
10) LET A = (4 )
EIGENVALUES detIA-b1l = 0 : - 116-d) + 8 = 0

d2 66 + 8 =0

d = 3=v 8= 3=1 =>bi2 , de= 4

EGENVECTORS : 12 /A-GI= = = (f) keir)

62 = 4 :

(A-41 =(2= = v =d(()(der)
LET P=Cs) =-) , y = 159) = A =ppp +

· PHASE DIAGRAM FOR E=DE WHERE=(

⑪ zn(t)= eat z(0)
ze(t)= e4tGe(0)

> z1 => za(= e4tzc(0) = let z1011z

· ~ OF THE FORM: zc = az latIR , zn+O)

1) PHASE YIAGRAM FOR E =A WHERE (i)

·i= 0 - 2y = 0 = y=0

· (j=0 : 4x+ Gy = 0 = y
= - x·

ISOCLINES:

1b) GENERAL SOLUTION

= (H= get() + cent(12) kee
SINCE In =2 & d2= 4 ARE POSITIVE: IH) + 0 E :0 =0



20 Ep:y = -x

=> TWO EP : (-11 -1) , 1-4 , 2)

JACOBIAN :

f =() [f ... RHS OF THE SYSTEE

· D81(1 , -11) = I 2) : ElGENVALUES : det(Tfl(-1 ,-11) - all = O
(-b)(- 2- a) -1 = 0
-2 +26 - 3 + 12 -1=0

62 + b- 3 =0

= - E= = 2015-0

=> (-11-1)
... SADDLE POINT

· 78(64 , 2)) = (i) : EGENVALUES : deflDf1l-4 ,211-al) = O
(1-a)(4- a) -1 = 0

4 - 48 - a + 22- 1= 0

2259+3 =0
-

= - 1 = 2nd D

=> (4 ,2)... UNSTABLE NODE

2b) FROM a) EP : (-1,1) .... SAMPLE
(4 , 2) ... UNSTABLE NOTE

: ISOCLINES: x=0 = y=
-x-2

i = 0 = x= - ya
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3) " LINEARISATION AT 10 ,0)

= 18 ) = AE EIGENVALUES OF A : 0 , -4

~ CAN'T USE LINEARISATION

· LYAPUNOV FCT

LET VIxiy) = 2xi y" ... CONTINUOUS ,
STRICT MIN AT 1010) , VID,Dl= O

Vky)= 4xx + 4yy = 4x(xg(x ,y) + y4x) + 4yyg(x,y) - = y)
= 4(x" + y4)g(x,y) 0

V= (x(y) ST Octls1

[ ET = = (xy) ST (= 1-1 = g(x iy)= x*+ y2- 41 - 3 0]



V10 ,0= 0

=> 10 ,01 STABLE AND ASYMPTOTICALLY STABLE .

4) EP : E=0 = yE4 = - (x-112
=> y

=h = - (x-112y= 4 = - k-1)2y9 4 = -1
=> =>

yap = ya- 4 = - (x+ 172 x-1 = 1(x+1)x =0 x=0

=> TWO EPS : 10 , 5)

ISOCLINES/NULLCLINES :

Y

aY
X :

- -> : & ↑
- 1

- 1

- ↓
-

↑ >X .. > X

aY
LET frt(Y)

&

ea
rM

7 INDEX:
v

If(M) = O⑧ > x

CURVE SURCOUNDING ALL

> [

N

V

↑
↑

=> THE INDEX OF EVERY

Er EQUALS ZERO
.

INDEX OF A PECIOTIC OBIT SURCOUNTING ALL EP : 1

=> THERE EXISTS NO PERIODIC OBIT SURROUNDING ALL Eps
.

5) x= ax+ sin(t)

LET y(ll= eaty(t) = y(t) = (x(t) - ax(1)) at = eatsin(t)



t

=> y/ll = y(01 + Jassulsids =
=> x(H = eety() = etypfelsnislas-eetx0 + fensd
· let x(0)11kx101 SINCE acO & +20
t t t

·) I call-sSnisids(ealds = -feel=et-
t

=> Ieasdsil-eee since oco2t20

=> KI)) = let 01 + 1
alls'sinisids 011+

=> XII) REMAINS BOUNDED FOR ALL E20
.

6) x = (1+ (2)x2

xo
= 0 = x(t) =0 Xt

t

x+ 0 :

x = 1+ 2
= - + f) = Gh = t +E- to -t

=> x(ll -x(h) = x(4(x(t)(t + E - to -t

=> x(t)=
1 xtd(t+) tte-to-t

f(t)= t+ = fill = 1+ E2 ... f(t) STRICTLY INCREASING

f(l) + =0(t+ = 0)

=> IF * 0 ,THEN FOR ST 1-volt + E-to-to-D
=> Ix(l)-o AS to to

=> NO GLOBAL SOLUTION 1

=> ONLY FOR I ,h) = DD , tel WITH to-R THERE EXISTS A GLOBAL SOLUTION .



4) [= &(0y)IR2ly > 03 ,
*e[= E= IrcosIf)irsu(f)) = (Pir) WHERE r =El AND

A =2n+ In-TL)

=> IF Ol= *e[ ,THEN Hic WILL LEAVE [ BUT RETURN TO &If O HAS

CHANGED 3Y 25 , SINCE f =230.

=> THE TIME TE) AT WHICH Eltif) RETURNSTO & FOR THE FIRST TIME IS GIVEN
BY Oltll-O1D) = 2st) =25

=> [E ) = #

=>El = Iti) = InE) ... POINCARE MAP

=> ( = (0 , ro)) : TlDird) = TE) =Eli = (0 , rInt) WHERE rIll IS THESOL TO 12a)

=> IDiro) = (Diri) = 10,rolt-e) = 10,Fro)
NOTE rIncro IF Ocroc1 AND rInk to IF Karoc-r

↑
rore(-rd -0 roltetter=D ro

=> Irin)-1/ Iro -11 IF ro + 1

=> 10 . 11 EwIMe) Vet lig
...

OBIT THROUGH

=> Mon IS UNSTABLE
.


