Name:  _____________________________ (please print)

Signature: __________________________

ECE 3455 -- Quiz #3

Shattuck Section – MW 11:30AM - 1PM

March 10, 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.  If you go on to another page, indicate clearly where your work can be found.  A solution without the appropriate work shown will receive no credit.

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

4.  Do not use red ink.  Do not use red pencil.

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

________________/20

Room for extra work

For the circuit given below, assume ideal op amps.

a) Find the transfer function, H() = Vo/Vi .

b) Find the number of poles and the number of zeroes for this transfer function.

c) For extra credit, find the values of the poles and zeroes for this transfer function.


[image: image1.wmf]C

2

 =

0.1[mF]

+

-

v

o

R

1

 = 1[k

W

]

L

2

 =

39[

m

H]

R

4

 =

4.7[k

W

]

-

+

L

1

 = 3.3[mH]

C

1

 =

2.2[

m

F]

R

2

 =

2.2[k

W

]

-

+

R

3

 =

3.3[k

W

]

C

3

 =

0.01[mF]

v

i


Room for extra work

ECE 3455 -- Quiz #3 – March 10, 2004 –11:30AM – 1:00PM MW Shattuck Section Solution

For the circuit given below, assume ideal op amps.

a) Find the transfer function, H() = Vo/Vi .

b) Find the number of poles and the number of zeroes for this transfer function.

c) For extra credit, find the values of the poles and zeroes for this transfer function.
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For this problem, the logical first step is to redraw the circuit in the phasor domain.  Before we do that, however, let us recognize some simplifications that we can make.  We can ignore R4 and L2, since they are connected to the noninverting input, which has no current through it.  Thus, the voltage at the noninverting input of the lower op amps is zero.  


We notice something similar about R2 and C2, since they are in parallel with a voltage source (the input), they can be ignored.  Thus, in the phasor domain, we have the circuit that follows.
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a)  Now, both op amps have negative feedback, so we can assume that a virtual short will occur at the inputs of both op amps.  Thus, the voltage at the inverting input of the lower op amp will be zero.  Thus, we can recognize the upper op amp as being in the inverting configuration.  Thus, we can write that 
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Similarly, we recognize that the lower op amp is in the inverting configuration.  Thus, for that amplifier, we can write that


[image: image5.wmf](

)

2

11

1111

1

1

.

1

b

L

iC

V

ZjL

jCjLjCL

VZ

jC

w

www

w

=-=-=-=-

æö

ç÷

èø


Now, we know that 
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So, we have
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To get the numerical values, we plug in the values for R1, C1, and L1, and get
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b)  There will be two zeroes, and no poles.


c)  To get the zeroes, I will choose to transform j to s, and then find the roots of the polynomial that results.  We have
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Note the difference between the variable s and the units [s].  When we find the roots of this expression, we get

s1 = -455.2, and s2 = -302.6x103.  Remember that we really are not solving for the roots, but the values where the real and imaginary parts of the terms are equal.  Thus, since we have solved for the roots, we can express the transfer function as
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Thus, the two zeroes are at

1 = -455.2[rad/s], and 2 = -302.6x103[rad/s].

Alternative method:

We reproduce the transformed circuit here.  
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If we prefer, we could take KVL around the loop in this circuit, in the phasor domain, and obtain
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Next, we note that the voltage Vi is actually across the impedance ZC1.  Thus, we can say that
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Now, we plug this expression back in, to get
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At this point, we can plug in the values for the impedances, and get
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We have the same solution that we obtained before.  This is the same solution.
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