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Exam Policy

(i) No calculator, textbook, homework, or notes should be used. Please write down all
necessary steps, partial credit will be given if deserved.

(ii) You could use one 2-sided Cheat Sheet for this exam.

Good luck!



(10 points) Problem 1. True or False, circle your answer (2 points for each item, no partial
credit).

(i) (T) (F) The function y(t) = e−3t sin(2t) is a solution of the 3rd order ODE
y′′′(t) + 7y′′(t) + 19y′(t) + 13y(t) = 0.

(ii) (T) (F) The ODE y′′(t) + 3y′(t) + 42y(t) = 0 describes an overdamped harmonic
motion.

(iii) (T) (F) Three vectors functions

u1(t) = [e−3t cos(2t),−e−3t sin(2t), 0]T ,

u2(t) = [e−3t sin(2t), e−3t cos(2t), 0]T ,

u3(t) = [0, 0, t]T

form a fundamental set of solutions of a 1st order ODE system x′(t) = Ax(t) with A
being a 3× 3 matrix.

(iv) (T) (F) Consider the ODE system

{
x′(t) = 3x− 4y
y′(t) = 4x+ 3y

. The equilibrium point at

the origin is a spiral source.

(v) (T) (F) For the square matrix A =

[
−1 1
0 −1

]
, its exponential matrix eAt =[

e−t −te−t

0 e−t

]
.



(15 points) Problem 2. Suppose a mass weighing 10 lb stretches a (vertical) spring by 2 inches.
If the mass is displaced an additional 2 inches (down from the mass-spring equilibrium) and
is then set in motion with an initial upward velocity 1 ft/s. Assume the gravitational
acceleration is g = 32 ft/s2.

(i) Write an ODE and two initial conditions for the motion of the mass-spring system.

(ii) Solve the above ODE IVP to determine the position of the mass at any later time t.



(15 points) Problem 3. Consider an ODE system x′(t) = Ax, where A =

[
3 −10
3 −8

]
.

(i) Find a fundamental matrix Y(t).

(ii) Find the inverse of Y(t).



(15 points) Problem 4. Consider the ODE system:{
x′ = y − x(x2 + y2 − 1)
y′ = −x− y(x2 + y2 − 1)

(i) Show that x(t) = sin(t), y(t) = cos(t) is a solution.

(ii) Plot the solution found in part (i) in the phase plane.

(iii) Consider the solution (x(t), y(t)) of the system with the initial conditions (x(0), y(0)) =
(−0.25, 0.25). Show that x2(t) + y2(t) < 1 for all t.



(15 points) Problem 5. Find the general solution of the given 3rd order ODE:

y′′′(t)− 5y′′(t) + 6y′(t) = 0.



(15 points) Problem 6. Consider an ODE system x′(t) = Ax, where A =

[
4 −7
7 4

]
.

(i) Find its real-valued general solution.

(ii) Classify the equilibrium at the origin as
– Asymptotically stable or unstable?
– Center or nodal or saddle or spiral?



(15 points) Problem 7. Find a fundamental set of solutions for the ODE system x′(t) =

Ax(t), where A =

 −1 0 0
2 −5 −1
0 4 −1

.


