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Dynamical Systems Quiz-6 Key

Instructions. Simplify your answers when appropriate. Be sure to indicate how you got your answers.

1. Determine the Laplace transform Y (s) of the solution of the following initial value problem

y′′ − y′ − 6y = 0, y(0) = 2, y′(0) = −1. Answer
�� ��Y (s) = 2s−3

s2−s−6 .

.

Let’s also determine the solution. Y (s) = 7
5(s+2) + 3

5(s−3) so
�� ��y(t) = 3

5e
3t + 7

5e
−2t

2. Sketch the graph of the function f(t) = sin t+H(t−π) sin(t−π) = sin t−H(t−π) sin t =

{
sin t t < π

sin t− sin t = 0 t > π

tπ 2π 3π 4π

3. Compute the Laplace transform Y (s) of the solution y(t) to the initial value problem y′′+y = g(t), y(0) = 2,
y′(0) = 3, with discontinuous right hand side function

g(t) =


0 for t < π

1 for π ≤ t ≤ 2π

2 for t > 2π

(Do not simplify your answer. Do not solve for y(t).) Hint: You can express g(t) as a linear combination
of Heaviside functions g(t) = H(t− π) +H(t− 2π) has the Laplace transform G(s) = e−πs/s+ e−2πs/s. So�
�

�
�Y (s) = 2s+3

s2+1 + e−πs

s(s2+1) + e−2πs

s(s2+1)

The solution, which you were not asked to find, is y(t) = 2 cos t+3 sin t+H(t−π)(1−cos(t−π))+H(t−2π)(1−

cos(t− 2π)) = 2 cos t+ 3 sin t+H(t− π)(1 + cos t) +H(t− 2π)(1− cos t) =


3 sin t+ 2 cos t t < π

1 + 3 sin t+ 3 cos t π < t < 2π

2 + 3 sin t+ 2 cos t t > 2π



Table of Laplace transforms L(f) =
∫∞
0

e−tsf(t)dt

f(t) F (s) = L(f) (domain of F (s))
1 1

s (s > 0)

tn n!
sn+1 (s > 0)

eat 1
s−a (s > a)

cos at s
s2+a2 (s > 0)

sin at a
s2+a2 (s > 0)

H(t− c) e−cs

s (s > 0)

δ(t− a) e−as (s > 0)

Laplace transform formulas

L(f1(t) + cf2(t)) = L(f1(t)) + cL(f2(t))

L
(
f (n)(t)

)
= snF (s)− sn−1f(0)− · · · − sf (n−2)(0)− f (n−1)(0)

L
(
eatf(t)

)
= F (s− a)

L(tkf(t)) = (−1)k
dk

dsk
F (s)

L (H(t− c)f(t− c)) = e−csF (s)

L
(∫ t

o

f(τ)g(t− τ) dτ

)
= F (s) ·G(s)

L (f(at)) =
1

a
F
( s
a

)
Trig identities

sin(α± β) = sinα cosβ ± sinβ cosα

cos(α± β) = cosα cosβ ∓ sinα sinβ

cos2 α+ sin2 α = 1


