Name:  _____________________________ (please print)

Signature: __________________________

ECE 3455 -- Quiz #2

September 21, 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

The plot on the next page is the straight-line approximation to the phase Bode plot for the transfer function H() given below.  The variable  has the units [rad/s] in this expression.

a)  Use the plot to find values for a, b, d, l, m, and n, and to find the sign of k.

b)  Estimate the phase at 1[kHz].
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 ECE 3455 -- Quiz #2 – September 21, 2000 --  Shattuck Section - Solution

The plot on the next page is the straight-line approximation to the phase Bode plot for the transfer function H() given below.  The variable  has the units [rad/s] in this expression.

a)  Use the plot to find values for a, b, d, l, m, and n, and to find the sign of k.

b)  Estimate the phase at 1[kHz].
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Solution:


The first step in this problem is to identify the poles and zeroes from the plot.  The zeroes are the frequencies where the real and imaginary parts are equal in a term in the numerator,and the poles are the frequencies where the real and imaginary parts are equal in a term in the denominator.  There should be two locations of zeroes; there may be more than one zero at each location.  That is, there may be more than one zero at the same frequency.  The order of one zero, which is a, is n.  The other zero is b-1, with an order of m.  There is a pole, with order l, at d.  


When we examine the plot, we find that there are changes of slope at 3[rad/s], 100[rad/s], 300[rad/s], 4,000[rad/s], 10,000[rad/s], and 400,000[rad/s].  Since the change in slope occurs one decade away from each of the poles and zeroes, we can see that the poles and zeroes are at 30[rad/s], 1,000[rad/s], and 40,000[rad/s].


At 3[rad/s], the slope increases from 0 to +90[deg/dec].  This means that there are two zeroes at 30[rad/s].  To confirm this, we note that the slope decreases from +180[deg/dec] to +90[deg/dec] at 300[rad/s].  

At 100[rad/s], the slope increases from +90[deg/dec] to +180[deg/dec].  This means that there are two zeroes at 1,000[rad/s].  To confirm this, we note that the slope decreases from +45[deg/dec] to -45[deg/dec] at 10,000[rad/s].  

At 4,000[rad/s], the slope changes from +90[deg/dec] to +45[deg/dec].  This means that there is one pole at 40,000[rad/s].  To confirm this, we note that the slope increases from -45[deg/dec] to zero at 400,000[rad/s].  


Let’s choose to call the smaller zero a.  This choice is arbitrary.  With this choice, a = 30[rad/s].  From the order of this zero, we have n = 2.  


The other zero is 1,000[rad/s], so b-1 = 1000[rad/s], which means that 
b = 10-3[s/rad], and m = 2.


In a similar fashion, with the poles, we can see that d = 40,000[rad/s], and 
l = 1.  


To get the sign of k, we need to substitute these values back into H(), and we get
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If we pick a known value, we can substitute in.  Let’s pick  = 1[rad/s], and we get
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From the plot, we know the value of the phase at 1[rad/s] is -90, so we can write
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The only way that this can be true is if k is negative.

b)  The easiest way to approximate the phase is from the plot.  We use the fact that  = 2f, to find the frequency  at which we evaluate.  At  = 6,280[rad/s], the phase is about 240.  


This answer is sufficient, since all that is requested is an estimate.  However, we can evaluate this precisely, since we know most of the transfer function.  Just to check our answer, we substitute in, and find
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Now, the phase of this is
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Since k is known to be negative, we can say that
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This is very close to the value we read off the plot.  This is just a test.  Note that for this quiz, it was only necessary to read a value off the plot.
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