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1. (6 points) Find the general solution of the linear equation
y (5) + 2y (4) + 5y 000 = 0.

2. (5 points) Rewrite the following third order linear equation into an equivalent system of first
order linear equations.
y 000 + 3y 00 − 2y 0 + 4y = sin 2t

Page 2 of 9

MATH 251

EXAMINATION II

July 25, 2011

3. (8 points)
Z
(a) (4 points) Evaluate the following definite integral

∞

e(4−s)t cos(3t) dt.

0

(Hint: Use the fact that this integral represents the Laplace transform of a certain function.
Avoid computing it directly.)

(b) (4 points) Suppose L{f (t)} =
termine L{e−πt f (t)}.

2s2
. Use properties of the Laplace transform to des4 + 100

2 − α2
0
0 −2α − 1
node at (0, 0). Determine all possible value(s) of α.

4. (5 points) Suppose the linear system x0 =
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5. (12 points) For each part below, consider a certain system of two first order linear differential
equations in two unknowns, x0 = Ax, where A is a 2x2 matrix of real numbers. Based solely
on the information given in each part, determine the type and stability of the system’s critical
point at (0, 0).
(a) Eigenvalues of A are −1 and −6.

(b) Eigenvalues of A are 3 + 7i and 3 − 7i.

(c) Eigenvalues of A are 9i and −9i.

(d) Eigenvalues of A are

√

11 and π 2 .

(e) The general solution is x(t) = C1

e−5t

(f) The general solution is x(t) = C1

et





1
−1

−1
1


+ C2


+ C2
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6. (14 points) Find the inverse Laplace transform of each function given below.
s2 + 11s − 31
(s + 5)(s2 + 36)

(a) (7 points)

F (s) =

(b) (7 points)

F (s) = e−s

s2

−5s + 2
+ 4s + 20
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7. (12 points) Rewrite the following piecewise continuous function f (t) in terms of the unit-step
function.
 2
2t − e−6t , 0 ≤ t < 4
f (t) =
.
9t + 3,
4≤t
Then find its Laplace transform.
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8. (14 poins) Consider the initial value problem
y 00 + 4y = δ(t − π) + u10 (t),

y(0) = 1,

y 0 (0) = −4.

(a) (12 points) Use the Laplace transform to solve the initial value problem.

(b) (1 point) Evaluate y( π2 ).

(c) (1 point) Evaluate y(2π).
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9. (12 points)
(a) (10 points) Solve the initial value problem


−2 4
0
x =
x,
1 1


x(0) =

−2
3



(b) (2 points) Classify the type and stabiliy of the critical point at (0, 0).
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10. (12 points) Consider the nonlinear system:
x0 = (x + 1)(y − 2) = xy − 2x + y − 2
y 0 = (x + y)(2x − y) = 2x2 + xy − y 2
(a) (4 points) The system has 4 critical points. One of the critical points of the system is
(−1, 1). Find the other 3 critical points of the system.

(b) (4 points) Linearize the system about the critical point (−1, 1). Identify the coefficient
matrix of the linearized system.

(c) (4 points) What are the eigenvalues of the coefficient matrix? Classify the type and stability of the critical point at (−1, 1) by examining the linearized system found in (b).
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