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1. (5 points) The inverse Laplace transform of F (s) =
3s − 1

s2 − 2s + 10
is

(a) 3et cos 3t +
2

3
et sin 3t,

(b) 3et cos 3t −
1

3
et sin 3t,

(c) 3e−t cos 3t − e−t sin 3t,

(d) 3e−t cos 3t −
4

3
e−t sin 3t.

2. (5 points) Suppose f(t) = 2 − 9u1(t) + u4(t)t
2
− u9(t)(10 − t2). What is f(7)?

(a) 9

(b) 42

(c) 80

(d) 81
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3. (5 points) Suppose y(t) is the solution of the first order linear initial value problem

y′ + 4y = u2π(t) sin(t − 2π), y(0) = −2.

What is Y (s), the Laplace transform of y(t)?

(a) Y (s) =
e−2πs

(s2 + 1)(s + 4)
−

2

s(s + 4)
;

(b) Y (s) =
e−2πs

(s2 + 1)(s2 + 4)
+

2

s2 + 4
;

(c) Y (s) =
se−2πs

(s2 + 1)(s + 4)
+

2

s + 4
;

(d) Y (s) =
e−2πs

(s2 + 1)(s + 4)
−

2

s + 4
.

4. (5 points) Which system of first order linear equations below is equivalent to the second order
linear equation

y′′ + 5y′ − 6y = 0?

(a)

{

x′

1
= x2

x′

2
= −5x1 + 6x2

(b)

{

x′

1
= x2

x′

2
= 6x1 − 5x2

(c)

{

x′

1
= −x1

x′

2
= 6x1 + 5x2

(d)

{

x′

1
= 5x1 − 6x2

x′

2
= x2
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5. (5 points) All of the following systems of linear equations have a critical point at (0, 0). Only
one of the systems has a critical point that is (neutrally) stable, but not asymptotically stable.
Which system is it?

(a) x′ =

[

2 0
0 2

]

x

(b) x′ =

[

0 −4
1 0

]

x

(c) x′ =

[

0 −1
−1 0

]

x

(d) x′ =

[

−2 0
0 −1

]

x

6. (5 points) Suppose every solution of the linear system x′ = Ax satisfies the property
lim
t→∞

x(t) = 0. Then the critical point (0, 0) must be

(a) asymptotically stable.

(b) (neutrally) stable, but not asymptotically stable.

(c) unstable.

(d) semistable.
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7. (16 points) Rewrite the following piecewise continuous function f(t) in terms of the unit-step
functions. Then find its Laplace transfrom.

f(t) =

{

π − t2, 0 ≤ t < 5
4e−2t, 5 ≤ t

.
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8. (16 points) Use the method of Laplace transforms to solve the initial value problem

y′′ − 3y′ − 4y = u2(t) − u6(t), y(0) = 0, y′(0) = 0.
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9. (14 points)

(a) (12 points) Solve the initial value problem

x′ =

[

2 4
−6 −8

]

x, x(0) =

[

0
4

]

.

(b) (2 points) Classify the type and stability of the critical point at (0, 0).
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10. (10 points) Consider the system of linear equations x′ = Ax. Suppose that A has eigenvalues

r = 3± 2i, and one of the eigenvectors corresponding to the eigenvalue r = 3 + 2i is

[

−2
1 − i

]

.

(a) (8 points) Find a real-valued solution of this system that satisfies the initial condition

x(0) =

[

−2
2

]

.

(b) (2 points) What are the type and stability of the critical point at (0, 0)?
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11. (14 points)

(a) (6 points) Find the critical points (there are 3) of the following nonlinear system.

{

x′ = x(x + y)
y′ = y(2 − x + y)

(b) (8 points) Linearize the following nonlinear system about its critical point (0, 2) and clas-
sify its type and stability.

{

x′ = xy − 6x
y′ = xy − 2x + y − 2
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