt = -cxTe, for cl
(o, O) 3‘2(30) W@(v) 3 . :jo | s
Wrz(y) "D;ay -apT Qv + “rz > O
(i) CQ:OEﬂf&Q<O |
Y, B0k e ;
(E‘E‘) ’CQ:W(‘DQ\/dFDQ*Té c R Eﬂf apg =90
2 (iil) cg =27 (b@\/éwﬁ E¥E] cRifagro

PV system stands for the Cauchy Principal Value at the origin,

V. €., F Fernandez-Sanchez Integral characterization for Poincaré half-maps in planar Linear systems, I Differ. Equ., 2021.



Planar Plecewise Linear S‘js%@.m (PWL) with Two Zohes
without sliding regions

(o,0)

e Limik r;:v&i.e« e Saddle homoclinie.

Saddle PQLME

o A fold-fold connection,
(0,0)
e Hebteroclinic ﬁvﬁiﬁa

(0,0)

Saddle FOEM& Saddle POLM&

Asﬁmyﬁoﬂtaihj Unstable

stable focus focus




Planar Plecewise Linear S‘js%@.m (PWL) with Two Zohes
without sliding regions

eTwo heteroclinic connections consisting a heteroclinic cycle,

.5 il B
dy = A dy =
[jL(‘jo> wL(j) i 5, /7@(7o> Wra(fj?) ’ . 7
(o, )

31.(30)

Saddle me% Saddle FQM% T

(Yo
WL(j) - T’L:jz 2 QLTLj e &E > © ’u Wg(v) — 13@32 2 angj + aé > O

Wi () =W (\)=0 We() = We(\) =0



Planar Plecewise Linear System (PWL) with Two Zohes
without sliding regions

eTwo heteroclinic connections consisting a heteroclinic cycle,

WL(’j) = ﬁsz i &LTLj +raf >0 A W;g('j) = ‘D;g:jz -agTry " ag > ©
5
Jo m:j (O; 0) % “j d, — O
dy = © Y=
/3[.(39 w‘-Qﬁ) ’ Y.y, /3;2('.70> WQ(3>
)
wL(j) - ‘DL:jz 2 O\LTLj 2 O\E > O v’z(z WQ(3> — ‘szvz e &QTQv 42 O\é > 0
W) =W(\) =0 We() =W\ =0

{WL(';)); Wrz(j>} LS i.i;meo\rbj depemdem&

9, (9,2 =9.0y,) ¥y, €, )



Planar Plecewise Linear Sjs%@.m (PWL) with Two Zohes
without sliding reqions

eTwo heteroclinic connections consisting a heteroclinic cycle,

98,02 99,2 vy, € (A Al

*f'
|
]

The system has a conbtinuum of crossing peﬂjos ,
Y and the heteroclinic cycle is not ML ivariant closed curve,

B 2T e — — — — — - — — =




Planar Plecewise Linear S‘js%@.m (PWL) with Two Zohes
without sliding regions

(o,0)

e Limik r;:v&i.e« e Saddle homoclinie.

Saddle PQLME

o A fold-fold connection,

¢ Heberoclinic ﬁvﬁiﬁa
(0,0)

— el —G—

Saddle FOEM& Saddle POLM&

Asﬁmyﬁoﬂtaihj Unstable

stable focus focus




Planar Plecewise Linear S‘js%@.m (PWL) with Two Zohes
without sliding regions

(o,0)

e Limik r;:v&i.e« e Saddle homoclinie.

Saddle PQLME

o A fold-fold connection,

(0,0)

Assjmyﬁoﬁma&bj Unstable

stable focus focus




Planar Plecewise Linear System (PWL) with Two Zohes
without sliding regions

WL(U) e bLjZ = &LTLj > &ﬁ > O )\1 Wﬁ(v) = ‘ngz g &Q‘T‘Qj + aé > e
= Jo 5
Jo Y - dy =0
LL(30> WL(3> dv “ G ? '[J@(Vo) wQ(j) j
I
WL(w) =W (V) =0 MT Wely) =z We(\) =0

ﬂ‘ke sustem has

== —— e _ e — — —  — ——

{Wily), Welyd} is Linearly dependent < o = o = ©

fO - &QTL e QLTQ E e TEBQ o Téﬁ[_



Planar Plecewise Linear System (PWL) with Two Zohes
without sliding regions

%= Tixmege ity Tex S
[ 22Tl or i LS AR D25 o]
19 .j = DLX = Qg . ¢ :j""” ; £

B ,
\ aL <0and 4D -Tr >0, ora, > 9;
Existence of both Poincaré halfwmaps = { QL e 4_1;' TLZ >c; i ; <c;
< = g TR s 4 ‘

Theorem:
Under this hypotheses, the system has

o= agTL ~arTr

V. C.,, F. Fernandez-Sanchez and Douglas D. Novaes, A succinct characterization of Fﬁrmd annull in planar plecewise
Linear differential systems with a straight line of nonsmoothiness, Jourinal of Nownlinear Science, 2023,



Planar Piecewise Linear System (PWL) with Two Zowes
without sliding reqions

aL <0 and 4D -T: >0, or a, » 0,

Existence of both Poincaré half-maps < { ag > © and 4Dg - Tg » 0, or ag < O,

Existence a crossing ihvariant closed curve —> SSM(TQ> — *SSM(TL)

e R —— - — — =

Theorem:
Under this hypotheses, the system has & Eo

|
,‘

So = &QTL o O\LTQ e 4 E"Bfg - Té’b{_

Remainder:
Theorem: Suppose that the Sjs%em has a Limik «cj&t@.« Then, it is unique, kvp@.rbc)i.w

and Eo 2 O. Moreover,
o If Lo € O, then the limit cycle is asymptotically stable.
o If £4 » O, then the Limit cycle is unstable.



Plawnar Pie

cewise Linear System (PWL) with Two Zones
without sliding reqions

fo - &QTL ot &LTQ s = Tﬁ'ﬁfg - TEﬁL

an o
Theorem:
Suppose Ehak aﬁ +aé 20, T Tr <0 and the sjs&em adwmiks a unique monodromic
singularity, Denote ¢; = af Dy = aE DL

8 <0 or (=0 and T ey >0 , then the stingqularity is unstable.
0 Iffo =€y =0, then & = ¢ = 0 and the system has

—— — —_—— e e —— T —— — — _— - = — —

Prook:

2 2 L3 2 2) y4
e 8 2L 4Ty 2 (%LT‘L zzTL) M ( 5)
v[_ 225700, 3oL C)QE 135&5 Jo
) 2 3 i 3\ 4
o 2Tyl 4Teyd 2 (%QTQ zz'r‘,z) L ( 5)
.jrz ol T 0 3op C)Qfé 135&2 Jo

V. €., F Fernandez-Sanchez, Douglas D. Novaes and E. Garcia-Medina. Electron. 3. Qual. Theory Differ. Equ.




Planar Plecewise Linear System (PWL) with Two Zownes
without sliding reqions

'50 - OLQTL - O\LTQ e TET}Q o TE‘BL

= I _ — == —_————— = — — _

Theorem:
Suppose that 4D - T{ » 6, 4Dg - T > © ad T Tg < 0. Then, the hext items hold.

o If Tiéw 70, then the infinity is attracting.

o If Tiéw <O, then the infinity is repelling.

— —— — S — -

«@omti.ar:}: | ]
Under hypotheses of the above theorems, if SoTiLlx ? ©, then the system has a

e % el Tl e

V. C,, F. Fernandez-Sanchez and Douglas D. Novaes. Uniqueness and sEabLLiEv of Limik cycles in planar plecewise linear
differential systems without sliding region, Commun, Nonlinear Sci. Numer. Simul., 2023, (No case-by-case study).




Planar Plecewise Linear S‘js%@.m (PWL) with Two Zohes
without sliding regions

(o,0)

e Limik r;:v&i.e« e Saddle homoclinie.

Saddle PQLME

o A fold-fold connection,

(0,0)

Assjmyﬁoﬁma&bj Unstable

stable focus focus




Planar Plecewise Linear Svs%@.m (PWL) with Two Zownes

without sliding reqions

o=aglL~aLTg

/( e e ————————————— - — e e e —

Theorem

The s:js%em has at wmost one isolated non-trivial thvariant closed curve. In
addition, if such an invariant closed curve exists, ik is either a Limit cycle, or

|

a saddle homoclinic connection, or a fold-fold connection and &g £ O .
Moreover,

o If (o < ©, then the invariant closed curve is attracting.

V. C,, F. Fernandez-Sanchez and Douglas D. Novaes. Unigqueness and stability of isolated invariant closed curves in
sewing planar piecewise linear differential systems preprint.



Planar Plecewise Linear S‘js%@.m (PWL) with Two Zohes
without sliding regions

o A fold-fold connection. ¢ Saddle homoclinic.
(0,0) o
Asymptotically Unstable Saddle point
stable focus focus ;

It is direct to see that the saddle homoclinic and the fold-fold connection can
not coexist.



Planar Plecewise Linear System (PWL) with Two Zohes
without sliding regions

Now, we will prove that the saddle homoclinic and the Limit cvcl.e can ot coexist.

(0,0)

e Limik ﬁjﬁlﬁq ¢ Saddle homoclinie.

Saddle F'OEM%




Planar Plecewise Linear System (PWL) with Two Zohes
without sliding reqions
Admit that there exists a system with a  and a Limit cycle

Suppose that the Limaikt tj«r:te is unstable (an similar reasoning can be done when the
Limit cycle is asymptotically stable)

Wikh a suikable

e Another Limdik
&vd@. appears
and Ehis is
IMPOSSIBLE

e The Limik tj«ti@. LS
unique, hyperbolic
and unstable. T ZFH

Claudio A, Buzzi, Tiago Carvalho and Rodrigo D. Euzébio. On Poincare-Bendixson Theorem and non-trivial minimal sets
in planar nonsmooth vector field. Publicacions Matematiques, 201%.



Planar Plecewise Linear System (PWL) with Two Zohes
without sliding reqions
Admit that there exists a system with a s - and a Limit cycle

Suppose that the Limaikt tj«r:te is unstable (an similar reasoning can be done when the
Limit cycle is asymptotically stable)

Wikh a suikable

e Anocther Limik
ﬂ\jﬁiﬁ appears
and Ehis is

¢ The Limit cycle is IMPOSSIRLE
unique, hvperbc:ut‘
and unstable. '
Claudio A, Buzzi, Tiago Carvalho and Rodrigo D. Euzébio. On Poincare-Bendixson Theorem and non-trivial minimal sets

in planar nonsmooth vector field. Publicacions Matematiques, 201%.




Planar Plecewise Linear Svs%@.m (PWL) with Two Zownes

without sliding reqions

o=aglL~aLTg

/( e e ————————————— - — e e e —

Theorem

The s:js%em has at wmost one isolated non-trivial thvariant closed curve. In
addition, if such an invariant closed curve exists, ik is either a Limit cycle, or

|

a saddle homoclinic connection, or a fold-fold connection and &g £ O .
Moreover,

o If (o < ©, then the invariant closed curve is attracting.

V. C,, F. Fernandez-Sanchez and Douglas D. Novaes. Unigqueness and stability of isolated invariant closed curves in
sewing planar piecewise linear differential systems preprint.



Plawnar Pie

cewise Linear System (PWL) with Two Zones
ME«&!&OM% SLQC{E«MS T'Q.SE«OMS SozapTL~aLTe

Now, we will prove that the par&me&er that 4 2 © when the Sjsﬁem has a

Remainder:

Theorem: Suppose that the s:js%@.m has a Limik c:jd.e.. Then, it is unique, kjp@.\*botw
and o 2 O. Moreover,

o If o < O, then the Limit cycle is asymptotically stable,
o If Lo 7 O, then the Limit cycle is unstable,

Lf the then Eo # O

V. C.,, F. Fernandez-Sanchez and Douqglas D. Novaes. Uniqueness and sEabLLiEj of Limit cycles in planar pilecewise Linear
differential systems without sliding region, Commun. Nonlinear Sci. Numer. Simul,, 2023, (No «:ase*byc:ase sEu,civ)..



Planar Plecewise Linear System (PWL) with Two Zownes
without sliding reqions

Now, we will prove that the par&me&er that &0 Z © when the Sjsﬁem has a

Next, we will show that f the value & =9, then the

Existence a crossing ihvariant closed f;u:rv M(Tg) — wng(TL)
fereen 1w |

I TL=2Tr=20= {2820 = Existence
foo zTﬁ‘DQ -‘T‘}§‘BL

fo=ag T —aLTe

Exiskence (’J‘f a e 0

3 &
ozopTL-a Ter=0=aL = Q(QT—; —> sqnlaL) = - sgnlag)



Planar Plecewise Linear System (PWL) with Two Zowes
without sliding reqions
Now, we will prove that the parameter that o 20 whéh&kesjs&m has a

Next, we will show that i the parameter o =9, then the

T,
ozopTL-aTer=0=0aL = O&QT—Q —> sgnlaL) = ~sqnlag)

e backward Poincaré half-map

Saddle ;0&&»\& L )\T

the lett zone Y

jﬁ s 1€ [O,-POO) s (-—*oo, O]

(fd}{ [:O *v C’Uj} — ""CQTQ, ‘fOT’ 30 < I;z,

QL b 4 O; ‘bL < O WQ(:;):'BQ:jz“O\QTQv*Qé > O

i .
\ / sqnlaL) = - sgnlag) e 3ra(3o> @ =T (‘DQ\/ 4Dg - Té% L ER f ag =0

L) CQ$2W<DQ\/4BQ"TE ERE{ Oqg?O

&Q<0



Planar Plecewise Linear System (PWL) with Two Zowes
ME%@\OM% SLEC&EMS T‘QSQOMS Sozap T ~aLTe

Now, we will prove that the parame&er that &0 Z © when the sjsﬁem has a

Next, we see that i the parameter & =9, then the

aL (TL s \/TE - 4—'DL> A
e i - AL wj
5 civ =0
. AL wﬁ(j)
- L (TL 4 \/TE s 4'131.) XL wﬁ('j) = 15(232 % Q@Trgv + aé > O




Planar Plecewise Linear System (PWL) with Two Zohes
without sliding regions

aL (TL - \/ TE - 413[_) AL
M= 2D, » O it o
2 /XL Wely) i
= S (TL + \/Tf c 4—‘DL>
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Planar Plecewise Linear System (PWL) with Two Zohes
without sliding regions
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Planar Piecewise Linear System (PWL) with Two Zowes
without sliding reqions

The atbractiveness of the saddle homiclinic is given bv o

sh A
Theorem:
Suppose that af +aé 20, T Tz <2 and the system admits a unique monodromic
singularity. Denote ¢; = afDg - aZDy.

0 I >0 or & =0and Tic; <0, then the singularity is asymplotically stable.
0 If (<0 or (=0and T c;>0 , then the singularity is unstable.

One can do the same (with a Little wmore worlke),
when the
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