15.\1n Exercise 11, we completed the square and obtained § + 25 + LU =¥ 1 1) T ,ov
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16. Tn Exercise 12, we completed the square and obtained s? —4s +5 = (s — 2)? 4+ 12,50
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[s2—4s+5] [(s—2)2+ 12]

et s—2 1 2
=L [(s—2)2+12]+£ [(s—2)2+12]

= e cost + e (2sint) = e¥(cost + 2sint).

@n Exercise 13, we completed the square and obtained s +s5 + 1= (s +1 /2)? + (V/3/2)%, 50
25+3 25 +3
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We want to put this fraction in the right form so that we can use the formulas for L]e® cos wt] and
L[ sinwt]. We see that
25 43 B 25 + 1 2
5+ 1727+ (V3/2? (s +1/2% + (/3/2) T T+ (B2R
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So
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=2¢"? cos [—t + —e " sin ét .
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‘ 30.] (a) Taking the Laplace transtorm of both sides of the equation, we obtain

dzy dv P
28] <[] ne

and using the formulas for £[dy/dt] and £[d®y /d1*] in terms of L[], we have

(s2 + 65 + 13).L[y] — 57(0) — '(0) — 6y(0) = 30
S

(b) Substituting the initial conditions yields

(2 4 65 + 31LLy) — 35 — 19 = 135

s
and solving for £[y] we get

3 Q
LIyl = = i +( = e
52465 +13 7 \s(s2 465 + 13) '




Using the partial fractions decomposition

13 __1 s+6
s(s24+6s+13) s s2+4+6s5s+ 13
we obtain 35 4 19 ) +6
A § —15
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L1] s2+6s+13+(s 52+6s+13)

(¢) In order to compute the inverse Laplace transform, we first write
s246s+13=(s+3)?%+4
by completing the square, and then we write
35+ 19 ( s+3 ) . ( 2 )
=3 )| +5| —
52465+ 13 (s+3)2+4 (s+3)2+4

and

s+6 ( s+3 ) + 3 ( 2 )
s2465+13 \(+32+4) 2\(s+32+4/)
Taking the inverse Laplace transform, we have

y(1) = 3¢~ cos 2t +5¢™ sin 2t +ua(t) (1 —e 30N g2t — ) — %3—30—4) sin2(t — 4)) .

32. | (a) We take Laplace transform of both sides to obtain

dzy
£ 7y + 3L[y] = LIuy(t) cos(5(t — 4)1,

which is equivalent to

2L 0) — y'(0) +3L s
s°L[y] —sy(0) — y'(0) + 3 [.v]—s2+25-
Using the given initial conditions, we have
—ds
2 e s
HLYI+2 = 5——.
(" + 3Ll +2 = s

{(b) Solving for .L]y] gives
e
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243 T R0+ 25
(c¢) Now to find the inverse Laplace transform, we first note that

-2 -2 V3 -2
L7H = = —L 1 X2 | = ZZsin31.
[s~+3] 3 [s2+3] ﬁsmf

For the second term, we first use partial fractions to write

LIyl =

K _ 1 s s
(s24+3)(s2+25) 22\s243 s24025)°

Hence

- e s 1 : ;
L7 s | = g (cos(VB 1 —4y) — cos(S(t - 47).

Combining the two results, we obtain the solution of the initial-value problem

2 1
yit) = _«_/—3 sinv/31 + -,)—2u4(t) (cos(\/g(t — ) — cos(5(¢ — 4))) .




