Name:  _____________________________ (please print)

Signature: __________________________

ECE 3455 -- Quiz #3

MW 5:30-7:00 PM

October 27, 2004

Keep this quiz closed and face up until you are told to begin.

1.  This quiz is closed book, closed notes.  You may use one 8.5” x 11” crib sheet, or its equivalent.

2.  Show all work on these pages.  Show all work necessary to complete the problem.  A solution without the appropriate work shown will receive no credit.  A solution that is not given in a reasonable order will lose credit.  Clearly indicate your answer (for example by enclosing it in a box).

3.  It is assumed that your work will begin on the same page as the problem statement.  If you choose to begin your work on another page, you must indicate this on the page with the problem statement, with a clear indication of where the work can be found.  If your work continues on to another page, indicate clearly where your work can be found.  Failure to indicate this clearly will result in a loss of credit.  

4.  Show all units in solutions, intermediate results, and figures.  Units in the quiz will be included between square brackets.

5.  Do not use red ink.  Do not use red pencil.

6.  You will have 40 minutes to work on this quiz.

________________/20

Room for extra work

Assume ideal op amps.  

a) Find the voltage gain, vo/vi.  

b) Find the input resistance, vi/ii.

c) If vi = 2[V], find vq.  
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Room for extra work

ECE 3455 -- Quiz #3 – October 27, 2004 – 5:30-7PM MW Shattuck Section Solution

Assume ideal op amps.  

a) Find the voltage gain, vo/vi.  

b) Find the input resistance, vi/ii.

c) If vi = 2[V], find vq.  
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Solution:


a)  The first step is to determine whether we have negative feedback for the op amps.  The answer is, yes, we have negative feedback for both op amps.  Thus, the voltages at the two input terminals of the op amps are equal to each other.  Using the diagram that follows, we can show that vx = vi, since there is no current through the 39[k] resistor, or through the 15[k] resistor.  
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Now, the current ix does not enter the input of the bottom op amp, so it is also the current through the 5.6[k] resistor.  Thus, we can write the following equation,
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When we plug in vi for vx, we can solve for the voltage gain,
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Thus, we have
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b)  The current ii is zero, since it is the current that leaves the input of the bottom op amp.  Therefore, the input resistance is
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c)  Even when the input voltage source value is known, it is still true that that vx = vi, since we assume that there is still negative feedback here.  Then, since we know vi, we can say that
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Now, we have the virtual short, which indicates that the voltage vp = 0 in the diagram that follows.
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Using this, and the value for ix that we just found, we can say that
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However, this is not possible, because this value is higher than the higher power supply value, and the op amp output cannot go higher than +15[V].  Thus, the upper op amp must be saturated, and the voltage vq will be
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Note:  When the op amp saturates, it will no longer have negative feedback.  As a result, all of our calculated values for the voltages and currents here will no longer be accurate.  However, it is fair to say that these conditions lead to the saturation of the upper op amp.  We can use this saturation to then solve for all of the other values in this circuit.  


For example, we can solve for vp as by solving first for vx using the voltage divider rule, as
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Then, we recognize that
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This value of vp will saturate the upper op amp to its positive power supply level, and therefore our assumption that the op amp is saturated is a reasonable one.


This analysis is not really required for this quiz, but it is provided here to justify the solution to those who have questions.
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