
1a) A* WHEREA==d
EIGENVALUES OFA: &

det(A-bI)= (-3-61-1 =(3 +612-1=0

=>1+3=I1
=>d1=-2 ANY de=-4 - 10,0)...STABLE NODE

EIGENVECTORS:An=-2:(A+2I/8,=O

I=0 ==d(1) (de
d=-4

(A +4I)2 =0

F
-

1)=0 = =d(1) (der)

=>A=SDS WHERE D=184) Any safe
PHASE DIAGRAM FOR DE

x(t)=xID)e2t

e. y(l)=y10)e-ht
=>y(l)=2x()2 (F x10) +0

=>

y(x)=axIFx10) +0

IFE10)=0: =>y-AXIS

I↑HessianerrorcometheI

spard



1b) GENERAL SOLUTION

(H=Get(I) +Get(?) WHEREGICLEIR

eat at et
=(1)=(02) =(es) -Get() +ce"(1)

=>C2+Ce=0
-Ge +Gge4=e2

=>Cr+GE"=0
Eze=e

=

2=fed ANDG=-CE2 = -I

=>x() =- fe2t(1) +Gebt)1) SATSFIES (1=(2-2)

(a) x=y-2

y
=
x4y-3

EP:x0 =yC80 =y-
y=1
EP:(=12)

LETF(xy)=(iy-3)
=>DF(kg) =(&i)
:) EP (-1,2):

F1121) =(1) - ElGENVAEiall -bI) = -b(1-6) +2e
12-1+2=0

=IV
O

12==i
=>(-1,2) UNSTABLE SPIRAL



·)EP (1,2):
DFI11,21) =(81) e

EIGENVALUES:

det (DF((1,21) -dI) = -d(1-6) -2=0
12-1-2=0
-

12=8=(f +2

1,=1
-

=-1 AND12=2

=>(1,2) ... SADDLE

2b)x=y-2 y
=x4y-3

ny
xY

y
=2

->

>X (i)an-

al

-



-
3)LIxy)=x"+2BY IS ASTRICT LYAPUNOV FCT FOR 10101:8 IE

-> ((x,y)> L10,0)=0 F (xy)+8
+ Lk1iyl) cO YkIiyll+8 SOL TO THEGIVEN SYSTEM

·)L10,1)=2B>0 =0
=>(Ixy)0 X(xy)

-(x,y)) =4x3 +4yyH
=
- 4x3(1) - 4x3y(t) +4x3(1)y()) - 4By"())
= -4(x() +(1-B)x())y()) +By4(t))

1F=1 =f(kx(y)))) =- 4(6)) +y4)))<0 k),yt)) +8
=>Lxy)=x+2y2 IS A STRICTLYAPUNOV FCT FOR 10,0).

=>1010) IS AN ASYMPTOMCALLY STABLEEP.



4) CHOOSE p(y)=1+xity2

AND LET FKxy))e)
=>4Fkxy)=(53) => D.14F)ky1=31yYc0 FIxy)8

D. I4F) 10101-0

=>(DULAC):THESYSTEM HAS NO NON-CONSTANT

PERIODIC SOL.

5) x=(y-x)(y+x)

y
=x(x+1)

x: I alf
ay y

=x y

y=-x
->

E -

>x ↑ - >X

->

al

-> ->

↑ ↑

M

X

↑
↑

->
->

=>4e +re +Prfr +m +
eNe =0 TURNS COUNTERCLOCKWISE

=>INDEX:0



b.Er:0 yOR=Ep:100), 1-1i-

=>ALL ES LIE INSIDE M

>EVERY SIMPLE,CLOSED CURVESUROUNTING
THESE 3 EOHAS THESAMEINDEXAS r,

IEO

EVERY CLOSEDPHASE PATH SURROUNDING ALL EP ISA SIMPLECLOSED
CURVE WITHINDEX1. SURROUNDING ALLER. I

=>NO CLOSED PHASEPAT SURROUNDING ALL EP.

6) xIll SOLURON TO x= x2t2

x101=x0>0.
(A)

~ xIO VED FOR WHICH A SOLEXISTS

y(t) SOLUTION TO y=ya
(A)

y(0)=x0

at =1 + - yx+yfost -y()-y(0)=y(0)y(t
=>y(t)(1- y(0t) =y(0)

=>y1 =dt -0 Ast-ya
=>IAA) HAS ONLYALOCAL SOLURON FORWARD INTIME.

AND y1> 0 YOct>0.

toaids standsis as

SINCE xis10
xIH

=Edesds)as-Sade
x(I)

=>(10)=y10=xorO) BdzEedz
*O Xo

=>yIlx =x-x AStef FORSOMEE'sE



2)
g(l)C+ sgisids
LET f(t) =tg()

*f(t)=tgIlCt+tsgisids =Ct+tffisids
t

=>

f(H)-tfisids =Ct
=>efl-elisidsect
I

letaisids) =dteIS
-Elisds-Cl-1) Iet

DisidsClas
=>gII)= c+ sgisids=c+fisds Ce


