Name:  _____________________________ (please print)

Signature: __________________________

ECE 3455 -- Quiz #3

October 5, 2000

1.  This quiz is open book, open notes.

2.  Show all work on these pages.  Show all work necessary to complete the problem.  If you go on to another page, indicate clearly where your work can be found.  A solution without the work shown will receive no credit.

3.  Show all units in expressions and figures.  Units in the quiz will be included between square brackets.

4.  Do not use red ink.

5.  You will have 30 minutes to work on this quiz.

________________/20

Room for extra work

In the circuit below, assume that the op amp is ideal.  Find the output voltage vO as a function of the two input voltages v1 and v2.  
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 ECE 3455 -- Quiz #3 – October 5, 2000 --  Shattuck Section - Solution

In the circuit below, assume that the op amp is ideal.  Find the output voltage vO as a function of the two input voltages v1 and v2.  
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Solution:


The first step in this problem is to determine whether there is negative feedback present.  This means, is there a signal path from the output to the inverting input?  In this circuit there is such a path, and it goes through the 68[k] and 4.7[k] resistors.  Therefore, there will be a virtual short at the input.  


Next, we note that there is no current through the 4.7[k] resistor, due to our assumptions with the ideal op amp.  Thus there is no voltage across it.  Knowing this, we can see that the voltage across the 5.6[k] resistor is zero, and thus there is no current through that resistor.  


As a result of these statements, and knowing that the input currents in the op amp are zero, we can see that the 8.2[k] and 2.2[k] resistors are in series.  We can write a VDR for this to get v+ as a function of v2.  We have
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Now, v+ =  v-, because of the virtual short, and so the current i10 is 
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As indicated in this redrawn circuit diagram, the current i10 must all go through the 68[k] resistor, since none of it can enter the op amp, and none can go through the 5.6[k] resistor.  Thus, we can write that 
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Now we are just algebra away from a solution.  We can solve for vO, and we get


 EMBED Equation.DSMT4  



As an additional note, allow us to point out that this problem can be solved more easily if we recognize a few ideas.  First, we can simplify this problem, replacing the 4.7[k] resistor with a short because there is no voltage across it, and replacing the 5.6[k] resistor with an open circuit because there is no current through it.  If we do this, we get the following circuit.
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If we use superposition, then, it should be clear that for v1 the circuit looks like an inverting configuration, with a gain of –6.8.  For v2, the circuit looks like a noninverting configuration, where the voltage at the noninverting input is, from a voltage divider, 0.21 v2.  Thus, this gets multiplied by 
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so the gain for v2 is (7.8)(0.21)=1.64, which is the same answer we got previously.
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