
19) LET A== )
.

EIGENVALUES: detA-x1) = 0 : (4-3)(4 -d) +12= 0

3- 16 +12 =0

22 = 4

= #2

EIGENVECTORS : d1 = -2
(A +2I) = (G-= = = c() (EM)

de = 2 :

IA-2F =(S = (b) Ide)

=> LET P=] = / () , p :% = A -PDp-

· PHASE DIAGRAM FORTE WHERE= (E)
n22

Zelt)= zn(0)eat

Fil zelt)= ze(p)e2t

=> zalt)= zal)et = zu101zz10) Ent)

*i
> 21

~ OF THE FORM: Ze=E laEIR , z +O

· PHASE DIAGRAM FOR =A WHERE= f) ISOCLINES:

al spart ·)i= 0 =
y

= zx

⑭
: y =0 =

y
=2x

1b) GENERAL SOLUTION
FH = Geft/n) + eat(s) Kicette

(e) =x() =c +Ges()=-
=> x(t) = = e2(2

-t)(1) + eCt(3) IS THE SOL WHICH SATISFIES:(1= (2)



20 Ep:
=> TWO EP : (11-1)

, 12.2)

Jacobian D =Fi [fil ... RHS OF THE SYSTEM, IE E= fiel

: Df((1 :
-11) = (11) : EIGENVALUES: det (Df((-11-11) -all = 0

(- 1- a)(1- 3) -2=0

22 - 1-2 =0
b2 = 3

by==

=>(11-1) IS A SATTLE POINT

· 122l = [S1) : EGENVALUES : det (Df(12,2))-31) = 0
(-1- a)(1- d) + 4 =0
22-1+ 4 =0
22= -3

=Bi

=>12. 2) IS A CENTRE , IF THE SYSTEM IS HAMILTONIAN.

= fiE) IS HAMILTONIAN IF THERE EXISTS HEL = Hkxy) ST E= Hykiy)
y = - Hx(x,y)

Hy(x,y)= y
-x = H(x,y) = zy-

xy + (x) [Cx)
...

FCT ONLY DEP ON X
N

Hx(x,y) = xzy-2 = H(x,y) = ==

xy
-2x+ (y) (D (y) ...

FCT ONLY DEPON y]

=> Hixy)= - (y+2)x+ SATISFIES= Hykiy
y = - Hx(xiy)

=>= fit) IS HAMILTONIAN = 12.
2) IS A CENTRE

.

2b) FROM a) : EP: (-11-11 ... SADDLE
(2 .2)

...
CENTRE

· ISOCLINES/NULLCLINES

x= 0 = y= x

y= 0 =
y

= x2-2



-0 :

al

->·g5

al

-F
↓

#



30) k= xgixy) - y
y= yg(x,y) + x

· LINEARISATION AT 10,0

= (9) *= At EIGENVALUES OF A : L - CAN'TUSE LINEARISATION

· I LYAPUNOV FCT:

LET VIxiyl = x+ y<.... CONTINUOUS , STRICT MIN AT 10,0) , V10,0-O

Uk(y) = 2xx +2yy = 2x(x3g(x,y) - y) +2y(ySg(x, y) + x) = 2(x4+y4)g(x,y))
VE= (x( y) ST Ocl-1

CLET Eky) ST (z)= 1 = g(x(y) = 12 + 4y - x
= y2 = 12- 4 -1 =y>0]

V10 ,
01 = 0

=> 10, 01 ...
UNSTABLE

3b) LET == kxy) ST lly = g(xy) = 12 + 4y --y2-12 + 28- 49 = -90

=> V(x(y) = 2(x4+y4)g(x ,y)0

FROM as = (xy1ST (l= 1 = V(xy) = 2(x4+y4)gixykO

↓
->

= -

G => IF *10) =XoEB =LEIR2/111Y]
,

I
THEN KleB XtzO

.

↑

... (EIR2/l = 13
--. [EIR21(*1 =73

=> (POINCARE-BENDIXSON) THESE EXISTS A PERIODIC ORIT IN B , IF B CONTAINS NO EP

· Ep:Y ,Yeyygyyygy
==ONLY ONEEP:O

x = - y3g(x ,y) x= y3g(x,y)

=> THERE EXISTS A PERIODIC ORBIT INSIDE B



4) EP: YOYORy=YOORx(x3 +1) =0

=> TWO EP 10 ,0) AND 1-11-1)

ISOCLINES INULLCLINES :

x=0 aY i=0 nY

>

-1 - - 1

↳
X X = ↑ >X

-+ -

for M
LET f(xiyI = (Yy)

Fina > INDEX:

Ig(10 ,011 =Ig(M) = 0

↑
as -> repre Nue+ retret

~ O TURNS

50) LET SEIR AND ASSUME WLOG xcy : 24

1giyl-fixl = Isanyl-cs()) =1
=> faiSGLOBALLY LIPSCHITE CONTINUOUS WITH LIPSCHITZ CONSTANTL

LET E=0 = X= coslix) HAS EP xn=+r (neTL) AND coslix) IS GLOBALLY LIPSCHITE

=> (1) HAS A UNIQUE GLOBAL SOLUTION

-y = x-1 cx(0) = Exp = E = -2x(tVt



5b)iisids ANDissids

t

= k - x9)) = 1)%is)- fixisids/
t

=/ 19Kisil-fixisids

tsla
t

-sid kidsLPSCHITECNS

sil IxolS)
... BOUNDED)

·t
=Fant
=-tert _Ele

=is-xisild-+
=>-9)de



4) [= IxiPEIR2 /x03 : Ee[EE = IrcosIf)irsin(f))= (riO) WHERE r= /El AND f=2ni IneTL)

=> IF ED :Yoe[ , THEN EH
,
Xd WILL LEAVE [ BUT RETURN TO SIGMA IF E HAS CHANGED

BY 2n, SINCE E+2 0
.

=> THE TIMEI AT WHICH Eti) RETURNS TO [ FOR THE FIRST TIME IS GIVEN BY

E(T)-810)=2i=2n

=> (d) =I

=>To = x(() ,
xo = x(nit)

=> ( = (ro ,0)) : TT(ro0) =Tad =Elo = (rIn) , 0) WHERE rIt) IS THE SOL TO Re)

=> Trad = (rint
,
0 =-

,
0

=> T(Iro
,Oll= (rInn ,0 = (e01-e

,
0) - (,0)(n+0

=>T
* (v)= (nn)+ 11 .0) Ve[

=> (1.0-cwITE) Vel IME
...

ORBITTHROUGH E)

=> wIMe) =C
...

UNIT Circle Vse[
,
SINCE Mind=2 AND wIME IS CONNECTET

=> Muo IS ASYMPTOTICALLY STABLE


