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Problem 1: Consider the nonlinear system

dz
dt

Y @+ y-1).

=(@-y)(z+1)

1.)(8pts) Find all critical points of the system.
2.)(12pts) Study stability of the critical points of the system.

Soluten |
49{6(—3) (x-f-:)::o =) 'I::.‘E} Oy A==l =2 @,_;)tz_zaij:,
f4y) (y-1) =o 4 |
2y (y-1) =0 ,y=0)1

‘”T\\_Q— owchicad POIW{'O one the 0"‘?""") A(;) GW‘C‘ B(e'l)
Qﬂ Stab bk by | (neavu 2o kmins . -
Tht Jacob oo o (s ‘f‘o): ( I
7y Pt A%,

______1#__:(2_,)) l?__,\-z

Z. :
':C’} CQ*A) =8, /\:2’ 2

o 2 O 2-
A wu uwS(-:«LLQ
M Yo one "
e ~x -l
1 = I ):0 --(|-;\)-—|:(.? )\;g_g
’(-I -i)) =l A

b

-2 O “1-A ©
J;’:(o o) | IO A7 o

B & steble




Problem 2: Consider the nonlinear system

Assume that
f0,00=0 and  Jim H@WI_,
(z,4)—{(0,0) |:r| + |y
1.)(14pts) Show that the system is almost linear.
2.)(6pts) Deduce the stability of the origin.
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Problem 3: Consider the linear system
p i 2cos2t .
xr = p
{ 3 +sin 2¢ (1)

1.)(4pts) Write System (1) in the form X’ = A(t)X, where X = (T) What is the smallest
period of A(¢)?
2.)(8pts) Show that the general solution (1) is

z(t) = ¢1(3 + sin 2t)e®,

3 2 '
y(t) = (14 —sin2t — — cos 2t)e® + cpe
13 13
where c;, c; are arbitrary constants.
You may use the relation [ e sin 2tdt = (2 sin 2t — 2 cos 2t)e™.
3.)(8pts) Find the characteristic multipliers p, and p2 of the system.
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Problem 4: Consider the linear system

dx

E’E_ —x — 4y
dy

— =4

at

Let V(z,y) = 2® +y* and W (z,y) = 22 + ey + 3
1.)(6pts) Compute 4~ Deduce the stability of the origin.

2.)(14pts) Compute 4¥. Find a value of € > 0 such that 4 is negative definite and W is
positive definite on R*. Deduce the stability of the origin.
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Problem 5:

1.)(10pts)Use Lyapunov second method to show that the origin is unstable for the nonlinear
system
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Ei! = 3z1® + 622y + 3¢°.

2.)(10pts)Use Lyapunov second method to show that the origin is globally asymptotically
stable for the nonlinear system
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