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For problems 1, 3, 5, and 6, solve the given initial value problem using the method of
Laplace transforms.

1
̄
.) y ′′ − 2y ′  5y  0; y0  2, y ′0  4

Taking the Laplace transform of y ′′ − 2y ′  5y  0 and applying the linearity of the Laplace transform
yields:

Ly ′′ − 2Ly ′  5Ly  L0
If we put Ys  Lys and apply properties (2) and (4) on pages 361 and 362 of the text, we get:
Ly ′  sYs − y0  sYs − 2
and
Ly ′′  s2Ys − sy0 − y ′0  s2Ys − 2s − 4
Substituting these expressions and using the fact that L0  0 and solving for Ys yields
s2Ys − 2s − 4 − 2sYs − 2  5Ys  0
Solving for Ys gives
Ys  2s

s2−2s5


2s
s2−2s14

 2s
s−1222  2 s

s−1222   2 s−11
s−1222   2 s−1

s−1222  1
s−1222 

Using Table 7.1 on page 358 of the text to find the inverse Laplace transform of the above gives:

yt  2et cos2t  et sin2t

5
̄
.) w′′  w  t2  2; w0  1, w′0  −1
ℒw′′s  Ws  ℒt2  2s  ℒt2s  2ℒ1s  2

s3  2
s

Since ℒw′′s  s2Ws − sw0 − w′0  s2Ws − s  1,we have
s2Ws − s  1  Ws  2

s3  2
s  s2  1Ws  s − 1  2s21

s3  Ws  s
s21

− 1
s21

Now taking the inverse Laplace transform, we obtain
w  ℒ−1 s

s21
 − ℒ−1 1

s21
  ℒ−1 2

s3   cos t − sin t  t2

6
̄
.) y ′′ − 4y ′  5y  4e3t; y0  2, y ′0  7

Let Y  Ly. Then taking the Laplace transform of the equation and using linearity yields
Ly ′′ − 4Ly ′  5Ly  L4e3t
Solving for Y gives
s2Y − 2s − 7 − 4sY − 2  5Y  4

s−3
→ s2 − 4s  5Y  2s − 1  4

s−3

→ Y 
2s−1 4

s−3

s2−4s5
 2s2−7s7

s−3s2−4s5
 2

s−3  1
s2−4s5

 2
s−3  1

s2−4s41
 2

s−3  1
s−221

Now, taking the inverse Laplace transform, we obtain
y  L−1 2

s−3   L−1 1
s−221



1



y  2e3t  e2t sin t

For problems 15 and 19, solve for Ys , the Laplace transform of the solution yt to the
given intial value problem.

1
̄
5
̄
.) Solve for Ys, the Laplace transform of the solution yt to the given initial value problem.

y ′′ − 3y ′  2y  cos t; y0  0, y ′0  −1
Taking the Laplace transform and applying the linearity of the Laplace transform yields
Ly ′′ − 3Ly ′  2Ly  Lcos t
If we put Ys  Lys, we get
Ly ′  sYs
and
Ly ′′  s2Ys  1
Combining, and knowing the fact that Lcos t  s

s21
, yields the equation

s2Ys  1 − 3sYs  2Ys  s
s21

Solving for Ys, we get

Ys  −s2s−1
s21s2−3s2

 −s2s−1
s21s−1s−2

1
̄
9
̄
.) y ′′  5y ′ − y  et − 1

y0  1,y ′0  1
Ys : ℒys
ℒy ′s  sYs − y0  sYs − 1, ℒy ′′s  s2Ys − sy0 − y ′0  s2Ys − s −
The Laplace transform applied to both sides of the equation, yields
s2Ys − s − 1  5sYs − 1−Ys  ℒets − ℒ1s  1

s−1 −
1
s  1

ss−1 

s2  5s − 1Ys  1
ss−1  s  6  s35s2−6s1

ss−1  Ys  s35s2−6s1
ss−1s25s−1
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