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det(Afs — A) = det 1 a- ‘1] =A(A—4)+4= (1 —-2)¥ =050 A= 2 with algebraic multiplicity 2

My £

det{ M\ ~ A) = det A ﬁﬁll )\1:7] = A% — 44X + 13 s0 det(Afy — A) = 0 for no real A,
= -2 v

(IET{)\IQ — A) = det /\__3} N — »51] = )\" S5A—2=10s0 Al 9 = E):t——

A = 1 with algebraic multiplicity 3, by Fact 7.2.2.

CFaA) = AZ(A + 3) so

AL = O (Algebraic multiplicity 2}
Ay = -3,

FalAy = (A= 2*A~1)s0

AL = 2 (Algebraic mulhphmty 2}
Ao = 1.

FalA) = (A + DA = 1) so Ay = —1 (Algebraic multiplicity 2), As = L.



2+ /1-4(1-F)

15, faM =2 -2+ (1K) =0if Xo= > =1+ vk
The matrix has 2 distinct real eigenvalues when & > {), no real eigenvalues when & < 0.

16. fald) = A2~ {a+ )X + (ac— b?)



24 Ay — 0.25, Ay = 1

c ac+ be {a+b) el . \ e, . .
25 = = = since g + b = ¢+ d = 1; therefore % an eigenvec At
25. A [b] [bc N bd} {(c + )b p | since a b=c¢+d=1;therefore, p | 18 an eigenvector with

eigenvalue A; = 1.

1 o-c 1 1] . .
Also, 4 T o4l = (a—c) | since a—c= ~{b — d}: therefore, L1 Ban eigenvector
with eigenvalue Ay = @ — . Notice that la — ¢ < 1 so a possible phase portrait is
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26. Here [g} = [8 ;o] with Ay =1 and [_l] with Az = a — ¢ = 0.25.
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27. a. We know &) = {
Faer 7.1.3,
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221y
=554

» 0
ir 2y = {1

ih, 80 by Fact T.1.3.
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b. A’ approaches 3le o' t — oc. See part ¢ for a justification.
¢. Let us think about the first column of A*, which is 4*¢). We can use Fact 7.1.3 to compute A'Z,.
1
Start by writing €; = ¢ [g] + 2 [ }] ; a straightforward computation shows that ¢ = =3 and
- ¢
=y
1 b
Now A’é‘l = C_+b [g] + m(z\g)t [_i}, where Ay =a — ¢.
1
Since 13| < 1, the second smnmand goes to zero, so that lin(A'g) = “l.
fan ’ c+b | b
Likewise, lim{A'é:) = L e so that lim A® = Lo Jee
Piox c+b b i e+ b b b
28. a. w(t 4+ 1} = 0.8w(t) + 0.1m(t)
m(t+ 1) = 0.2w(t) + 0.9m(t)
so A= [gg gé} which is a regular transition matrix since its columns sum to 1 and its entries
are positive.
. 0.1 1] _ il . .
b. The eigenvectors of A4 are a2l o |2 with A} = 1, and 3 with As = 0.7.
Fy = [12000] — 400 M + 800 [_i] s0 7(t) = 400 M + 800(0.7)' [_i] or
w(t) = 400 + 800{0.7)
m{t) = 300 - B00(0.7}.
c. As ¢ — oo, w{t) — 400 so Wipfs won’t have to close the store.





