Math 53H Homework 7 Solutions

June 1, 2012

1.) The homogeneous equation has general solution A cost+ Bsint. We find a particular
solution of & + x = 5te~2! by inverting I + d? on the vector space spanned by f; = te= and
fo = e72t. With respect to this basis,
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so that (I 4+d*)7'5f1 = fi + 2 fa = te > + e~

Obviously I + d? is the zero operator on the span of cost and sint, so we search for a
particular solution of & + z = 4sint in the space spanned by tcost and tsint. Checking
each, we find that —2t cost is a solution. Thus the general solution is given by

4
x(t) = Acost + Bsint + te > + ge’% — 2t cost.



2.) The general homogeneous solution is Ae’ cos 2t + Be' sin 2t.

To find particular solutions, we consider the operator 5/ — 2d + d? acting on spaces
of quasi-polynomials. To find the particular solution for ae’cos?2t, we note 5I — 2d + d?
kills the span of e’ cos 2t and e sin2t, so we search for a solution in the space spanned by
te! cos 2t and te! sin 2¢. Calculating the action on each of these, we find the particular solution
{htet cos 2t 4 Lte' sin 2t.

Searching for a particular solution for —17sin 2t in the span of sin 2t and cos 2¢, we find
the particular solution —4 cos 2t — sin 2t.

Thus the general solution is

z(t) = Ae' cos 2t + Be'sin 2t + %tet cos 2t + %tet sin 2t — 4 cos 2t — sin 2t.

For this to remain bounded as ¢ — oo we must have a = 0. Then the initial conditions given
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Again the solution remains bounded only if A = B = 0. Thus a = —4 and § = —2.



3.) The matrix of the homogenous equation is

2] fo] B o] =R e][oa] (v 4]

and so a fundamental system of solutions for the homogeneous equation is given by

2 1 et tet 0 a | 2tet + ¢! n —2tet
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Therefore, we seek a solution of the form
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x(t) = 2¢1(t)te’ + ¢ (t)e! — 2ey(t)te!, y(t) = 2ci(t)te! + ca(t)e’ — 2co(t)te’.
Substituting this into the differential equation and canceling terms, we are left with

ér(t)(2te + e') — 2¢5(t) (e') = 0, 261 (1) (te!) + ¢o(t)el (1 — 2t) = 15e'V/t,

so that
Eo(t) = (t + %)él(t)? at) = %
Thus C30./zde (3022 + 1522 )dx
cl(t):C+/om> Cz(t>=D+/0 1+ 4z — 4a?

where C' and D are arbitrary constants.



4. The system is 27 periodic in both variables, so we will consider only values of (x,y) €
[0,27) x [0,27). Then there are 4 equilibrium points, at z = 0 or 7 and y = 0 or m. The
four matrices of the linearized systems are

[(1) _11]’(‘”:0’?/:0)’ {_01 _11}7(93=7T,y=0),

[(1) _11}7(96:0&:@, {_01 jl}’(mzﬂ’y:ﬂ

At (0,0) the eigenvalues are 1 + i\/Tg, so that the equilibrium is unstable. At (w,0) the

eigenvalues are % + \/75, so again, unstable. At (0,7) the eigenvalues are —% + \/75, unstable.

At (7, 7) the eigenvalues are —3 + i‘/Tg, so this point is stable (asymptotically).



5. The linearized system has matrix

i

with characteristic polynomial A\* — (1 + a)\ + (a + 2), and eigenvalues

(1+a)£/(1+a)?—4(a+2)
5 .

For a < —2 the radicand is real, and larger than |1+ al, so that there is a positive eigenvalue,
and the system is unstable. For a > —1, the midpoint between the two eigenvalues is at
(14 a)/2 > 0, so at least one eigenvalue has positive real root, and the system is unstable.
For —2 < a < —1 both roots are negative and the system is asymptotically stable.

When a = —2 we can see in a relatively simple way that the system is unstable. Consider
the ray (z,y) = (2, —2) where z > 0. On this ray, # = 22 = —y, so that this is an integral
curve. Moreover, this integral curve diverges from zero as t — 0o so the system is Lyapunov
unstable.

When a = —1 one gets the system

b= —x—2y+ 2
y=x+y+axy

The eigenvalues of the linearized system are equal +i. Finding the canonical basis one gets
the the change of variables

T=uU—"v
y=v
transforms the system into
U=—v+ (u—v)u

U =u+ (u—uv)v.

It is useful to rewrite it in polar coordinates u = r cos ¢, v = rsin ¢.
Multipying first equation by u and second by v and adding them we get

W = il + v = (u2 + v2)(u —v) = r?’(cosgzﬁ — sin ¢),

or
2

7= %(cosgb—singb). (1)

Similarly, Multipying first equation by v and second by u and subtracting second from the
first one we get
w — vu = —(u? + v?),



and plugging u = rcosd,v = rsin¢g we get ¢ = —1. Hence, ¢ = —t (up to choice of the
initial time) and (1) takes the form

dr %
— = —(sin¢ — cos ).

= S (sing - cos)
This equation with seprable variables which is easy to solve and we get that all trajectories
in some neighborhood of the origin are periodic and all phase curves there are closed curve
surrounding the equilibrium point. Hence the system is Lyapunov stable but asymptotically
unstable.



6. If w = v then the systems are the same after possibly exchanging the names of the
variables. If w # 4v then the systems cannot be topologically equivalent. This is because
solutions of the first system have period 27/|w| while solutions of the second system have
period 27 /|v|. A homeomorphism giving topological equivalence maps periodic solutions to
periodic solutions of the same period (check this!), which proves the inequivalence.



