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Problem 21

Start by finding the characteristic equation:

Forr = 5, find the associated k:

A—rl
[125 335]=[_44 —22]

sots = 2] r[}

Forr = —1, find the associated k:

A—rl
[111 342r1]=L21 LZL

Solk; = [—11]

x(t) = Cike™t + Cyk,e™t

x(t) =C; [;] et + C, [_11] et

1-rn@B-r)—8=0
3—4r+1r?2-8=0
r?2—4r—-5=0
r=5r=-1
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Problem 22
Start by finding the characteristic equation:
r2—8r+16=0
r—-4)(r-4)=0
r=4r=4
For r = 4, find the associated k:

A—rl
[3—_14 5 i 4] - [j 1

Sok = [ﬂ, and there is only 1 linearly independent eigenvector. Therefore, the solution will take

the form:
x(t) = Cike™ + C,(kte™ + ne™)

To find n:

A-rDn=k
-1 13My1_[1
[—1 1] [le] B [1]
=ln +1n, =1
Choose any n; and n, that satisfy the above equation:
m= 0' N2 = 1

Son = [(1)], and the overall general solution is:

=G [tJer s ([fe+ 0e)

Use the initial value of x(0) = [_43]
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[ 4e*t — Tte*t
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Problem 23

Start by finding the eigenvalues:

2-1r)2+16=0

2-7r)2=-16
2—1r=+4i
r=2=+4i
Forr = 2 + 4i, find the associated k:
[2—(2+4i) 4 ]_[—41' 4]
—4 2—2+4)] L-4 -—4i

soks= (4 +[J)

x(t) = C,e*t ([g] cos(4t) — [g] sin(4t)) + C,e?%t ([g] sin(4t) + [2] cos(4t))

{3 =4,

8 = 4C,

C, = 3/4
Cl =2

x(t) = %e“ ([g] cos(4t) — [2] sin(4—t)) + 2e?t ([g] sin(4t) + [2] cos(4t))

e2t(3 cos(4t) + 6sin (4t)

x(t) = [ezt(_3 sin(4t) + 6 cos(4t)
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Start by finding the eigenvalues:

(-2-r@4-r)+5=0
—8+2r—4r+r?+5=0

r2—2r—3=0
r—-3)(r+1)=0
rn = 3,7‘2 =-1
Forr, = 3, find the associated k,: Forr, = —1, find the associated k,:
[—2—3 1 ]=[—5 1 [—2+1 1 ]=[—1 1
-5 4-3 -5 1 -5 441 -5 5
1 1
So k1 = [5] So k2 = [1]

X(t) = Clklth + Czkzerzt
— ¢ [1] .3t 11 ¢
x(t) =C; [S]e +C, [1]6

{1=C1+Cz
3=561+C2

3=05-4C,
C,=1/2
C,=1/2

x(® =5 [L et + 5[} e
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Problem 25
Manipulate the integral to get in the form | OOO e Stf(t) dt, then take the Laplace transform of f (t).

J e Ste™4t cos(7t) dt
0

f(t) = e *cos (7t)

s+ 4

L{e™* cos(7t)} = G+4Z+49



Problem 26
a. Use Partial Fractions, then take the inverse Laplace.

36 —s _A+ B 4 c
s(s+6)2 s (s+6) (s+6)2

36 —s=A(s +6)*> + Bs(s + 6) + Cs

s=0-A4A=1
s=—6->C=-7

36 —s=1(s +6)2+Bs(s +6) — 7s
36 —s =5+ 125+ 36 + Bs? + 6Bs — 7s

Equating the coefficients givesus 1+ B =0,s0B = —1

36 —s _1 1 7
s(s+6)2 s (s+6) (s+6)?

_1{1 1 7

—_ — —_— =1_ _6t_7—6tt
s (s+6) (s+6)2} € €

b. Since the denominator does not factor, start by completing the square.

25 — 2
s24+2s+1+17-1
s—1
‘G0 +16
s+1-1-1
‘G0 +16
s+1 2
(s+1)2+16_(s+1)2+16]

Now take the inverse Laplace

ZL'l[ s+1 1 2x%2 ]
(s+1)2+16 2(s+1)?*+16

1
=2 [e‘t cos(4t) — Ee‘t sin(4t)]



