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

• You have 75 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 computing device. If you have
the book in electronic form and/or take notes in electronic form, you may consult
those.

• 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 a Blue Book.

• If a problem is to compute a solution, you must write out all the numerical
components of the solution. Just leaving it as x(t) = L−1 (X(s)) will earn only
a point or two.

He had been educated in no habits of application and concentration. The system which
had addressed him in exactly the same manner as it had addressed hundreds of other
boys, all varying in character and capacity, had enabled him to dash through his tasks,
always with fair credit and often with distinction, but in a fitful, dazzling way that had
confirmed his reliance on those very qualities in himself which it had been most desirable
to direct and train. They were good qualities, without which no high place can be
meritoriously won, but like fire and water, though excellent servants, they were very bad
masters. If they had been under Richard’s direction, they would have been his friends;
but Richard being under their direction, they became his enemies.

– Charles Dickens, Bleak House



1. Use Laplace transforms to determine the solution to ẍ(t) + 2ẋ(t) + 5x(t) = 2, where x(0) =
ẋ(0) = 0. You may use some other method to check your answer, but credit will be for using
the Laplace transform method.

2. This problem builds on Example 8.17 on page 306 in the course text. You may directly use
whatever part of that problem you find useful, but specifically refer to it, e.g., “using the 3rd
equation on page 308...”.

Consider the two masses on the left in Figure 1 (same as in Fig. 8.10 in the book). Assume
the torque that drives the left pulley is given by the circuit on the right in Figure 1 (not the
same as the example in the book).

(a) Determine the transfer function from Vin(s) to X2(s).

(b) Use the final value theorem to determine the steady-state value of x2(t) to a unit step
input in voltage. Explain why the answer makes sense.
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Figure 1: System for Problem 2.

3. Consider these two transfer functions

X(s)

R(s)
=

1

s2 + 2s+ 2
and

X(s)

R(s)
=

1

s2 + 4s+ 8
.

By specifically referring to the relative pole locations for these two transfer functions, predict:

(a) Which will have the faster rise time?

(b) Which will have the faster settling time?

(c) Which will have the smaller overshoot?

4. Consider the system illustrated in Figure 2. Determine A and g(t) if the equations of motion
are put in the form ẋi(t) = Aξ(t) + g(t). Do you expect the eigenvalues of A to be real,
purely imaginary, complex with non-zero real parts, zero, or a mixture of these? Explain your
reasoning based on physical insight into the nature of the motion of the system.
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Figure 2: System for Problem 4.
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