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Solutions to Homework 9

Use the Laplace transform to solve the initial value problems.

1. 𝑦′′ + 𝑦′ − 2𝑦 = −4, 𝑦(0) = 2, 𝑦′(0) = 3

Solution. By using

L(𝑦(𝑡)) = 𝑌 (𝑠),
L(𝑦′(𝑡)) = 𝑠𝑌 (𝑠) − 𝑦(0) = 𝑠𝑌 (𝑠) − 2,

L(𝑦′′(𝑡)) = 𝑠2𝑌 (𝑠) − 𝑠𝑦(0) − 𝑦′(0) = 𝑠2𝑌 (𝑠) − 2𝑠 − 3,

L(4) = 4
𝑠
,

we can take the Laplace transform of both sides of the differential equation, writing

L(𝑦′′) + L(𝑦′) − 2L(𝑦) = L(−4),

to obtain
[𝑠2𝑌 (𝑠) − 2𝑠 − 3] + [𝑠𝑌 (𝑠) − 2] − 2𝑌 (𝑠) = −4

𝑠
,

which is equivalent to

(𝑠2 + 𝑠 − 2)𝑌 (𝑠) − 2𝑠 − 5 = −4
𝑠
.

which is equivalent to

𝑌 (𝑠) = 1
𝑠2 + 𝑠 − 2

(
2𝑠 + 5 − 4

𝑠

)
=

1
(𝑠 − 1) (𝑠 + 2)

2𝑠2 + 5𝑠 − 4
𝑠

=
2𝑠2 + 5𝑠 − 4

(𝑠 − 1)𝑠(𝑠 + 2)

= − 1
𝑠 + 2

+ 2
𝑠
+ 1
𝑠 − 1

.

Finally, the inverse Laplace transform of 𝑌 (𝑠) is

𝑦(𝑡) = L−1(𝑌 (𝑠))

= L−1
(
− 1
𝑠 + 2

+ 2
𝑠
+ 1
𝑠 − 1

)
= −L−1

(
1

𝑠 + 2

)
+ 2L−1

(
1
𝑠

)
+ L−1

(
1

𝑠 − 1

)
= −𝑒−2𝑡 + 2 + 𝑒𝑡 .

□



2. 𝑦′′ + 3𝑦′ + 2𝑦 = 𝑒𝑡 , 𝑦(0) = 0, 𝑦′(0) = 1

Solution. By using

L(𝑦(𝑡)) = 𝑌 (𝑠),
L(𝑦′(𝑡)) = 𝑠𝑌 (𝑠) − 𝑦(0) = 𝑠𝑌 (𝑠),
L(𝑦′′(𝑡)) = 𝑠2𝑌 (𝑠) − 𝑠𝑦(0) − 𝑦′(0) = 𝑠2𝑌 (𝑠) − 1,

L(𝑒𝑡) = 1
𝑠 − 1

,

we can take the Laplace transform of both sides of the differential equation, writing

L(𝑦′′) + 3L(𝑦′) + 2L(𝑦) = L(𝑒𝑡),

to obtain
[𝑠2𝑌 (𝑠) − 1] + 3𝑠𝑌 (𝑠) + 2𝑌 (𝑠) = 1

𝑠 − 1
,

which is equivalent to

(𝑠2 + 3𝑠 + 2)𝑌 (𝑠) − 1 =
1

𝑠 − 1
.

which is equivalent to

𝑌 (𝑠) = 1
𝑠2 + 3𝑠 + 2

(
1 + 1

𝑠 − 1

)
=

1
(𝑠 + 1) (𝑠 + 2)

𝑠

𝑠 − 1

=
𝑠

(𝑠 − 1) (𝑠 + 1) (𝑠 + 2)

=
1
6

1
𝑠 − 1

+ 1
2

1
𝑠 + 1

− 2
3

1
𝑠 + 2

.

Finally, the inverse Laplace transform of 𝑌 (𝑠) is

𝑦(𝑡) = L−1(𝑌 (𝑠))

= L−1
(
1
6

1
𝑠 − 1

+ 1
2

1
𝑠 + 1

− 2
3

1
𝑠 + 2

)
=

1
6
L−1

(
1

𝑠 − 1

)
+ 1

2
L−1

(
1

𝑠 + 1

)
− 2

3
L−1

(
1

𝑠 + 2

)
=

1
6
𝑒𝑡 + 1

2
𝑒−𝑡 − 2

3
𝑒−2𝑡 .

□

3. 𝑦′′ + 𝑦 = sin(2𝑡), 𝑦(0) = 0, 𝑦′(0) = 1

Solution. By using

L(𝑦(𝑡)) = 𝑌 (𝑠),
L(𝑦′′(𝑡)) = 𝑠2𝑌 (𝑠) − 𝑠𝑦(0) − 𝑦′(0) = 𝑠2𝑌 (𝑠) − 1,

L(sin(2𝑡)) = 2
𝑠2 + 4

,



we can take the Laplace transform of both sides of the differential equation, writing

L(𝑦′′) + L(𝑦) = L(sin(2𝑡)),

to obtain
[𝑠2𝑌 (𝑠) + 1] + 𝑌 (𝑠) = 2

𝑠2 + 4
,

which is equivalent to

(𝑠2 + 1)𝑌 (𝑠) − 1 =
2

𝑠2 + 4
.

which is equivalent to

𝑌 (𝑠) = 1
𝑠2 + 1

(
1 + 2

𝑠2 + 4

)
=

1
𝑠2 + 1

𝑠2 + 6
𝑠2 + 4

=
𝑠2 + 6

(𝑠2 + 1) (𝑠2 + 4)

=
5
3

1
𝑠2 + 1

− 2
3

1
𝑠2 + 4

=
5
3

1
𝑠2 + 1

− 1
3

2
𝑠2 + 4

.

Finally, the inverse Laplace transform of 𝑌 (𝑠) is

𝑦(𝑡) = L−1(𝑌 (𝑠))

= L−1
(
5
3

1
𝑠2 + 1

− 1
3

2
𝑠2 + 4

)
=

5
3
L−1

(
1

𝑠2 + 1

)
− 1

3
L−1

(
2

𝑠2 + 4

)
=

5
3

sin 𝑡 − 1
3

sin(2𝑡) .

□

Express the given function 𝑓 in terms of unit step functions and find the Laplace trans-
form. Use change of variables. Do not use Theorem 8.4.1.

4. 𝑓 (𝑡) =
{
𝑡2 + 2 0 ≤ 𝑡 < 1,
𝑡 1 ≤ 𝑡

Solution. The function 𝑓 in terms of unit step functions is

𝑓 (𝑡) = (𝑡2 + 2) + 𝑢(𝑡 − 1) (𝑡 − (𝑡2 + 2))
= 𝑡2 + 2 + 𝑢(𝑡 − 1) (−𝑡2 + 𝑡 − 2).



We can write

L( 𝑓 (𝑡)) =
∫ ∞

0
𝑒−𝑠𝑡 𝑓 (𝑡) 𝑑𝑡

=

∫ 1

0
𝑒−𝑠𝑡 (𝑡2 + 2) 𝑑𝑡 +

∫ ∞

1
𝑒−𝑠𝑡𝑡 𝑑𝑡

=

∫ 1

0
𝑒−𝑠𝑡 (𝑡2 + 2) 𝑑𝑡 +

∫ ∞

1
𝑒−𝑠𝑡𝑡 𝑑𝑡

+
∫ ∞

1
𝑒−𝑠𝑡 (𝑡2 + 2) 𝑑𝑡 −

∫ ∞

1
𝑒−𝑠𝑡 (𝑡2 + 2) 𝑑𝑡

=

∫ ∞

0
𝑒−𝑠𝑡 (𝑡2 + 2) 𝑑𝑡 +

∫ ∞

1
𝑒−𝑠𝑡 (𝑡 − (𝑡2 + 2)) 𝑑𝑡

= L(𝑡2 + 2) +
∫ ∞

1
𝑒−𝑠𝑡 (−𝑡2 + 𝑡 − 2) 𝑑𝑡

Now, if we substitute 𝜏 = 𝑡 − 1 and 𝑑𝜏 = 𝑑𝑡 into the second term of our final expression
of L( 𝑓 (𝑡)), we obtain∫ ∞

1
𝑒−𝑠𝑡 (−𝑡2 + 𝑡 − 2) 𝑑𝑡 =

∫ ∞

0
𝑒−𝑠(𝜏+1) (−(𝜏 + 1)2 + (𝜏 + 1) − 2) 𝑑𝜏

= 𝑒−𝑠
∫ ∞

0
𝑒−𝑠𝜏 (−(𝜏 + 1)2 + (𝜏 + 1) − 2) 𝑑𝜏

= 𝑒−𝑠
∫ ∞

0
𝑒−𝑠𝑡 (−(𝑡 + 1)2 + (𝑡 + 1) − 2) 𝑑𝑡

= 𝑒−𝑠L(−(𝑡 + 1)2 + (𝑡 + 1) − 2)
= 𝑒−𝑠 (−L((𝑡 + 1)2) + L(𝑡 + 1) − 2L(1))
= 𝑒−𝑠 (−L(𝑡2 + 2𝑡 + 1) + L(𝑡 + 1) − 2L(1)
= 𝑒−𝑠 (−L(𝑡2) − 2L(𝑡) − L(1) + L(𝑡) + L(1) − 2L(1))
= 𝑒−𝑠 (−L(𝑡2) − L(𝑡) − 2L(1))

= 𝑒−𝑠
(
− 2
𝑠3 − 1

𝑠2 − 2
𝑠

)
= −𝑒−𝑠 (2 + 𝑠 + 2𝑠2)

𝑠3 .

We also have

L(𝑡2 + 2) = L(𝑡2) + 2L(1)

=
2
𝑠3 + 2

𝑠

=
2(1 + 𝑠2)

𝑠3 .



So the Laplace transform of 𝑓 (𝑡) is

L( 𝑓 (𝑡)) = L(𝑡2 + 2) +
∫ ∞

1
𝑒−𝑠𝑡 (−𝑡2 + 𝑡 − 2) 𝑑𝑡

=
2(1 + 𝑠2)

𝑠3 − 𝑒−𝑠 (2 + 𝑠 + 2𝑠2)
𝑠3

=
2(1 + 𝑠2) − 𝑒−𝑠 (2 + 𝑠 + 2𝑠2)

𝑠3 .

□

5. 𝑓 (𝑡) =
{
𝑒−2𝑡 0 ≤ 𝑡 < 2,
𝑒3𝑡 2 ≤ 𝑡

Solution. The function 𝑓 in terms of unit step functions is

𝑓 (𝑡) = 𝑒−2𝑡 + 𝑢(𝑡 − 2) (𝑒3𝑡 − 𝑒−2𝑡).
We can write

L( 𝑓 (𝑡)) =
∫ ∞

0
𝑒−𝑠𝑡 𝑓 (𝑡) 𝑑𝑡

=

∫ 2

0
𝑒−𝑠𝑡𝑒−2𝑡 𝑑𝑡 +

∫ ∞

2
𝑒−𝑠𝑡𝑒3𝑡 𝑑𝑡

=

∫ 2

0
𝑒−𝑠𝑡𝑒−2𝑡 𝑑𝑡 +

∫ ∞

2
𝑒−𝑠𝑡𝑒3𝑡 𝑑𝑡

+
∫ ∞

2
𝑒−𝑠𝑡𝑒−2𝑡 𝑑𝑡 −

∫ ∞

2
𝑒−𝑠𝑡𝑒−2𝑡 𝑑𝑡

=

∫ ∞

0
𝑒−𝑠𝑡𝑒−2𝑡 𝑑𝑡 +

∫ ∞

2
𝑒−𝑠𝑡 (𝑒3𝑡 − 𝑒−2𝑡) 𝑑𝑡

= L(𝑒−2𝑡) +
∫ ∞

2
𝑒−𝑠𝑡 (𝑒3𝑡 − 𝑒−2𝑡) 𝑑𝑡.

Now, if we substitute 𝜏 = 𝑡 − 2 and 𝑑𝜏 = 𝑑𝑡 into the second term of our final expression
of L( 𝑓 (𝑡)), we obtain∫ ∞

1
𝑒−𝑠𝑡 (𝑒3𝑡 − 𝑒−2𝑡) 𝑑𝑡 =

∫ ∞

0
𝑒−𝑠(𝜏+2) (𝑒3(𝜏+2) − 𝑒−2(𝜏+2)) 𝑑𝜏

= 𝑒−2𝑠
∫ ∞

0
𝑒−𝑠𝜏 (𝑒3(𝜏+2) − 𝑒−2(𝜏+2)) 𝑑𝜏

= 𝑒−2𝑠
∫ ∞

0
𝑒−𝑠𝑡 (𝑒3(𝑡+2) − 𝑒−2(𝑡+2)) 𝑑𝑡

= 𝑒−2𝑠L(𝑒3(𝑡+2) − 𝑒−2(𝑡+2))
= 𝑒−2𝑠L(𝑒3𝑡𝑒6 − 𝑒−2𝑡𝑒−4)
= 𝑒−2𝑠 (𝑒6L(𝑒3𝑡) − 𝑒−4L(𝑒−2𝑡))
= 𝑒−2(𝑠−3)L(𝑒3𝑡) − 𝑒−2(𝑠+2)L(𝑒−2𝑡)

= 𝑒−2(𝑠−3) 1
𝑠 − 3

− 𝑒−2(𝑠+2) 1
𝑠 + 2

=
(𝑠 + 2)𝑒−2(𝑠−3) − (𝑠 − 3)𝑒−2(𝑠+2)

(𝑠 − 3) (𝑠 + 2) .



So the Laplace transform of 𝑓 (𝑡) is

L( 𝑓 (𝑡)) = L(𝑒−2𝑡) +
∫ ∞

1
𝑒−𝑠𝑡 (𝑒3𝑡 − 𝑒−2𝑡) 𝑑𝑡

=
1

𝑠 + 2
+ (𝑠 + 2)𝑒−2(𝑠−3) − (𝑠 − 3)𝑒−2(𝑠+2)

(𝑠 − 3) (𝑠 + 2)

=
𝑠 − 3 + (𝑠 + 2)𝑒−2(𝑠−3) − (𝑠 − 3)𝑒−2(𝑠+2)

(𝑠 − 3) (𝑠 + 2)

=
(𝑠 + 2)𝑒−2(𝑠−3) + (𝑠 − 3) (1 − 𝑒−2(𝑠+2))

(𝑠 − 3) (𝑠 + 2) .

□

6. 𝑓 (𝑡) =
{

2 sin 𝑡 0 ≤ 𝑡 < 𝜋,

cos 𝑡 𝜋 ≤ 𝑡

Solution. The function 𝑓 in terms of unit step functions is

𝑓 (𝑡) = 2 sin 𝑡 + 𝑢(𝑡 − 𝜋) (cos 𝑡 − 2 sin 𝑡).

We can write

L( 𝑓 (𝑡)) =
∫ ∞

0
𝑒−𝑠𝑡 𝑓 (𝑡) 𝑑𝑡

=

∫ 𝜋

0
𝑒−𝑠𝑡 (2 sin 𝑡) 𝑑𝑡 +

∫ ∞

𝜋

𝑒−𝑠𝑡 cos 𝑡 𝑑𝑡

=

∫ 𝜋

0
𝑒−𝑠𝑡 (2 sin 𝑡) 𝑑𝑡 +

∫ ∞

𝜋

𝑒−𝑠𝑡 cos 𝑡 𝑑𝑡

+
∫ ∞

𝜋

𝑒−𝑠𝑡 (2 sin 𝑡) 𝑑𝑡 −
∫ ∞

𝜋

𝑒−𝑠𝑡 (2 sin 𝑡) 𝑑𝑡

=

∫ ∞

0
𝑒−𝑠𝑡 (2 sin 𝑡) 𝑑𝑡 +

∫ ∞

𝜋

𝑒−𝑠𝑡 (cos 𝑡 − 2 sin 𝑡) 𝑑𝑡

= L(2 sin 𝑡) +
∫ ∞

𝜋

𝑒−𝑠𝑡 (cos 𝑡 − 2 sin 𝑡) 𝑑𝑡.

Now, if we substitute 𝜏 = 𝑡 − 𝜋 and 𝑑𝜏 = 𝑑𝑡 into the second term of our final expression



of L( 𝑓 (𝑡)), we obtain∫ ∞

𝜋

𝑒−𝑠𝑡 (cos 𝑡 − 2 sin 𝑡) 𝑑𝑡 =
∫ ∞

0
𝑒−𝑠(𝜏+𝜋) (cos(𝜏 + 𝜋) − 2 sin(𝜏 + 𝜋)) 𝑑𝜏

= 𝑒−𝜋𝑠
∫ ∞

0
𝑒−𝑠𝜏 (cos(𝜏 + 𝜋) − 2 sin(𝜏 + 𝜋)) 𝑑𝜏

= 𝑒−𝜋𝑠
∫ ∞

0
𝑒−𝑠𝑡 (cos(𝑡 + 𝜋) − 2 sin(𝑡 + 𝜋)) 𝑑𝑡

= 𝑒−𝜋𝑠L(cos(𝑡 + 𝜋) − 2 sin(𝑡 + 𝜋))
= 𝑒−𝜋𝑠L([cos 𝑡 cos 𝜋 − sin 𝑡 sin 𝜋]

− 2[sin 𝑡 cos 𝜋 + cos 𝑡 sin 𝜋])
= 𝑒−𝜋𝑠L([cos 𝑡 · (−1) − sin 𝑡 · 0]

− 2[sin 𝑡 · (−1) + cos 𝑡 · 0])
= 𝑒−𝜋𝑠L(− cos 𝑡 + 2 sin 𝑡)
= 𝑒−𝜋𝑠 (−L(cos 𝑡) + 2L(sin 𝑡))

= 𝑒−𝜋𝑠
(
− 𝑠

𝑠2 + 1
+ 2

1
𝑠2 + 1

)
= −𝑒−𝜋𝑠 (𝑠 − 2)

𝑠2 + 1
.

We also have

L(2 sin 𝑡) = 2L(sin 𝑡)

= 2
1

𝑠2 + 1

=
2

𝑠2 + 1
.

So the Laplace transform of 𝑓 (𝑡) is

L( 𝑓 (𝑡)) = L(2 sin 𝑡) +
∫ ∞

𝜋

𝑒−𝑠𝑡 (cos 𝑡 − 2 sin 𝑡) 𝑑𝑡

=
2

𝑠2 + 1
− 𝑒−𝜋𝑠 (𝑠 − 2)

𝑠2 + 1

=
2 − 𝑒−𝜋𝑠 (𝑠 − 2)

𝑠2 + 1
.

□

7. 𝑓 (𝑡) =


3 0 ≤ 𝑡 < 2,
−3𝑡 + 2 2 ≤ 𝑡 < 4,
−4𝑡 4 ≤ 𝑡

Solution. The function 𝑓 in terms of unit step functions is

𝑓 (𝑡) = 3 + 𝑢(𝑡 − 2) ((−3𝑡 + 2) − 3) + 𝑢(𝑡 − 4) (−4𝑡 − (−3𝑡 + 2))
= 3 + 𝑢(𝑡 − 2) (−3𝑡 − 1) + 𝑢(𝑡 − 4) (−𝑡 − 2).



We can write

L( 𝑓 (𝑡)) =
∫ ∞

0
𝑒−𝑠𝑡 𝑓 (𝑡) 𝑑𝑡

=

∫ 2

0
𝑒−𝑠𝑡 (3) 𝑑𝑡 +

∫ 4

2
𝑒−𝑠𝑡 (−3𝑡 + 2) 𝑑𝑡 +

∫ ∞

4
𝑒−𝑠𝑡 (−4𝑡) 𝑑𝑡

=

∫ 2

0
𝑒−𝑠𝑡 (3) 𝑑𝑡 +

∫ 4

2
𝑒−𝑠𝑡 (−3𝑡 + 2) 𝑑𝑡 +

∫ ∞

4
𝑒−𝑠𝑡 (−4𝑡) 𝑑𝑡

+
∫ ∞

2
𝑒−𝑠𝑡 (3) 𝑑𝑡 −

∫ 4

2
𝑒−𝑠𝑡 (3) 𝑑𝑡 −

∫ ∞

4
𝑒−𝑠𝑡 (3) 𝑑𝑡

=

∫ ∞

0
𝑒−𝑠𝑡 (3) 𝑑𝑡 +

∫ 4

2
𝑒−𝑠𝑡 ((−3𝑡 + 2) − 3) 𝑑𝑡 +

∫ ∞

4
𝑒−𝑠𝑡 (−4𝑡 − 3) 𝑑𝑡

= L(3) +
∫ 4

2
𝑒−𝑠𝑡 (−3𝑡 − 1) 𝑑𝑡 +

∫ ∞

4
𝑒−𝑠𝑡 (−4𝑡 − 3) 𝑑𝑡.

Now, if we substitute 𝜏 = 𝑡 − 2 and 𝑑𝜏 = 𝑑𝑡 into the second and third terms of our final
expression of L( 𝑓 (𝑡)), we obtain

L( 𝑓 (𝑡)) = L(3) +
∫ 4

2
𝑒−𝑠𝑡 (−3𝑡 − 1) 𝑑𝑡 +

∫ ∞

4
𝑒−𝑠𝑡 (−4𝑡 − 3) 𝑑𝑡

= L(3) +
∫ 2

0
𝑒−𝑠(𝜏+2) (−3(𝜏 + 2) − 1) 𝑑𝜏 +

∫ ∞

2
𝑒−𝑠(𝜏+2) (−4(𝜏 + 2) − 3) 𝑑𝜏

= L(3) +
∫ 2

0
𝑒−𝑠(𝜏+2) (−3𝜏 − 7) 𝑑𝜏 +

∫ ∞

2
𝑒−𝑠(𝜏+2) (−4𝜏 − 11) 𝑑𝜏

= L(3) +
∫ 2

0
𝑒−𝑠(𝑡+2) (−3𝑡 − 7) 𝑑𝑡 +

∫ ∞

2
𝑒−𝑠(𝑡+2) (−4𝑡 − 11) 𝑑𝑡

= L(3) +
∫ 2

0
𝑒−𝑠(𝑡+2) (−3𝑡 − 7) 𝑑𝑡 +

∫ ∞

2
𝑒−𝑠(𝑡+2) (−4𝑡 − 11) 𝑑𝑡

+
∫ ∞

2
𝑒−𝑠(𝑡+2) (−3𝑡 − 7) 𝑑𝑡 −

∫ ∞

2
𝑒−𝑠(𝑡+2) (−3𝑡 − 7) 𝑑𝑡

= L(3) +
∫ ∞

0
𝑒−𝑠(𝑡+2) (−3𝑡 − 7) 𝑑𝑡 +

∫ ∞

2
𝑒−𝑠(𝑡+2) ((−4𝑡 − 11) − (−3𝑡 − 7)) 𝑑𝑡

= L(3) + 𝑒−2𝑠
∫ ∞

0
𝑒−𝑠𝑡 (−3𝑡 − 7) 𝑑𝑡 + 𝑒−2𝑠

∫ ∞

2
𝑒−𝑠𝑡 (−𝑡 − 4) 𝑑𝑡

= L(3) + 𝑒−2𝑠L(−3𝑡 − 7) + 𝑒−2𝑠
∫ ∞

2
𝑒−𝑠𝑡 (−𝑡 − 4) 𝑑𝑡

= L(3) + 𝑒−2𝑠 (−3𝐿 (𝑡) − 7𝐿 (1)) + 𝑒−2𝑠
∫ ∞

2
𝑒−𝑠𝑡 (−𝑡 − 4) 𝑑𝑡.



Now, if we substitute 𝜏 = 𝑡 − 2 into the third term of our final expression of

𝑒−2𝑠
∫ ∞

2
𝑒−𝑠𝑡 (−𝑡 − 4) 𝑑𝑡 = 𝑒−2𝑠

∫ ∞

2
𝑒−𝑠(𝜏+2) (−(𝜏 + 2) − 4) 𝑑𝑡

= 𝑒−2𝑠
∫ ∞

0
𝑒−𝑠(𝜏+2) (−(𝜏 + 2) − 4) 𝑑𝜏

= 𝑒−2𝑠𝑒−2𝑠
∫ ∞

0
𝑒−𝑠𝜏 (−𝜏 − 6) 𝑑𝜏

= 𝑒−4𝑠
∫ ∞

0
𝑒−𝑠𝑡 (−𝑡 − 6) 𝑑𝑡

= 𝑒−4𝑠L(−𝑡 − 6) 𝑑𝑡
= 𝑒−4𝑠 (−L(𝑡) − 6L(1))

= 𝑒−4𝑠
(
− 1
𝑠2 − 6

𝑠

)
.

So the Laplace transform of 𝑓 (𝑡) is

L( 𝑓 (𝑡)) = L(3) + 𝑒−2𝑠 (−3𝐿 (𝑡) − 7𝐿 (1)) + 𝑒−2𝑠
∫ ∞

2
𝑒−𝑠𝑡 (−𝑡 − 4) 𝑑𝑡

=
3
𝑠
+ 𝑒−2𝑠

(
− 3
𝑠2 − 7

𝑠

)
+ 𝑒−4𝑠

(
− 1
𝑠2 − 6

𝑠

)
=

3
𝑠
− 𝑒−2𝑠 (7𝑠 + 3)

𝑠2 − 𝑒−4𝑠 (6𝑠 + 1)
𝑠2

=
3𝑠 − 𝑒−2𝑠 (7𝑠 + 3) − 𝑒−4𝑠 (6𝑠 + 1)

𝑠2 .

□


