. A i-3 2 1 [3+i], (s
6. Ay = K E,—ker[ _s5 j+3]bl)dﬂ[ 5 ]a.ndL,wspdn[ 5 ]

General solution:

F(t) = e [3 5 i] 4 ege [3;1}
6 cos(t) — Qsin(f,)]

oy =cp =1 then F(t) = (t‘OS(t)+isirl(t}) [S;i] + (eos(t) — isin(t)) [3 ; i] B [ 10 cos(t)



12. Yes, the zero state is stable. To see this, use technology to determine that the real parts of the
eigenvalues are all negative. Or draw a rough sketch of the characteristic polynomial to see that there
is one real eigenvalue A, between --1 and —2; the two other eigenvalues must be doy = p =+ iy with
p <0 since Ay + Ay + Ay = A + 2p = tr(d) = -2,

Faa =2 4 20 4 4

/""'(0.1}




b
o

A =30 =0.5; By = span [7}] . Eys = span [(”

System is discrete so choose VIL

L A= —% +i.7 > 1, so that trajectory spirals outwards. Choose IL
24, M =30 =05F = [_i} JEps = l:(:]

System is continuous, so choose 1.

. Mg = — 5 4 4; real part is negative so that trajectories spiral inwards in the connterclockwise direction

D! di 157 _
(1f F= [0} then i { 5 }) Choose TV.



26. AL = 1,A = —2; £, = span [?] s £ .5 = span [_”

System is continuous so choose V.



30. ALE =23 3. FE oy = span ([;jl 41 |:(1):| ), 50 that

) = 2 0 5§ [cos(3ty —sin(t) | |al| _ . » 5sin{3t) 5 cos{3t) a
=e 1y sin(3t)  cos(3) | [B] T [cos(31) + 3sin(3t) —sin(3f) + Jcos(3t) ] [b )



0
b

—c+ /2 —4b

35. A= [é _3} and f4(A) = A* + cA + b, with eigenvalues Ara = 5

a. If ¢ = 0 then A; 5 = +iv/b. The trajectories are ellipses.

The block oscillates harmonically, with period %}—; The zero state is not asymptotically stable.
—ctivab—¢?
b. Ay = _‘_:_32_ﬁ;
The trajectories spiral inwards, since Re(A) = Re(h) = ~£ < 0. This is the case of a damped

2
oscillation, The zero stale is asymptotically stable.

N
"/

¢. This case is discussed in Exercise 9.1.55. The zero state is stable here.




39.

A LD d 010 de des
Let A= |0 A I|.Wefirstsolve the system ={A-A)E=|0 0 1|cor u{j}l = ea(t), d—t“ =

0 0 X 0 ¢ 0 i

dC‘;
a(t), — = 0.
ot at ’ d k
c3(t) = k3, a constant, so that % = k3 and e3(t) = kat + ke. Likewise ¢, {t) = ~$t2 + kot + Ky,
Applying Exercise 9.1.24, with £ = — A, we find that #(t) = e MF(t) or #(#) = eMé(2)
k:
ky 4 kot + —]

o oM Ky + kst where ki, k2, k3 are arbitrary constants. The zero state is stable if (and only

ks

if) the real part of A is negative.



