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1. Consider the equation _ —

x' = f(x) + g(x),
—~ R™. Assume that for all x € R® ||f(x)|l < 1 and for

where x € R", f,g: R"
all xy,x, € R"

ff Cerd — £ < g — 2l
Assume also that g is continuous and for all x € R" andsome € > 0

lg()|l < e. Show that if x,(t) and x,(t) are two solutions with x,{0) = I
%,(0), then

2
.0 = %O < 5~ 1.

2. Consider the nonautonamous equation ' A
X' = (L, X),
where f: R X R" - R" is a continuous function. Suppése that there exists a
cantinuous function M: R = R such that [If(t, X,) — f{t, X))/l < M(OIIX; — X,
forall t € R, -X4,X, € R™. Show that all solutions are defined on (00, o).

3. Let u(x), v(x) and w(x) be the solutions of the equations y"' +y =0
satisfying u(0) = 1, u'(0) = 0, u”’(0) = 0; v(0) = 0, v'(0) = 1,Vv'(0) = 0;
w(0) = 0, w'(0) = 0, w(0) = 1. Without solving the equation show that
{a) 0'(x) = —w(x)

(b} W(w,v,w) = u® —v? + w? + 3uvw = 1.,

Determine the type of stability of the critical point (0,0} of each of the following
systems and sketch the phase portraits.
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Remarks : For the coavenience of reprinting please Write questions in black or blue-black ( but no red ) ink.
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5. Show that the system

d
o Eq)tf =x(A— (% + (1 + eMyD)) + wy,

% =y(A— (&2 + (14 eDy?)) — wx

has a limit cycle for A, € > 0.

6. Find all critical points of the system
. ' ,
X=X, — X

2
R -
X,'=8x—x,

and determine whether they are stable, asymptotically stable or unstable.
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