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Problem l.:(2Opts) Consider the system

dr2t
,!t:r"-a'
du2.
dr:a" -f'

Let E(t) : r2(t) + y'(t).
l-X8pts) Show that

d_
fr"@<zE2(t)+E(t).

2.)(l2pts)Show that: 1t I; EG)ds S a, V, > 0, then integrating (1) we find

E(t) < (E(o) + a)e3o, vr > o.
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Problem 2:(20pts) Consider the system

dr
i:n+a-2t(r2+Y2)
y:- r*y-Ju(r2+y2).
dt

1.)(8pts) Show that the system has no periodic solution inside the region
€:{(z,g) e lR2, I-gxz-lla">0}-

2")(12pts) Show that the system has at least one closed orbit.
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Problem 3:(20pts) Consider the system

dn'.
dt:y--r
dy3
dt: r- - g'

1.)( pts) Find all the critical points of the system.
z.)( pts) Let r : u* 1 and 9: V+ 1. Write the differential equations in the variable (2, tr).

3.)(12pts) Study the stabilitf of the point (r,u) : (1, 1).
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Problem 4:(20pts) Consider the system

Let V(r,U) : 12 -t ny * u! and ftV1r1t\,a(t)) :^V.(r(t),v(t))
Show inrl'V.1",g) ls gositi"" dl,finit" :h^ a t'onaae D. fu, Pn n ,^.rkbte '
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Problem 5:(20pts) Consider the system

dr
dt 

: -'+ g\u)

dY .,/ \

dt: -u + n\r).

Assume that, for all s € lR, we have

lg(")l < S, lr,(")l s +2' | \ /r - 2

Show that the critical point (0" 0) is globally asymptotically stable^
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