
University of Notre Dame

Aerospace and Mechanical Engineering

AME 30315: Differential Equations, Vibrations and Controls II

Second Exam

B. Goodwine
April 4, 2012

ID Number:

NAME:

• Do not start or turn the page until instructed to do so.

• You have 50 minutes to complete this exam.

• This is an open book exam. You may consult the course text and your own
course notes, but nothing else.

• You may not use a calculator or other electronic device.

• There are four problems, each worth 25 points.

• Your grade on this exam will constitute between 0 and 30% of your total grade
for the course. Show your work if you want to receive partial credit for any
problem.

• Answer each question in the space provided on each page. If you need more
space, use the back of the pages or use additional sheets of paper as necessary.

• If you do not have a stapler, do not take the pages apart.

There is nothing so practical as a good theory. —Kurt Lewin
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Figure 1. Three-mass system for Problem 1.

1. Consider the system illustrated in Figure 1. Each mass has the same mass, m, all springs have
the same spring constant, k and the system is constrained to move horizontally only.

(a) Determine the equations of motion for the system.

(b) If the applied force is zero, f(t) = 0, then convert the equations of motion to a system of
first-order equations of the form ξ̇ = Aξ.

(c) If you were to compute the eigenvalues for the matrix A, would you expect them to be
(circle the correct answer). You do not have to actually compute the eigenvalues.1

i. all purely real

ii. all purely imaginary

iii. some purely imaginary and some zero

iv. all complex (with non-zero real and imaginary parts)

v. mix of complex and real

vi. mix of complex and some zero

vii. other (elaborate)

viii. it is not possible to tell without actually computing them.

Explain your reasoning.

1If it says “complex” that means a complex number with both real and imaginary components that are non-zero.

If it says “purely real” it means the complex component of the number is zero. If it says “purely imaginary” it means

the real component is zero. If it says zero, it means both components are zero.
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2. Determine the solution to

ẋ+ 2x =











0, 0 ≤ t < 1,

et, 1 ≤ t < 2,

0, t ≥ 2

using Laplace transforms.
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3. Consider the system in Problem 1. Determine the transfer function from the force to the
position of mass 2.
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Figure 2. Mass-spring-damper and feedback system for Prob-
lem 4.

4. (a) Consider the mass-spring-damper system illustrated on the left in Figure 2. Compute the
transfer function from the force to the position of the mass, X(s)/F (s).

(b) If the force is computed using feedback as illustrated on the right in Figure 2, what is the
transfer function from the reference signal, R(s) to X(s)?

(c) Determine the poles of X(s)/R(s). Plot how they change as k goes from 0 to +∞.

7



8


