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Problem One: (40 points)

Solve the following differential equation: (30 points)

where the first and second derivatives of x with respect to time are zero at time equals zero.
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Does your answer give the correct behavior at long times that you would expect?  Prove that it does. (10 points)



Problem Two: (40 points)

1) You have just been hired by a semiconductor manufacturing plant to work on their production line.  Your
supervisor has noticed that the silicon wafers coming out of a rinsing tank do not have the correct physical
properties and must be discarded.  What steps might you take to design a controller to address this problem?
What aspects of the inlets, outlets, and process would you consider in order to make a product you could sell?
(Note:  You are not being asked to describe the semiconductor manufacturing process here, but are being asked
to describe a series of steps for responding to your supervisor's concerns). ( 20 points)

2) You are working on a production line in a food-related industry and an inlet valve recently failed on the
section of the process that you are in charge of.  What should you consider as you replace the failed valve? (20
points)



 Problem Three: (25 points)

Complete the square on the following function: (5 points)

s2 + 2s + 4 = ?

When is it useful to complete the square? (5 points)

Describe in your own words how you quickly find the coefficients in a partial fraction expansion? (Note: you
may describe more than one method). (8 points)

What was the most confusing concept covered in the course for you? (7 points)



Problem Four: (50 points)

Use the Bode stability criteria to evaluate the stability of the following process: (20 points)

What is the gain margin for this process?  What is the phase margin? (10 points)
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Using the process described on the previous page, find the values of Kc and τI that are best for this process.
Also, find the values you would use for a PID controller to make this a robust system. (12 points)

Compare and contrast your values for the two different controllers you found above and describe the trade-offs
associated with each controller. (8 points)



Problem Five: (25 points) (5 points each)

Describe two disadvantages of using the Routh stability test.

Describe two advantages of using the Routh stability test.

Describe two disadvantages of using the Bode stability criteria.

Describe two advantages of using the Bode stability criteria.

Knowing all the above information, briefly describe in your own words which stability analysis method would
be your default method for all problems and why.



Problem Six: (20 points)

Derive standard transfer functions for the load and manipulated variable for the following CST:

Describe any assumptions you make in your derivation.  Also, show the full derivation and not just the final
answer.
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