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In keeping with the Community Standard, I have neither provided nor received any assistance on this test. I understand if it is later
determined that I gave or received assistance, I will be brought before the Undergraduate Conduct Board and, if found responsible for
academic dishonesty or academic contempt, fail the class. I also understand that I am not allowed to speak to anyone except the instructor
about any aspect of this test until the instructor announces it is allowed. I understand if it is later determined that I did speak to another
person about the test before the instructor said it was allowed, I will be brought before the Undergraduate Conduct Board and, if found
responsible for academic dishonesty or academic contempt, fail the class.

Signature:

Instructions

First - please turn off any cell phones or other annoyance-producing devices. Vibrate mode is not enough - your device needs to be in a
mode where it will make no sounds during the course of the test, including the vibrate buzz or those acknowledging receipt of a text or
voicemail.

Please be sure to put each problem on its own page or pages - do not write answers to more than one problem on any piece of paper
and do not use the back of a problem for work on a different problem. You will be turning in each of the problems independently. This
cover page should be stapled to the front of Problem 1.

For 2 points: Make sure that your name and NET ID are clearly written at the top of every page, just in case problem parts come
loose in the shuffle. Make sure that the work you are submitting for an answer is clearly marked as such. Finally, when turning in the
test, individually staple all the work for each problem and place each problem’s work in the appropriate folder.

Your calculator may only be used as a calculation device, not a memory storage unit. Using a calculator for any purpose other than
performing “just-in-time” numerical calculations is a violation of the community standard.

Note that there may be people taking the test after you, so you are not allowed to talk about the test - even to people outside of this
class - until I send along the OK. This includes talking about the specific problem types, how long it took you, how hard you thought it
was - really anything. Please maintain the integrity of this test.
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Problem I: [32 pts.] Basics

The following items get at the “core” of some of the concepts you have learned in the course. Note however that they are nof related to
each other. Put your final answers in the appropriate spaces below; you may put work on additional pages.

(1) Clearly using phasors, simplify the following signal into a single cosine:

ip(¢) = 18sin(500¢ — 19?) — 41 cos(500¢ + 89°)

|G/ ~19210° Y1) §9° = I9L-105°=H1 L §5° = S5%-38/-74G°
C%.38c0s( SO0 =76 5°)

(2) A resistor R is in parallel with a reactive element. At a frequency of 20000 rad/s, the impedance of the combination is found to be
4000+;5000 Q. Draw the combination below, including the actual values of the resistor and the reactlve element.
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(3) Determine the inverse Laplace transform v(¢) of: {
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(4) A system can be modeled with the differential equation:

dy(t) | dv(t) dx(?)
2d2 +10== 2 +12)(1) = 3d +5x(1)
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(a) The transfer function for the system, H(s) = ng ]-)_" l BS"’ g
(b) The impulse response for the system, 4(z) = 2 52‘)"0 S+ ,)\ ‘
(c) The step response for the system, s, () .., S |
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(5) A system can be modeled with the differential equation: S2-¢ &ﬁ *S)" 'T{
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If z(0™)=6, clearly use the| Unilateral Laplace Transform to determine z() for > 0. gr ($)= (_g } 1 (—»2 t__% C~ S{'> lA.(‘”
52"2(0‘) + 7_ g+( F>lim ésH—é e H
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Problem II: [24 pts.] Complete Response

For the circuit below, assume that the switch has been closed for a very long time before = 0 s. At =0 s the switch opens.

R, =0 SK R,
VWA 3 VWA
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Va (i) ;zz C §R3 iLl gL (T) i

(1) Assuming that v, and i, are constant for all times before # = 0, determine the following in terms of the symbolic element and source
values; write your final answer next to the item - your work can be on extra paper. Also, you may use vc(07), ic(07), vi.(07),
NN . . L o i
and i (07) in your solutions for the variables at 0" without further substitution. ¢ ; S open Lis Short
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(2) Assuming the circuit has the following element and source values:

(d) ic(07)

R =2kQ Ry =1kQ R3; =4kQ C =50 uF L =100 mH
va(t) =12V ip(1) =5mA

Determine the voltage across the capacitor, vc(¢), for £ > 0 s. Write your final answer below. On a separate sheet of paper, indicate
the tlme constant of the response and then make an accurate graph of v¢(¢) for three time constants.
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Problem III: [24 pts.]| Design and Analysis

(1) Assuming you have a single 1 k€ resistor and any inductors, capacitors, and wires you need, design a voltage-to-voltage circuit that
represents a first-order low pass filter with a maximum gain of 1 and a cutoff frequency of 6000 rad/s. Be sure to clearly indicate
where the input and output voltages would be on the circuit.

(2) Determine the transfer function G(s) for a second-order band-pass filter with a passband gain of 1, a logarithmic center frequency
of 10000 rad/s, and a quality of 0.4. Write the transfer function for the band-pass filter using one of the two “standard” forms we
discussed in class for band-pass filters.

(3) Given the following Bode magnitude plot of some transfer function H(s) (along with its straight line approximation):

20log, j[H(jw)|, dB

m— Approximation

Actual

_50 ] il Pl Pl Pl Pl
10

o, rad/s

(a) Assuming all poles in the system are purely real, determine the formula for a transfer function H(s) or H(j) which is repre-
sented in the figure.

(b) What kind of filter is this? Also state why you believe that, approximately what the cutoff frequency/frequencies is/are, and
what the passband gain is/is.
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Problem IV: [18 pts.] Operational Amplifiers

(1) State the ideal op-assumptions; be sure to describe the meaning of any variables you name:

N " A >
r = (\o"> O
v LA ) 20

(2) Assuming the op-amps in the following circuit are ideal:
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and that v, and v, are known, clearly label the circuit and then symbolically solve for the items below. Please put your final answers

here though your work may be on a different page:
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= Va

@ v C]Jf(f_ésyu\a ) i

3 v, — &\\ VA 4,/}5 ©) i

(4 R

Note: if you solve for an unknown variable in terms of known values, you may then use that variable in other answers without
substitution. For instance, v, should end up as merely a function of vx and vy and resistor values.
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