Solution to Quiz #8 and HW 10

1. Quiz problem (Sec 6.2 Problem 18) Taking the Laplace’s transform of
the differential equation 3 — y = 0, we have L(y® — ) = 0.
Using L(yW) = s*L(y) — s%y(0) — sy/(0) — sy”(0) — y"(0), we have
s'L(y) — s°y(0) — s°y'(0) — sy"(0) —y""(0) — L(y) = 0 and

(s* = 1)L(y) — s3y(0) — s2y/'(0) — sy”(0) — y(0) = 0. Substituting y(0) =
1, ¥'(0) = 0, ¥”(0) = 1, y"(0) = 0, we have (s* — 1)L(y) — s3> — s = 0,
(s* = 1)L(y) = s* + 5. So we have L(y) = jifj = (s2sfi)(t;)+1) = %~ and
y(t) = L7 (%) = cosh(t).
2. (Sec 6.1 Problem a) Find the Laplace transform of 2t2+sin(2t)+e cos(2t).
Recall that the L(*) = %, L(sin(2t)) = =25 = =53 and L(e’ cos(2t)) =
T = oo 1)2+4 So L(2t2 + sin(2t) + el cos(2t)) = 2L(2t?) + L(sin(2t)) +
L(e' cos(2t)) = 53 + 32+4 + (si‘z’)sQH.
3. (Sec 6.1 Problem b) Find the Laplace transform of te* — tefsin(2t).
Recall that the L(e) = ;15 and L(e'sin(2t)) = i = ooira- We
have
—4(s—1 .
L(—te?) = () = ((S 1) and L(— te' sin(2t)) = (= 12) ) =1 1() +i)2, ie.
4(s—1
L(te*) = (2e) and L(te' sin(20) = 257k S0 L(te* — te'sin(2t)) =
. 4(s—2
L(te*) — L(te' sin(2t)) = (351)2 — ((37(1)234)2'

4. (Sec 6.2 Problem 12) Taking the Laplace’s transform of the differential
equation y” + 3y’ + 2y = 0, we have L(y" + 3y’ + 2y) = L(0) = 0. Using
L(y") = s*L(y) — sy(0) — '(0) and L(y') = sL(y) — y(0), we have s’L(y) —
sy(0) = y'(0) + 3(sL(y) — y(0)) + 2L(y) = 0 and
(s>+3s+2)L(y) —sy(0) —y'(0) —3y(0) = 0. Applying the initial conditions,

we have (s + 3s + 2)L(y) = s + 3, So we have L(y(t)) = —(SQj‘ng Using
. . s+3 _ 2 1 s+3 _ s+3 _ b
partial fractions, m = - (82+§8+2) — (8+1;r(8+2) (S+1) + 525

Multiplying (s+1)(s+2), we have s+3 = a(s+2)+b(s+1) = (a+b)s+2a-+b.
Comparing the coefficient, we have a + b = 1 and 2a + b = 3. This gives
a=2and b= —1.)
Hence y(t) = L' (25 — 45) = 2¢7' —e .
5. (Sec 4.3 Problem 13)
Taking the Laplace’s transform of the eq "’ — 2y’ + 2y = 0,
we have L( — 2y +2y) = L(0) =0.
Usmg L(y") = s*L(y) — sy(0) — ¢/'(0) and L(y') = sL(y) — y(0), we have
*L(y) — sy(0) = 3/'(0) — 2(sL(y) — y(0)) + 2L(y) = 0 and
(s — 25+ 2)L(y) — sy(0) — y'(0) + 2y(0) = 0.
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Applying the initial conditions,, we have

(s—254+2)L(y) = 1 and (s*+4s+5)L(y) = 2s+3. So we have L(y) = z—5-—.
Note that 82 — 25+ 2= (8 — 1)2 + 1. y(t) = L_l(m) = L_l(s—l)%—f—l) =

el sin(t).



