Name:  _____________________________ (please print)

Signature: __________________________

ECE 3455 -- Quiz #2
June 25, 2007
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 which is not given in a reasonable order will lose credit.

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 25 minutes to work on this quiz.

________________/20

Room for extra work

The transfer function, H1(), for a circuit is given below.  A plot of the straight-line approximation to the magnitude Bode plot for this same transfer function is shown in the plot below, plotted as function of frequency, f.  It is known that k is a positive, real constant.  All of the nonzero poles and zeroes are in the range plotted.  Find values for a, c, d, n, g, h, m, and k.  Show units.
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Room for extra work

ECE 3455 -- Quiz #2 – June 25, 2007 – Solution

The transfer function, H1(), for a circuit is given below.  A plot of the straight-line approximation to the magnitude Bode plot for this same transfer function is shown in the plot below, plotted as function of frequency, f.  It is known that k is a positive, real constant.  All of the nonzero poles and zeroes are in the range plotted.  Find values for a, c, d, n, g, h, m, and k.  Show units.
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Solution:  The first step in this solution is to identify the poles and zeroes from the plot given above.  


Note that when the plot starts, at the left, it is coming in at -40[dB/dec].  One way to determine this is to note that at 1[Hz] it is at 46[dB], and at 10[Hz] it is at 6[dB].  This is a drop of 40[dB] in 1[decade].  Thus there must be two poles to the left of this point, or below 1[Hz].  Since we are told that all the nonzero poles and zeroes are in the range of the plot, the poles must be at zero.  

Then, at about 11[Hz] or 12[Hz], there is an increase in the slope of +40[dB/dec], so there must be two zeroes there.  We will estimate that these zeroes are at 12[Hz] for this solution.

Again, at about 600[Hz] there is another increase in slope.  This time, the slope increases by 60[dB/dec].  Compare the value at 600[Hz] (about 3[dB]) with the value at 6000[Hz] (about 63[dB]) to get this slope.  Thus, there are three zeroes at 600[Hz].  


Finally, at about 7000[Hz], the slope decreases to zero, so there must be three poles at 7000[Hz].  


Now, we look at the transfer function and see that it is given to us as a function of the angular frequency, .  As a result, we need to convert these poles and zeroes to angular frequencies.  We summarize the results here:


p1 = p2 = 0

p3 = p4 = p5 = 44[krad/s]

z1 = z2 = 75[rad/s]

z3 = z4 = z5 = 3.77[krad/s]

Now, we compare these values with the transfer function, which is duplicated here.
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The first term in the denominator cannot represent the poles that equal zero, due to the real part not being zero.  Therefore, the second term must correspond to this, and 

h = 0 and m = 2.  

Then, the first term must have the real and imaginary parts equal at 44[krad/s], so
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Also, since there are three poles here, g = 3.  

Next, since the first term in the numerator has a power of 2, this must be the double zero, so 

a =  75[rad/s].  

This means that the second term in the numerator must be the triple zero, and 

d = 3.

This term must have the real and imaginary parts equal at 3.77[krad/s], so
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We can’t tell the sign of k from the magnitude plot alone, but we were told that it was positive.  Thus, we should be able to take any convenient value of the magnitude, and find k.  For this solution, we will pick f = 1[Hz], or  = 6.28[rad/s].  As noted before, the value at this frequency is 46[dB] = 200.  

Plugging in, we have
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This looks complicated, but it can be simplified significantly, by neglecting the smaller of the real or imaginary parts of each term.  Thus, we can approximate this equation as 
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Again, since we know k is positive, we can simplify this, and get
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Note that in general, k might have units, and could be negative.  Indeed in some cases, using the form we have chosen, k could be complex.  However, in this problem, k was positive, real, and dimensionless.


To summarize, our solutions were:

a = 75[rad/s]
c = 265[s\rad]
d = 3

n = 22.7[s\rad]

g = 3

h = 0

m = 2

k = 1.4
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