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Short answer exercises: Exercises 1-10 focus on the basic ideas, definitions, and vo-
cabulary of this chapter. Their answers are short (a single sentence or drawing), and
you should be able to do them with little or no computation. However, they vary in
difficulty, so think carefully before you answer.

1 4
1. Calculate £ .
s2—1
. dy | .

2. Find a formula for .£ ey in terms of L [y].

3. What is L[y] for the solution y(#) to the initial-value problem
Y sy=0 Yo =1, YO =0
dr? T ' '

10.
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o0
. Calculate f (1 — uq(t))t dt.
0

. Calculate L[y] for the function
o) 1, ift <6;
y =
’ 0, ifr>6.
. Write the function
1, ifr < 1;
y(t) = sing, ifl <t <m;
2, ift >m

in terms of the Heaviside function.
o0

. What is the value of the improper integral / 82 (t)e_Z’ dt?

0

. Solve the initial-value problem dy/dt = 61(¢), y(0) =0.

. Solve the initial-value problem

dt
and sketch the graph of y(¢).

Solve the initial-value problem

dt
and sketch the graph of y ().

d_y =81t)+0)+6)+..., y0)=0,

d
X 510) = 82(0) + 85(1) — 8a() + ..., y(0) =0,
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11. Six functions y(z) and twelve functions Y (s) are given below. For each function y(z),
match it with its Laplace transform Y (s). You should do this exercise without con-
sulting the table of Laplace transforms.

(a) y(r) =sin2t (b) v(t) = ¢* cos2t (€) v(r)=e2 —e 2
(d) y@)=sint—m) () y(r)=cos2t ) (1) = ur(2)e3=2
DoY) = 4 0 Y = 4 ) Y(s) = 2
(1) s) = 74 (1) s) = 214 (i) Y(s) = S
. Yy _ 28 Y( . Ky . Y( . —1
(iv) Y(s)= 214 (v) s) = 2_a (vi) $) = 2]
(vil) Y(5) = i) ¥(sy= S () Y=
vil) B =24 (viii) (A)_S_'_3 iX) S =13

S ) s —2 B e "
(x) Y(s)= 4518 (xi) Y(s)= 4518 (xii) Y(s) = 1

True-false: For Exercises 12-17, determine if the statement is true or false. If it is true,
explain why. If it is false, provide a counterexample or an explanation.

12. The Laplace transform turns differentiation into multiplication.
13. The Laplace transform of the function &1 (¢) is a differentiable function.

14. If y;(¢) is the solution of the initial-value problem

d?y _dy

— +2— + 6y =83(2), 0)=0, =0,

g2 T2, o 3(1),  v(0) v(0)
then 2y1 (¢) is the solution of the initial-value problem

d*y dy
— 4+ 2— + 6y = 5(2), 0) =0, (0) = 0.
dt2+ dt+"‘ 6(2), y(0) v (0)

15. The solution of the initial-value problem
2

d*y

72 +4y =8,(t) + 802 (t) + Sar @)+ ..., y(0)=0, Y(0)=0

oscillates with increasing and unbounded amplitude.

16. The function
y(t) = L7 7
T (s2+ D2 +3)(s? +5)

satisfies y(z) — oo ast — 00.
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3s+5
)(f :oc_l -
Yo [s4+6s2+9}

17. The function

satisfies —15 < y(¢) < 15 for all 7.

In Exercises 18-23, find the inverse Laplace transform of the given function.

83 19, _ST10 a0, _25+3

245546 s2 425 —8 s2—2s+4
a1 (Ss —12)e™¥ -~ 552 — 275 + 49 . 1

2_55+6 (s —2)(s2 — 65 +13) s2—4s+4

Given a forced, second-order; lifiear equation’sichas we studied in Chapter 4, we now
have two ways to solve it. We can use the Extended Linearity Principle along with a
guessing technique or we can use the Laplace transform. For the initial-value problems
given in Exercises 24 and 25,

(a) find the solution using the method of Chapter 4,
(b) find the solution using the Laplace transform, and
(¢) explain which method you prefer.

d’>y  _dy

24— —2—= =4, y0)=-1, y(0)=2
Tz g y(0) y'(0)
d’y  dy 2

25, —= —4—44y=¢¥ yO0) =1, Y(©0) =5
o2 o Ty =e y(0) ¥ (0)

In Exercises 26-30, solve the given initial-value problem.

dy 6, 1ift <3;
26. — — 3y = h(1), 0)=0, where h(r)=
T y=h(), y) (1) {o, it =3
dy .
27. i 4y = 50us () sin(3(r — 2)), y(0) =5
d?y dy 1, ift <3;
28. 22 14D gy = '(0) = h h(t) = ’ ’
a2 T 7 + 7y (1), y(0)=3, y'(0)=0, where h(r) {0’ 1> 3,
29 d’y +2d +3y =684(¢), y(0)=2 (0) =1
. dt W dt Yy =04 y = 4 y -
d*y  _dy ,
30. o +2d— +5y =683(t) +ugt), yO0) =1, y(©0)=2
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